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EDITORIAL

Advances in radiotherapy and targeted therapies for rectal
cancer
Alexandra Sermeus, Wim Leonard, Benedikt Engels, Mark De Ridder
nome alone is so far hindered by high cost techniques
and pharmaceuticals, hence hardly justifying rather
modest improvements in patient outcomes. On the
other hand, the immune landscape of colorectal cancer
is now better clarified with regard to the immunosuppressive network that promotes immune escape. Both
N2 neutrophils and myeloid-derived suppressor cells
(MDSC) emerge as useful clinical biomarkers of poor
prognosis, while the growing list of anti-MDSC agents
shows promising ability to boost antitumor T-cell immunity in preclinical settings. Therefore, integration of
genetic and immune biomarkers is the next logical step
towards effective targeted therapies in the context of
personalized cancer treatment.
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Key words: Rectal cancer; Image-guided radiotherapy;
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therapies; Myeloid-derived suppressor cells
Core tip: The stepwise implementation of intensitymodulated and image-guided radiation therapy enabled
us to anatomically sculpt dose delivery and prescribe a
simultaneous integrated boost, thus reducing treatment
related toxicity. However, distant control remains unsatisfactory and indicates an urgent need for biomarkers
of tumor spread. The immune landscape of colorectal
cancer is now better clarified with regard to protumor
N2 neutrophils and myeloid-derived suppressor cells
(MDSC) that emerge as useful prognostic biomarkers.
The growing list of anti-MDSC agents shows promising
ability to boost antitumor T-cell immunity. Therefore,
integration of genetic and immune biomarkers is the
next logical step towards effective targeted therapies in
the context of personalized cancer treatment.

Abstract
The last decade witnessed a significant progress in understanding the biology and immunology of colorectal
cancer alongside with the technical innovations in radiotherapy. The stepwise implementation of intensitymodulated and image-guided radiation therapy by
means of megavolt computed tomography and helical
tomotherapy enabled us to anatomically sculpt dose
delivery, reducing treatment related toxicity. In addition, the administration of a simultaneous integrated
boost offers excellent local control rates. The novel
challenge is the development of treatment strategies
for medically inoperable patient and organ preserving
approaches. However, distant control remains unsatisfactory and indicates an urgent need for biomarkers
that predict the risk of tumor spread. The expected
benefit of targeted therapies that exploit the tumor ge-
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55.2 Gy or 120% of the prescription dose (46 Gy in daily
fractions of 2 Gy, Figure 1). With a median follow-up of
60 mo a local recurrence rate of less than 3% was documented in this population at high risk for local failure[10].
The use of preoperative IMRT-IGRT with a simultaneous
integrated boost is currently being compared to standard
preoperative chemoradiotherapy in a multicenter phase
Ⅲ trial (NCT 01224392). The aim of this study is demonstrating non-inferiority of a higher radiation dose compared to concomitant chemotherapy, with tumor response
as primary endpoint. An interim analysis after the first 80
patients, shows that patients receiving a higher radiation
dose experience less acute grade 2 enteritis compared to
the chemoradiotherapy arm (22% vs 44%). A comparable
rate of major histomorphologic regression (Dworak grade
3-4) were recorded in both treatment arms.
With these excellent results for both local control and
toxicity in the preoperative setting in mind, the research
program of the UZ Brussel focuses on treatments for
medically inoperable patients and organ preserving approaches. Besides improved radiation techniques and
concomitant systemic treatments schemes, the identification of biomarkers for individualized-targeted therapies
will become increasingly important.

enterol 2014; 20(1): 1-5 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i1/1.htm DOI: http://dx.doi.org/10.3748/
wjg.v20.i1.1

INNOVATIONS IN RADIOTHERAPY
The addition of concomitant 5-fluorouracil (5-FU) or
its prodrug capecitabine to preoperative radiotherapy is
standard of care in patients with locally advanced rectal
cancer. According to randomized trials, the combined
treatment modality increases the pathologic complete
remission rate and local control over radiotherapy alone,
but has no impact on survival or the incidence of distant
metastases[1,2]. However, this treatment is associated with
significant acute and late digestive toxicity, when using
3D conformal radiotherapy. Current strategies mainly aim
improving the outcome by addition of oxaliplatin and biologic agents such as cetuximab. The role of those agents
in addition to 5-FU chemoradiotherapy is questionable
as so far the results from phase Ⅲ trials do not show improvement in local control or survival, nevertheless an increased toxicity[3-6]. Considering the excellent local control
rates in rectal cancer in patients with a circumferential
resection margin (CRM) > 1 mm, decreasing radiation
enteritis should be an absolute priority in our opinion.
In an attempt to decrease treatment related toxicity
we introduced the concept of intensity-modulated and
image-guided RT (IMRT-IGRT) in the preoperative
treatment of rectal cancer. The TomoTherapy Hi-Art Ⅱ
System is a linac that fully integrates IGRT by means of
megavolt computed tomography and IMRT by means of
helical tomotherapy. A pilot study explored the potential
of the integrated megavolt computed tomography in decreasing the margin from the clinical target volume (CTV)
to the planning target volume (PTV) compared to classic
laser-skin marks, by measuring the setup error and internal organ motion. The CTV-PTV margin can be reduced
from 15 mm isotropically to 8 mm in both lateral, 11
mm in the anterior and 7 mm in the posterior direction[7]. As a next step, we investigated to what extent the
integration of IMRT and IGRT can reduce the irradiated
volume of small bowel, which is the major predictor of
radiation enteritis. To do so, 3D-conformal radiotherapy,
IMRT (helical tomotherapy) and IMRT-IGRT (helical
tomotherapy with reduced CTV-PTV margins) were
compared in a dosimetric evaluation. This study demonstrated an additive effect between IMRT and IGRT in
decreasing the probability for developing grade 2 + diarrhea to 18%, as opposed to a calculated risk of 27% and
40% for IMRT and 3D-CRT, respectively[8]. The clinical
implementation of preoperative IMRT-IGRT in a phase
II trial in 108 patients with locally advanced rectal cancer
resulted in a favourable toxicity profile, with < 1% acute
and < 10% late grade 3 + toxicity[9-10].
As alternative strategy to the administration of concomitant 5-FU, we decided exploring a simultaneous integrated boost in patients with a CRM < 2 mm on MRI, till
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PROSPECTS FOR TARGETED THERAPIES
For decades, the prognosis for patients with colorectal
cancer was mainly determined by the timing of diagnosis and metastatic spread since the standard route of
therapeutic practice had no tools to deal with the genetic
landscape of individual tumors. Despite that the Human
Genome Project was successfully accomplished in 2003,
genetic testing remained to be limited keeping in mind
that cancer mutations are rather unique (than heritable)
and reflect an escalating heterogeneity along cancer progression. As a result, the American Society of Clinical
Oncology considered only few prognostic biomarkers
for gastrointestinal cancer, like, the chromosome arm
18q deletion, microsatellite instability, TP53 inactivation
and EGFR/KRAS mutations (Figure 2). Thymidine synthase and other enzymes relevant to 5FU chemosensitivity were suggested as additional options in the context
of predictive biomarkers[11].
With the recent advance of next-generation DNA
sequencing, the concept of personalized targeted therapy is one step closer to prospectively tailor medical care
based on tumor profiling. Since 2009, the major role
of KRAS mutations in colon carcinogenesis has been
acknowledged in standard practice[12-14]. These developments emphasized the use of cetuximab and panitumumab predominantly in KRAS wild-type cases, and explained the importance of specific codon 12 mutations
in downstream signalling through the RAF/MEK/ERK
and PI3K/Akt pathways. Despite this evident progress
toward personalized anti-EGFR treatments, the increase
in survival of relapsed patients remains modest due to
the outgrowth of resistant clones. Conversely, biomark-
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Figure 1 Dose distribution of helical tomotherapy. The left image shows a classic treatment of 46 Gy in daily fractions of 2 Gy. Note the horseshoe shaped distribution of the dose to spare the small bowel. On the right image a simultaneous integrated boost till 55.2 Gy is prescribed on the tumor.

A

From prognostic biomarkers to targeted therapies

B

From immunosuppression to radioprotection
MDSC

M1 macrophages

EGFR/KRAS and VEGFR

MDSC

18q loss and microsatellite instability

N2-like neutrophils

p53 inactivation

M1-like macrophages

N2 neutrophils

Anti-tumor

Pro-tumor

iNOS

Arginase-1

NO
-Immunostimulation
-Radiosensitization

L-arginine

Urea
-Immunosuppression
-Radioprotection

Arginase signature of pro-tumor myeloid cells

Tumor genetic and immune signatures

Figure 2 The genetic/immune landscape of colorectal cancer and therapeutic implications. The concept of personalized treatments in colorectal cancer should
be based on integral knowledge of both tumor and immune cell signatures that would ideally provide therapeutic targets as well. A: As a result of genome profiling, epidermal growth factor receptor (EGFR) and vascular endothelial growth factor (VEGF) have been identified as promising targets for personalized therapies, while other
biomarkers, like p53 mutations, 18q loss and microsatellite instability, lack prognostic/predictive value. The immune profile of colorectal cancer is rather unique with
regard to macrophages (and Tregs), which unexpectedly point to favourable prognosis, yet being immunosuppressive in the most tumor types. Hence, the monocyte
lineage of myeloid cells may reveal antitumor M1-like polarization within the compartment of tumor-associated macrophages. The granulocyte lineage of myeloid cells,
comprising undifferentiated myeloid-derived suppressor cells (MDSC), feature clear protumor N2-like polarization and contribute to poor prognosis. Those cells overexpress Arg that causes L-arginine depletion and thereby suppresses antitumor T-cell immunity; B: We hypothesize that Arg+ neutrophils and MDSC may also display
radioprotective properties, as L-arginine deficiency would neutralize the radiosensitizing potential of M1 macrophages. Indeed, classically activated M1 macrophages
are known to produce the radiosensitizing molecule nitric oxide (NO) through the iNOS/L-arginine pathway. Therefore, Arg+ neutrofils and MDSC emerge as promising
biomarkers and candidates for future targeted therapies, aiming at reversing impaired immune and radiation responses.

ers that predict sensitivity to anti-angiogenic agents,
like bevacizumab, are still lacking. Finally, the current
difficulties to extract meaningful clinical results for the
majority of patients, while facing adverse effects, provide a strong motivation to further look into the tumor
genomic signatures.
In this context, the cyclooxygenase-2 (COX-2)/PGE2
pathway has been extensively revisited since a seminal
observation that the anti-inflammatory drug aspirin
significantly reduces the risk of colorectal cancer[15]. In
addition, the selective COX-2 inhibitor celecoxib was
shown to inhibit adenomatous polyposis, pointing to a
key role of PGE2 in the pathogenesis of colorectal cancer. Recently, the multifaceted effects of PGE2 on cell
proliferation and motility have been linked to G-protein
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coupled receptors (GPCR) that initiate or/and modulate
a cascade of intracellular events including the transactivation of EGFR[16]. These findings led to an explosion of
cancer-relevant research on GPCR and their therapeutic
targeting, while the PGE2 receptor EP4 was established
as a critical link to EGFR (and downstream P13K/Akt
and RAS/MAPK/ERK pathways) through the betaarrestin 1/c-Src signalling complex. Thus, next to their
known GPCR-desensitizing functions, arrestins may act
as adaptors that facilitate signalling events responsible for
metastases. Indeed, the PGE2-induced transactivation of
EGFR and metastatic spread to the liver was accelerated
in the case of arrestin-expressing colorectal cancer cells,
as compared with mutant counterparts[17]. Since existing
COX-2 inhibitors cause cardiovascular toxicity, a further
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downstream targeting of EP4 by specific ligand antagonists may be more beneficial for cancer treatment, and
could be combined with anti-EGFR agents.
Another on-going area of biomedical cancer research,
with a clear focus on targeted therapies, addresses tumor
immunotolerance at the level of myeloid-derived suppressor cells (MDSC). MDSC were originally identified in tumor-bearing mice as the CD11b+GR1+ set of
poorly differentiated myeloid cells, both monocytes and
granulocytes, which reveal a strong potency to suppress
T-cell immunity through the production of reactive
oxygen and nitrogen species[18]. In addition, the dominant polymorphonuclear subset of MDSC appeared to
inhibit Th1 lymphocytes through profound L-arginine
depletion due to overexpressed arginase-1 (Arg). This
enzyme is currently considered as a surrogate marker of
tumor immunosuppression, while MDSC emerge as a
biomarker of tumor progression and as a novel therapeutic target. The list of screened MDSC inhibitors has
recently extended from cytotoxic anticancer drugs (5FU,
gemcitabine) to other classes that suppress MDSC functions (PDE and COX2 inhibitors) and sustain their differentiation (vitamin A, CpG ODNs), or disrupt their
signalling pathways [JAK2/STAT3 and vascular endothelial growth factor (VEGF)], thereby illuminating a
possibility to restore antitumor immunity[18,19].
In many human malignancies, a similar though much
more heterogeneous type of undifferentiated granulocytic MDSC (Lin-HLA-DR-CD33+) has been documented as well, and elevated levels of MDSC seem to compromise both prognosis and therapy outcomes[19,20]. In
renal cell carcinoma, the significance of Arg (in plasma)
and immunosuppressive MDSC (in blood) is already established[21], and their sensitivity to the VEGF inhibitor
sunitinib was explained by targeting the STAT3 signalling[22]. The immunosuppressive signature of colorectal
cancer remains to be the matter of debate. First, patient
prognosis is favoured by an intensive pro-inflammatory
infiltrate suggesting a possible antitumor (M1-like) polarization of tumor-associated macrophages[23]. Unlike,
other malignancies mostly feature a protumor (M2) phenotype, which thought to promote tumor growth and
contribute to poor prognosis[24]. Next, the immunosuppressive FoxP3+ Tregs generally point to good prognosis in colorectal cancer, contrasting to other tumor
types[25]. However, the neutrophil lineage of myeloid
cells in colorectal cancer reveals a clear protumor (N2)
rather than antitumor (N1) polarization[26], as both increased neutrophil-to-lymphocyte ratios and granulocytic
MDSC contribute to poor prognosis [20,27,28].
In line, our pilot clinical study suggests that the levels of circulating Arg+ (N2-like) neutrophils and their
MDSC subset (Lin-HLA-DR-CD33+CD15+CD16low) are
significantly higher in colorectal cancer patients, as compared with healthy donors (unpublished data). Of note,
immunosuppressive MDSC comprise only a minor part
of abundant neutrophils that overexpress Arg and hence
are capable of L-arginine depletion. This paradigm of
N1-to-N2 shift in colorectal cancer suggests not only a
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rationale for interrogating the tumor immune landscape by
FACS analysis of blood neutrophils but illuminates also a
possible mechanistic link between immunosuppression and
radioprotection. Indeed, our recent studies demonstrated
that classically activated M1 macrophages produce a high
output of nitric oxide (NO) by inducible nitric oxide synthase (iNOS), sufficient to block oxygen consumption and
reverse impaired radioresponse of hypoxic tumor cells[29,30].
The radiosensitizing effect through the iNOS pathway
is however critically dependent on the bioavailability of
L-arginine, an essential substrate for NO synthesis[31].
Therefore, we hypothesize that Arg+ neutrophils/
MDSC may neutralize the radiosensitizing potential of
M1 macrophages through the same mechanism of accelerated L-arginine depletion that suppresses T-cell immunity on the first place. As such, the balance of Arg+
myeloid cells vs iNOS+ macrophages within the tumor
microenvironment may determine radiotherapy responses through competitive L-arginine turnover. The myeloid
signature and a possible cross-talk between macrophages
and Arg+ neutrophils with regard to the L-arginine
metabolism in colorectal cancer are schematically summarized in Figure 2. Future studies will clarify whether
scoring of N2 neutrophils and MDSC is predictive for
identifying patients at increased risk of tumor relapse/
spread following radiotherapy. Those patients would
need MDSC-targeted therapies to reverse the functional
deficiency of Th1 lymphocytes and M1 macrophages,
and to fully benefit from radiotherapy. Remarkably, 5FUbased chemotherapy at reduced doses may be an option
to eliminate MDSC while sparing T cells, as recently reported in experimental studies[19].
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Either a mucosal susceptibility or defect in sampling of
gut luminal antigen, possibly through the process of autophagy, leads to activation of innate immune response
that may be mediated by enhanced toll-like receptor
activity. The antigen presenting cells then mediate the
differentiation of naïve T-cells into effector T helper (Th)
cells, including Th1, Th2, and Th17, which alter gut homeostasis and lead to IBD. In this review, the effects of
these components in the immunopathogenesis of IBD
will be discussed.
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Core tip: Inflammatory bowel disease (IBD) results
from the complex interactions between susceptibility
genes, the environment, the immune system, and the
host’s microbiome. It is thought that either a mucosal
susceptibility or a defect in sampling of gut luminal antigen leads to activation of the innate immune system
that then recruits cells of the adaptive immune system
leading to inflammation. This review will detail the interaction of these components in the immunopathogenesis of IBD.

Abstract
Inflammatory bowel disease (IBD) results from a complex series of interactions between susceptibility genes,
the environment, and the immune system. The host
microbiome, as well as viruses and fungi, play important roles in the development of IBD either by causing
inflammation directly or indirectly through an altered
immune system. New technologies have allowed researchers to be able to quantify the various components of the microbiome, which will allow for future
developments in the etiology of IBD. Various components of the mucosal immune system are implicated in
the pathogenesis of IBD and include intestinal epithelial
cells, innate lymphoid cells, cells of the innate (macrophages/monocytes, neutrophils, and dendritic cells)
and adaptive (T-cells and B-cells) immune system, and
their secreted mediators (cytokines and chemokines).
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INTRODUCTION
Inflammatory bowel disease (IBD) is a chronic inflam-
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matory disorder that is comprised of both Crohn’s disease (CD) and ulcerative colitis (UC), and is characterized
by alternating phases of clinical relapse and remission.
CD can affect any part of the gastrointestinal tract and
classically presents with fatigue, prolonged diarrhea with
or without gross bleeding, abdominal pain, weight loss,
and fever. UC characteristically involves the colon and
presents with symptoms that usually rectal bleeding,
frequent stools, mucus discharge from the rectum, tenesmus, and lower abdominal pain. IBD is thought to be the
result of a dysregulated immune system in the context
of a genetically susceptible individual. Currently, IBD
affects 1.4 million Americans and at a prevalence rate of
396 per hundred thousand individuals worldwide[1]. The
incidence of CD in the United States is estimated to be
5 per hundred thousand persons and is characterized by
focal and transmural inflammation that can occur anywhere along the length of the gastrointestinal system,
that may include B2 stricturing (gut luminal narrowing),
B3 penetrating (bowel perforation, fistula, inflammatory
mass/abscess), and with possible perianal disease[2,3]. UC
affects 8-12 per hundred thousand individuals and is
characterized by colonic mucosal inflammation along the
entire colon and involving the rectum[3,4]. Also, patients
with IBD have an increased risk of developing other
chronic inflammatory disorders, such as psoriasis and
primary sclerosing cholangitis[5,6].
The exact cause of IBD is still unknown, but is
thought to be due to a combination of a patient’s genetics, microbiome, immune response, and the environment
that result in an excessive and abnormal immune response against commensal flora in genetically susceptible
individuals. Epidemiological data suggest an association
between IBD and a number of environmental factors,
such as antibiotic use, microbial exposure both early and
late in life, and possibly diet[5,7-9]. The genetics of IBD
are complex and thought to be polygenic. Genome-wide
association studies (GWAS) suggest that dysregulation in
innate and adaptive immunity contribute to the development of IBD. Susceptibility variants have been reported
in genes associated with autophagy (ATG16L1), the
interleukin (IL)-23/Th17 pathway (IL-12B), TGF-beta
pathway (SMAD3), T-cell activation (TAGAP), among
other immune system genes[10-13].
The identification of these and other loci is only part
of a larger picture that aims to understand how polymorphisms in these genes can lead to an increased risk of developing IBD. Here we review the available evidence supporting the role of the microbiome and the innate and
adaptive immune responses and their crosstalk in IBD.

in close proximity to the immune system of the gut
mucosa. This roughly translates to the interactions of
1012 microorganisms per gram of feces with 106 immune
cells per gram of enteric tissue[14]. A complex network
of interactions exists between gut epithelial cells, immune cells, and foreign bodies that transition along the
gut. Functionally, the gut-associated lymphoid tissues
generates either an immune response for rejection of
pathogens or a clinical immune response of tolerance
for dietary and microbial antigens[15]. Data supports the
hypothesis that IBD results from a dysregulated immune
response to the microbiota. It was found that in CD
patients, diversion of feces induces inflammatory remission and mucosal healing in the downstream intestinal
segment and infusion of feces reactivates the disease[16].
Furthermore, in UC patients with active disease, treatment with broad-spectrum antibiotics reduced mucosal
inflammation[17]. These data support the concept that
luminal bacteria provide the stimulus for an inflammatory response leading to mucosal injury. Two main hypotheses have been suggested that might contribute to
the loss of tolerance towards the indigenous microbiota
in patients with IBD. First, genetic susceptibility leads to
a dysregulation of the mucosal immune system that result in excessive immunologic responses to normal flora.
Second, an imbalance exists in the composition of the
microbiota that elicits a pathologic response from the
normal mucosal immune system[18]. In all likelihood, it
probably is a combination of both hypotheses.
Advancements in genetic technology, such as 16S
ribosomal RNA (rRNA) gene and metagenomic sequencing have allowed researchers to determine the composition of the microbiome[19]. Recently, a number of studies
have profiled the “normal” human gut microbiota. Briefly, it is thought that greater than 90% of all phylotypes
belong to two divisions, Bacteroidetes and Firmicutes[20].
Other divisions that have consistently been recovered
from “normal” individuals include Proteobacteria, Actinobacteria, Fusobacteria, and Verrucomicrobia. It is believed that
the composition of fecal microbiota remains relatively
constant over time, termed resilience, with temporary
changes occurring after exposure to food, medicine, and
physical environment[21]. In 2010, whole-genome shotgun
sequencing revealed 3.3 million nonredundant microbial
genes in fecal samples from an adult European cohort[22].
It was found that up to 98% of the genes were bacterial
with the rest belonging to archaea, yeasts, viruses, and
protists. The three most abundant genera in the fecal
samples were Bacteroides, Faecalibacterium, and Bifidobacterium, however the percent composition was found to be
highly variable between individuals[23]. Three main enterotypes (independent of gender, age, race, body mass index, or country and continent of residence) were created
that are classified based upon the prominent genera represented: enterotype 1-Bacteriodes; enterotype 2-Prevotella;
enterotype 3-Ruminococcus[23].
Individuals with IBD have been shown to have changes in the bacterial composition of feces with less bacterial

THE MICROBIOME
Overview
Th interaction of the host with its abundant microbiota
is complex. The luminal surface of the small and large
intestine, approximately 300-400 m2, is a unique environment where an enormous population of bacteria exists
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altered response to the host’s fungi[41]. Furthermore, polymorphisms in the gene for Dectin-1 have been shown to
be strongly linked to a severe form of UC[41]. This data
suggests that the interactions between fungi and the innate immune system are important in the development
of IBD. Viral infections also impact the gut microflora.
In mice, virus-plus-susceptibility gene interactions have
been shown to induce colitis that mimics CD. When mice
with a specific mutation in a CD susceptibility gene for
autophagy (ATG16L1) were infected with murine norovirus they displayed abnormal Paneth cell structure and
granule packaging similar to those seen in CD patients
homozygous for the risk allele of ATG16L1[42]. These
changes were not seen in control mice nor in CD patients
homozygous for the nonrisk allele of ATG16L1. Furthermore, when these mice were treated with DSS they
displayed worse colitis than control animals[42]. These
results demonstrate how a genetic factor and an environmental agent can contribute to the pathogenesis of CD.
Also, HIV infection of humans and simian immunodeficiency virus (SIV) infection of rhesus monkeys is known
to cause systemic immune activation and associated with
damage to the intestinal epithelium and translocation of
antigens into the blood[43-45]. Pathogenic SIV infection has
been associated with significant expansion of the enteric
virome, including adenovirus and parvovirus, that can
lead to enteritis without changes in the microbiome[46].
This data suggests that the enteric virome might contribute to AIDS pathogenesis by damaging the intestinal
epithelium to allow translocation of microbes and viral
antigens into the circulation.
The consequences of these shifts in microbiota are
unclear, particularly whether it is cause or effect. Regardless of the inciting cause of IBD, it is apparent that the
host-microbiome interaction plays a large part in disease
pathogenesis.

diversity, having fewer numbers of non-redundant bacterial genes, as compared to healthy controls[24,25]. Adding to
the complexity, the bacterial profile also differs between
individuals with UC and CD. In a twin study, twins with
UC were found to have less Bacteroides and more Actinobacteria and Proteobacteria than their healthy twin counterparts. The decrease in Bacteroides was made up for by an
increase in the Prevotellaceae family[26]. Also, it has been
found that Escherichia coli (E. coli) is to be increased in fecal samples from individuals with UC, with some isolates
expressing virulence factors and invading properties[27,28].
Dysbiosis also exists in CD. Many studies have shown a
decrease in the abundance of several bacterial species of
the phylum Firmicutes in patients with CD[29,30]. Also, the
microbiome of individuals with CD predominantly in the
ileum was found to differ from those whose disease was
found predominantly in the colon. Those with ileal CD
had decreased Faecalibacterium and Roseburia and increased
amounts of Enterobacteriaceae and Ruminococcus gnavus[31].
Consistent with what is seen in UC patients, E. coli also
has been observed in patients with CD[27].
Recently a new pathogenic group called adherentinvasive E. coli (AIEC) has been isolated from the ileum
of CD patients[30,32]. Darfeuille-Michaud[33] have accumulated a large body of data showing that AIEC is able to
invade epithelial cells and to survive and replicate within
macrophages and is associated with ileal mucosal CD
pathogenesis. They found that AIEC was present in the
inflamed ileum of 22% of chronic CD patients, as compared to only 6% of control patients, as well as 36% of
the newly formed terminal ilea of postsurgical CD patients[34]. However, AIEC was found in only a small percentage of affected colons of CD patients and in zero
percent of UC patients, suggesting that AIEC strains are
associated specifically with ileal mucosa in CD[34]. AIEC
facilitate binding and invasion into epithelial cells via
type 1 pili and flagella[35]. This interaction is dependent
upon epithelial expresseion of CEACAM6, which is a
carcinoembryonic antigen upregulated by inflammatory
cytokines and possibly by AIEC itself[36]. Furthermore,
transgenic mice overexpressing CEACAM6 in epithelial
cells are colonized by AIEC and manifest gut inflammation with marked neutrophil infiltration and ulceration[37].
In the lamina propria, AIEC is taken up by macrophages
and can survive and proliferate within macrophage
vacuoles, which suggest that the bacteria is not readily
cleared from the site and may represent a defect in autophagy[38,39].
Also, recently an important role of fungi in gut homeostasis has been found. Besides the massive amount
of bacteria known to make up the intestinal microflora,
the mammalian gut also contains a rich fungal community that interacts with the immune system via Dectin-1,
which is a pattern-recognition receptor expressed by innate immune cells, such as: macrophages, dendritic cells
(DCs), and neutrophils[40]. It was found that mice deficient in Dectin-1 exhibited increased susceptibility to dextran sulfate sodium (DSS) colitis that was the result of an

WJG|www.wjgnet.com

Host-microbial interactions
Host-microbe interactions are crucial in the development
and modulation of the immune system and protection
from pathogenic bacterial invasion. The first line of defense to pathogenic organisms is the innate immune system, which in the gut consists of mucin, the epithelium,
and cells of the innate immune system [i.e., neutrophils,
DCs, monocytes/macrophages, and innate lymphoid cells
(ILCs)]. Interestingly, mice lacking an adaptive immune
system, but that have an intact innate immune system,
such as recombinase activation gene deficient (RAG-/-)
and severe combined immunodeficient (SCID) mice, do
not develop spontaneous colitis and co-exist with the microbiota. However, these mice can develop colitis when
induced by DSS, anti-CD40 antibody, and Heliobacter
hepaticus infection[47-49]. These data suggest that in the absence of an adaptive immune system, the innate immune
system is sufficient for the development of IBD. However, the adaptive immune system is still thought to play
an important role in the development of IBD, as RAG
deficiency can prevent the development of spontaneous
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Figure 1 Innate immune system responses in the gut. The intestinal epithelial barrier is equipped with several layers of defense mechanisms to limit luminal antigen translocation. Goblet cells, Paneth cells, and enterocytes secrete mucins and antimicrobial peptides that assemble into a mucus layer. Innate immune system
cells, such as macrophages and dendritic cells, can sense invading bacteria through extracellular and intracellular pattern recognition receptors (Toll-like receptorsTRLs and NOD-like receptors-NLRs) and initiate rapid inflammatory reponses mediated by the secretion of cytokines and chemokines. Innate lymphoid cells (ILCs)
are also found in the lamina propria where they contribute to cytokine production and inflammatory cell recruitment.

colitis that are seen with certain mutant mouse strains[50].

secretors. Twenty percent of the population are nonsecretors, which has been associated with a variety of
illnesses including recurrent norovirus and encapsulated
bacterial infections, duodenal ulcerations, and susceptibility to CD[53-59]. The inability to secrete H1 into the mucosa is thought to affect how commensal and pathogenic
flora interact with the epithelial layer and may interfere
with the ability of the commensal flora to adhere, which
could result in increased susceptibility to infection, invasion, and activation of the immune system.

INNATE BARRIERS OF PROTECTION
Mucus
The surface of the intestine is protected by a layer of
mucus that is generated by goblet cells in the epithelium
(Figure 1). The inner mucus layer is approximately 100
μm thick, firmly adherent, rich in antimicrobials and
mucin, and has a low bacterial density. The outer layer
of mucus is comprised of mucin, diluted antimicrobials,
and some bacteria. A variant in the Muc2 gene, which is
the major intestinal secretory mucin, confers susceptibility in humans to IBD and Muc2 deficient mice develop
spontaneous colitis[51]. Furthermore, some patients with
CD have been found to have goblet cell depletion and
an impaired mucus layer, which allows bacteria to adhere
directly to epithelial cells, and may contribute to disease
progression[52]. It is believed that the ability of commensal bacteria to adhere to the epithelial layer via oligosaccharides helps deter invasion by displacing pathogenic
bacteria. FUT2 is a gene that encodes a type alpha (1, 2)
fucosyltransferase, which regulates the secretion of the
H1 antigen of the ABO antigens into the mucosa. People
are either associated as H1 antigen secretors or non-
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The epithelium
The epithelium of the intestine has many functions, including absorption, secretion, and digestion. There are
four main types of epithelial cells: one, absorptive enterocytes; two, mucus producing goblet cells; three, hormone
producing enteroendocrine cells; and four, antimicrobial
and growth factor producing Paneth cells (Figure 1). The
epithelium forms a mucosal barrier with tight junctions
between enterocytes that can exclude the entry of most
substances. The epithelial layer is renewed every 2-3 d
with a balance of proliferation of epithelial cells in the
crypts and migration down the villi in the small intestine
or onto the surface of the colon and apoptosis and shedding of the enterocytes. Disruption of this process im-
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non-selective endocytosis. A small amount of bacteria
is normally allowed to translocate and allows for physiologic sampling of luminal content by the host’s immune
system[72]. Animal models that lack components of a
healthy epithelial barrier have been shown to develop
IBD. Expression of dominant-negative N-cadherin in
mouse intestinal epithelium has been shown to lead to
CD like symptoms[73]. NOD2 is a protein that acts as an
intracellular pattern recognition receptor for muramyl
dipeptide (MDP), a component of the bacterial wall
peptidoglycans. Mice lacking intracellular pattern recognition receptors, NOD1 and NOD2, were shown to have
decreased E-cadherin expression with increased epithelial
permeability and decreased antimicrobial production[74].
NOD2 was one of the first CD susceptibility genes, with
homozygous mutations found in 15% of patients with
CD[75]. Mutations in NOD2, as well as other pattern
recognition receptors, might impair the ability of the mucosal immune system to sense organisms thereby leading
to defective microbial clearance and persistent antigenic
stimulation. This in turn may result in mucosal inflammation and loss of regulatory control over proinflammatory
pathways, which could possibly lead to the development
of IBD.

Antigen presenting cell
Lysosome

Isolation of
Autophagosome
membrane

Autolysosome

Figure 2 Autophagy. A small volume of cytoplasm is enclosed by the autophagic isolation membrane, which forms the autophagosome. The outer membrane
of the autophagosome then fuses with the lysosome where the cytoplasm derived materials are degraded.

pairs the epithelial integrity and can result in chronic inflammation. Defects in epithelial integrity may contribute
to IBD pathogenesis by allowing free passage of organisms across the epithelial layer where they can incite an
immune response. For example, mutations in the organic
cation transporter (OCTN) gene, which is involved in the
transport of cationic proteins, such as amino acids and
nutrients, lead to an increased susceptibility to CD[60]. The
susceptibility is thought to result from impaired fatty acid
oxidation, which can cause colitis in experimental models
in the setting of bacterial antigen exposure[61].
The epithelium lies between the immune cells in the
lamina propria and the microbiota in the gut lumen and
functions to communicate with both. For example, the
microbiota signals enterocytes as well as innate cells in the
lamina propria via pattern recognition molecules signal
receptors, such as toll like receptors (TLRs) and cytosolic
NOD-like receptors (NLRs) (Figure 1). These signals
have been shown to be necessary for normal homeostasis
and resistance to injury[62]. Cytokines, such as interferon
(IFN)-γ, interleukin (IL)-17, and IL-22, pathogens, and
commensal bacteria have substantial effects on the epithelium by regulating barrier integrity and function[63-66].
Expression of pattern recognition receptors is highly regulated to prevent an inappropriate immune response, but
still allow for constant surveillance. Mutations in genes
coding for these receptors have been found to be IBD
susceptibility genes. Haplotypes of the TLR8 gene can
confer protection (H1) or risk (H4) to the development
of IBD[67]. Agonists of TLR8 have been shown to cause
downstream activation of proinflammatory cytokines
such as IFN-γ, IL-12, and tumor necrosis factor (TNF)-α
in peripheral blood mononuclear cells[68]. The TLR9 gene
is also a CD and UC susceptibility gene[69]. It has been
shown that mice infected with Campylobacter jejuni (C.
jejuni) or TLR9 agonists have increased susceptibility to
mild DSS colitis via a mechanism involving secretion of
CXCL8[70].
Defects in the intestinal barrier can lead to persistent
immune activation and has been suggested to play a role
in IBD[71]. Normally, translocation allows small amounts
of luminal antigens to pass transcellularly across the epithelium either through receptor-mediated endocytosis or
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AUTOPHAGY
The term autophagy, or “self-eating,” results in the lysosomal degradation of organelles, unfolded proteins, or
foreign extracellular material (Figure 2). It is a key process required for maintaining cellular homeostasis after
infection, mitochondrial damage, or ER stress. Defects
in autophagy have been shown to result in pathological inflammation and GWAS have linked two key genes
in autophagy, ATG16L1 and IRGM, to CD [13,76]. An
ATG16L1 hypomorphic mouse line that expresses about
1% of the normal level of ATG16L1 was shown to have
Paneth cell granule abnormalities that are similar to those
found in ileal resections in patients with CD that also
carry the ATG16L1 gene variant[77]. While these hypomorphic ATG16L1 mice do not develop spontaneous
colitis, they were found to have an increased susceptibility to DSS colitis[42]. However, when rederived virus free,
these mice lost the Paneth cell pathology and ability to
develop DSS induced colitis, which could be reversed by
norovirus infection[42]. A recent study has reported that
the ATG16L1 and NOD2 pathways may be interrelated[78]. In 2010, Cooney et al[78] demonstrated that NOD2
stimulation is capable of initiating autophagy in DCs and
that for effective autophagy to occur, both intact NOD2
and ATG16L1 functions are required. IRGM belongs to
a family of interferon-inducible immunity related GTPases (IRGs) that encodes a protein involved in multiple
autophagocytic pathways including intracellular clearance
of pathogens[79]. IRGM has been shown to play a role in
autophagy during both Salmonella typhimurium and Mycobacterium bovis infections[79,80]. Another study in CD patients
has demonstrated that autophagy is also important in
the clearance of AIEC and that IRGM and ATG16L1
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Figure 3 Adaptive immune responses in the gut. During active inflammation, naïve T-cells (Th0) differentiate into T helper cell types (Th1, Th2, Th17) under stimulation of different cytokines. Th1 cells produce interferon (IFN)-γ and tumor necrosis factor (TNF)-α. IFN-γ activated tissue macrophages to produce additional TNF-α,
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tissue degredation. Th2 cells produce interleukin (IL)-13 that can increase intestinal permeability and induce epithelial apoptosis. Th17 cells release IL-17A, which
plays a role in recruiting neutrophils to sites of active inflammation, and IL-21 that also induces MMP production that contributes to extracellular matrix degredation.

deficient cells had increased AIEC replication, suggesting that these genes play a significant role in clearance of
this organism and intestinal inflammation[39]. These studies implicate that autophagy plays an important role in
human inflammatory disorders by direct elimination of
intracellular bacteria and activation of pattern recognition
receptor signaling which is involved in gut homeostasis
and CD pathogenesis.

phocytes (T and B cells) that when activated generate
effector responses (cytokines and antibodies). In contrast
to the innate immune system, the adaptive immune system is highly specific and confers long lasting immunity
(memory). It is generally thought that the adaptive immune system is the main contributor to disease pathogenesis in IBD, either through increased proinflammatory cytokines driven by the T-helper (Th) subsets or by
ineffective anti-inflammatory regulatory T-cells (Tregs).
Naïve T-cells (Th0) cells after activation are able to differentiate into Th1, Th2, or Th17 cells (Figure 3). In
particular, Th1 responses have been thought to drive the
pathogenesis of CD, while UC is thought to be driven by
Th2 responses. Recent advancements suggest that other
cells, such as ILCs and Th17 cells, have emerged as important contributors to IBD pathogenesis.

INNATE AND ADAPTIVE IMMUNITY
Overview
The immune system has evolved as protection against a
wide range of infectious agents. In vertebrates, the immune system is broadly divided into two effector classes,
the innate and adaptive immune responses. The innate
immune system is the first line of defense and provides
an immediate protective response against infections and
also helps to initiate the adaptive immune response (Figure 1). The innate immune system is non-specific and
does not confer lasting immunity (memory). The innate
immune system is comprised of the epithelial barrier,
macrophages, monocytes, neutrophils, DCs, and natural
killer cells (NK cells), eosinophils, and basophils. These
cells act together to initiate inflammation by secreting cytokines, chemokines, and antimicrobial agents. This leads
to phagocytosis of infected cells and microorganisms,
antigen presentation, and activation of the adaptive immune system.
The adaptive immune response is comprised of lym-

WJG|www.wjgnet.com

Role of innate lymphoid cells in IBD
Until recently NK cells were thought to be the only innate cell derived from a lymphoid progenitor. However,
recent developments have classified NK cells as a subset
of a new family of hematopoietic effector cells called
ILCs. ILCs are an emerging and diverse group of immune cells and are part of the new frontier of immunology research. All ILCs derive from an Id2 expressing
progenitor and are defined by three main features: One,
they are of lymphoid morphology; two, they are cell lineage negative (CD3-, B220-, GR1-, CD11b-, Ter119-); and
three, they lack RAG-dependent antigen receptors (Figure
4)[81]. Recently, a unifying ILC classification system has
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Figure 4 Development and classification of innate lymphoid cells[82]. Innate lymphoid cells (ILCs) all derive from an ID2 positive progenitor cell. Group 1 ILCs
make interferon (IFN)-γ. Group 2 ILCs produce IL-5 and interleukin (IL)-13. Group 3 ILCs produce IL-17, IL-22, and IFN-γ. NK require IL-15, whereas all other ILCs
require IL-7 for development. Group 2 ILCs depend on transcription factors GATA3 and ROR for development. Group 3 ILCs require RORt for development. Also,
subsets of group 3 ILCs require additional transcription factors, such as aryl hydrocarbon receptor (AHR) for development. NK cells, which are group 1 ILCs, require
both T-bet and eomesodermin (EOMES). The mechanisms of ILC1 development are not fully elucidated, however are known to require transcription factor T-bet for
development.

based upon phenotypic and functional characteristics has
been proposed (Table 1)[82]. ILCs can be classified into
three groups: Group 1 ILCs, which are T-box expressed
in T-cells (Tbet) dependent and are comprised of ILC1
and NK cells; group 2 ILCs, which are GATA-binding
protein 3 (GATA3) and retinoic acid receptor-related
orphan receptor (ROR) dependent, and comprised of
ILC2s; and group 3 ILCs, which are RORt dependent
and are comprised of ILC3s and lymphoid tissue-inducer
(LTi) cells[82].
The key cytokines secreted by ILCs tend to mirror
those secreted by the T-helper cells of the adaptive immune system and therefore ILCs have been thought of
as the innate counterparts of T-helper lymphocytes (Table
1). Group 1 ILCs are defined by their ability to produce
Th1 cell associated cytokines, in particular IFN-γ. Although under debate, the prototypical cell is the NK cell.
Group 2 ILCs are defined by their ability to produce Th2
cytokines, in particular IL-5 and IL-13 and the prototypical cells are the IH2 cells or nuocytes[83-86]. These cells
have been shown to play a major role in defense against
parasites and in allergy and asthma[87,88]. Group 3 ILCs
are defined by their ability to secrete Th17 like cytokines
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such as IL-17 and IL-22 and the prototypical cells are LTi
cells[89]. Group 3 ILCs have been shown to play a major
role in autoimmune disease and have been shown to mediate colitis in a mouse model of IBD[47].
Since ILCs have been shown to be important in mucosal immunity it was only logical to examine the role
of these cells in IBD. Recent data has implicated ILCs,
in particular group 3 ILCs in the development of IBD.
While most research into IBD has focused on the role of
the adaptive immune system, in particular Th1 and Th17
subsets, as well as ineffective regulatory T-cells, new
evidence suggests that IBD can be triggered in RAG-/mice, which lack all components of the adaptive immune
system in an IL-23 dependent manner. Buonocore et al[47]
demonstrated that group 3 ILCs, and not NK cells (group
1 ILCs), were increased and produced large amounts of
IL-17A and IFN-γ after Hepaticus infection in RAG-/mice were required for colitogenesis. Accumulating evidence suggests that group 3 ILCs induce colitis via an IL23R-IL-22 dependent mechanism[47,90,91]. RAG-/- mice can
also develop colitis after injection of CD40L. Vonarbourg
et al[92] demonstrated that CD40L induced colitis requires
the presence of innate lymphocytes because CD40L
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Table 1 Innate lymphoid cell subsets
ILCs

Lineage

Group 1

Lin-CD56+NKp46+NKp30+NKp44+
IL-7RNK cells NKp46+NK1.1+CD122+
CD122+NKG2D+CD161+KIR+
NKG2D+CD161+CD16+
ILC1s

Group 2

ILC2s

Group 3

ILC3s

LTi cells

Mouse

Human

Lin-Thy1+Sca1+Tbet+

Lin-ICOS+Thy1+Sca1+
IL-7R+GATA3+
Lin-Thy1+Sca1+RORt+
NKp46+IL-7R+CCR6Lin-Thy1+Sca1+RORt+
NKp46-IL-7R+CCR6+

Cytokines

Function

Disease

IFN-γ

Inflammation

IBD?

IFN-, TNF-α, Immunity to viruses and intracellular Inflammatory
cytotoxic
pathogens, tumor surveillance
conditions, IBD
effectors
Lin-IL-7R+CD45hiCD161+ CRTH2+ IL-5, IL-9, IL-13
Immunity to helminthes, wound
Allergy, asthma
healing
Lin-CD56-NKp46+NKp30+NKp44+
IL-22
Lymphoid tissue development,
IBD
IL-7R+
intestinal homeostatsis, immunity to
extracellular bacteria
Lin-IL-7R+CD45+RORt+
IL-17A, IL-17F, Homeostasis of epithelia, immunity
IBD
IL-22
to extracellular bacteria

Lin-: Lineage marker negative (mouse negative for CD3, CD19, B220, CD11b, CD11c, GR1, Ter11; human negative for CD1a, CD3, CD11c, CD34, CD123, TCR,
TCR, CD19, CD14, CD16); IBD: Inflammatory bowel disease; ILC: Innate lymphoid cell; IFN: interferon; TNF: Tumor necrosis factor; NK: Natural killer.

injection into RAG2-/--IL-2Rg-/- mice, which lack both
adaptive immune cells and ILCs, did not develop colitis.
Furthermore, group 3 ILC involvement in IBD has been
further supported by the observation that RORt-/- mice
do not develop CD40L induced colitis[47]. In an elegant
set of experiments, it was found that LTi cells were the
subset of group 3 ILCs that were colitogenic and required for disease onset, suggesting an important role
for these cells in IBD pathogenesis[47]. In individuals with
CD, a population of innate lymphocytes that were RORt+
and represent human ILCs were found to be increased in
the lamina propria compared to controls and this increase
was IL-23 dependent[93,94]. Although a young field, data
suggests that group 3 ILCs are an important cell type to
study for answering questions about the pathogenesis of
IBD as well as possible future therapies.

targets.
Th17 cells: Friend or foe
Th17 cells are a subset of helper T-cells that are induced
by IL-6 and TGF-B, expanded by IL-23, and characterized by the secretion of copious amounts of IL-17A, IL17F, IL-21, and IL-22[105-107]. RORt has been identified
as the master transcription factor of Th17 differentiation[108,109]. The IL-17 cytokine family includes six members: IL-17A-F[110]. IL-17A and IL-17F are 50% similar in
their amino acid structure, while IL-17B, IL-17C, and IL17D have less homology[111]. IL-17A and IL-17F signal
through the same receptor, the IL-17 receptor A (IL17RA) and act through activation of the NF-κB and
MAPK pathways[112,113]. The major proinflammatory effects of IL-17A and IL-17F are the activation of various
cellular targets, including the epithelium, endothelium,
monocytes/macrophages, fibroblasts, and neutrophils
that cause the induction of TNF-α, IL-1B, chemokines
(CXCL8, CXCL9, CXCL10), GM-CSF, G-CSF, IL-6, and
metaloproteases[114-117]. There are two major subsets of
Th17 cells: Th17 cells producing IL-17 and Th1/Th17
cells producing both IFN-γ and IL-17[104,118-122]. IL-17 has
been implicated in various immune mediated diseases,
including rheumatoid arthritis (RA), asthma, IBD, and
experimental autoimmune encephalitis (EAE)[123,124].
Th17 cells and signature cytokines have been extensively studied in IBD. GWAS have identified several
genes involved in Th17 differentiation and expansion,
including IL-23R, IL-12B, JAK2, STAT3, CCR6 and
TNFSF15, as CD susceptibility genes with some overlap
in UC[12,58]. As compared to normal, CD and UC patients
have increased levels of IL-17A gut mucosal transcripts
and the lamina propria contains increased numbers of
Th17 and Th1/Th17 cells[102,123,125]. RORt is found to be
expressed at higher levels in lamina propria T-cells from
CD patients[126].
Th17 pathobiology is complicated by the fact that
in different experimental models, Th17 subsets can be
distinguished by their function as either “pathogenic”
or “nonpathogenic”. Pathogenic Th17 cells are thought

Th1 and Th2 cells
Th1 cells are induced by IL-12 and characteristically
secrete copious amounts of IFN-γ, TNF-α, and IL-12,
whereas the signature cytokines secreted from Th2 cells
are IL-4, IL-5, and IL-13[95]. CD is thought to be a Th1
mediated disease, while UC is believed to be mediated by
Th2 responses[96]. Mucosal T-cells from CD patients have
been shown to secrete higher amounts of IFN-γ and
IL-2 than from T-cells from UC patients[97,98]. Furthermore, it has been demonstrated that UC patients produce
increased amounts of IL-5 and have atypical natural killer
T (NKT)-cells that secrete higher amounts of IL-13 as
compared to CD patients[99-101]. However, recent data has
suggested that the CD-Th1 and UC-Th2 paradigms are
not so straight forward. Biopsies from both CD and UC
patients have demonstrated high ex vivo levels of IFN-γ
and lower levels of IL-13 have been found in UC patients
as compared to CD patients[102,103]. Furthermore, data
suggests that Th17 cell production of IL-17 and IL-23
play important roles in the pathogenesis of IBD, with
DCs isolated from CD patients producing more IL-23
than UC patients[104]. Understanding the complicated interactions underlying the dysregulated adaptive immune
response in IBD will ultimately identify novel therapeutic
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to be characterized by their production of IFN-γ and
by the expression of specific surface markers, including IL-18R1 and CXCR3[127]. IL-17A deficient mice or
those treated with neutralizing antibodies to IL-17A or
IL-17RA are resistant to the development of RA and
EAE[128,129]. Furthermore, in a trinitrobenzene sulfonic
acid (TNBS) mouse model of colitis IL-17RA deficient
animals were protected from the development of acute
mucosal inflammation[130]. However, in a DSS model of
colitis, mucosal inflammation was ameliorated by IL17F deficiency, but exacerbated by IL-17A deficiency,
suggesting an important role for IL-17F and perhaps an
alternative role for IL-17A[131-133]. Furthermore, supporting a protective role for IL-17A, it has been shown that
IL-17A directly inhibits Th1 cells and suppresses development of inflammation[134]. Additionally, anti-IL-17A
monoclonal antibody treatment was shown to exacerbate
DSS induced colitis[135]. These studies suggest that IL17A may protect against the development of mucosal
inflammation whereas IL-17F may drive it.
As demonstrated by the data above, the biology of
IL-17 deficiency has been complicated, with some studies showing a pathogenic role, while others suggesting
a protective role. However, there has been a significant
amount of data suggesting that IL-17A has played a
pathogenic role in IBD. Therefore, a double-blind, randomized, placebo-controlled study tested whether the
anti-IL-17A monoclonal antibody, secukinumab, would
be beneficial in CD patients[136]. Surprisingly, the study
found that blockade of IL-17A was ineffective and
caused a higher rate of adverse advents as compared
to placebo, suggesting a protective role of IL-17A[136].
Although the study was halted prematurely, exploratory
analysis of CD candidate genetic polymorphisms found
that a subset of patients with a minor allele of TL1A
actually had an improved clinical score over the course
of the treatment[136]. These data suggest that in the right
genetic context, secukinumab therapy may be beneficial
to some patients, which further supports the concept of
treating each individual with IBD based upon their own
genetic composition.

inflammation at the interface between the innate and
adaptive immune system[145-147].
In 2005, in a study of Japanese CD patients, polymorphisms in the TNFSF15 gene was identified as having a
strong association with CD[148]. This association has been
reproduced in other studies, including European and
Jewish CD and UC patients, and has been demonstrated
to be the dominant gene in East-Asians with IBD[12,149-153].
Haplotypes within the gene confer either risk or protection, which is dependent upon the ethnicity of the individual. In non-Jewish CD patients, haplotype A is a risk
allele, while haplotype B is protective[148-150,153]. However,
in Jewish CD patients, haplotype B has a trend towards
risk, as these patients had worsened disease as manifested
by higher incidents of surgery and increased responses to
E. coli outer membrane porin C (OMPC)[154,155]. Furthermore, monocytes isolated from Jewish patients that were
haplotype B secreted increased amounts of TL1A than
haplotype A carriers after stimulation[156].
Given the information generated from the human
GWAS studies, transgenic mice have been created that
overexpress TL1A. In 2011, Meylan et al[146] and Taraban
et al[147] found that murine colitis driven by TL1A overexpression in T-cells and DCs was found to be dominated
by a Th2 response over Th1, with elevation in IL-13
and unchanged levels of IFN-γ. Also, in both models,
spontaneous intestinal inflammation developed, with
disease severity being greatest in the terminal ileum and
correlating to transgene expression level. This observation was abolished with anti-IL-13 treatment. Shih et al[143]
reported similar observations in another model of TL1A
overexpression. However, they also found that these mice
had increased levels of IFN-γ and intestinal fibrosis. The
differences in these mouse models may be secondary to
differences in the generation of the mice and/or different gut microflora between animal facilities. Regardless,
all models demonstrated intestinal inflammation and this
supports evidence of TL1A polymorphisms being associated with IBD. Given this information, studies utilizing
anti-TL1A antibodies were undertaken. In models of
TNBS and DSS colitis anti-TL1A neutralizing antibody
treatment was shown to ameliorate weight loss and intestinal inflammation[146,157]. These studies suggest a role for
using blocking antibodies to TL1A to ameliorate pathological T-cell responses in IBD.

TL1A: CONNECTING THE INNATE AND
ADAPTIVE IMMUNE SYSTEM
Tumor necrosis factor super family 15 (TNSF15) encodes
the protein TL1A, a member of the TNF superfamily, is
expressed either membrane bound or secreted by monocytes, macrophages, DCs, fibroblasts, and endothelial
cells in response to stimulation by cytokines and microorganisms[137-140]. It binds to death domain receptor 3 (DR3),
mainly expressed on T-cells, to initiate a number of immune responses, such as activation of T-cells resulting in
the secretion of proinflammatory mediators[141]. TL1A
has been implicated in the pathogenesis of many autoimmune diseases, including asthma, rheumatoid arthritis,
and IBD[96,140,142-144]. Numerous studies have supported
the concept that TL1A is a major regulator of mucosal
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CONCLUSION
In current immunology there are new Th cell subsets,
such as IL-9 producing Th9 cells, IL-22 producing Th22
cells, follicular helper T-cells, and emerging types of
Treg cells that are now also all being implicated in the
pathogenesis of IBD[158-161]. Furthermore, historically it
was thought that terminally differentiated Th cells seldom re-differentiate to other Th subsets, however now
the plasticity between Th cells is now extensively under
investigation[162].
It has been well documented that the adaptive im-
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mune system plays an important role in the development
and perpetuation of the inflammatory cascade in IBD. In
particular, T-cells have been shown to be key players in
driving intestinal inflammation. However, a number of
unresolved issues exist that need to be addressed in order
to develop successful and appropriate therapeutic strategies. Recent advances have clarified the importance of
the innate immune system in IBD pathobiology. Furthermore, besides anti-TNF agents, molecules targeting specific T-cell derived molecules have largely failed. This is
likely due to the complexities and redundancies of cytokine networks and highlights how different each individual’s immune system is in the context of their own genetics. The studies of the interactions between the different
components of the innate and adaptive immune system,
as well as the interactions with the intestinal microbiota,
and how these interactions relate in the overwhelming
context of an individual’s genetics are areas that will open
new horizons in the knowledge of mechanisms of gut
inflammation.
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Core tip: Hepatocyte nuclear factor 4-alpha (HNF4-α) is
an important regulator of liver and intestinal epithelial
cells function. Over the last years, HNF4-α has been
associated with inflammatory bowel diseases following results obtained from knockout mice and human
genome-wide association studies. However, no review
has been published on the subject yet and no link with
its known role in liver inflammation has been discussed.
This review will gather for the first time all the current
knowledge about the role of HNF4-α in gut inflammation, the potential impact of its isoforms in its role and
hypotheses about the possible biological mechanisms
involved.

Abstract
Hepatocyte nuclear factor 4-alpha (HNF4-α) is a nuclear receptor regulating metabolism, cell junctions,
differentiation and proliferation in liver and intestinal
epithelial cells. Mutations within the HNF4A gene are
associated with human diseases such as maturityonset diabetes of the young. Recently, HNF4A has also
been described as a susceptibility gene for ulcerative
colitis in genome-wide association studies. In addition,
specific HNF4A genetic variants have been identified
in pediatric cohorts of Crohn’s disease. Results obtained from knockout mice supported that HNF4-α can
protect the intestinal mucosae against inflammation.
However, the exact molecular links behind HNF4-α
and inflammatory bowel diseases remains elusive. In
this review, we will summarize the current knowledge
about the role of HNF4-α and its isoforms in inflammation. Specific nature of HNF4-α P1 and P2 classes of
isoforms will be summarized. HNF4-α role as a hepatocyte mediator for cytokines relays during liver inflammation will be integrated based on documented examples of the literature. Conclusions that can be made
from these earlier liver studies will serve as a basis to
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INTRODUCTION
Hepatocyte-nuclear-factor 4-alpha (HNF4-α) is a member of the superfamily of nuclear receptors. Since it’s
discovery and characterisation in the early 90’s, HNF4-α
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has been widely associated with the transcriptional regulation of hepatocyte genes specifically implicated in lipid
metabolism, glucose metabolism, differentiation and
morphogenesis. However, HNF4-α expression is also
detected in epithelia of the pancreas, kidneys, stomach,
and intestine, for which it exerts functional roles in regulating epithelial junctions and cell proliferation. In addition to these multiple known functions in epithelium,
HNF4-α has been shown to play a role in inflammation
processes of the liver and recent evidences suggest the
involvement of this regulator in the pathophysiology
of inflammatory bowel diseases (IBD). This review will
focus on the recent uncovered roles for HNF4-α during intestinal inflammation with regard on conclusions
that can be made from earlier studies obtained in the
liver context. Moreover, since the nature of HNF4-α
isoforms expressed in the liver and the intestine differs,
we will highlight the potential contribution of these isoforms in the inflammation process and, to some extend,
to the inflammation-associated pathology of cancer.

The expression of HNF4-α is restricted to the epithelial compartment in both the liver and intestine. However,
adult hepatocytes express P1-only isoforms while intestinal epithelial cells express both P1 and P2 isoforms[8,9].
Many studies have revealed that HNF4-α expression
can vary depending on the environmental context. It has
been notably demonstrated that the expression profile of
P1 and P2 isoforms is modified in many cancers such as
hepatocellular carcinoma where P1 isoforms expression
is inhibited and P2 isoforms re-expressed[8]. Modulation
of HNF4-α isoforms expression is the result of a complex regulatory circuit that involves transcriptional, posttranscriptional and post-translational mechanisms. For
instance, P1 and P2 promoters are regulated by different
transcription factors[10-12] and are differently targeted by
epigenetic regulation[10]. In addition, HNF4-α mRNA is
targeted by multiple miRNA[13-16] and its protein function
and stability by phosphorylation[17-22], acetylation[23] and nitrosylation[24]. Although most of these studies did not specifically investigate whether P1 or P2 isoforms share the
same post-translational modifications, it is predictable that
some of them could be isoforms specific. Indeed, it has
been recently demonstrated that HNF4-α phosphorylation by the Src kinase preferentially targets P1 isoforms to
lead to their degradation without influencing P2 isoforms
stability[25]. Thus, HNF4-α isoforms production is regulated by a wide variety of mechanisms that will connect
their cellular functions to environmental specific needs.

HNF4-α P1 and P2 classes of
isoforms
HNF4-α has been generally involved in inflammation
processes occurring in liver and the gastrointestinal
tract. Importantly, these organs do not express the same
HNF4- α isoforms, which leads to the fundamental
question of whether these isoforms are functionally
redundant during inflammation. HNF4A is coded by
a single gene located on the long arm of the chromosome 20 in human[1]. HNF4A locus is transcriptionally
regulated through the use of two distinct promoters that
are physically separated by more than 45 kb[2]. Isoforms
produced by the activity of the closer promoter are designated P1 whereas isoforms produced by the second
and more distant promoter are designated P2 (Figure 1).
The P1 isoforms class regroups six distinct isoforms (α1
to α6) that are generated through alternative splicing of
HNF4-α pre-mRNA while P2 isoforms class regroups
three other isoforms (α7 to α9) generated through the
same process[1-6]. The functional relevance for production of such a variety of HNF4-α isoforms still remains
unclear. Although these classes of isoforms share 90%
of homology in their overall protein structures, an important difference is noted between their respective
N-terminal domains (Figure 1). This difference causes
P2 isoforms to be shorter than P1 isoforms and, more
importantly, to lack the cofactor interacting domain
designed as activating function (AF)-1. These structural
differences suggest that P1 and P2 isoforms could harbour distinct roles by interacting differently with specific
cofactors and being differently regulated in specific contexts of physiological importance. In support of this, an
elegant study performed in “knock-in” mice has revealed
that P1-only mice generated by exon swapping are phenotypically different when compared to P2-only mice[7].
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HNF4-α activity is a target for
cytokines effects on hepatocytes
HNF4-α is crucial for the early embryonic development
and function of the adult liver as supported with the
generation of mouse models with specific and conditional deletion of HNF4-α in hepatocytes[26,27]. There
is an overall agreement on the idea that HNF4-α could
represent a central regulator of gene transcription in
hepatocytes, making it thus a crucial transcription factor in liver physiology[28-31]. The liver is strongly involved
during the acute-phase response (APR) by the synthesis of many acute-phase proteins. Therefore, it is not
surprising that HNF4-α has been confirmed to play
an important role in inflammation through the regulation of acute-phase protein gene transcription. In fact,
many studies demonstrated that HNF4-α is massively
targeted by cytokines under these conditions. There is a
general consensus supporting a negative regulatory role
for cytokines on transcriptional HNF4-α action on its
target genes. However, some exceptions highlight the
fact that these cytokines effects could be sometimes
context dependent. Studies performed in the liver hepatocellular cell line HepG2 support this phenomenon. In
the context of an inflammatory redox state, interleukin
(IL)-1 was shown to stimulate p38MAPK-dependent
phosphorylation of HNF4-α and to increase its affinity to DNA as well as to the PC4 cofactor[32]. This had
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Figure 1 Hepatocyte nuclear factor 4-alpha P1 and P2 isoforms classes originate from alternative promoters and splicing. HNF4-α contains two distinct promoters (P1 and P2) that drive expression of nine known isoforms (α1 to α9). Transcription through the P1 promoter allows the inclusion of the exon 1A coding for the
N-terminal domain of HNF4-α. P1 isoforms class displays a N-terminal region containing the cofactor interacting domain designed as AF-1. Transcription through the
P2 promoter allows the inclusion of the exon 1E but the exclusion of the exon 1A. P2 isoforms class displays a smaller N-terminal domain than P1 isoforms and does
not contain the AF-1 region. Alternative splicing of the last exons of HNF4A modifies the regulating F domain of both isoforms classes while alternative splicing of exon
1A modifies only A/B domain of the P1 isoforms. HNF4-α: Hepatocyte nuclear factor 4-alpha; DBD: DNA binding domain; LBD: Ligand binding domain; AF-1: activating function-1; AF-2: Activating function-2.

the consequence of increasing iNOS expression in the
redox context[32]. On the other hand, IL-1 was shown to
promote the reduction of HNF4-α mRNA and protein
levels in the same cell line through c-Jun effect on the
P1 promoter as well as through proteasomal degradation[33]. This effect was reported to occur only for a transient period of time and to resume to normal HNF4-α
level after 12 h of treatment. Similar opposite examples
apply to the pro-inflammatory role of transforming
growth factor (TGF)-β, a cytokine released by the liver
during stress or injury. On one hand, TGF-β is able to
reduce the expression of its target genes by inhibiting
HNF4-α[24,34]. Indeed, TGF-β stimulation in hepatic cell
lines activate a signalling cascade where Extracellular
signal Regulated Kinase 5 (ERK5) will phosphorylate
and inactivate Glycogen Synthase Kinase (GSK)-3 β
kinase that usually phosphorylates HNF4-α, a step that
will promote HNF4-α interaction with target gene promoters[35]. In addition, the TGF-β pathway causes posttranslational modifications of HNF4-α that ultimately
lead to its degradation by the proteasome[24]. By opposition to these observations, HNF4-α can also potentiate
TGF-β signalling pathway and its downstream effect on
gene transcriptional activation. More than the third of
identified SMAD2/3 binding regions in HepG2 genes
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displayed an overlapping binding site for HNF4-α under
specific TGF-β influence[36]. Coincidentally, binding of
HNF4-α to these SMAD2/3 dependent gene promoters
was able to transcriptionally synergize them, as illustrated
for the Mix paired-like homeobox (MIXL1) gene[36].
Another argument to sustain HNF4-α involvement
during hepatocyte inflammatory stimulation relates to its
reported sensitivity to the NF-κB pathway, a crucial signalling relay that dictates cellular inflammatory response.
For example, it has been reported that stimulation of
HepG2 cells with tumour necrosis factor (TNF)-α inhibits Apolipoprotein C3 expression through the influence
of NF-κB that targets HNF4-α DNA binding affinity
and transactivation activity under these circumstances[37].
Other evidences suggest that the control of HNF4-α
activity by cytokines could be at the level of its natural
interactions with cofactors that were reported necessary
to promote its optimal transcriptional activity. A study
performed in HepG2 cells revealed that the induction
of an acute-phase response from the concomitant action
of IL-1β, TNF-α and IL-6 reduced the expression of
HNF4-α-dependent APR genes by inhibiting its interaction with the coactivator Peroxisome proliferator-activated receptor-gamma coactivator-1[38]. Although most of
these studies have been performed in cellulo, there is also
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evidence that these mechanisms are relevant in a physiological context. In support of this, Bauzá et al[39] showed
that the induction of APR in mice following a burn injury was leading to an increase of IL-6 serum level and a
concomitant decrease of liver HNF4-α capacity to bind
to its DNA response element.

lium that eventually tilted the balance toward chronic
inflammation. Exact nature of the molecular cascades
involved in this progressive state of disease remains
unclear. Early modification of claudin-15 expression in
the mutant mice, a direct gene target of HNF4-α, suggested that an alteration in ionic transport could be part
of the processes[47]. While all these evidences suggest
that long-term reduction of HNF4-α activity promote
IBD, it remains unclear whether mechanisms are in place
to down-modulate HNF4-α expression from the action
of inflammatory signals. DSS-induced colitis caused a
reduction in colonic HNF4-α expression at both the
transcript and protein levels[47,48]. As exemplified above,
the influence of cytokines on HNF4-α activity is well
documented in the liver but remains to be explored in
the gut.
Whether these mouse studies could imply that interference on HNF4-α integrity can predispose to IBD
in humans still remain an active debate. Interestingly, a
human genome-wide association study has identified
HNF4A locus as a susceptibility gene for ulcerative colitis[49], a finding that was corroborated by an independent
study using a Dutch cohort[50]. In addition, the singlenucleotide polymorphism rs1884613 found in the P2
promoter of HNF4A has also been associated with the
risk to develop pediatric CD[51]. The functional relevance
of these findings on a human biology perspective awaits
to be addressed.

HNF4-α protects the intestinal
epithelium against inflammation
HNF4-α regulates many intestinal epithelial functions.
Acting as a morphogen, HNF4-α expression was shown
to be required during mouse embryonic colon development[40]. In adult, HNF4-α was also reported to be
important in sustaining proper intestinal epithelial cell
differentiation[41-43], lipid metabolism[44,45] and epithelial
junctions[29,43,46]. With such described roles, HNF4-α is
now considered as an important regulator of intestinal
epithelial cell homeostasis and mucosal barrier integrity.
Since perturbation of the epithelial barrier is a recognized important step for initiation of IBD, HNF4-α appeared to be a logical candidate gene to be investigated
in relation to these inflammatory diseases.
The first suggestion implying HNF4- α as a possible protector during IBD came from the analysis of
ulcerative colitis (UC) and Crohn’s disease (CD) patient
biopsies where its expression was found drastically reduced as compared to non-disease controls[47,48]. While it
was not clear whether HNF4-α reduction of expression
was the cause or the consequence of inflammation, it
nevertheless pointed out that the expression of this transcriptional regulator could be influenced during intestinal inflammation. The generation of intestine specific
HNF4-α null mouse models was able to partly resolve
this question. Although it was chronologically concluded
that deletion of intestinal HNF4-α did not lead to significant defects in young adult mice, these mice were found
to be prone to increased susceptibility to dextran sulfate
sodium (DSS) model of colitis based on the record of
clinical and morphological features of the disease[48]. The
exact nature of the mechanisms involved in such susceptibility remained however speculative in this context.
It was further discovered that mice lacking intestinal
expression for both HNF4-α P1 and P2 isoforms were
able to develop, on the long term, spontaneous inflammation similar to human IBD[47]. The first signs of inflammation appeared around 6 mo of age and consisted
of important leucocytes infiltration in the colonic mucosa. The inflammation worsened with time with the appearance of regions of acute inflammation and epithelial
destruction, crypt hyperplasia and, in rare cases, early
signs of neoplasia[47]. Many cytokines were still induced
in the colon of mutant mice of 12 mo of age, supporting then a chronic status of the disease. The progressive
appearance of inflammation in this model suggested
that the loss of HNF4-α did not immediately provoke
IBD, but rather induced modifications in the epithe-
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HNF4-α is implicated in an
inflammatory-cancer regulation
loop
HNF4-α is implicated in liver and intestine inflammation. Sustained inflammation can favour cancer development in both tissues and HNF4-α represents a strong
candidate to be involved in linking these processes. An
elegant study by Hatziapostolou et al[16] supported a functional role for HNF4-α during inflammation-associated
liver cancer. This study identified HNF4-α as a repressor of the inflammatory IL-6/STAT3 pathway. HNF4-α
was able to maintain STAT3 in an inactive state by inhibiting the expression of the IL-6 receptor (IL6R) through
activation of miR-124 transcription (Figure 2). However,
when the expression of HNF4-α was inhibited in nontransformed immortalized human hepatocytes, STAT3
was activated to turn up expression of miR-64 and
miR-629 that eventually turned down HNF4-α mRNA
level. This kept HNF4-α expression inhibited in order
to prevent its retro-inhibition feedback on the STAT3
inflammatory pathway. It was thus concluded that when
this inflammatory molecular feedback loop is altered,
hepatocytes initiate transformation that will contribute
to cancer. Such molecular pathways linking HNF4-α to
inflammation-associated cancer have not yet been identified in the intestine. However, a recent study from Koukos et al[52] reported a similar mechanism where STAT3
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Figure 2 Cytokines effect on hepatocyte nuclear factor 4-alpha activity and inflammation associated-cancer in hepatocytes. Cytokines regulate hepatocyte nuclear factor 4-alpha (HNF4-α) function through its proteosomal degradation, DNA binding affinity, transcriptional activity and cofactor interaction (left panel).
HNF4-α participates also to a retro-inhibition feedback loop of the oncogenic interleukin (IL)-6/STAT3 pathway (right panel). In hepatocytes, HNF4-α binds to miR-124
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hand, stimulation of hepatocytes by IL-6 activates the phosphorylation of STAT3 that binds and transactivates the promoters of miR-24 and miR-629. These two microRNA target HNF4-α transcript and decrease its expression to relieve inhibition of the IL-6 pathway. The perturbation of this molecular circuit ultimately results in the
sustained activation of the oncogenic STAT3 pathway and the loss of the tumour suppressor effect of HNF4-α P1 isoforms.

activity was also under the control of miR-124 in the
context of pediatric UC. It is thus logical to extrapolate that HNF4-α could also inhibit the ILR6/STAT3
pathway through regulation of miR-124 expression in
intestinal epithelial cells. Indeed, DSS-induced colitis
resulted in a decrease of HNF4-α expression in intestinal epithelial cells[47,48] while it increased STAT3 mRNA
level[52]. By extension, colorectal cancer is associated with
a decrease of HNF4-α P1 isoforms expression[8,25] and
activation of the STAT3 pathway through IL-6[53,54]. The
existence of such a retro-inhibition loop of HNF4-α on
the ILR6/STAT3 pathway represents thus an interesting
possibility to explore in the context of IBD and colitisassociated colorectal cancer.
The results obtained from Hatziapostolou et al[16] suggest that the inflammatory-cancer regulation loop could
be dependent on HNF4-α P1 isoforms. While the authors did not specifically establish which isoforms were
expressed in their models, it is well documented that P1
isoforms are the major ones expressed in hepatocytes
as well as hepatocyte-derived cultured cells. Whether P2
isoforms could also be involved in the inflammatorycancer loop of IL6R/STAT3/HNF4- α will be important to establish. In hepatocellular carcinoma, the

WJG|www.wjgnet.com

expression of P1 isoforms is reduced while it has been
reported that P2 isoforms are often transiently up-regulated[8,55]. In addition, the intestinal epithelium expresses
both P1 and P2 isoforms. In that context, it is tempting
to extrapolate that P1 isoforms would exert tumour suppressor roles in hepatocytes[56-58] and intestinal epithelial
cells while P2 isoforms would assume different roles.

CONCLUSION
HNF4-α appears to be a transcriptional sensor of inflammation and some of the mechanisms and interacting pathways involved in the liver context have been
elucidated. Although there are growing evidences for
intestinal epithelial HNF4-α to participate in the pathophysiological consequences of gut inflammation, the
exact molecular and biological mechanisms involved
are still to be defined. There are several non-exclusive
hypotheses to explore the functional roles for HNF4-α
in this context (Figure 3). As observed in hepatocytes,
intestinal epithelial HNF4-α could sense and regulate
cytokines effect on gene transcription. In addition,
HNF4-α could play an active role in the maintenance
of adequate mucosal barrier properties. HNF4-α could
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functional roles of hepatocyte nuclear factor 4-alpha (HNF4-α) in the context of intestinal inflammation. As observed in hepatocytes, intestinal epithelial HNF4-α could
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mucins expression (not shown). Finally, HNF4-α could also be implicated in the maintenance of the regenerative properties of the mucosal barrier. It could participate
to stem cells proliferation through maintaining Paneth cells differentiation and through indirect regulation of the β-catenin pathway (4).

also indirectly control the microbiota to prevent the
progressive emergence of chronic inflammation based
on previous results showing that Paneth cells integrity is
affected in HNF4-α knockout mice[41]. Finally, HNF4-α
could be part of regulatory signals closely involved in
the maintenance of the regenerative mucosal properties
during chronic injuries (Figure 3). In contrast to hepatocytes that express P1-only isoforms, intestinal epithelial
cells express both P1 and P2 isoforms. It is plausible that
these isoforms harbour distinct roles during intestinal
inflammation based on the fact that inflammation can
influence HNF4-α activity through cofactors interaction[38] and that P2 isoforms lack the cofactor interacting
domain AF-1. Moreover, the fact that HNF4-α isoforms
are differently expressed in the course of intestinal diseases such as colorectal cancer[8,25] strengthens the idea
that this might occur during inflammation. Exploration
of these possibilities will turn out to be of clinical relevance in the context of targeting HNF4-α for diagnostic and/or therapeutically strategies designed to control
pathophysiological conditions of IBD.
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tal understanding of its pathogenesis. Until now, treatment has focused on removing risk factors, particularly
cigarette smoking, and improving symptoms. In clinical
trials, clinical remission is largely defined as improved
numerical and endoscopic indices for “mucosal healing”. “Deep remission” is a conceptual, more “extended”
goal that may or may not alter the long-term natural
history of the disease in selected patients, albeit at a
significant risk for treatment complications, including
serious and unusual opportunistic infections.

Abstract

Key words: Natural history; Crohn’s disease; Age-dependent phenotypes
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Crohn’s disease is a chronic inflammatory disease process involving different sites in the gastrointestinal
tract. Occasionally, so-called metastatic disease occurs
in extra-intestinal sites. Granulomatous inflammation
may be detected in endoscopic biopsies or resected
tissues. Genetic, epigenetic and environmental factors
appear to play a role. Multiple susceptibility genes have
been described in both familial and non-familial forms
while the disease is phenotypically heterogeneous
with a female predominance. The disorder occurs
over a broad age spectrum, from early childhood to
late adulthood. More than 80% are diagnosed before
age 40 years usually with terminal ileal and colonic involvement. Pediatric-onset disease is more severe and
more extensive, usually with a higher chance of upper
gastrointestinal tract disease, compared to adult-onset
disease. Long-term studies have shown that the disorder may evolve with time into more complex disease
with stricture formation and penetrating disease complications (i.e. , fistula, abscess). Although prolonged
remission may occur, discrete periods of symptomatic
disease may re-appear over many decades suggesting
recurrence or re-activation of this inflammatory process. Eventual development of a cure will likely depend
on identification of an etiologic cause and a fundamen-
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Core tip: Crohn’s disease remains an intriguing heterogeneous disorder characterized by a granulomatous
inflammatory process. The phenotypic clinical expression of Crohn’s disease is clearly age-onset dependent
as most children and adolescents suffer more severe,
more extensive and more complicated disease than
most adults, and the elderly. If evaluated over a long
period of time, the disease appears to be progressive,
but only intermittently active, with some appearing to
have prolonged periods of sub-clinical disease and others expressing complex disease with stricture formation and penetrating complications, even at the time of
initial clinical presentation. Although the precise cause
of Crohn’s disease remains a mystery, an increasing
appreciation for the long-term natural history may
permit development of more effective treatment regimens. Ultimately, however, both clinical and fundamental investigative efforts should focus on discovering the
cause of the disorder since this approach may offer the
best opportunity for cure.
Freeman HJ. Natural history and long-term clinical course of
Crohn’s disease. World J Gastroenterol 2014; 20(1): 31-36
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without stricture or fistula development may not be as
commonly seen, particularly in tertiary-care centers.

Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i1/31.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i1.31

ONSET OF DISEASE AND DIAGNOSIS
INTRODUCTION

Clearly, an appreciation for the natural history of Crohn’s
disease must depend, not on the age at diagnosis defined
by these classifications, but the actual time of onset of
the disorder. These are obviously very different. Indeed,
some authorities have opined that symptoms may be
chronically present over a long latent period in many
patients for months, even years, before a diagnosis is
entertained and established. Symptoms that eventually
lead the patient to specialist referral include diarrhea,
abdominal pain and weight loss, but these are not always
universally present. Occasionally, only a single symptom,
possibly abdominal pain alone, may be evident. In some,
suspected appendicitis may first lead to detection of an
unexpected ileal inflammatory process. For others, extraintestinal findings (e.g., arthropathy or a skin disorder,
such as erythema nodosum) may be present without significant abdominal symptoms. Or, rarely, granulomatous
inflammatory change defined in an extra-intestinal site,
called metastatic Crohn’s disease, including skin, muscle,
or bone may complicate or actually lead to recognition
of occult intestinal disease[12-14]. For metastatic disease, a
distinct focus of granulomatous inflammatory disease is
defined, geographically separated from the gastrointestinal tract. Other “systemic” or distant sites may also be involved in patients with Crohn’s disease leading to atypical
clinical features, such as a concomitant sellar inflammatory mass[15], or even unusual complications, sometimes
attributed to treatment, such as osteonecrosis[14].
In Crohn’s disease, the initiating event (including, a
possible infectious agent) leading to this ongoing, stepwise and destructive inflammatory process may no
longer be detectable, having long departed the scene. Indeed, multiple events (or agents) could conceivably precipitate or generate this insidious inflammatory cascade
causing eventual symptoms and signs at the bedside as
well as end-pathological changes in the laboratory, clinically recognized as Crohn’s disease. Additional studies
are urgently needed to further elucidate these hypothetical genetic, microbiologic and immunologic factors that
permit progression of this frustrating clinical disorder.

Crohn’s disease is a chronic inflammatory disorder that
usually involves different sites along the length of the
gastrointestinal tract, and also, occasionally, other extraintestinal “metastatic” sites. Genetic, epigenetic and
environmental factors are believed to play a role in its
etiology and pathogenesis[1,2]. Indeed, recent evidence
suggests that multiple susceptibility genes may be present
and play a critical role[1,2]. Some believe that genetic risk
profiling to predict the eventual disease course is feasible[3,4]. Currently, it is thought that the disorder is likely
related to an aberrant immunological response to intestinal microbiota in genetically-susceptible individuals[5]. A
prevalence of up to 1% has been recorded with numerous studies suggesting that the incidence is increasing in
developed or industrialized as well as developing or nonindustrialized countries[6]. Although there is little epidemiologic data, a recent analysis noted that the rise in incidence and prevalence over time and in different regions
around the world reflects emergence as a global disease[6].
A key pathological footprint of Crohn’s disease is the
granulomatous inflammatory response, a special form of
chronic inflammation characterized by focal collections
of macrophages, epithelioid cells and multinucleated giant cells. It is believed that initiation and development of
this specific form of inflammatory reaction depends on
persistence of the inciting agent, a complex immune reaction to perpetuate the granulomatous response leading
to development of necrosis and fibrosis[7].
The clinical expression of Crohn’s disease is known
to be very heterogeneous. Prior working groups for the
World Congress of Gastroenterology in Vienna and
later in Montreal developed a classification scheme that
has evolved[8,9]. An important goal was to enumerate different phenotypic characteristics so that more homogeneous cohorts could be explored and compared, particularly for geographically-distinct populations. Application
of this classification schema to a tertiary care clinical
database revealed a female predominance, occasional familial nature, and a high rate of stricture formation and
penetrating disease complications[10,11].
Crohn’s disease appears to be a life-long disorder becoming clinically apparent at almost any time from early
childhood to late adulthood[10,11]. For most, the actual
onset of the disease, or more precisely, age of detection or diagnosis, has usually been during the late teens
and early twenties, and now, during the past two or three
decades, over 80% of patients with Crohn’s disease are
diagnosed before age 40 years[10]. Moreover, the majority
have involvement primarily of the ileum and colon, at
least based on the most sensitive and most modern imaging methods[10,11]. Finally, most clinicians usually evaluate
and treat “late” complicated disease, while “early” disease
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DISEASE EXTENT AND LOCALIZATION
In Crohn’s disease, there is a predilection for the distal
small intestine and proximal colon[8-11]. Of course, more
extensive involvement of the intestinal tract may also
occur [16] and the old adage that Crohn’s disease can
potentially involve any site “from mouth to anus” still
holds true, although this probably deserves to be altered
slightly to “and in other sites separated from the gastrointestinal tract as metastatic Crohn’s disease”. Familial
factors play a role in Crohn’s disease[17], including genetic
factors that appear to directly influence the localization
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of the disease in different intestinal sites[18,19]. Further
information, however, is clearly required on fundamental
luminal and intestinal factors that play a role in localization of the disorder to specific sites along the length of
the gastrointestinal tract.
Crohn’s disease may develop in the upper gastrointestinal tract, often with concomitant disease in the
ileum, colon, or elsewhere. Rarely, at least in Caucasian
populations, the disorder may also occur solely in the
upper gastrointestinal tract without disease involvement
elsewhere[9-11]. Interestingly, a recent study from Hong
Kong suggested that the Chinese may have an increased
risk for this upper gastrointestinal tract phenotype[20].
Also, extensive jejuno-ileal disease, evaluated over the
long-term, appears to reflect a form of Crohn’s disease
that historically responds poorly to medications, often
leading to surgical treatment, long-term nutritional support and greater costs for care[13,20,21]. New and developing biological treatment paradigms largely focused on
reducing numerical activity indices in ileocolonic disease
may have little impact here, unless the long-term severity
and extent of the inflammatory process can be reduced.
In recent years, improved and novel imaging methods
have also opened the door to more precise recognition
of this extensive small intestinal group[22], so that early
inflammatory changes may be detected along the length
of the small intestine, rather than late-stage and more
complex disease.

inflammatory masses, and deeply penetrating fistulae (e.g.,
ileosigmoid fistula). In some, it has been hypothesized
that recurrent disease may occur as a patterned clinical
response, possibly related to specific genetic regulatory
factors. For instance, recurrent stenotic events may result
in a localized ileocecal resection, “new” erosions and
ulcers in the “neo-terminal” ileum, and further stricture
formation, recurrent obstructive symptoms and another
resection[31]. Or, in some, recurrent penetrating events
with fistula and abscess formation may occur[31].
Recently, additional long-term studies of post-operative
Crohn’s disease have been reported[32-34]; even here, cigarette smoking has been again identified as the strongest
risk factor for recurrence[34]. Clinical experience has also
shown that classifying clinical behavior in Crohn’s disease
is difficult and may not be truly reflective of natural history as the rates of development of a complication, such
as a stricture, may differ remarkably, not only between
different patients, but even in the same patient. Some may
have either a rapidly progressive inflammatory process,
or alternatively, a low grade sub-clinical process, possibly
present for months, that suddenly becomes clinically expressed. A recent report noted that 10 years following a
resection for ileo-cecal disease, only about half were free
of clinical recurrence and about 30% needed added surgical treatment[32].

AGE-RELATED PHENOTYPIC
EXPRESSION

DISEASE BEHAVIOR

Early historical studies suggested that the phenotypic
clinical expression of Crohn’s disease differed substantially, depending on the age of initial diagnosis[35-44]. This
age-dependent phenotypic clinical expression probably,
in part, reflects an age-dependent regulation of the
inflammatory process[40]. Disease developing earlier in
children and adolescents tends to be much more severe,
often resulting in significant disease complications, including strictures or fistulae, or both[40-45]. It is also more
extensive in childhood, often involving multiple sites
in the small and large intestine, with a higher frequency
of involvement of the upper gastrointestinal tract[40-45].
Comparative studies also show significant differences in
clinical expression between children and adults[41,42] as
well as the elderly[46,47]. Others have defined a difference
in some “immune-reactive” characteristics of early-onset
compared to late-onset Crohn’s disease[48-50]. A hypothesis that suggests that a dysregulated immune response
occurs, likely affected by aging per se, and leading to different phenotypic disease expressions of Crohn’s disease, needs to be further elucidated.

Crohn’s disease is a chronic, persistent and destructive
disorder with different forms of clinical behavior[23,24].
Over the long term, the disease appears to be progressive although the rate of progression may be altered or
slowed, by the use of some medications, or with surgical
treatment, at least for a period of time. Oral corticosteroids within 3 mo of diagnosis and early thiopurine use
within 1 year were recently shown over several decades
to independently affect the likelihood of intestinal surgery[25]. Another long-term study suggested that immunomodulator use for over 6 mo reduced the risk for first
surgery, particularly in non-stricturing non-penetrating
Crohn’s disease[26]. Other long-term studies have independently suggested that the disease may start as an
inflammatory process with progressive development
over time to more complex disease with stricture and
fistula formation[27-29]. Once initiated, it is likely that numerous genetic and environmental factors play a role in
regulating the rate of progression, but these are poorly
understood. Moreover, the “progression” of the disease
itself may not necessarily be a linear process but rather
progression may occur in a step-wise fashion with prolonged symptom-free periods over many decades[30].
Crohn’s disease may also initially present as an already
advanced and clinically complex disease with extensive or
multiple jejunoileal strictures[16], sometimes even with free
perforation of the small intestine, large intra-abdominal
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CLINICOPATHOLOGICAL CORRELATIONS
Clinical and pathological correlations have been explored
during the long-term clinical course of Crohn’s disease.
Some early historical descriptions tended to avoid the pos-
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earlier use of azathioprine[59]. Although some consider
endoscopic mucosal healing as a useful target in ulcerative colitis, the role on the long-term natural history
of Crohn’s disease has been more difficult to establish
and is not known. Additional information on the effects
of biological agents, especially TNF blockers[60], on the
long-term natural history is critical. There is evidence
that these agents may reduce disease complications requiring surgical treatment, but a significant adverse risk
profile remains, particularly for serious opportunistic infections[61]. Some have hypothesized that directing focus
to induction of a “deep remission” may have potential
to change natural history[62], even if the precise cause of
Crohn’s disease is not defined. Time will tell.

sible temporal sequence of progression of pathological
lesions and focused on their prognostic significance[51,52].
However, more recent studies related to this chronological sequence have hypothesized that early small ulcers or
granulomas initially develop with ongoing progression to
later sinuses and strictures complicating large ulcers[53].
These have also confirmed that this granulomatous inflammation may be a histopathological marker for an
early phase of the inflammatory process in Crohn’s disease, at least prior to development of fibrotic strictures
and fistulous tracts [53]. Granulomatous inflammatory
change has been documented in multiple endoscopic
biopsies and surgically-resected specimens obtained over
many decades from the same patient[29,54]. Often, long
intervals of relatively symptom-free disease may be documented[29,54]. This temporal pattern may indicate multiple
initiating events in Crohn’s disease with different rates of
progression, or alternatively, the presence of granulomas
may simply reflect ongoing active inflammation, even
with subclinical or asymptomatic disease.
These studies also suggested a geographic change
in the location of detectable Crohn’s disease along the
length of the gastrointestinal tract with extended periods
of time[29]. For instance, granulomatous ileal involvement
was defined many years after initial colonic disease, and
gastroduodenal disease occurred after ileocolic resection.
If there was a single event that initiated this granulomatous inflammatory process, then different tissues along
the length of the gastrointestinal tract may develop a
granulomatous response at different rates, or alternatively, there might be multiple or recurring initiating events.
Possibly, different gastrointestinal sites may differ in sensitivity to a possible initiating event (or infectious agent).
This could be due to a site-specific differential in intestinal permeability or differing immunological responses
along the length of the gastrointestinal tract[55,56].
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Gastrointestinal motility disorders in inflammatory bowel
diseases
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from the esophagus to the anorectum, and which will
be extensively covered in this review. It is conceivable
that at least part of this derangement is strictly related
to inflammatory cytokine trafficking and neuromuscular changes; however, given the high prevalence
of functional gastrointestinal disorders in the general
population, this overlap might also be serendipitous.
However, it is worth noting that literature data on this
topic are relatively scarce, sometimes quite outdated,
and mostly focused on the interplay between irritable
bowel syndrome and inflammatory bowel disease.
Nevertheless, both researchers and clinicians must be
aware that symptoms related to gastrointestinal motility disorders may be highly prevalent in both active and
inactive inflammatory bowel disease, correlate with
greater psychological comorbidity and poorer quality of
life, and may negatively influence the therapeutic approaches.
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Abstract
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The relationship between motility and inflammatory
gastrointestinal disorders is at the same time complex and intriguing since these conditions might share
some genetic, environmental, immunological and microbial predisposing factors. In addition, significant
symptom overlapping may occur, muddling the waters
within the clinical context. Although on one hand this
represents a challenge for the clinician for a potential
under- or over-treatment and diagnostic delay, on the
other hand it possibly represents an opportunity for
the researcher to better disclose the intimate relationship between chronic (often low-grade) inflammation,
motor disorders and deranged sensory function. The
best example is probably represented by Crohn’s disease and ulcerative colitis. In fact, a number of gastrointestinal motor disorders have been described in
association with these diseases, disorders which span
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Core tip: Gastrointestinal motor disorders are not infrequently associated with inflammatory bowel disease
and may represent a confounding factor, especially
when inflammation has subsided or the clinical picture
is in remission. Since these entities may involve all the
segments of the gastrointestinal tract, it is important
that clinicians and researchers be aware of this potential overlap, since lack of knowledge may lead to mistreatment or overtreatment. However, literature data
on this topic are relatively scarce and are extensively
covered in this review.
Bassotti G, Antonelli E, Villanacci V, Salemme M, Coppola
M, Annese V. Gastrointestinal motility disorders in inflamma-
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over, symptoms related to motility/functional gastrointestinal disorders are highly prevalent in both active and
inactive IBD and correlate with greater psychological comorbidity and poorer quality of life[16,17]. Some data also
suggest that intercurrent infectious gastroenteritis may
increase IBD risk in IBS patients[18]. However, as can be
seen from the literature evidence, most data on the relationship of functional gastrointestinal disorders/IBD is
actually focused on the relationship of IBS/IBD and the
other gastrointestinal motor abnormalities are relatively
neglected. The following paragraphs will take into consideration these relationships for each segment of the
gastrointestinal tract (Table 1).

tory bowel diseases. World J Gastroenterol 2014; 20(1): 37-44
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i1/37.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i1.37

INTRODUCTION
Inflammatory bowel diseases (IBD), mainly represented
by Crohn’s disease (CD) and ulcerative colitis (UC), are
emerging pathological conditions whose epidemiological
rising is thought to be related to the westernization of
lifestyle and industrialization[1]. The genesis of IBD is
quite complex and numerous pathophysiological factors
are now recognized to be involved in the predisposition,
triggering, progression and outcome of these conditions[2].
Interestingly, several of these factors are the same
thought to be responsible for the genesis of (at least some
of) gastrointestinal motor abnormalities, disorders that are
classified among the so-called functional gastrointestinal
disorders[3], i.e., those pathological entities in which no
known structural (pathological or radiological) abnormalities, infectious or metabolic causes are present[4]. However, in recent years it has become evident that, at least
for some of these entities, the pathophysiological mechanisms, defined as “idiopathic” until now, can actually be
reconducted to some form (sometimes very subtle) of
low grade inflammation. This is, for instance, the case of
esophageal achalasia[5,6], functional dyspepsia[7,8], irritable
bowel syndrome (IBS)[9] and chronic constipation[10,11],
where the presence of limited number of inflammatory cells infiltrating the mucosa and/or the myenteric
plexus has been reported. On the other hand, the recent
description of enteric nervous system (ENS) abnormalities in IBD patients (mainly represented by myenteric
plexitis)[12,13] may justify alterations of the normal motor
function and visceral reflexes of the gut.
Thus, as we will see below, the co-existence of IBD
and gastrointestinal motor disorders may somewhat represent more than a serendipitous occasion and it is likely
that motility and/or perception abnormalities play a role
in the clinical pictures of IBD, sometimes complicating
the physician’s assessment and the patient’s lifestyle. To
what extent these motor abnormalities provoke or correlate with gastrointestinal symptoms reported by IBD
patients during remission is rather unknown. However,
despite potential limitations, the majority of studies report a greater frequency of “IBS-like” symptoms in quiescent IBD compared to the background population[14].

ESOPHAGUS
Although relatively uncommon (about 5%-8% in both
adults and children[19,20]), esophageal involvement has become increasingly recognized in IBD, especially in patients
with CD[21], even in the absence of specific symptoms as
patients more frequently undergo upper endoscopical
evaluations[22]. The clinical manifestations are usually due
to the mucosal and/or transmural involvement by the
inflammatory process. One report showed an achalasialike motility disorder in a patient with dysphagia and CD,
with the esophageal dysmotility being due to the extensive inflammatory/fibrotic process[23]. To date, no specific
clinical or manometric investigations have been carried
out in IBD patients, except a small group of UC patients
undergoing esophageal manometry as a pathological
control group[24] in whom no abnormalities were found
compared with normal controls.
It is worth noting that gastro-esophageal reflux symptoms are more frequent in patients with active IBD compared with those with quiescent disease[25] and are associated with a reduced quality of life and increasing likelihood
of anxiety and depression compared to controls [26].

STOMACH
Upper gastrointestinal involvement in IBD patients may
be found in about 15%-20% of patients[27,28]. However,
subtle microscopical abnormalities of the stomach and
duodenum may be also present in patients with IBD and
might explain some upper gastrointestinal symptoms[29].
However, to date, only a few studies have investigated
gastric motor function in patients with IBD. An earlier
study with barium meal (a suboptimal method to evaluate gastric motor activity) on three patients with gastric
involvement showed loss of normal gastric motility[30].
A subsequent scintigraphic study on pediatric patients
showed that gastric emptying was normal in UC patients
and delayed in about 30% of children with CD[31]. This
delay was more prominent in malnourished children[32].
The scintigraphic findings of normal gastric emptying
in UC adults have been confirmed by other authors[33].
Gastric emptying after intestinal resection in adults with
CD proved to be within normal limits and the authors

GENERAL CONSIDERATIONS
The relationship between gastrointestinal motility disorders and IBD is a quite complex one and not well elucidated yet since multiple variables appear to play a role.
For instance, IBS-like symptoms are frequently found in
patients with IBD considered to be in clinical remission
and it is very difficult to distinguish these symptoms as
due to IBS or to persisting occult inflammation[15]. More-
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Table 1 Summary of motor abnormalities and gastrointestinal symptoms in inflammatory bowel diseases patients in each segment of
the gastrointestinal tract
Segment
Esophagus
Stomach
Biliary tree
Small bowel

Colon

Anorectum

Motor changes

Symptoms

Ref.

Aspecific, achalasia-like (rare)
Delayed emptying
Possible reduction of cyclic contractions of gallbladder due to deranged
phase Ⅲ and motilin peaks
Large amplitude, rapidly propagated waves in small bowel of UC after
proctocolectomy
Reduced small bowel contractions, increased incidence single and clustered
propagated contractions in CD
Decreased contractility in UC with accelerated transit.
Reduced tone after meals
Increased propulsive activity
Low anal pressure, poor rectal distensibility, reduced compliance, enhanced
perception

Gastroesophageal reflux
Not reported (?)
Symptoms related to gallstones

[18,19,24,25]
[30,31,34,35]
[41,42]

IBS-like symptoms

[49,57-60]
[63,64]

Diarrhea

Incontinence, urgency

[75-77]
[80]
[81]
[84-88]
[90-93]
[94,95]

UC: Ulcerative colitis; CD: Crohn’s disease.

was found[42]. Therefore, we hypothesized that in some
patients with CD, a reduction of cyclic phasic contractions of gallbladder occurs because of a decreased incidence of motilin peaks and phases Ⅲ of the migrating
motor complex in the antro-duodenal area. Thus, the
lack of periodic stirring of bile contained in the gallbladder may lead to supersaturation and stone formation[43].

concluded that the diarrhea observed in these subjects
should not be attributed to rapid gastric emptying[34]. In a
scintigraphic study on gastric emptying in adult patients
with non-obstructive CD and no upper gastrointestinal involvement, we showed that, compared with healthy volunteers, no overall significant differences were found; however, subgroup analysis revealed that symptomatic patients
and those with colonic involvement had a significantly
delayed gastric emptying compared to controls. Such a
difference was also observed between symptomatic and
asymptomatic patients[35]. Another scintigraphic study investigated the occurrence and putative pathophysiological
mechanisms of gastric motor disorders in a small group
of adult IBD patients and concluded that disturbances of
gastric emptying are most pronounced in CD and might
partly be caused by excessive CCK release[36].

SMALL BOWEL
The small bowel represents the main anatomic site of
involvement for patients with CD, even although the
terminal ileum may be rarely involved in UC[44]. In vitro
studies showed that inflammation impairs the contractile
responses of human small intestine[45] and this may be
observed even with minimal inflammatory responses[46].
Thus, IBD patients may complain of symptoms not
only related to the active phases of their disease, but
also to low grade inflammation that produces symptoms
correlated to autonomic dysfunction and abnormalities
of the motor activity or of visceral sensations[47]. These
symptoms are associated with lower quality of life and
higher healthcare utilization in IBD patients and may
herald a cohort at risk for worse outcomes[48] since they
may be present even in patients with quiescent disease,
in whom the quality of life may be severely impaired
by this association[49,50]. In addition, in these patients a
potential overtreatment with drug-related toxicity might
occur. On the above grounds, it is therefore not surprising that a substantial number of IBD patients experience
IBS-type symptoms (abdominal pain and discomfort,
diarrhea, constipation)[14], symptoms that often originate
from low-grade inflammation causing abnormal motility
and perception, especially (but not only) in the small intestine[51]. These patients exhibit similar pathophysiological features to people diagnosed with IBS in the general
community[52-54], suggesting that the conditions are not
mutually exclusive, may coexist in a considerable number of IBD patients[55], and that clinical indexes may be
insufficient to discriminate between the two conditions[56].

BILIARY TREE
Although the hepatobiliary tree is frequently affected in
patients with IBD[37], its motor function has been scarcely investigated in these subjects and only a few data are
available in the literature. An ultrasound study carried
out in a small group of IBD patients during continuous
enteral nutrition revealed that gallbladder contractility
and responsiveness to intravenous cholecystokinin are
preserved in such instances[38]. Another ultrasound study
reported that after ileo-cecal resection, fasting gallbladder volume is decreased, whereas postprandial gallbladder motility is normal[39]. Cholecystectomy specimens
from patients with IBD did not show significant histopathological differences compared to controls[40]. Nevertheless, gallstone prevalence is increased in CD patients;
site and duration of disease and previous intestinal resections are considered as risk factors, even although data are
conflicting[41]. In 25 asymptomatic, uncomplicated CD
patients we found a significant derangement of phase
Ⅲ of migrating motor complex in terms of occurrence,
cycling and origination from the antro-duodenal region.
Moreover, no clear peaking of motilin before phase Ⅲ
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Fortunately, the availability of fecal markers of inflammation may be quite useful in this setting[57]. However,
it should be kept in mind that a certain number of IBD
patients with normal fecal calprotectin levels experience
IBS-type symptoms and exhibit similar features to people
diagnosed with IBS in the general community, suggesting
that the conditions are not mutually exclusive and may coexist in a considerable number of IBD patients[55].
Concerning objective measurements, it is worth noting that, notwithstanding the frequent involvement, the
small bowel motor function (due to the relatively invasive manometric techniques needing deep intestinal intubation and prolonged periods of recordings) has been
scarcely investigated in IBD.

access), concerning motility and perception, the researchers’ interest has focused more on the colon than on the
other hollow viscera. Indeed, there is wide experimental
evidence that inflammation may affect the motor[66-69] and
perceptive[70-72] function of the large bowel. Interestingly,
these effects are observed after resolution of the inflammatory phenomena[73] and might be related to the fact
that, at least for a subset of patients, a complete mucosal
healing is not (or never) reached[74] and a persistent subclinical inflammation associated with increased colonic
paracellular permeability may be associated with the presence of IBS-like symptoms[75]. It is also worth noting that
the role of inflammation is not limited to the mucosa and
muscular components of the bowel wall, but also involves
the neuroenteric circuitries (i.e., the ENS)[12,13,76].
Early manometric studies carried out in the rectosigmoid area revealed decreased colonic contractility in patients with UC[77,78] and correlated this decrease with the
presence of diarrhea[79], findings also confirmed by myoelectric techniques[80]. Subsequently, the simultaneous
assessment of motility and transit in UC patients carried
out by a combined manometric/scintigraphic approach
confirmed that the reduced colonic motor activity is
also present in more proximal segments and that these
patients have increased propagated activity of the colon
that may speed the transit of contents[81]. Moreover, it
has been demonstrated by studies conducted with the
barostat that UC patients display reduced tone of the
descending colon following meals[82]. More recent studies evaluating 24 h manometric recordings of colonic
motility in patients with UC showed that, compared to
controls, patients with moderately active disease have increased propulsive activity (of both high and low amplitude), a mechanism likely to be responsible for the diarrhea[83]. This mechanism may be related to the distension
of the large bowel[84] due to accumulation of fluids and
inflammatory materials. Interestingly, the increased number of high-amplitude propagated contractions reduces
in UC patients in remission, whereas the low-amplitude
propulsive activity remains higher compared to controls,
possibly contributing to the persistence of abdominal
symptoms in a subgroup of patients[85].

UC
The few available studies have been conducted on the
small bowel of patients after proctocolectomy and ileal
pouch-anal anastomosis. In a manometric study on eight
such patients, the authors concluded that jejunoileal motility is not greatly altered by this kind of surgery. However,
the appearance of large amplitude, rapidly propagating
waves in the proximal jejunoileum after operation may
be a response to increased storage within and distention
of the distal bowel[58]. Subsequently, similar findings (also
by electromyographic assessment) have been reported
by other authors[59-61]. Interestingly, the defunctionalized
ileum in these patients is able to regain at least some of its
motor function after a brief period of meal stimulation[62].
CD
In a study conducted on nine patients with partial mechanical obstruction due to CD, jejunal manometry
showed that after the meal the most striking finding was
the regular occurrence of clustered contractions. The associated periods of quiescent motor activity may account
for the unexpectedly reduced postprandial frequency and
motility index in obstructed patients compared with normal subjects[63]. Another manometric study, carried out
in CD patients without any sign of occlusion receiving
total parenteral nutrition for acute exacerbation of the
disease, showed that after correction of nutritional status and clinical improvement, jejunal motility is almost
normal in most patients, although some abnormalities
(mainly affecting the interdigestive motor complexes)
may be documented in a few subjects[64]. In a manometric study on fasting and postprandial gastroduodenal motor activity carried out in 35 patients with inactive CD[65],
we observed abnormal motility aspects in 74% of these
patients and concluded that most patients with inactive,
uncomplicated CD display marked gastrointestinal motor disorders, characterized either by reduced incidence
of small bowel contractions and increased incidence of
single or clustered propagated contractions.

ANORECTUM
CD
Anorectal manometric variables and rectal sensation have
been reported to be abnormal in CD patients, even in
those with only microscopic involvement[86-89]. In particular, low pressures due to anal involvement are strongly
correlated with fecal incontinence [90]. Other authors,
however, were unable to correlate urgency with anorectal
variables or sensation[91]. It is worth noting that poor rectal
distensibility may predict a worse outcome of ileorectal
anastomosis[92].

LARGE BOWEL

UC
The frequency and urgency of defecation and the fecal
incontinence in these patients may be due to a hyper-

Since this viscus is the most frequently affected target in
UC, it is not surprising that (also due to its relatively easier
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sensitive, hyperactive and poorly compliant rectum[93-95].
In patients with active disease, no abnormalities of the
sphincter functions are present, whereas perception to
stimuli appears altered compared to controls[96,97].
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Core tip: Extraintestinal manifestations in pediatric patients with inflammatory bowel disease (IBD) are very
common and are often underestimated, despite provoking a significant impairment of quality of life of patients. This review examines recent literature concerning joint involvement in the course of IBD, focusing on
the most important aspects regarding classification of
forms of arthropathy, pathogenesis and the essential
elements for a correct diagnostic and therapeutic approach.

Abstract
Joint involvement is the most common extraintestinal
manifestation in children with inflammatory bowel disease (IBD) and may involve 16%-33% of patients at
diagnosis or during follow-up. It is possible to distinguish asymmetrical, transitory and migrating arthritis
(pauciarticular and polyarticular) and spondyloarthropathy (SpA). Clinical manifestations can be variable, and
peripheral arthritis often occurs before gastrointestinal
symptoms develop. The inflammatory intestinal pattern
is variable, ranging from sub-clinical inflammation conditions, classified as indeterminate colitis and nodular
lymphoid hyperplasia of the ileum, to Crohn’s disease
or ulcerative colitis. Unlike the axial form, there is an
association between gut inflammation and evolution
of recurrent peripheral articular disease that coincides
with a flare-up of intestinal disease. This finding seems
to confirm a key role of intestinal inflammation in the
pathogenesis of SpA. An association between genetic
background and human leukocyte antigen-B27 status
is less common in pediatric than n adult populations.
Seronegative sacroiliitis and SpA are the most frequent
forms of arthropathy in children with IBD. In pediatric
patients, a correct therapeutic approach relies on the
use of nonsteroidal antiinflammatory drugs, local steroid injections, physiotherapy and anti-tumor necrosis
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INTRODUCTION
Inflammatory bowel disease (IBD) is a group of chronic
inflammatory conditions of unknown etiology characterized by involvement of the gastrointestinal tract and association with certain characteristics, such as familial history, intermittent course, good responsiveness to steroids
and high prevalence of extraintestinal manifestations
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(EIMs)[1]. The most common EIMs affect articulations,
cutis, eyes and mouth[2]. The finding of an involvement
of different organs and systems leads to the assumption
of the presence of predisposing common risk factors.
Joint involvement is the most common EIM in children
with IBD, which may involve 16%-33% of patients at
diagnosis or during follow-up. It is possible to recognize
both peripheral and axial forms with a broad clinical
spectra, which can be transient and mild to persistent and
disabling. In patients with IBD, the diagnosis of arthritis is essentially clinical and radiological; since magnetic
resonance imaging (MRI) has become commonly used in
clinical practice, it is possible to recognize early forms of
articular manifestations[3].

erally independent of IBD activity index, and sacroiliitis
(SI) may also be asymptomatic in 50% of patients with
CD[13,14]. In ulcerative colitis (UC), articular complications are more frequent in patients with pancolitis, as
opposed to patients with proctitis or left-sided UC[15].

CLASSIFICATION OF
SPONDYLOARTHROPATHIES
Spondyloarthropathies (SpAs) are defined as a group of
chronic inflammatory diseases characterized by a pauciarticular spondyloarthropathy, peripheral, or asymmetrical arthritis, with or without axial involvement[16]. SpAs
are considered a variety of EIMs of IBD, and the clinical
features, which are initially not well defined, evolve over
time, becoming clearer at a later stage. The classification
proposed by Amor et al[17] and Dougados et al[18] includes
clinical entities such as axial forms; SI; ankylosing spondylitis (AS); reactive arthritis (ReA), which usually occurs because of infective enteritis, especially Salmonella,
Shigella, Yersinia or Campylobacter; peripheral arthritis,
usually asymmetrical, affecting main articulations; psoriatic arthritis; seronegative enthesopathy and arthropathy
syndrome and enthesitis; uveitis and IBD-associated arthropathy (Table 1). To group all forms of arthritis that
begin before the age of 16 years, experts in pediatric
rheumatology, the International League of Associations
for Rheumatology[19], have developed a classification of
juvenile idiopathic arthritis (JIA), revised in 2004, which
includes seven subgroups: (1) systemic arthritis; (2) oligoarthritis; (3) polyarthritis (rheumatoid factor negative);
(4) polyarthritis (rheumatoid factor positive); (5) enthesitis related arthritis; (6) psoriatic arthritis; and (7) undifferentiated arthritis (originally called “other arthritis”). In
this classification, in contrast to the European Spondyloarthropathy Study Group (ESSG) criteria, there is the
exclusion of children with a family history of psoriasis,
and the absence of ReA and IBD as forms of SpA. IBD
appears only as a descriptor of enthesitis related arthritis
forms, but the term is not defined, even if UC and CD
can clearly be associated with human leukocyte antigen
(HLA)-B27, undifferentiated SpA, or even AS[20,21].
The most commonly accepted classification criteria
for SpAs, used in clinical practice, come from the ESSG
(Table 1). These criteria are superior to the earlier New
York modified criteria for the diagnosis of AS (Table
1), but are inadequate in describing the full clinical
peculiarities of SpAs, as they exclude some manifestations[22] (Table 1). Furthermore, this classification has
not proved very useful in defining patients with forms
of early arthritis (e.g., less than 1 year of onset); in fact,
it was drawn up before MRI became commonly used in
clinical practice. To overcome these defects, in particular
to enable diagnosis before the appearance of radiological damage, other classifications have been validated. The
most recent is the Assessment of SpondyloArthritis International Society criteria for the classification of axial[23,24]
and peripheral spondyloarthritis[25]. They are an innova-

ARTICULAR INVOLVEMENT IN IBD
Articular-peripheral complications and axial involvement occur in 23% and 4%, respectively, of IBD adult
patients[4]; in this group, 1 out of 5 shows peripheral
arthritis, axial arthritis or both[5,6]. Stawarsky et al[7] carried
out an epidemiological study on pediatric IBD patients
that confirmed IBD-associated arthropathy in 7%-25%
of patients. Although in some studies, there was an increased prevalence of arthritis in the pediatric population
compared to adults[8], with female prevalence. In a recent
retrospective, prospective study, the phenotypic expression of the disease between patients with childhoodonset IBD (133 pediatric patients) and adulthood-onset
(179 adult patients) cases was evaluated, observing that
EIMs in pediatric age patients were more frequent (14.3%
vs 7.3%) and joint involvement had the same incidence
(4.1% vs 4.5%)[9]. Lakatos et al[10] have suggested that in
29% of pediatric IBD there was a risk of developing
EIMs within a follow-up period of 15 years. Dotson
et al[11] examined the rates of EIMs in a pediatric IBD
population, and reported the prevalence of arthralgias
(17%), followed by aphthous stomatitis (8%) and arthritis (4%). Furthermore, joint symptoms were correlated
with severity and activity of intestinal disease. Orchard et
al[12] proposed a classification of enteropathic peripheral
arthropathies in adults, distinguishing between Type 1
(pauciarticular, large, inferior articulations) and Type 2
arthritis (polyarticular, small, superior articulations). Type
1 arthritis (4%-17% of patients with Crohn’s disease,
CD) is correlated with IBD-activity and affects less than
five joints (usually ankles, knees, hips, wrists and, sometimes, elbows and shoulders) with evidence of swelling
or effusion. Type 2 (2.5% of patients with CD) follows a
course independent of the activity of IBD, with persistent symptoms. Type 1 arthritis is more frequent in adult
patients with stenosing and penetrating perianal CD, and
twice as frequent in patients with colonic and ileocolonic
disease, as opposed to patients with ileal disease. Another form of arthritis has been proposed, type 3 peripheral, which includes patients with both axial involvement
and peripheral arthritis.
Axial forms are different, with a clinical course gen-
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Table 1 Classification of spondyloarthropathies
Spondyloarthropathies: Five major subtypes
Ankylosing spondylitis (AS)
Reactive arthritis (ReA)
Psoriatic arthritis
Enteropathic arthritis or arthritis associated with inflammatory bowel disease
Undifferentiated spondyloarthropathy
European spondyloarthropathy study group
Classification criteria for spondyloarthropathy
Inflammatory spinal pain OR synovitis (asymmetrical or predominantly in the lower limbs) plus any one or more of the following:
Positive family history
Alternate buttock pain
Psoriasis
Enthesopathy
Inflammatory bowel disease
Sacroiliitis
Modified New York criteria for the diagnosis of ankylosing spondylitis
Unilateral sacroiliitis grade 3 or 4, or bilateral sacroiliitis grade 2 to 4 together with at least one of the following:
Low back pain of at least three months’ duration improved by exercise and not relieved by rest
Limited motion of lumbar spine in sagittal and frontal planes
Decreased chest expansion relative to normal values for age and sex
Musculoskeletal manifestations of spondylarthropathies
Peripheral arthritis: one or more swollen and tender joint (s); synovitis is asymmetric and predominantly in lower limbs
Inflammatory spinal pain: symptoms of back pain in lumbar, dorsal or cervical regions associated with at least four of the following: (Calin’s criteria)
Onset before age 45 yr
Insidious onset
Improved by exercise
Associated with morning stiffness
Duration of at least three months
Dactylitis: evidence of “sausage digit” on examination
Peripheral enthesitis: achilles tendinitis and/or plantar fasciitis
Buttock pain
Anterior chest wall pain

tion compared to the previous criteria (ESSG and Amor
et al[17]), but still have limitations in clinical practice, especially if applied in a pediatric population[26]. Although
Amor’s and the ESSG criteria were derived from a population of adult patients with SpA, they might be applied
specifically in juvenile onset SpA.

SI and SpA are the most frequent forms of arthropathy
in children with IBD, especially in CD. In these patients,
it may be useful to carry out a screening with Rx of the
lombo-sacral rachis, also in the absence of typical symptoms. A transmembrane glycoprotein, E-cadherin, has
been identified in the literature. It mediates the intercellular adhesion of epithelial cells, which, for its role of receptor for CD103, is considered a marker of monocytederived inflammatory dendritic cells that may contribute
to the pathogenesis of chronic T cell-mediated colitis[31].
Demetter et al[32] showed that expression of E-cadherin
is high in the gut of patients with IBD and in patients
with SpA[33]. Moreover, this integrin was found in subclinical acute and chronic gut inflammation, as an early
event in the development of this process. Other alterations common in the two groups concern CD4+ T cells
(Th1 cells, Th2 cells, Th17 cells and regulatory T cells).
Initial studies have shown Th1 predominance in the intestinal mucosa of patients with IBD and SpA. Recent
studies have suggested that, in both groups of patients,
Th17 cells may have an important role in the initiation
and perpetuation of autoimmune inflammation[34]. Many
studies have established an important role of toll-like
receptors (TLRs) in the innate immune response against
pathogenic microorganisms. Several studies have shown
increased expression of TLR-4 and TLR-2 in APCs of
patients with SpA.
Immunopathological overlap between gut inflamma-

PATHOGENESIS
Factors that determine the presence of SI and AS remain unclear; however, HLA-27 typing may be a potential factor. The frequency of HLA B27 in the IBD population is generally not higher compared with the general
population. HLA-B27 confers an additional risk for
inflammatory low back pain in patients with IBD[27]. A
prospective study concerning genetic variability in these
populations has found a significantly higher rate of HLA
B27 in patients with IBD and AS compared with those
with undifferentiated SI. HLA B27 can detect 60%-90%
of patients with SI diagnosed at a young age who subsequently develop AS[28]. Another candidate gene, CARD
15, is described in association with CD[29], but studies
have not demonstrated any association with extra-intestinal involvement. De Vos et al[30] found a striking association between a CARD 15 polymorphism and SI (78%
in patients with SI vs 48% without SI). No studies have
been carried out on the association of CARD 15 and
SpA in children with CD. In conclusion, seronegative

WJG|www.wjgnet.com

47

January 7, 2014|Volume 20|Issue 1|

Cardile S et al . Arthropathies in pediatric inflammatory bowel disease

tion and SpA has been demonstrated. Intestinal inflammation is believed to play a key role in the pathogenesis
of SpA[35]. It has been hypothesized in some studies that
ileocecal inflammation may be considered an important
risk factor in the occurrence of SI. Ileocolonscopies
performed in adults with AS, without clinical intestinal
symptoms, have shown inflammatory infiltrate of the ileum mucosa in 65% of subjects examined compared with
3% in a control group[36]. Studies carried out on patients
with SpA have exhibited ileal and colonic inflammatory
infiltrate in the lamina propria, with signs of architectural distortions[37]. Mielants et al[38], in another study on
adult patients with AS, demonstrated an inflammatory
gut histological pattern with “acute” inflammatory infiltrations, characterized by a well preserved architecture
with neutrophil- and eosinophil-like epithelial infiltrate,
with no significant lymphocyte infiltrate. This “chronic”
pattern, with histological alterations similar to those in
IBD (crypt distortion and/or atrophy, cryptitis, and/or
crypt with increased rate of mixed cells and lymphoid
aggregates in the lamina propria), was classified as indeterminate colitis (IC)[39] and was less frequent. Subclinical
intestinal lesions are most frequent in a pediatric population (75% of cases) with undifferentiated SpA (peripheral
arthritis); in 16% of cases (2/12), CD occurred during
follow-up[40].
Conti et al[41], in 129 children with SpA and clinical
symptoms suggestive for IBD, used ileocolonscopy to
confirm a diagnosis of IBD only in seven (5%), while 12
(9%) had IC, and in 12 (9%) patients, intestinal nodular
lymphatic hyperplasia was present as a main characteristic. Subclinical intestinal inflammation in patients with
SpA is frequent in pediatric populations, and a long-term
follow-up may be needed to determine if IC and intestinal nodular lymphatic hyperplasia can be considered as
early forms of IBD.

on a population of patients with CD, revealed that about
39% of patients showed signs of SI detected by MRI,
while previous studies showed signs of SI in 20% of IBD
patients diagnosed with Rx[48].
SpAs associated with IBD are placed in differential
diagnosis with other pathologies with osteo-articular involvement, including osteoarthritis, rheumatoid arthritis
and arthritis associated with connective tissue diseases,
such as lupus, arthralgia (which may complicate corticosteroid withdrawal), osteonecrosis related to corticosteroids, and infliximab (IFX) related lupus-like syndrome.
However, in many cases, intestinal involvement is underestimated in patients with SpA, because these patients
often have no intestinal symptoms and high levels of
blood markers of inflammation are erroneously attributed only to the joint disease. For this reason, in clinical
practice, it may be necessary to use noninvasive investigations on the gut for a preliminary assessment of patients
with suspected intestinal disease. Serum levels of human
cartilage glycoprotein 39 (also called YKL-40) were recently found to be higher than normal in IBD patients
with arthropathies, suggesting that this protein could be
used as a disease activity marker in arthritis associated
with IBD. Moreover, we can use certain leukocyte proteins, such as lactoferrin and calprotectin, as markers of
the presence of leukocytes in stools, to assess intestinal
inflammation. Serological tests focus on several antibodies, such as perinuclear anti-neutrophil cytoplasmic
antibodies and anti-Saccharomyces cerevisiae antibodies,
used in combination to increase sensitivity. Additional
serum biomarkers include antibodies against outer membrane porin C, the pseudomonas fluorescens bacterial
sequence I2, bacterial flagellin and the anti-glycan antibodies, i.e., anti-chitobioside IgA, anti-laminaribioside
IgG and antimannobioside[49].
Other non-invasive methods of screening patients
presenting arthropathies where intestinal involvement
is suspected, include abdominal ultrasound to visualize
bowel wall thickness and capsule endoscopy of the small
intestine to detect intestinal inflammation before performing endoscopic evaluation[50].

DIAGNOSTIC APPROACH
In patients with IBD, the diagnosis of arthritis, both peripheral and axial, is essentially clinical and radiological,
as there is no reliable laboratory test that can be used as
a diagnostic tool for diagnosis and management of these
arthropathies[42].
Early diagnosis of inflammatory arthritis in IBD patients may prevent disability caused by SpA and AS[43].
Lakatos et al[44] reported SI as the most frequent arthropathy in CD (20%) compared to UC (15%) and predominantly in females, especially in children. SI is clinically
characterized by lower back pain and involves the lumbosacral region with functionally impaired rachis. The gold
standard for diagnosis is a radiography (Rx) of the lumbosacral rachis following the radiological criteria expressed in
the modified New York classification[45,46]. Orchard et al[47]
compared MRI with the gold standard in adult patients,
adapting the New York criteria to MRI of the rachis: the
results obtained with the latter imaging technique were
much more accurate and specific. Their study, carried out
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THERAPY
Treatment of arthritis and arthropathy associated with
IBD is based almost entirely on extrapolation from
therapy for other forms of arthritis. The therapeutic approach in IBD-associated arthropathies must be oriented
towards treatment of the prevalent disease (articular vs
intestinal disease) with the identification the best approach. Conventional treatment depends on clinical
presentation (axial disease, peripheral arthritis, enthesopathy) or associated features (uveitis, psoriasis, colitis).
Lee et al[51] have proposed a therapeutic algorithm for
patients with SpA indicating specific anti-inflammatory
molecules, such as nonsteroidal anti inflammatory drugs
(NSAIDs) and cyclooxygenase-2 (COX-2), for axial and
peripheral arthropathies, in a 1st level treatment, while
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Table 2 European Crohn’s and colitis organization recommendations
Peripheral arthritis: Short term treatment with non-steroidal anti-inflammatory agents, local steroid injections and physiotherapy (primary focus for underlying Crohn’s disease)
Persistent peripheral arthritis: Sulfasalazine
Axial arthropathy: Intensive physiotherapy associated with non steroidal anti inflammatory drugs
Ankylosing spondylitis and Crohn’s disease intolerant or refractory to non steroidal anti inflammatory drugs: Anti-tumour necrosis factor therapy

case of axial arthropathy, NSAIDs are considered firstline drugs, but in the case of refractory or intolerant
forms to NSAIDs, anti-TNF agents are recommended[70]
(Table 2).
Adalimumab (ADA) is effective at inducing and maintaining remission in children with CD, and is effective
for UC patients with loss of response or with adverse
effects secondary to IFX[71,72]. ADA has also been studied in pediatric patients with rheumatic diseases, with
demonstrated efficacy in pediatric patients with JIA[73]
and ERA[74]. However, data relating to ADA use in pediatric patients with joints disease associated with IBD are
scarce.

sulphasalazine, mesalazine or methotrexate (MTX) were
recommended in moderate peripheral arthritis, in addition to intra-articular steroid injections and physiotherapy. NSAIDs may worsen an existing colitis[52], although it
has also been observed that therapies with COX2 inhibitors, which last up to 2 wk, have not induced any relapses
in patients with UC[53]. In IBD-associated arthropathies,
MTX, azathioprine or Sulphasalazine are considered to
be ineffective or marginally effective if axial symptoms
predominate, as opposed to peripheral arthritis[54-56]. The
two main biological agents targeting tumor necrosis factor (TNF)-α are the chimeric monoclonal IgG1 antibody
(IFX), and the 75 kD IgG1 fusion protein (Etanercept)[57].
Several trials have confirmed the effectiveness of IFX,
especially in AS[58,59]. IFX and etanercept are also effective in the treatment of rheumatic symptoms, such as peripheral arthritis and SI in IBD patients[60]. Few data are
available regarding the efficacy of etanercept in pediatric
patients with IBD-associated arthritis[61]. Sandborn et al[62]
confirmed the inefficacy of Etanercept on control of intestinal disease in patients with SI or AS, and IBD. It was
demonstrated that Etanercept, despite controlling the
musculoskeletal features associated with arthritis, and in
particular entheseal, is not effective in controlling colitis
in patients with Crohn’s SpA, suggesting that the effect
of TNF-α blockade in SpA differs between the joint and
the bowel[63]. On the other hand, IFX has proven effective in inducing and maintaining endoscopic and clinical
remission in pediatric CD[64]. Brandt et al[65] reported beneficial effects of IFX on axial and peripheral symptoms
in patients with CD and Kaufman et al[66] confirmed the
efficacy of IFX in EIMs of CD. Ellman et al[67] described
four patients with CD arthritis where IFX has induced
clinical improvement with reduced need for corticosteroids. Generini et al[68] have proposed a therapeutic flowchart in SpA associated with CD, with the use of IFX at
a dose of 5 mg/kg. A maintenance schedule provided
infusions every 5-8 wk, and results showed clinical remission in both intestinal and articular diseases for 12-18
mo. IFX appears to be the drug of choice for treating
both pathologies.
Braun et al[69], in a multicenter randomized trial, demonstrated the persistent clinical efficacy and safety of
anti-TNF therapy with IFX (5 mg/kg) in patients with
AS over 5 years of almost continuous treatment, with
low rates of drug-related adverse events.
Current ECCO recommendations suggest the use of
short-term treatment with NSAIDs, local steroid injections and physiotherapy in CD patients with arthropathies with better control of the intestinal disease. In the
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CONCLUSION
IBD, which includes CD and UC, can be a painful and
debilitating condition. In addition to bowel symptoms,
patients with IBD often experience extraintestinal complications, such as arthritis, kidney and liver disease, eye
disorders and skin problems. Of these, arthritis is the
most common - occurring in about 25% of all pediatric
IBD sufferers. Evidence indicates that a dysregulation of
mucosal immunity in the gut of IBD causes an overproduction of inflammatory cytokines into the bowel, thus
leading to an uncontrolled intestinal inflammation with
joints involvement. TLR variants and abnormalities, altered function and balance of T-cell subpopulations and
their production of proinflammatory cytokines, as well
as integrin and E-cadherin dysfunction, are partially responsible for the pathogenesis of these complex diseases.
Medical treatment of rheumatic manifestations of IBD
includes sulfasalazine and mesalamine, immunomodulators and TNF-α inhibitors. As our understanding of
the pathophysiology of ERA, enthesitis, and sacroiliitis
improves, and with the advent of additional biological
therapies, the prognosis of children and adolescents with
arthropathies associated with IBD will likely improve.
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Inflammatory bowel disease: epidemiology, pathology and
risk factors for hypercoagulability
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IBD patients. It has been demonstrated that there is
a significant decrease of tissue plasminogen activator
level, a marked increase of plasminogen activator inhibitor type 1 and thrombin-activable fibrinolysis inhibitor, a significantly lower level of antithrombin Ⅲ and
tissue factor pathway inhibitor. IBD patients have been
also observed to produce an increased amount of various anticoagulant antibodies. Hyperhomocysteinemia,
which is a potential risk factor for TE was also observed
in some IBD patients. Further studies are necessary to
assess the role of coagulation abnormalities in IBD etiology and to determine indications for thromboprophylactic treatment in patients at high risk of developing
TE.
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Core tip: thromboembolic events (TE) in inflammatory
bowel diseases (IBD) patients are often overlooked.
They affect both the venous and arterial systems. The
inflammatory process initiates clotting, impairs the fibrinolytic system and decreases the activity of natural
anticoagulation mechanisms. Depression of anticoagulation mechanisms not only increases thrombosis, but
also potentiates the inflammatory process. The objective of the present report is to demonstrate the high
significance of a problem posed by hypercoagulability in
IBD patients based on TE epidemiology, and to present
abnormalities in the hemostatic system.

Abstract
Hypercoagulability observed in patients with inflammatory bowel diseases (IBD) may lead to thromboembolic events (TE), which affect the venous and arterial
systems alike and are an important factor in patients’
morbidity and mortality. The risk of TE in IBD patients
has been demonstrated to be approximately threefold higher as compared to the general population. The
pathogenesis of thrombosis in IBD patients is multifactorial and not fully explained. The most commonly listed factors include genetic and immune abnormalities,
disequilibrium between procoagulant and anticoagulant
factors, although recently, the role of endothelial damage as an IBD-triggering factor is underlined. Several
studies report that the levels of some coagulation enzymes, including fibrinogen, factors Ⅴ, Ⅶ, Ⅷ, active
factor Ⅺ, tissue factor, prothrombin fragment 1 + 2
and the thrombin-antithrombin complex, are altered in
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increases to 39%-41% in postmortem examinations[1,6].
For this reason, based on clinical studies published to
date, one may say that systemic TE in patients with CD
and UC are underdiagnosed.
TE occur mainly during disease exacerbation and are
more common in IBD patients with markedly elevated
inflammatory markers and presenting with other complications, such as strictures, fistulisation, or abscesses[1,5,10].
The incidence of such episodes is also correlated with
the extent of the disease, especially in pancolonic UC patients and in CD patients with colonic involvement[11,12].
However, proctocolectomy is not protective of recurrent
deep venous thrombosis (DVT) or pulmonary embolism
(PE)[11]. While studying the frequency of TE recurrence
in IBD patients in several-year follow-up, an increased
risk of venous thromboembolism (VTE) was demonstrated as compared to patients without IBD[1,11,13]. In addition, the risk is three times higher in males as compared
to females[13]. In the majority of women, pregnancy is
uncomplicated[14]. No higher risk of TE was observed in
pregnant women[15].
The age at first VTE is significantly associated with
an increased risk of recurrence[13]. The study assessing
the risk of TE in the population of Danish children with
IBD showed that relative risks were higher in patients
under 20 years of age, though actual incidence increased
with age[16]. A higher incidence of cerebral TE in pediatric population with IBD was noticed, as well[17].
When compared to general outpatient population, the
risk of VTE is 16 times higher in IBD patients who are
not hospitalized during the active phase of the disease[18].
However, it is important that thrombosis is also reported
in patients with well-controlled disease[5,18]. It has been
suggested that in contrast to CD, UC is associated with
an increased risk of TE in patients with low-activity disease or even during remission[19,20].
The most common TE in IBD are lower extremity
DVT and PE[21]. Occasionally, VTE occur in the cerebral,
hepatic, portal, retinal, and mesenteric veins[21-23]. Arterial
TE occur less frequently than VTE; the former include
thrombosis of the cerebral and retinal arteries and also
arteries of upper and lower limbs[23-25]. Moreover, there
have been reports of cases of coronary artery thrombosis in young patients with IBD[26].
It is important to remember that in IBD, thrombosis
involves not only the systemic veins and arteries, microthrombi may involve the vasculature of the uninflammed
intestine as well[27]. For instance, in patients with CD
platelet thrombi cross-linked with fibrin were demonstrated in the mucosal microvasculature[28], in patients
with UC intracapillary clots have been observed in rectal
biopsies[29]. Several observational studies have shown a
potential benefit of using heparin treatment in patients
with IBD[30,31].
Very interesting results have been presented by
Thompson et al[32]. The authors have observed that in
patients with inherited bleeding disorders such as hemophilia A, hemophilia B and von Willebrand disease, the

INTRODUCTION
Inflammatory bowel diseases which include Crohn’s disease
(CD) and ulcerative colitis (UC), are systemic disorders
that predominantly affect the gastrointestinal tract, but
are also associated with a number of extraintestestinal
manifestations. The majority of extraintestinal complications are characterized by less intense symptoms as compared to those associated with the primary disease, but
thromboembolic events (TE) may increase mortality rates
in inflammatory bowel diseases (IBD)[1-3]. TE in IBD are
often overlooked, since their detection rate in IBD patients is only 6% as compared amounts approximately to
40 % in postmortem examinations[4-6].
The pathogenesis of thrombosis in IBD patients is
multifactorial and not fully explained. Numerous investigations have demonstrated qualitative and quantitative
abnormalities in procoagulation, anticoagulation and fibrinolytic factors that predispose to thrombosis development in IBD, although some authors have not found any
risk factors in about one-half of IBD patients diagnosed
with thrombosis.
IBD is a result of an interaction of acquired and genetic factors, with the very inflammatory process being
of high significance as well[1,2]. The inflammatory process initiates clotting, impairs the fibrinolytic system and
decreases the activity of natural anticoagulation mechanisms; on the other hand, natural anticoagulation factors
reduce elevated levels of cytokines triggered by inflammation[7]. Thus, depression of anticoagulation mechanisms not only increases thrombosis, but also potentiates
the inflammatory process. An example of the effect of
procoagulation factors on the inflammatory process may
be found in thrombin, which increases the production of
tumor necrosis factor, interleukin (IL)-6 and IL-10 by signaling protease-activated receptors and, therefore, is able
to amplify and modify inflammation[8].
The objective of the present report is to demonstrate
the high significance of a problem posed by hypercoagulability in IBD patients based on TE epidemiology, and
to present abnormalities in the hemostatic system.

Epidemiology of TE in IBD patients
TE are among complications demonstrated in IBD patients, which affect the venous and arterial systems alike
and are an important factor in patients’ morbidity and
mortality. The risk of systemic TE development in IBD
patients has been demonstrated to be approximately
three-fold higher as compared to the general population[1,2]. TE in IBD has been also demonstrated to develop in younger individuals as compared to the general
population[9].
The incidence of TE in IBD has been estimated to be
approximatively 0.1%-0.5% per year, with an overall mortality rate as high as 25% per episode[2]. In clinical studies,
the incidence rate of TE in IBD patients is estimated as
falling in the range of 1.3%-7.7%[1,4,5], although the rate
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Figure 1 Coagulation cascade model. ↑/↓: Changes in coagulation factors, in patients with inflammatory bowel diseases.

The mechanism of an increased thromboembolic
risk in IBD is complex, multifactorial and not fully understood. It appears to be multifactorial because no consistent unifying etiology has been identified. However,
there are also studies available, where in approximately
one-half of IBD patients who developed TE no possible
causative factors associated with the complications have
been identified[37].

Table 1 Acquired prothrombotic factors in inflammatory
bowel diseases
Dehydration
Glucocorticosteroids therapy
Prolonged immobilization
Central venous catheters
Surgical procedures
Oral contraceptives/hormonal replacement therapy
Smoking
Hyperhomocysteinemia

Coagulation cascade
The coagulation cascade is essentially a series of enzymatic conversions, turning inactive proenzymes into
activated enzymes and culminating in the formation of
thrombin. Thrombin then converts the soluble plasma
protein - fibrinogen - precursor into the insoluble fibrous
protein - fibrin. Each reaction in the pathway results from
the assembly of a complex composed of an enzyme (an
activated coagulation factor), a substrate (a proenzyme
form of a coagulation factor) and a cofactor (a reaction
accelerator).
In the classical cascade model, coagulation has been
divided into the extrinsic and intrinsic pathway, converging
at the point where factor Ⅹ (FⅩ) is activated (Figure 1).
Several studies report that the levels of some coagulation enzymes are altered in IBD patients, including
increased fibrinogen, increased factor Ⅴ (FⅤ), Ⅶ (FⅦ)
and Ⅷ (FⅧ) and also increased prothrombin fragment 1
+ 2 and the thrombin-antithrombin complex[21,34]. The increase in the level of these coagulation factors in CD and
UC patients is associated with disease activity[34,38]. Elevated levels of circulating active factor Ⅺ (FⅪ) and tissue
factor (TF) have been also reported in IBD[39]. Another
abnormality in the coagulation cascade in IBD patients
is a decrease in the level of factor XIII (FXIII)[34,40-44]. In
the majority of publications a decrease of FXIII level
was described in patients with active phase of CD and
UC in comparison to non-active phase[34,41,42,44]. There is
also a research that does not demonstrate any correlation between disease activity and a FXIII level[40]. One of
the potential causes of reduced activated FXIII plasma
levels in IBD might be its consumption in the repair of
injured tissue[40,41,43] or in the increased formation of microthrombi[42].

risk of development of either CD or UC was significantly decreased.
It has been suggested that hypercoagulability, prothrombotic state and vascular occlusion play an important role in the pathogenesis of IBD.

Etiology of thrombosis in IBD
IBD patients demonstrate disequilibrium between procoagulant and anticoagulant factors, which predisposes
them to develop thrombosis; the abnormalities are both
quantitative and qualitative[33].
Acquired factors that affect disturbances in the
hemostatic system in IBD include prolonged immobilization, surgical procedures, central venous catheters,
glucocorticosteroids therapy, oral contraceptives, hormonal replacement therapy, cigarette smoking, hyperhomocysteinemia, vitamin deficiency, dehydration, as well
as damage to the vascular endothelium[21,34,35] (Table 1).
Hypercoagulability in both CD and UC may be also triggered by genetic factors[20].
The hemostatic system is an indispensable element
of each inflammatory process. During the inflammatory
process, not only proteases originating from inflammatory cells are activated, but also those originating from
the coagulation and fibrinolysis system[1,36]. For this reason, an increased risk of TE complications is also present during remission period - mostly in patients with UC.
The phenomenon is most likely related to the interaction
between cytokine mediators of chronic inflammation and
the coagulation cascade[34].

WJG|www.wjgnet.com

55

January 7, 2014|Volume 20|Issue 1|

Owczarek D et al . Coagulation in inflammatory bowel disease

presses plasminogen activation, thereby attenuating fibrinolysis. In addition to suppressing fibrinolysis, TAFIa
may also be involved in inflammation. Its potential role
as a natural anti-inflammatory molecule is currently being explored, with recognition of its ability to inactivate
potent anaphylatoxins, C3a and C5a, as well as the proinflammatory mediators, bradykinin and osteopontin[45,46].
TAFI has been also demonstrated to be associated not
only with development of thromboembolic complications in various disease entities, but also to affect the
course of such diseases[46]. In IBD, a significant correlation has been demonstrated between TAFIa and such inflammatory markers as CRP, fibrinogen, platelets, as well
as disease activity[46].
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Figure 2 The elements of the fibrinolytic system. tPA: Tissue-type plasminogen activator; uPA: Urokinase plasminogen activator; PAI-1: Plasminogen
activator inhibitor type 1; TAFI: Thrombin activatable fibrinolysis inhibitor; FDP:
Fibrin degradation products; FgDP: Fibrinogen degradation products. ↑/↓:
Changes in coagulation factors, in patients with inflammatory bowel diseases.

Plasma coagulation inhibitors
Figure 3 presents plasma coagulation inhibitors.
Antithrombin Ⅲ (ATⅢ) is the best known natural
coagulation inhibitor, its activation is triggered by heparin secreted by mast cells or administered exogenously.
ATIII is predominantly synthesized in the liver, vascular
endothelial cells, megakaryocytes and platelets. It is the
most important endogenous thrombin inhibitor; it forms
complex with thrombin in a 1:1 molar ratio, which is subsequently removed from blood by macrophages. ATⅢ
also inactivates factor Ⅹa, factor Ⅻa, factor Ⅺa and factor Ⅸa. In addition to anticoagulation properties, ATⅢ
has been demonstrated to have anti-inflammatory properties[32]. ATⅢ decreases expression of CD11b/CD18
cell surface receptors on leukocytes, which decreases
leukocyte adhesion, decreases expression of tissue factor
and IL-6 in monocytes and endothelium. ATⅢ also increases prostacyclin formation and decreases nuclear factor (NFκB)[36]. IBD patients have been demonstrated to
have a significantly lower levels of ATⅢ and TF pathway
inhibitor (TFPI) as compared to the controls[8,21,34].
TFPI is a protein produced by vascular endothelial
cells and megakaryocytes. It is a Kunitz-type protein with
three inhibitor domains: the first domain inhibits the factor Ⅶa/tissue factor complex, the second binds active
factor Ⅹ, the third is responsible for binding TFPI with
heparin and lipoproteins[36]. TFPI is a total inhibitor of
the TF-dependent coagulation cascade and a marker of
endothelial damage[36].
Changes in coagulation and fibrynolytic systems are
presented in Table 2.

Anticoagulation mechanisms
Anticoagulation mechanisms, often referred to by a simplified term “anticoagulation system” are responsible for
balancing the procoagulation tendency in the hemostatic
system. The system includes the fibrinolysis system, plasma coagulation inhibitors, protein C (PC) anticoagulant
system and vascular wall.
Fibrinolysis system
The basic element of the fibrinolysis system is plasminogen, which - following its transformation by activators to
an active substance, i.e., plasmin, acts upon fibrinogen, fibrin, FⅤ, FⅦ, FXIII, von Willebrand factor and platelet
glycoproteins.
The elements of the fibrinolysis system - both activators and inhibitors - are presented in Figure 2.
Disturbances in the fibrinolysis system are another
very important factor in IBD patients that is associated
with hypercoagulability. The fibrynolytic system has been
widely investigated in patients with CD and UC, and hypofibrinolysis has been described as a potential contributor to the hypercoagulable state in IBD patients[21,34].
In IBD patients, there has been demonstrated a significant decrease of tissue plasminogen activator (tPA)
level, the principal activator of the fibrinolysis system, as
compared with the controls[34,45]. With respect to inhibitors of the fibrinolysis system, IBD has been shown to
demonstrate a marked increase of plasminogen activator
inhibitor 1 (PAI-1) and thrombin-activatable fibrinolysis
inhibitor (TAFI) levels as compared to the healthy control subjects[45,46].
TAFI is a modulator of homeostasis that provides
a link between the coagulation system and fibrinolysis
system, as well as between the hemostatic system and the
inflammatory process[46].
TAFI, a plasma zymogen, can be activated by thrombin, the thrombin-thrombomodulin complex, or plasmin.
The activated form of TAFI (TAFIa) removes C-terminal
lysine residues from plasmin-modified fibrin which sup-
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PC system
The PC system is the most important element of anticoagulation mechanisms. It is presented in Figure 4.
The PC pathway is activated by thrombin bound to
endothelial thrombomodulin (TM). Following binding
with TM, thrombin acquires abilities to activate PC. PC
activation is facilitated when PC is bound to the endothelial cell PC receptor (EPCR). In turn, APC in the presence of protein S (PS) cofactor inactivates active FⅧ and
FⅤ[7,36]. Additionally, APC has profibrinolytic properties,
since it binds PAI-1[7,36].
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Figure 3 Plasma coagulation inhibitors. AT Ⅲ: Antithrombin Ⅲ; TF: Tissue factor; TFPI: TF pathway inhibitor; PS: Protein S; APC: Activated protein C. ↓: Changes
in plasma coagulation inhibitors, in patients with inflammatory bowel diseases.

levels described by some authors may be associated with
their anti-inflammatory properties[47].
Further studies assessing anti-inflammatory properties of TM and PC in IBD are necessary.

Table 2 Changes in coagulation and fibrinolytic systems in
patients with in inflammatory bowel diseases
Coagulation factors
Fibrynogen ↑
Factor Ⅴ ↑
Factor Ⅶ ↑
Factor Ⅷ ↑
Factor Ⅺ ↑
Prothrombin fragment
1+2↑
Thrombin-antithrombin complex ↑
TF ↑
FXIII ↓

Fibrinolytic factors

Plasma coagulation
inhibitors

TAFI ↑
PAI-1 ↑
tPA ↓

Antithrombin Ⅲ ↓
TFPI ↓

Vascular wall
Of importance in regulation of hemostatic mechanisms
are subsequent layers of vascular wall: smooth muscles
- vasospasm, subendothelial layer - activation of the hemostatic system following endothelial damage, platelet
activation, and endothelium.
Hemostatic activity of the endothelium under physiological conditions consists of ensuring non-clotting of
blood, non-thrombogenicity of vascular surface, and
- after endothelial damage - limiting the thrombus to
the thrombogenic site. Endothelial damage disturbs the
multifactorial equilibrium provided by endothelial cells,
causing development of numerous significant pathological sequelae, such as thrombi formation, hypertension,
atherosclerotic lesions, disturbances in tissue perfusion,
angiogenesis and inflammatory infiltration[49].
Endothelial damage occurring in numerous diseases
is evident though increasing levels of endothelial injury
markers. The most frequently used biochemical markers of endothelial damage include von Willebrand factor
(vWF), TM, vascular cell adhesion molecule 1 (VCAM-1),
intercellular adhesion molecule 1 (ICAM-1) and endothelin-1 (ET-1).
In recent years, asymmetric dimethylarginine (ADMA)
has been also classified as an endothelial damage marker.
It is synthesized during the methylation of protein arginine residues by protein arginine methyltransferases and
released during proteolysis. ADMA is a major endogenous NO synthase inhibitor and a competitive inhibitor
of the cellular L-arginine uptake[50]. Elevation of ADMA
induces dysfunction of the endothelium, which becomes
clinically evident by impaired endothelium-dependent vasodilation, hyperaggregability of platelets and enhanced
monocyte adhesion[50].

tPA: Tissue plasminogen activator; TAFI: Thrombin-activatable fibrinolysis inhibitor; PAI-1: Plasminogen activator inhibitor 1; TFPI: Tissue factor
pathway inhibitor.

Studies have demonstrated that TM as well as APC,
in addition to exhibiting anticoagulation properties, also
affect the course of the inflammatory process, apoptosis
and endothelial barrier[36,47]. Reports of studies on PC, PS
and TM levels in patients with CD and UC are contradictory[18,48], although some investigators have demonstrated
PC and/or PS deficiency during active IBD phase[21,34].
The available reports regarding plasma TM concentrations in IBD patients have also yielded conflicting
results. Several studies have demonstrated that higher
TM concentrations occur only in active CD patients as
compared to the controls; the above authors have failed
to demonstrate any changes in PC and PS levels in IBD.
In another study, TM concentrations were higher in UC
than in the healthy controls[47].
The controversial character of these findings may result from differences in IBD populations studied (demographic and clinical features, definition of disease activity
and evaluation)[47].
It may be also suggested that increased TM or PC
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According to the published studies, there has been observed an increase of such endothelial damage markers as
vWF, TM, endothelial PC receptor (EPCR) and ADMA in
IBD patients; they have been also found to correlate with
disease activity and inflammatory markers[34,46,47,50].
Vascular endothelial damage is believed to be a factor
that increases the risk of TE in IBD.

aggregation or platelet hypersensitivity to low concentrations of aggregating agents[53]. The final stage of platelet hyperactivation has been found to be mediated by
the CD40-CD40 ligand (CD40L) pathway. The surface
CD40L is an activation marker that allows platelets to interact with a broad variety of immune and non-immune
cells. It has been demonstrated that in IBD patients
platelets overexpress CD40L protein up to four times
more frequently than platelets from control subjects, and
release more soluble CD40L (sCD40L) to the plasma,
leading to a 15 fold increase in CD40L plasma levels. In
general elevated levels of sCD40L are associated with
an increased risk of TE development which is also true
for patients with IBD[53]. It has been observed that an
increased platelet activity in IBD is also dependent on
increased expression of surface activation markers, such
as P-selectin and GP53 and on serum levels of platelet
activation marker β-thromboglobulin[34,54]. The higher
platelet activity state mentioned above has been noted
to be independent of clinical activity of the disease; the
chronic disease process has been suggested to lead to increased platelet activity even in remission state[34,54].
Finally, platelets are involved in chronic intestinal
inflammation, what has been demonstrated in studies
evaluating anus sections collected from IBD patients.
Mucosal intravascular microthrombi have been shown
both in CD and UC patients[29,53]. In addition, the investigators have found that platelets of patients with IBD
express high levels of surface CD40L, creating a physical
and biological bridge that allows interaction with human
intestinal microvascular endothelial cells causing their
activation[34,54], what leads to up-regulation of VCAM-1
and ICAM-1 by activated platelets through the CD40dependent pathway and to increased production of Il-8
by endothelial cells, also through this pathway, and an
increase in T cell adhesion to the endothelium[34].

Homocysteine
Homocysteine is an amino acid formed from S-adenosylomethionine (SAM), in all types of cells in the human body.
It participates in metabolism of numerous compounds
that are indispensable for the organism to function.
Homocysteine is a pro-coagulation factor, since it
evokes changes in vascular walls and triggers increased
expression of TF and FⅤ, decreased expression of TM
and tPA and decreased activation of PC. Elevated plasma
homocysteine levels facilitate development of both arterial and venous thrombosis[34]. Recently, homocysteine
has been also shown to participate in microvascular inflammation in IBD, triggering endothelial inflammation,
resulting in VCAM-1 upregulation, monocyte chemoattractant protein-1 (MCP-1) production and p38 phosphorylation. Such changes lead to increased adhesion of
T cells and monocytes to the endothelium[51].
Hyperhomocysteinemia is a potential risk factor for
TE in IBD patients and can be secondary to folic acid
and vitamin B12 deficiencies, medications (methotrexate,
sulphalazine, glucocorticosteroids), smoking and nutritional deficiencies[21,34].
Both plasma and mucosal homocysteine levels have
been demonstrated to be significantly higher in IBD patients as compared to the healthy controls and correlated
with disease activity[51,52]. However, there is no evidence
that an increase in homocysteine level is of greater proportion in IBD patients with TE vs those without. The
risk assessment of hyperhomocysteinemia-related thrombosis in IBD requires further investigation[52].

Autoantibodies
IBD patients have been observed to produce increased
amounts of various antibodies; some of them are anticoagulant antibodies and thus may increase the risk of
thrombosis.
Antiphospholipid antibodies include anticardiolipin
(aCL) antibodies and lupus anticoagulants (LAC). The antibodies may increase the risk of thrombosis through ac-

Platelets in IBD
Blood platelet levels may be considerably increased in
active IBD both in CD and UC patients; this is a reaction to an intensified inflammatory process. Regardless
of inflammatory process exacerbation, approximately
30%-50% of IBD patients develop spontaneous platelet
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has been identified in the MTHFR gene. The homozygous carries of this polymorphism are found in around
10% of the population and the polymorphism may be a
cause of moderate hyperhomocysteinemia. Some studies
have demonstrated a weak association between C6777T
homozygosity in the population and the risk of thrombosis[62]. However, the study that associated the prevalence
of C677T homozygosity between IBD thrombotic and
IBD non-thrombotic subjects has shown no significant
differences[58,60].
The FXIII gene mutation (val34leu) is associated with
a higher FXIII activation rate and leads to a 20%-40%
risk reduction of venous thrombosis for homozygous
carries, which are found in around 10% of the population[63]. The FXIII mutation has been evaluated in IBD
patients, but the available studies have not demonstrated
any significant differences in the prevalence of this polymorphism in IBD patients with respect to the general
population[58,64].
PAI-1 gene mutation - the 4G/4G genotype - is associated with an overexpression of PAI-1, which may cause
a decreased fibrinolysis. The 4G/4G genotype has been
demonstrated to be a risk factor in myocardial infarction,
arterial thrombosis and DVT[20,65]. The available studies
have demonstrated a higher prevalence of the genotype
in IBD patients as compared to the general population[65].
Investigations performed in IBD patients also assess
other genetic hypercoagulability factors, such as deficiency of PC and PS, and ATⅢ mutation[20].
Finally, in spite of numerous genetic studies performed in IBD, no unambiguous association has been
demonstrated between genetic factors and causes of hypercoagulability in both CD and UC[20,34].

tivation of platelets and endothelial cells and by decreasing anticoagulant activity of proteins. In IBD patients as
compared to the controls, the level of aCL antibodies is
approximately 20%-30% higher, while the level of LAC
antibodies is approximately 19% higher[55,56].
In IBD, the prevalence of antibodies against β2glucoprotein Ⅰ ( β 2-GPI), the cofactor that mediates
binding of aCL antibodies to cardiolipin, is higher than
in the controls, with an average incidence of 9%[56].
Antibodies against PS have been described in patients
with IBD. The antibodies could reduce the natural anticoagulant potential[48]. However, in up-to-date publications
there is no good evidence that these antibodies play any
role in thrombotic risk[48].
Nevertheless, no significant differences have been
demonstrated in the prevalence of the above antibodies in IBD patients with diagnosed TE as opposed to
the IBD group without such complications[48,56]. Further
observations and studies are necessary to allow for a possible confirmation of the role of these antibodies in the
development of TE.
Genetic factors
Genetic factors that have been implicated to play role
in TE in IBD include FⅤ Leiden (FVL, G1691A), the
genetic variation of the prothrombin gene mutation
(G20210A), methylenetetrahydrofolate reductase gene
mutation (MTHFR, C677T), plasminogen activator
inhibitor type 1 (PAI-1) gene mutation and FXIII (val34leu)[20,34,57-59].
FVL is an arginine to glutamine missense mutation in
the FV gene at position 506. FVL is the most frequent
cause of inherited thrombophilia, it renders the activated
FV form relatively resistant to degradation by activated
protein C (APC), resulting in higher thrombin generation. The prevalence of FVL ranges from 20% to 30%
in unselected patients with venous thrombosis[20]. Most
of studies have shown no difference in the prevalence of
FVL between IBD patients and the healthy controls[20,34],
but in IBD patients with TE, the prevalence of FVL was
significantly higher than in IBD patients without TE[20].
Additionally, the prevalence of FVL in IBD patients with
TE is comparable to its prevalence in non-IBD patients
with TE[58,60]. Although somewhat conflicting, these genetic studies suggest that FVL as a risk factor for TE in
IBD patients matches that of the general population.
The G20210A gene mutation is the second most
frequent genetic prothrombic mutation after FVL. The
prevalence of G20210A mutation is about 2% in healthy
controls and 6.2% in patients with thrombosis[60]. However, several studies have demonstrated the same prevalence
of the gene mutation in IBD patients with and without
TE[60,61]. Some investigators have shown a close association between IBD and the presence of the G20210A
mutation[56,57].
Methylenetetrahydrofolate reductase (MTHFR) is a
critical enzyme involved in the remethylation pathway of
homocysteine metabolism. A common mutation (C677T)
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Medications
Some medications used in the treatment of IBD patients
may affect haemostatic system. 5-ASA used in a combination with oral anticoagulants might increase the risk of
bleeding. Carty et al[66] observed that 5-ASA given orally
or in vitro inhibits platelet activation.
It has been confirmed by many studies that glucocorticoids increase the risk of VTE[67]. Johannesdottir et al[67]
in a population-based case-controlled study observed a
higher risk of VTE among present, new, continuing and
recent glucocorticoids users but not among former ones.
Glucocorticoids also inhibit oral anticoagulants.
Data regarding coagulation and use of anti TNF
antagonists are conflicting. For instance, in a national
prospective observational cohort study in Great Britain
use of anti-TNF therapy was not associated with an increased risk of VTE in rheumatoid arthritis patients[68].
However, the majority of publications confirm such a
relationship[69]. TEs have been noted in about 4.5% of
patients treated with TNF antagonists. One of the possible explanations includes involvement of anti-drug
antibodies that might be found in some patients. It has
been speculated that antigen-Ab complexes could trigger
thrombosis by activating either platelets or the comple-
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ment system[69]. Another hypothesis is based on predisposition of some patients to lupus-like reactions, including
antiphospholipid syndrome[69]. The inhibition of TNF
leads to overproduction of interferon-α what might facilitate the development of lupus-like syndrome.
Concomitant use of thiopurines and anticoagulants
may foster decrease in the effect of warfarin, what might
be caused by reduced bioavailability, enhanced warfarin
metabolism, or increased prothrombin activity[70].
A meta-analysis of eight randomized-controlled trials
performed in 2007 demonstrated that administration of
heparin in patients with UC is safe, but does not give any
benefit over conventional therapy[71]. In 2010, a review of
randomized trials confirmed no benefit of low molecular
weight heparins (LMWH) administered subcutaneously
over placebo for clinical remission induction in patients
with UC. However, high dose LMWH administered via
an extended colon-release tablet showed benefit over placebo for clinical remission and endoscopic improvement.
There is no evidence to support the use of unfractionated heparin for the treatment of active UC[72].

at high risk of developing TE.
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includes the TNF inhibitors (TNFi), designed to target
and neutralise the effect of TNF-α. TNFi have shown to
be efficient in treating moderate to severe CD and UC.
However, convenient alternative therapeutics targeting other immune pathways are needed for patients
with IBD refractory to conventional therapy including
TNFi. Indeed, several therapeutics are currently under
development, and have shown success in clinical trials. These include antibodies targeting and neutralising
interleukin-12/23, small pharmacologic Janus kinase
inhibitors designed to block intracellular signaling of
several pro-inflammatory cytokines, antibodies targeting integrins, and small anti-adhesion molecules that
block adhesion between leukocytes and the intestinal
vascular endothelium, reducing their infiltration into the
inflamed mucosa. In this review we have elucidated the
major signaling pathways of clinical importance for IBD
therapy and highlighted the new promising therapies
available. As stated in this paper several new treatment
options are under development for the treatment of CD
and UC, however, no drug fits all patients. Hence, optimisations of treatment regimens are warranted for the
benefit of the patients either through biomarker establishment or other rationales to maximise the effect of
the broad range of mode-of-actions of the present and
future drugs in IBD.

Abstract

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

Inflammatory bowel disease (IBD) is a group of chronic
disorders of the gastrointestinal tract comprising Crohn’s
disease (CD) and ulcerative colitis (UC). Their etiologies
are unknown, but they are characterised by an imbalanced production of pro-inflammatory mediators, e.g. ,
tumor necrosis factor (TNF)-α, as well as increased
recruitment of leukocytes to the site of inflammation.
Advantages in understanding the role of the inflammatory pathways in IBD and an inadequate response to
conventional therapy in a large portion of patients, has
over the last two decades lead to new therapies which
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Key words: Anti-tumor necrosis factor; Biologics;
Crohn’s disease; Pro-inflammatory cytokines; Signaling
pathways; Treatment; Ulcerative colitis
Core tip: Crohn’s disease and ulcerative colitis are the
two prevailing forms of inflammatory bowel disease
(IBD). Both diseases are associated with an increased
expression of pro-inflammatory cytokines and immune
cell infiltration of the inflamed tissue. Current treatment options with tumor necrosis factor-α inhibitors
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als[3,11]. The aim of this review is from the present point
of view to provide an overview of the pathways of
inflammation which seems to be crucial for the management of IBD. Furthermore, a brief update on the latest
clinical reports is given and promising new therapeutics
are discussed.

are discussed. Additionally, new therapeutic strategies
showing promising results, e.g. , small pharmacologic
inhibitors aimed at inhibiting Janus kinase pathway and
antibodies blocking recruitment of immune cells to the
site of inflammation are also discussed. In this review
we have elucidated the major signaling pathways of
clinical importance for new therapeutic strategies of
IBD.

REVIEW CRITERIA
The PubMed database was searched up to October 2013
using the following search terms: “TNF”, “anti-TNF”,
“janus kinase”, “Janus kinase/signal transducer and activator of transcription (JAK/STAT)”, “tofacitinib”,
“ustekinumab”, “IL-12/23”, “natalizumab”, “vedolizumab”, “vercirnon”, “integrins”, “chemokines”, “GSK1605786A” individually or in combination with “IBD”,
“Crohn’s disease”, “ulcerative colitis”, “inhibitors”,
“therapies”, and “treatment”. The search focused predominantly on full-text papers published in the Englishlanguage. Abstracts were included when critically relevant
and when not already available as full-text articles. No
publication date restrictions were applied. Subsequently,
articles were selected for inclusion in this review on the
basis of their relevance, and additional articles were
obtained from their reference lists. Other sources of information were the websites of the European Medicines
Agency, the United States Food and Drug Administration
(FDA), and the Cochrane Library databases.

Pedersen J, Coskun M, Soendergaard C, Salem M, Nielsen OH.
Inflammatory pathways of importance for management of inflammatory bowel disease. World J Gastroenterol 2014; 20(1): 64-77
Available from: URL: http://www.wjgnet.com/1007-9327/full/
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INTRODUCTION
The intestine is an important part of the immune system that recognises and reacts to environmental stimuli,
including its luminal microbes. This interaction is highly
regulated and allows commensal bacteria of the normal
microbiome to exist without induction of mucosal inflammation, a mechanism known as intestinal homeostasis[1]. Inflammatory bowel disease (IBD) is generally
hypothesised to be a multifactorial condition where a
combination of luminal, environmental, and genetic factors triggers an inappropriate mucosal immune response.
As a consequence, an inappropriate and continuing
inflammatory response to commensal microbes results
in the spontaneous release of pro-inflammatory cytokines which challenge the mucosal homeostasis[1]. These
changes are to a some degree genetically determined and
might lead to a dysfunction of the barrier integrity [mainly
in ulcerative colitis (UC)], dysfunction in the sensing of
microbes [mainly in Crohn’s disease (CD)], and changes
in the regulation of adaptive immune responses (in both
UC and CD) [2]. In IBD, this immune response does,
however, not resolve, and the production of destructive
inflammatory mediators continues. Inflammation in IBD
is regulated by an increased secretion of a variety of proinflammatory mediators[3], and it is noteworthy that concentrations of cytokine tumor necrosis factor (TNF)-α
are elevated in the blood [4], intestinal mucosa [5,6] and
stools[7] of patients with IBD. In addition to TNF-α, the
increased secretion of a variety of other pro-inflammatory mediators in stools and rectal dialysates from patients
with IBD have been observed as well[8-10].
An increased understanding of the involvement of
inflammatory pathways combined with a lack of adequate
response to conventional medical treatment has allowed
biologics to emerge as an important modality in the treatment of patients with IBD. Several TNF inhibitors (TNFi)
and other biologics as well as small molecules directed
against pathways involving cytokines, adhesion molecules
or other mediator systems involved in the pathogenesis
of IBD have been developed and tested in clinical tri-

WJG|www.wjgnet.com

ANTI-TNF-α ANTIBODIES
A paradigm in management of IBD occurred in the late
90’s when the pro-inflammatory cytokine, TNF-α, was
identified as playing a pivotal role in the inflammatory
cascade that orchestrate chronic intestinal inflammation[12], and is today the best studied pro-inflammatory
cytokine in IBD.
TNF-α is produced by mononuclear cells. Its synthesis is induced through activation of cellular receptors, e.g.,
the Toll-like receptor 4 (TLR4). TLR4 is induced when
derivates from the cell wall of Gram negative bacteria,
lipopolysaccharides, bind to TLR4 on the surface of
mononuclear cells. Activation of TLR4 signaling induces
activation of nuclear factor-κB (NF-κB) and mitogenactivated protein kinases (MAPK), causing an increased
cell proliferation and differentiation of macrophages as
well as inducing expression of pro-inflammatory cytokines, e.g., TNF-α, interleukin (IL)-6 and IL-12[13,14]. The
TNF-α protein exists in two forms: the precursor transmembrane form (tmTNF-α, 26 kDa) and the secreted
soluble form (sTNF- α , 17 kDa). When synthesised,
homotrimeric TNF- α translocates to the cell membrane where the TNF-α-converting enzyme releases the
sTNF-α from tmTNF-α by proteolytic cleavage. The
biological activity of TNF-α is mediated by its binding
to TNF receptor type 1 (TNFR1) and type 2 (TNFR2)[15].
After binding to the receptors, TNF-α initiates proinflammatory signaling by activation of the MAPKs
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Figure 1 Mechanism of action of anti-tumor necrosis factor biologics and inhibitors of Janus kinase/signal transducer and activator of transcription signaling. Left panel: Anti-tumor necrosis factor (TNF) biologics bind to homotrimeric TNF-α [transmembrane (tmTNF-α) and/or soluble (sTNF-α)], thereby blocking the
interaction between the cytokine and TNF-α receptor type 1 and 2 (TNFR1 and TNFR2) to neutralise TNF-α-mediated pro-inflammatory signaling. Infliximab is shown
as a representative anti-TNF biologics to illustrate the mechanism of action of the four agents labeled for IBD: Infliximab (a chimeric antibody), adalimumab and golimumab (fully human antibodies), and certolizumab pegol (a pegylated Fab fragment of a humanised anti-TNF antibody). Right panel: The fully human antibody against
interleukin (IL)-12/23, ustekinumab, binds to the common p40 subunit of IL-12 and IL-23 heterodimers and prevents the interaction of IL-12 and IL-23 with their cognate receptors, IL-12R and IL-23R, hence neutralising IL-12/23-mediated intracellular signaling. Tofacitinib is a small molecule inhibitor of Janus kinase (JAK) activity
that prevents the JAK-dependent phosphorylation of signal transducer and activator of transcription (STAT) proteins and subsequently the STAT-induced transcription
of pro-inflammatory target genes.

and NF-κB pathways (Figure 1). Although, the active
MAPKs and NF-κB signaling pathways are important
for homeostasis, they induce cell proliferation, differentiation and up-regulation of several pro-inflammatory
cytokines, including TNF- α during inflammation [16].
Additionally, TNF-α signaling induces caspase-8 activation and apoptosis of intestinal epithelial cells through
TNFR1 signaling[17], as well as inducing changes in the
epithelial expression of tight junction proteins among
patients with CD[18]. Hence increased TNF-α expression
might decrease the mucosal barrier function in patients
with IBD exacerbating the inflammation.
Recent biologic therapies targeting TNF- α , with
synthetic anti-TNF-α antibodies, have been shown to
mitigate the inflammatory drive in chronic inflammatory
conditions, including IBD. Initially, a chimeric (25% murine and 75% human sequence) IgG1κ subclass antibody,
infliximab, that specifically binds TNF-α was shown to be
beneficial in CD[19,20]. Attempts to reduce immunogenic
responses induced by anti-chimeric antibodies included
the removal of all murine sequences to create a fully human monoclonal antibody. This human IgG1 anti-TNF-α
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monoclonal antibody, adalimumab, was also shown to be
efficacious[21,22], as was a pegylated humanised antibody
fragment (binding TNF-α) lacking the IgG1 Fc portion
and conjugated with a 40-kDa polyethylene glycol molecule, certolizumab pegol (Figure 1)[23-25]. The observed
efficacy in patients with CD provided a rationale for trials in patients with UC. Thus, in active stages of UC, an
increased production of TNF-α by the mononuclear cells
of the colonic lamina propria exists[26], with high concentrations of TNF-α found in rectal dialysates and stools[8].
Recent studies have shown another human IgG1 antiTNF-α monoclonal antibody, golimumab, to be efficient
in UC[27]. However, the pharmacodynamics of TNFi
seems to depend on the properties of the structure rather
than simply the TNF-α-binding capacities. Eternacept, a
non-antibody soluble recombinant TNF receptor (p75)
Fc fusion protein, is not efficient for the treatment of
intestinal inflammation[28]. The reason for this difference
remains unclear although several mechanisms have been
proposed. Hence, the underlying modes of action of the
various TNF inhibitors are much more complex than initially thought[29]. The construct of the four TNFi’s labeled
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for IBD is shown in Figure 1.
Several placebo-controlled trials have demonstrated
that infliximab[20,30], adalimumab[21,22,31], and certolizumab
pegol[24] are efficacious in moderate to severe CD, as both
first- and second-line therapy in patients with inadequate
responses to standard treatment[32], including maintenance of response and remission[25,30,33,34]. Not only do
TNFi reduce signs and symptoms of disease, but they
also allow tapering of glucocorticoids (steroid-free remission)[21,30] and promote mucosal healing[35]. The former is
considered a clinically relevant benefit, and the latter suggests a positive effect on disease progression. Infliximab
is also labeled for use in fistulising CD[19,36].
In UC, randomised, controlled trials have shown
infliximab[37], adalimumab[38,39], and golimumab[27,40] to
be effective in inducing and maintaining clinical remission (including steroid-free remission) in patients with
moderate to severe disease activity who have failed conventional therapy with glucocorticoids and thiopurines,
and in the ACT2 study, infliximab also was effective in
outpatients refractory to 5-ASA[37]. A post hoc analysis
of the ACT1 and ACT2 studies showed that infliximab
reduced the risk of colectomy after 1 year from 17% in
the placebo group to 10% in the infliximab group (number needed to treat = 14)[41]. Furthermore, infliximab[37],
adalimumab[39], and golimumab[27] additionally induced
mucosal healing. Apart from use in patients with moderate chronic refractory UC, TNFi may be used as rescue
therapy in hospitalised patients with severe UC. In a
small placebo-controlled study, a single infusion of infliximab significantly reduced the number of colectomies
among patients with an acute moderate to severe attack
of UC[42], and this was also observed in a subsequent
open-label randomised, controlled trial with a high number of steroid-refractory acute severe UC patients, leading to the conclusion that the effect of infliximab did
not differ from that of cyclosporine[43].
The availability of TNFi has significantly altered the
management of IBD in the last decade. The concomitant treatment with biologics and thiopurines proved
in larger trials like the SONIC study to be superior for
steroid-free clinical remission and absence of ulcerations
(mucosal healing) at weeks 26 compared to monotherapy
with either biologics or thiopurines in CD[44]. The UC
SUCCESS trial[45] with a similar design and number of
patients concluded the same, and the conclusion from
both studies is that IBD patients in need of anti-TNF-α
treatment should preferably receive combined treatment
with a thiopurine. It should be emphasized that the use
of potent immunomodulators (i.e., thiopurines[46]) in
combination with TNFi is linked to an increased risk of
hepatosplenic T-cell lymphoma[47]. Even though data are
confounded by the fact that most patients with IBD on
TNFi therapy receives concomitant therapy with thiopurines, no casual associations between TNFi alone and the
development of lymphoma have been identified[11,47].
Although anti-TNF-α agents are the most effective
anti-cytokine treatment in IBD a significant proportion
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of patients does not respond to induction therapy (i.e.,
“primary failures”) or loses the effect over time to become intolerant (i.e., “secondary failures”)[48]. The development of antibodies to the available biological agents is
not only responsible for secondary loss of effect, but it is
also associated with a risk of infusion reactions, although
concomitant immunomodulator therapy may reduce the
magnitude of the immunogenic response[48]. It has been
shown that both adaption and switching from one TNFi
to another can be efficacious to overcome resistance to
anti-TNF-α treatment[48]. Nonetheless, there clearly remains an unmet need for novel treatment options in IBD.
Extraintestinal manifestations occur frequently with
a negative impact of the quality of patients’ life[49]. Some
extraintestinal manifestations such as arthritis, erythema
nodosum, pyroderma gangraenosum, iritis, and uveitis
have a pathogenic TNF-α-dependent mechanism common with CD and UC, and TNFi might additionally be
applied in such cases to dampen inflammation[49].

JAK/STAT PATHWAY AND
THERAPEUTIC ADVANCES IN IBD
Cytokines, which are small proteins produced by immune
cells, facilitate communication between cells and have
essential functions in cell development and differentiation. In addition to activate the NF-κB and MAPK pathways[16], a large number of mammalian cytokines exert
their intracellular signaling by activating the JAK/STAT
pathway[50]. The JAK/STAT pathway is an evolutionary
conserved signaling network involved in a wide range
of cellular processes, including cell growth, survival,
differentiation, proliferation, apoptosis, and inflammation[51]. There are four members of JAKs - JAK1, JAK2,
JAK3, and tyrosine kinase 2 (TYK2) - that transduce
signals through seven members of the STAT transcription factors - STAT1, STAT2, STAT3, STAT4, STAT5A,
STAT5B, and STAT6 - in diverse combinations [50].
The diversity in cytokine responses is constituted by
the combination of receptor binding to multiple JAKs
and subsequent signaling through dimerised tyrosinephosphorylated STAT variants. JAK1, JAK2, and TYK2
proteins can bind to various types of cytokine receptor
families[50] and are expressed ubiquitously, whereas JAK3
is specifically associated with the IL-2R family [also
known as the common γ-chain (γc) family which includes
receptors for interleukins such as IL-2, IL-4, IL-7, IL-9,
IL-13, IL-15, and IL-21] expressed only on hematopoietic cells[52-54]. In addition to the γc family of receptors,
JAKs can be activated by the common β-chain family
(known as the IL-3R family which includes receptors for
e.g., IL-3 and IL-5), the receptors for IL-6, IL-11, IL-12,
IL-23 and IL-27 cytokines which uses a glycoprotein-130
co-receptor (known as the IL-6R family), and the interferon (IFN)-R family [i.e., receptors for IFNs (IFN-α, -β,
and -γ), IL-10, IL-19, IL-20, IL-22, IL-25, and IL-26][50].
When STAT proteins become tyrosine-phosphorylated
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by JAKs they form homo- or heterodimers which translocate from the cytoplasm into the nucleus to regulate
gene expression of target genes (Figure 1).

the clinical efficacy of tofacitinib in UC and CD is unclear. With its oral route of administration, tofacitinib
may offer a convenient alternative therapeutic option for
UC patients who are refractory to conventional therapy
such as anti-TNF-α therapy. However, larger long-term
clinical studies with tofacitinib are required to report
long-term safety as well as its therapeutic benefits in clinical use.

Tofacitinib (JAK inhibitor)
There has been great interest in development of small
molecule inhibitors of intracellular signaling pathways related to various conditions, including IBD. Several genetic
knockout studies have demonstrated the importance
and essential functions of JAKs in cytokine signaling
(reviewed in details in references[55-58]). Knockout of Jak1
or Jak2 genes are lethal in mice[59,60], whereas dysfunction
of Jak3 or Tyk2 in both mice and humans causes primary
immunodeficiency[61-64], underlying their importance for
immune competence. Thus, the involvement of JAKs
in a range of essential cytokine pathways has made JAK
inhibitors a potential therapeutics target in IBD. Over the
last two decades small-molecule JAK inhibitors have been
synthesised and are currently under clinical investigation[65]. Tofacitinib (formerly known as CP-690,550) was
the first selective JAK inhibitor to be tested in human
clinical trials. Tofacitinib inhibits all four JAKs, however,
with functional specificity for JAK1 and JAK3 in cellular
assays[65,66]. Consequently, as a JAK1 and JAK3 inhibitor,
tofacitinib effectively inhibits the signaling of the IL-2R
family of cytokines[50,65] and the receptor for IL-6 family of cytokines including IL-12 and IL-23[53]. Tofacitinib
also inhibits, albeit to a lesser extent, the IFN-R family[67]
as well as the IL-3 and IL-5 receptors. Thus, tofacitinib
affects both the innate and adaptive immune responses
by suppressing differentiation of Th1 and Th2 cells and
affecting the pathogenic Th17 cytokine production[65,68].
Tofacitinib is at present (September 2013) the only
oral administered JAK inhibitor approved by FDA for
use in therapy of adults with moderately to severely active rheumatoid arthritis (RA). However, there are investigations indicating that the drug can be effective in treatment of other chronic inflammatory indications such as
UC. In a double-bind randomised controlled phase II
trial in UC, patients treated with oral tofacitinib showed
higher clinical response after 8 wk compared with placebo[69]. The study comprised a total of 194 patients with
moderate to severe UC receiving tofacitinib or placebo
twice daily. Clinical response at 8 wk were found in 32%,
48%, 61%, and 78% of patients receiving twice daily tofacitinib at a dose of 0.5 mg (P = 0.39), 3 mg (P = 0.55),
10 mg (P = 0.10), and 15 mg (P < 0.001), respectively, as
compared to 42% among patients receiving placebo[69].
Similarly, clinical remission at 8 wk were associated with a
dose-dependent improvement of 13% (0.5 mg, P = 0.76),
33% (3 mg, P = 0.01), 48% (10 mg, P < 0.001), and 41%
(15 mg, P < 0.001) as compared with 10% of patients
receiving placebo[69]. Thus, tofacitinib seems effective
and reasonably in patients with moderate to severe UC.
In contrast, treatment of 139 randomised patients with
moderate to severe CD with tofacitinib in a 4-wk phase
Ⅱ trial showed no clinical efficacy at doses of 1, 5, and
15 mg twice daily[70]. The underlying difference between
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Ustekinumab (anti-IL-12/23 antibody)
One of the cytokine receptor families using the JAK/
STAT signaling pathway is the IL-6 family of receptors.
This receptor family includes receptors for IL-12 and
IL-23 which are both heterodimeric cytokines consisting
of two protein subunits, namely p35/p40 and p19/p40
subunits, respectively, hence sharing the p40 subunit[71].
IL-12 binds to the IL-12R which is composed of IL12Rβ1 and IL-12R β2 subunits, whereas IL-23 binds
to the IL-23R complex, composed of IL-23R and IL12Rβ1[72].
The IL-12R is primarily expressed by activated T-cells
and natural killer (NK) cells, but has been found to be
expressed on dendritic cells (DCs) and B-cells as well[73,74].
IL-12 induces activated T-cells to differentiate into IFN-γ
producing Th1 cells and it induces the NK cells to secrete IFN-γ and TNF-α[75,76]. The IL-23R is expressed on
T-cells, but has also been found to be expressed by NK
cells[72,77]. IL-23 primarily induces proliferation and survival of Th17 cells. Th17 cells secrete high amounts of
IL-17 and IL-17F together with TNF-α, IL-6, IL-21 and
IL-22. These cytokines have been found to be implicated
in chronic inflammation as well as autoimmune diseases[78-81]. A study found IL-12 to be important for systemic
activation of the immune system and IL-23 to drive
local intestinal inflammation. Additionally, IL-23 was
found to be involved in intestinal inflammation, because
it was possible to reverse active colitis by administration
of anti-IL-23, which might inhibit the pathogenic Th17
response, in a murine model[82]. In support of this, an
increased expression of IL-23 and IL-17 has been found
in the lamina propria of CD patients[83-85]. Likewise, overexpression of IL-12 and IL-23 has been found in the
inflamed mucosa of CD patients[86-88]. Exactly how these
two inflammatory cytokines contributes to the pathogenesis of CD has yet to be determined.
Ustekinumab is a human IgG1 monoclonal antibody designed to bind to the p40 subunit common to
both IL-12 and IL-23, thereby neutralising their activity
(Figure 1). The binding of ustekinumab to free IL-12
and IL-23 cytokines block their interaction with IL12Rβ1[89] expressed on T-cells, NK cells, macrophages,
DCs, and B-cells. Ustekinumab was approved for treatment of psoriasis in 2009[90,91]. In recent years, testing of
anti-IL-12/23 treatment in patients with CD has been
performed. In a double-blind, cross-over phase Ⅱ trial
with moderate to severe CD, patients were divided into
two populations; the first population (Ⅰ) enrolled 104
patients who had previously received conventional or bio-
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Natalizumab and vedolizumab (Integrin blocking
antibodies)
In mammals, 18 α-integrin and 8 β-integrin subtypes
have been discovered which are able to assemble into at
least 24 individual integrin heterodimers[97]. Of importance for IBD are two integrin heterodimers, namely
α4β1 and α4β7, which at present have been utilised for
treatment. Following inflammation of the small or large
intestine a significant increase is observed in the endothelial expression of both ligands of these integrins.
These are the mucosal addressin cell adhesion molecule-1
(MAdCAM-1)[98] and vascular cell adhesion molecule-1
(VCAM-1)[99], respectively. The primed leukocytes in the
circulation are in this way recruited to the inflamed intestine
in UC and CD, where they are able to extravasate the endothelium to reach the site of inflammation.
The first drug to be approved for targeting cell adhesion molecules in IBD was natalizumab, a recombinant
humanised monoclonal IgG4k antibody (Figure 2). It
has in some countries been approved for CD[100], for
both induction and maintenance indications. Natalizumab is an antibody targeting the α4 integrin subunit,
hence targeting both the α4β1 and the α4β7 integrin
heterodimers[101,102] (Figure 2). The ligands of these two
integrins are located on the endothelium in the intestinal lamina propria, but additionally the α4β1 integrin
is also involved in targeting of leukocytes to the central
nervous system (CNS) through interaction with endothelial VCAM-1[96,103] (Figure 2). Natalizumab has for this
reason been approved for multiple sclerosis (MS) due to
its ability to limit neuronal inflammation and to reduce
the risk of progressing disability[100,104]. This effect of
natalizumab on blocking leukocyte adhesion to the CNS
is considered to be a side effect as it thereby inhibits immune surveillance of the CNS. Three cases of progressive multifocal leukoencephalopathy (PML) in patients
on natalizumab have been reported among two patients
with MS receiving concomitant IFN-β-1α[103,105], and one
patient with CD on monotherapy[106]. Following blockade
of the leukocyte recruitment and patrolling of the CNS,
these patients experienced a reactivation or infection
of the opportunistic JC virus leading to PML. Hence,
natalizumab is today used as a second-line therapy, and
patients might be screened for JC virus infection prior to
treatment and are not allowed to be on concomitant immunomodulators[100].
Natalizumab is today the only available biological
therapy for CD not targeting TNF-α and have shown
convincing results. In the final randomised placebo-controlled phase Ⅲ study, 509 patients with moderate to severe CD experienced clinical response rates by week 4 of
51% and 37% (P = 0.001) for natalizumab and placebo
treatment, respectively, falling to 48% and 32% at week 8
(P < 0.001) (300 mg natalizumab or placebo at weeks 0,
4, and 8). Sustained remission occurred in 26% vs 16% of
the patients following week 12 (P = 0.002)[102]. A metaanalysis performed on 5 randomised controlled trials of
natalizumab has furthermore shown natalizumab to be

logic therapy, and the second population (Ⅱ) comprised
patients whom were non-responders to infliximab[92]. In
population I, 49% of ustekinumab treated patients were
in clinical response after 8 wk (the primary end points)
as compared to 40% of patients with placebo (P = 0.34).
However, ustekinumab treatment was efficient in patients
who had previously received infliximab (population Ⅱ).
Overall clinical response following 8 wk of ustekinumab
treatment in population Ⅱ was significantly greater than
the group receiving placebo (P < 0.05). Hence, in the
fall 2012, Sandborn et al[93] revealed a placebo-controlled
phase Ⅱ trial including 526 patients with moderate to
severe CD who had all failed anti-TNF-α therapy. After
6 wk of randomised induction therapy (1, 3, or 6 mg/kg
of body weight) or placebo, 145 patients had a clinical response to ustekinumab, as compared to placebo (1 mg, P
= 0.02; 3 mg, P = 0.06; 6 mg, P = 0.005). At week 6, these
145 patients were enrolled in a second randomisation to
receive either placebo or 90 mg ustekinumab at weeks 8
and 16 as a maintenance therapy. While the clinical remission rates in the induction therapy did not differ significantly from placebo at week 6, the maintenance therapy
with ustekinumab every 8 wk resulted in significantly
higher clinical remission at week 22 (42%), as compared
with placebo (27%, P = 0.03). Therefore, ustekinumab
may induce clinical response in moderate to severe CD
among patients who are refractory to infliximab.
In order to demonstrate evidence of definitive effectiveness and safety of ustekinumab, phase Ⅲ trials
are needed to test the long-term effects of ustekinumab
as well as possible side effects. Three phase Ⅲ trials are
currently under way. They include an induction trial in
patients with moderate to severe CD who are either naïve to anti-TNF-α treatment or have previously failed
anti-TNF-α treatment as well as a maintenance trial
in patients who respond to induction treatment with
ustekinumab[94].

TRAFFICKING OF THE IMMUNE CELLS
TO THE INTESTINE
Following pathogen invasion of the intestinal mucosa
and initiation of an immunogenic response, a priming
of effector cells occurs in the Peyer’s patches or in the
mesenteric lymph nodes (MLNs). After the T-cell priming and release into the circulation, specific adhesion
molecules are required for the cells to home to the site of
inflammation. Important adhesion molecules in the homing to the intestines are the chemokine receptor 9 (CCR9)
and the integrins α4β1 and α4β7, which are all induced
on intestinal mucosal T-cells following activation and imprinting of gut-homing specificity[95,96].
The homing of immune cells to the intestine during
inflammation has become a major target in the treatment
of IBD. In order to reduce leukocyte infiltration and continuation of inflammation, a number of molecules have
been targeted by antibodies and small molecules to block
these adhesion molecules[3].
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Figure 2 Integrin and chemokine inhibitors in intestinal endothelium. Mucosal addressin cell adhesion molecule-1 (MAdCAM-1) and vascular adhesion molecule-1 (VCAM-1) adhesion molecules become up-regulated on the endothelium during intestinal inflammation. In the small and large intestine (upper panel) the adhesion molecule MAdCAM-1 functions as docking site for integrins α4β1 and α4β7 expressed by T-cells. Contrary, the adhesion molecule VCAM-1 also acts as docking
molecule for α4β1. Addition of the inhibitory α4β1 antibody, natalizumab, thus blocks adhesion of T-cells to the entire intestinal mucosa. As VCAM-1 is additionally
expressed within the central nervous system (CNS), natalizumab also blocks T-cell extravasation and hence limits immune surveillance of the CNS which might lead
to progressive multifocal leukoencephalopathy. Using the α4β7 inhibitory antibody, vedolizumab, only the adhesion of T-cells to the intestine specific MAdCAM-1 is
blocked, and thus does not limit immune surveillance of the CNS while dampening the inflammatory response. In the endothelium of the small intestine (lower panel)
the chemokine ligand 25 (CCL25) adhesion molecule is predominantly expressed during inflammation. It acts as a ligand for the chemokine receptor 9 (CCR9) on T-cells.
The inhibitor vercirnon blocks the CCL25-CCR9 chemotaxis thus inhibiting T-cells adhesion to the small intestinal mucosa. Vercirnon was recently withdrawn following
a phase Ⅲ trial.

superior to placebo[107].
Due to the risk of PML following natalizumab treatment, more specific antibodies are, however, warranted.
Vedolizumab is a humanised monoclonal IgG1 antibody
specific for the α4β7 integrin, hence blocking leukocyte
adhesion to MAdCAM-1 expressed solely by the gut
endothelium[103] (Figure 2). On the basis of the phase
Ⅲ study series for vedolizumab (GEMINI Studies™)
Takeda filed a Biologics License Application (BLA) to
the FDA for use in both UC and CD in the early summer
of 2013[108]. Years back, randomised placebo-controlled
phase Ⅱ trials showed clinical effect of a monoclonal antibody similar to vedolizumab on both CD and UC[109,110].
Results from the GEMINI series (with GEMINI Ⅲ and
GEMINI LTS still ongoing) showed that patients with
UC, responding to vedolizumab induction therapy, receiving 300 mg vedolizumab every 4 or 8 wk for 52 wk
had remission rates of 49% (P < 0.001) and 42% (P <
0.001), respectively, compared to remission rates of 16%
in the placebo group. Following a 6 wk induction period
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the clinical remission rates were 47% vs 26%, respectively
for vedolizumab over placebo (P < 0.001)[111]. For CD, a
clinical remission rate of 15% compared to 7% (P = 0.02)
was observed for vedolizumab (300 mg) compared to
placebo following 6 wk induction treatment. Prolonged
treatment of responders with vedolizumab every 4 or 8
wk over the following 52 wk showed clinical remission
rates of 36% (P = 0.004) and 39% (P < 0.001), respectively, compared to 22% in the placebo group[112].
There are no concerns for PML in relation to vedolizumab as it does not seem to influence the immune
surveillance of the CNS in contrast to natalizumab[103,113].
There are high expectations to vedolizumab which is the
only gut selective drug for treatment of IBD, and it may
potentially be used as either a secondary intervention following anti-TNF-α failure or as a first-line treatment.
Integrins are important in the process of cellular
adhesion underlying the mechanism of action for the
integrin blocking antibodies. Integrins do, however, also
transmit cellular signaling. Evidence suggests that the
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interaction of the α4 integrins (α4β1 and α4β7) with
their ligands lead to the binding of its cytosolic domain
to paxillin, an intracellular signaling adaptor protein[114].
Hence, paxillin is a part of the focal adhesion complex
and gets phosphorylated by focal adhesion kinase and Src
kinase as well as other kinases including c-Jun N-terminal
kinases (JNK) and p38 MAPK[115]. Mutations of the cytoplasmic tail of α4 integrin disrupts the paxillin binding
site and lead to a reduced recruitment of mononuclear
leukocytes to the site of thioglycollate-induced peritonitis[116], although the integrin binding to its ligands was
unaffected. This evidence suggests that in particular the
α4 integrin signaling might influence the leukocyte homing to the inflamed section of the gastrointestinal tract or
may even play part in the full T-cell activation process by
blockade of nuclear factor of activated T-cells (NFAT)
signaling, despite the major effect as being an adhesion
molecule itself[115]. These findings may provide insight to
the discipline of regulating the inflammatory response;
however, this specific area needs further investigation.

daily was 47% as compared to 31% in the placebo group.
In addition, the levels of C-reactive protein were normalised in 19% of subjects receiving vercirnon compared
with only 9% of individuals given placebo[127]. In a recent
study the expression of CCR9 was also observed on activated regulatory T-cells and is important for trafficking
these cells to the inflamed site of the intestine[129] suggesting that inhibition of CCR9- and CCL25-dependent chemotaxis may result in a dysfunctional immune response
and consequently exacerbation of CD. Moreover, a newly
published clinical double-blind, placebo-controlled multicenter phase Ⅱ trial (Prospective Randomized OralTherapy Evaluation in Crohn’s disease Trial-1) for assessing the efficacy and safety of vercirnon in moderate
to severe CD patients showed that vercirnon was well
tolerated with no elevated risk of disease exacerbation
compared to placebo[130]. However, in September 2013,
GlaxoSmithKline (GSK) decided to terminate all clinical
trials with vercirnon as it failed in the first phase Ⅲ study,
SHIELD-1, both the primary endpoint of improved
clinical response as well as the key secondary endpoint of
clinical remission. SHIELD-1 was a randomised, doubleblind and placebo-controlled study to evaluate the efficacy and safety of two doses (500 mg once daily and 500
mg twice daily) of vercirnon compared to placebo over
12 wk in 608 adults with moderate to severe CD. The
study showed no efficacy with either dose in inducing a
clinical response or remission. Moreover, increased rates
of adverse events of vercirnon, including gastrointestinal- and cardiac disorders as compared to placebo were
reported.

Vercirnon (chemokine receptor inhibitor)
In addition to integrins, CCR9 (a G-protein coupled
receptor) also play a role in immune cell recruitment to
the intestine by exerting a chemotatic response towards
chemokine ligand 25 (CCL25)[117]. CCR9 is preferentially
expressed on thymocytes[118] as well as on intraepithelial
and lamina propria lymphocytes of the small intestine[119].
CCL25 is considered a potential intestine-specific homing
ligand expressed both within the crypts of the intestinal
epithelium[120], and on the vascular endothelium within
the human small intestine[121,122]. CCL25 is also expressed
in the colon but in much lower levels as compared to the
small intestine[123].
The involvement of CCR9 in lymphocyte trafficking to the small intestine was initially suggested by the
fact that CCR9 is selectively expressed on gut-homing
T-cells[124]. The CCR9+ T cells have also been found to
be elevated in the peripheral blood of CD patients, but
not in patients with CD solely confined to the colon[125].
In this context, inhibition of CCL25/CCR9 chemotaxis
has been suggested to be an attractive target for CD of
the small intestine. Oral administration of vercirnon
(GSK-1605786A), a selective small-molecule antagonist
of CCR9 that inhibits CCR9- and CCL25-dependent
chemotaxis (Figure 2) in an experimental mouse model
demonstrated a clear therapeutic benefit by leading to
significantly reduced inflammation in these mice[126,127].
In addition, in vitro experiments with human peripheral
blood mononuclear cells showed that vercirnon is a selective and potent antagonist of human CCR9[126] and
inhibits both functional variants of CCR9 (CCR9A and
CCR9B)[126,128]. Based on these findings, several clinical
double-blind, placebo-controlled phase Ⅱ trials (reviewed
in reference[127]) have been conducted for shorter and
longer induction periods with vercirnon in patients with
moderate to severe CD. The clinical remission rate following 36 wk of vercirnon treatment with 250 mg twice
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CONCLUSION
In recent years progress in basic and translational research has led to better understanding of the role of
inflammatory mediators in the pathogenesis of IBD. It is
believed that an altered balance between regulatory and
inflammatory cytokines contributes to perpetuate the
mucosal inflammation in both CD and UC. Since there
is evidence that the tissue damaging immune response
is driven by multiple cytokine driven inflammatory
pathways, it is logical to hypothesise that simultaneously
targeting two or more of these signals could be more advantageous than inhibiting just selective single pathways.
Various approaches for inhibiting such pathways have
been developed and are ready to go into the clinic. However, in designing clinical interventions around these new
drugs it should be taken into consideration that inhibition of inflammatory cytokines could be associated with
severe side-effects, as these molecules are also involved
in the regulation of physiological processes and immune
responses against infections and neoplasias. Another
promising therapeutic strategy is to restore counter regulatory mechanisms which are defective in IBD. Since it is
conceivable that no drug fits all patients, further experiments will be necessary to identify biomarkers that predict responsiveness to the anti-cytokine based therapy as
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well as to ascertain which biological therapy will be most
effective for the individual patient (i.e., tailored therapy).
Analysis of immuno-inflammatory pathways in the
gut of patients with CD and UC have shown that tissue
damage is driven by complex and dynamic cross-talk between immune and non-immune cells, and that cytokines
are key mediators of this interplay[1,131]. Considerable efforts have furthermore been used on the regulation of
the inflammatory cellular invasion into the lamina propria
to break the continuous pathogenic cytokine signaling.
It has been demonstrated that some cytokine mediated
counter-regulatory anti-inflammatory pathways are defect
in IBD raising the possibility that restoring these antiinflammatory signals may be a therapeutic strategy. These
advances together with several experimental models of
intestinal inflammation have facilitated the development
of components and biologics that neutralise cytokines.
Some of these drugs have already been tested in patients
with IBD and others are ready to move into clinical trials.
However, given the plethora of immunological manipulations that can prevent colitis in experimental models, the
recent failures of anti-IFN-γ, and anti-IL-17 antibodies
as well as the antagonist of CCR9 in the clinical setting,
and the fact that only 66% and 50% of patients with CD
and UC, respectively, respond to anti-TNF-α therapy, it
now becomes extremely difficult to decide which other
cytokines/chemokines should be targeted, and if they
will ever beat TNFi[132].

9

REFERENCES

18

1
2
3
4

5

6

7

8

10

11
12

13

14
15
16
17

Maloy KJ, Powrie F. Intestinal homeostasis and its breakdown in inflammatory bowel disease. Nature 2011; 474:
298-306 [PMID: 21677746 DOI: 10.1038/nature10208]
Khor B, Gardet A, Xavier RJ. Genetics and pathogenesis
of inflammatory bowel disease. Nature 2011; 474: 307-317
[PMID: 21677747 DOI: 10.1038/nature10209]
Danese S. New therapies for inflammatory bowel disease:
from the bench to the bedside. Gut 2012; 61: 918-932 [PMID:
22115827 DOI: 10.1136/gutjnl-2011-300904]
Murch SH, Lamkin VA, Savage MO, Walker-Smith JA, MacDonald TT. Serum concentrations of tumour necrosis factor
alpha in childhood chronic inflammatory bowel disease. Gut
1991; 32: 913-917 [PMID: 1885073 DOI: 10.1136/gut.32.8.913]
MacDonald TT, Hutchings P, Choy MY, Murch S, Cooke A.
Tumour necrosis factor-alpha and interferon-gamma production measured at the single cell level in normal and inflamed human intestine. Clin Exp Immunol 1990; 81: 301-305
[PMID: 2117510 DOI: 10.1111/j.1365-2249.1990.tb03334.x]
Breese EJ, Michie CA, Nicholls SW, Murch SH, Williams
CB, Domizio P, Walker-Smith JA, MacDonald TT. Tumor
necrosis factor alpha-producing cells in the intestinal mucosa of children with inflammatory bowel disease. Gastroenterology 1994; 106: 1455-1466 [PMID: 8194690]
Braegger CP, Nicholls S, Murch SH, Stephens S, MacDonald TT. Tumour necrosis factor alpha in stool as a marker
of intestinal inflammation. Lancet 1992; 339: 89-91 [PMID:
1345871 DOI: 10.1016/0140-6736(92)90999-J]
Nielsen OH, Gionchetti P, Ainsworth M, Vainer B, Campieri M, Borregaard N, Kjeldsen L. Rectal dialysate and fecal
concentrations of neutrophil gelatinase-associated lipocalin,
interleukin-8, and tumor necrosis factor-alpha in ulcerative colitis. Am J Gastroenterol 1999; 94: 2923-2928 [PMID:
10520846 DOI: 10.1016/S0002-9270(99)00495-5]

WJG|www.wjgnet.com

19

20

21

22

23

72

Saiki T, Mitsuyama K, Toyonaga A, Ishida H, Tanikawa K.
Detection of pro- and anti-inflammatory cytokines in stools
of patients with inflammatory bowel disease. Scand J Gastroenterol 1998; 33: 616-622 [PMID: 9669634 DOI: 10.1080/00365
529850171891]
Nielsen OH, Rask-Madsen J. Mediators of inflammation in
chronic inflammatory bowel disease. Scand J Gastroenterol
Suppl 1996; 216: 149-159 [PMID: 8726287 DOI: 10.3109/0036
5529609094569]
Nielsen OH, Ainsworth MA. Tumor necrosis factor inhibitors for inflammatory bowel disease. N Engl J Med 2013; 369:
754-762 [PMID: 23964937 DOI: 10.1056/NEJMct1209614]
Ordás I, Mould DR, Feagan BG, Sandborn WJ. Anti-TNF
monoclonal antibodies in inflammatory bowel disease:
pharmacokinetics-based dosing paradigms. Clin Pharmacol
Ther 2012; 91: 635-646 [PMID: 22357456 DOI: 10.1038/
clpt.2011.328]
Hart AL, Al-Hassi HO, Rigby RJ, Bell SJ, Emmanuel AV,
Knight SC, Kamm MA, Stagg AJ. Characteristics of intestinal dendritic cells in inflammatory bowel diseases. Gastroenterology 2005; 129: 50-65 [PMID: 16012934 DOI: 10.1053/
j.gastro.2005.05.013]
Lu YC, Yeh WC, Ohashi PS. LPS/TLR4 signal transduction
pathway. Cytokine 2008; 42: 145-151 [PMID: 18304834 DOI:
10.1016/j.cyto.2008.01.006]
Croft M, Benedict CA, Ware CF. Clinical targeting of the
TNF and TNFR superfamilies. Nat Rev Drug Discov 2013; 12:
147-168 [PMID: 23334208 DOI: 10.1038/nrd3930]
Coskun M, Olsen J, Seidelin JB, Nielsen OH. MAP kinases
in inflammatory bowel disease. Clin Chim Acta 2011; 412:
513-520 [PMID: 21185271 DOI: 10.1016/j.cca.2010.12.020]
Schulzke JD, Bojarski C, Zeissig S, Heller F, Gitter AH,
Fromm M. Disrupted barrier function through epithelial
cell apoptosis. Ann N Y Acad Sci 2006; 1072: 288-299 [PMID:
17057208 DOI: 10.1196/annals.1326.027]
Zeissig S, Bürgel N, Günzel D, Richter J, Mankertz J, Wahnschaffe U, Kroesen AJ, Zeitz M, Fromm M, Schulzke JD.
Changes in expression and distribution of claudin 2, 5 and
8 lead to discontinuous tight junctions and barrier dysfunction in active Crohn’s disease. Gut 2007; 56: 61-72 [PMID:
16822808 DOI: 10.1136/gut.2006.094375]
Present DH, Rutgeerts P, Targan S, Hanauer SB, Mayer L,
van Hogezand RA, Podolsky DK, Sands BE, Braakman T,
DeWoody KL, Schaible TF, van Deventer SJ. Infliximab for
the treatment of fistulas in patients with Crohn’s disease.
N Engl J Med 1999; 340: 1398-1405 [PMID: 10228190 DOI:
10.1056/NEJM199905063401804]
Targan SR, Hanauer SB, van Deventer SJ, Mayer L, Present
DH, Braakman T, DeWoody KL, Schaible TF, Rutgeerts PJ.
A short-term study of chimeric monoclonal antibody cA2
to tumor necrosis factor alpha for Crohn’s disease. Crohn’s
Disease cA2 Study Group. N Engl J Med 1997; 337: 1029-1035
[PMID: 9321530 DOI: 10.1056/NEJM199710093371502]
Colombel JF, Sandborn WJ, Rutgeerts P, Enns R, Hanauer
SB, Panaccione R, Schreiber S, Byczkowski D, Li J, Kent
JD, Pollack PF. Adalimumab for maintenance of clinical
response and remission in patients with Crohn’s disease:
the CHARM trial. Gastroenterology 2007; 132: 52-65 [PMID:
17241859 DOI: 10.1053/j.gastro.2006.11.041]
Hanauer SB, Sandborn WJ, Rutgeerts P, Fedorak RN, Lukas
M, MacIntosh D, Panaccione R, Wolf D, Pollack P. Human
anti-tumor necrosis factor monoclonal antibody (adalimumab) in Crohn’s disease: the CLASSIC-I trial. Gastroenterology
2006; 130: 323-333; quiz 591 [PMID: 16472588 DOI: 10.1053/
j.gastro.2005.11.030]
Sandborn WJ, Abreu MT, D’Haens G, Colombel JF, Vermeire S, Mitchev K, Jamoul C, Fedorak RN, Spehlmann ME,
Wolf DC, Lee S, Rutgeerts P. Certolizumab pegol in patients
with moderate to severe Crohn’s disease and secondary fail-

January 7, 2014|Volume 20|Issue 1|

Pedersen J et al . Pathways of clinical relevance in IBD

24

25

26
27

28

29
30

31

32

33

34

35
36

37

ure to infliximab. Clin Gastroenterol Hepatol 2010; 8: 688-695.
e2 [PMID: 20451663 DOI: 10.1016/j.cgh.2010.04.021]
Sandborn WJ, Feagan BG, Stoinov S, Honiball PJ, Rutgeerts
P, Mason D, Bloomfield R, Schreiber S. Certolizumab pegol
for the treatment of Crohn’s disease. N Engl J Med 2007; 357:
228-238 [PMID: 17634458 DOI: 10.1056/NEJMoa067594]
Schreiber S, Khaliq-Kareemi M, Lawrance IC, Thomsen
OØ, Hanauer SB, McColm J, Bloomfield R, Sandborn WJ.
Maintenance therapy with certolizumab pegol for Crohn’
s disease. N Engl J Med 2007; 357: 239-250 [PMID: 17634459
DOI: 10.1056/NEJMoa062897]
Danese S, Fiocchi C. Ulcerative colitis. N Engl J Med 2011; 365:
1713-1725 [PMID: 22047562 DOI: 10.1056/NEJMra1102942]
Sandborn WJ, Feagan BG, Marano C, Zhang H, Strauss R,
Johanns J, Adedokun OJ, Guzzo C, Colombel JF, Reinisch
W, Gibson PR, Collins J, Järnerot G, Hibi T, Rutgeerts P.
Subcutaneous Golimumab Induces Clinical Response and
Remission in Patients With Moderate-to-Severe Ulcerative
Colitis. Gastroenterology 2014; 146: 85-95 [PMID: 23735746
DOI: 10.1053/j.gastro.2013.05.048]
Sandborn WJ, Hanauer SB, Katz S, Safdi M, Wolf DG, Baerg
RD, Tremaine WJ, Johnson T, Diehl NN, Zinsmeister AR.
Etanercept for active Crohn’s disease: a randomized, double-blind, placebo-controlled trial. Gastroenterology 2001; 121:
1088-1094 [PMID: 11677200 DOI: 10.1053/gast.2001.28674]
Coskun M, Nielsen OH. Tumor necrosis factor inhibitors
for inflammatory bowel disease. N Engl J Med 2013; 369:
2561-2562 [PMID: 24369082 DOI: 10.1056/NEJMc1312800]
Hanauer SB, Feagan BG, Lichtenstein GR, Mayer LF,
Schreiber S, Colombel JF, Rachmilewitz D, Wolf DC, Olson A, Bao W, Rutgeerts P. Maintenance infliximab for
Crohn’s disease: the ACCENT I randomised trial. Lancet
2002; 359: 1541-1549 [PMID: 12047962 DOI: 10.1016/
S0140-6736(02)08512-4]
Sandborn WJ, Rutgeerts P, Enns R, Hanauer SB, Colombel
JF, Panaccione R, D’Haens G, Li J, Rosenfeld MR, Kent JD,
Pollack PF. Adalimumab induction therapy for Crohn disease previously treated with infliximab: a randomized trial.
Ann Intern Med 2007; 146: 829-838 [PMID: 17470824 DOI:
10.7326/0003-4819-146-12-200706190-00159]
Peyrin-Biroulet L, Deltenre P, de Suray N, Branche J, Sandborn WJ, Colombel JF. Efficacy and safety of tumor necrosis factor antagonists in Crohn’s disease: meta-analysis of
placebo-controlled trials. Clin Gastroenterol Hepatol 2008; 6:
644-653 [PMID: 18550004 DOI: 10.1016/j.cgh.2008.03.014]
Lichtenstein GR, Thomsen OØ, Schreiber S, Lawrance IC,
Hanauer SB, Bloomfield R, Sandborn WJ. Continuous therapy with certolizumab pegol maintains remission of patients
with Crohn’s disease for up to 18 months. Clin Gastroenterol
Hepatol 2010; 8: 600-609 [PMID: 20117244 DOI: 10.1016/
j.cgh.2010.01.014]
Sandborn WJ, Hanauer SB, Rutgeerts P, Fedorak RN, Lukas
M, MacIntosh DG, Panaccione R, Wolf D, Kent JD, Bittle B,
Li J, Pollack PF. Adalimumab for maintenance treatment of
Crohn’s disease: results of the CLASSIC II trial. Gut 2007; 56:
1232-1239 [PMID: 17299059 DOI: 10.1136/gut.2006.106781]
Neurath MF, Travis SP. Mucosal healing in inflammatory
bowel diseases: a systematic review. Gut 2012; 61: 1619-1635
[PMID: 22842618 DOI: 10.1136/gutjnl-2012-302830]
Sands BE, Anderson FH, Bernstein CN, Chey WY, Feagan BG, Fedorak RN, Kamm MA, Korzenik JR, Lashner
BA, Onken JE, Rachmilewitz D, Rutgeerts P, Wild G, Wolf
DC, Marsters PA, Travers SB, Blank MA, van Deventer SJ.
Infliximab maintenance therapy for fistulizing Crohn’s disease. N Engl J Med 2004; 350: 876-885 [PMID: 14985485 DOI:
10.1056/NEJMoa030815]
Rutgeerts P, Sandborn WJ, Feagan BG, Reinisch W, Olson
A, Johanns J, Travers S, Rachmilewitz D, Hanauer SB, Lichtenstein GR, de Villiers WJ, Present D, Sands BE, Colombel

WJG|www.wjgnet.com

38

39

40

41

42

43

44

45

46

47

48

73

JF. Infliximab for induction and maintenance therapy for
ulcerative colitis. N Engl J Med 2005; 353: 2462-2476 [PMID:
16339095 DOI: 10.1056/NEJMoa050516]
Reinisch W, Sandborn WJ, Hommes DW, D’Haens G,
Hanauer S, Schreiber S, Panaccione R, Fedorak RN, Tighe
MB, Huang B, Kampman W, Lazar A, Thakkar R. Adalimumab for induction of clinical remission in moderately to
severely active ulcerative colitis: results of a randomised
controlled trial. Gut 2011; 60: 780-787 [PMID: 21209123 DOI:
10.1136/gut.2010.221127]
Sandborn WJ, van Assche G, Reinisch W, Colombel JF, D’
Haens G, Wolf DC, Kron M, Tighe MB, Lazar A, Thakkar
RB. Adalimumab induces and maintains clinical remission
in patients with moderate-to-severe ulcerative colitis. Gastroenterology 2012; 142: 257-65.e1-3 [PMID: 22062358 DOI:
10.1053/j.gastro.2011.10.032]
Sandborn WJ, Feagan BG, Marano C, Zhang H, Strauss R,
Johanns J, Adedokun OJ, Guzzo C, Colombel JF, Reinisch
W, Gibson PR, Collins J, Järnerot G, Rutgeerts P. Subcutaneous Golimumab Maintains Clinical Response in Patients
With Moderate-to-Severe Ulcerative Colitis. Gastroenterology 2014; 146: 96-109.e1 [PMID: 23770005 DOI: 10.1053/
j.gastro.2013.06.010]
Sandborn WJ, Rutgeerts P, Feagan BG, Reinisch W, Olson
A, Johanns J, Lu J, Horgan K, Rachmilewitz D, Hanauer
SB, Lichtenstein GR, de Villiers WJ, Present D, Sands BE,
Colombel JF. Colectomy rate comparison after treatment of
ulcerative colitis with placebo or infliximab. Gastroenterology 2009; 137: 1250-1260; quiz 1520 [PMID: 19596014 DOI:
10.1053/j.gastro.2009.06.061]
Järnerot G, Hertervig E, Friis-Liby I, Blomquist L, Karlén
P, Grännö C, Vilien M, Ström M, Danielsson A, Verbaan
H, Hellström PM, Magnuson A, Curman B. Infliximab as
rescue therapy in severe to moderately severe ulcerative
colitis: a randomized, placebo-controlled study. Gastroenterology 2005; 128: 1805-1811 [PMID: 15940615 DOI: 10.1053/
j.gastro.2005.03.003]
Laharie D, Bourreille A, Branche J, Allez M, Bouhnik
Y, Filippi J, Zerbib F, Savoye G, Nachury M, Moreau J,
Delchier JC, Cosnes J, Ricart E, Dewit O, Lopez-Sanroman
A, Dupas JL, Carbonnel F, Bommelaer G, Coffin B, Roblin
X, Van Assche G, Esteve M, Färkkilä M, Gisbert JP, Marteau
P, Nahon S, de Vos M, Franchimont D, Mary JY, Colombel
JF, Lémann M. Ciclosporin versus infliximab in patients
with severe ulcerative colitis refractory to intravenous steroids: a parallel, open-label randomised controlled trial.
Lancet 2012; 380: 1909-1915 [PMID: 23063316 DOI: 10.1016/
S0140-6736(12)61084-8]
Colombel JF, Sandborn WJ, Reinisch W, Mantzaris GJ,
Kornbluth A, Rachmilewitz D, Lichtiger S, D’Haens G, Diamond RH, Broussard DL, Tang KL, van der Woude CJ, Rutgeerts P. Infliximab, azathioprine, or combination therapy
for Crohn’s disease. N Engl J Med 2010; 362: 1383-1395 [PMID:
20393175 DOI: 10.1056/NEJMoa0904492]
Panccione R, Ghosh S, Middleton S, Marques JR, Khalif I,
Flint L, van Hoogstraten H, Zheng H, Danese S, Rutgeerts
PJ. Infliximab, azathioprine, or infliximab azathioprine for
treatment of moderate to severe ulcerative colitis: the UC
SUCCESS trial. Gastroenterology 2011; 140 (suppl 1): S134
[DOI: 10.1016/S0016-5085(11)60548-9]
Nielsen OH, Bjerrum JT, Herfarth H, Rogler G. Recent advances using immunomodulators for inflammatory bowel
disease. J Clin Pharmacol 2013; 53: 575-588 [PMID: 23408468
DOI: 10.1002/jcph.2]
Subramaniam K, D’Rozario J, Pavli P. Lymphoma and
other lymphoproliferative disorders in inflammatory bowel
disease: a review. J Gastroenterol Hepatol 2013; 28: 24-30
[PMID: 23094824 DOI: 10.1111/jgh.12015]
Nielsen OH, Seidelin JB, Munck LK, Rogler G. Use of bio-

January 7, 2014|Volume 20|Issue 1|

Pedersen J et al . Pathways of clinical relevance in IBD

49

50

51

52
53
54
55

56
57
58

59

60

61

62

63

64
65

logical molecules in the treatment of inflammatory bowel
disease. J Intern Med 2011; 270: 15-28 [PMID: 21241384 DOI:
10.1111/j.1365-2796.2011.02344.x]
Larsen S, Bendtzen K, Nielsen OH. Extraintestinal manifestations of inflammatory bowel disease: epidemiology, diagnosis, and management. Ann Med 2010; 42: 97-114 [PMID:
20166813 DOI: 10.3109/07853890903559724]
Coskun M, Salem M, Pedersen J, Nielsen OH. Involvement
of JAK/STAT signaling in the pathogenesis of inflammatory
bowel disease. Pharmacol Res 2013; 76: 1-8 [PMID: 23827161
DOI: 10.1016/j.phrs.2013.06.007]
Liongue C, O’Sullivan LA, Trengove MC, Ward AC. Evolution of JAK-STAT pathway components: mechanisms and
role in immune system development. PLoS One 2012; 7:
e32777 [PMID: 22412924 DOI: 10.1371/journal.pone.0032777]
Wu W, Sun XH. Janus kinase 3: the controller and the controlled. Acta Biochim Biophys Sin (Shanghai) 2012; 44: 187-196
[PMID: 22130498 DOI: 10.1093/abbs/gmr105]
Ghoreschi K, Laurence A, O’Shea JJ. Janus kinases in immune cell signaling. Immunol Rev 2009; 228: 273-287 [PMID:
19290934 DOI: 10.1111/j.1600-065X.2008.00754.x]
Cornejo MG, Boggon TJ, Mercher T. JAK3: a two-faced player in hematological disorders. Int J Biochem Cell Biol 2009; 41:
2376-2379 [PMID: 19747563 DOI: 10.1016/j.biocel.2009.09.004]
Igaz P, Tóth S, Falus A. Biological and clinical significance
of the JAK-STAT pathway; lessons from knockout mice. Inflamm Res 2001; 50: 435-441 [PMID: 11603847 DOI: 10.1007/
PL00000267]
Schindler C, Plumlee C. Inteferons pen the JAK-STAT pathway. Semin Cell Dev Biol 2008; 19: 311-318 [PMID: 18765289
DOI: 10.1016/j.semcdb.2008.08.010]
Kiu H, Nicholson SE. Biology and significance of the JAK/
STAT signalling pathways. Growth Factors 2012; 30: 88-106
[PMID: 22339650 DOI: 10.3109/08977194.2012.660936]
O’Shea JJ, Holland SM, Staudt LM. JAKs and STATs in
immunity, immunodeficiency, and cancer. N Engl J Med
2013; 368: 161-170 [PMID: 23301733 DOI: 10.1056/NEJMra1202117]
Rodig SJ, Meraz MA, White JM, Lampe PA, Riley JK, Arthur CD, King KL, Sheehan KC, Yin L, Pennica D, Johnson
EM, Schreiber RD. Disruption of the Jak1 gene demonstrates
obligatory and nonredundant roles of the Jaks in cytokineinduced biologic responses. Cell 1998; 93: 373-383 [PMID:
9590172 DOI: 10.1016/S0092-8674(00)81166-6]
Neubauer H, Cumano A, Müller M, Wu H, Huffstadt U,
Pfeffer K. Jak2 deficiency defines an essential developmental
checkpoint in definitive hematopoiesis. Cell 1998; 93: 397-409
[PMID: 9590174 DOI: 10.1016/S0092-8674(00)81168-X]
Suzuki K, Nakajima H, Saito Y, Saito T, Leonard WJ, Iwamoto I. Janus kinase 3 (Jak3) is essential for common cytokine receptor gamma chain (gamma(c))-dependent signaling: comparative analysis of gamma(c), Jak3, and gamma(c)
and Jak3 double-deficient mice. Int Immunol 2000; 12:
123-132 [PMID: 10653847 DOI: 10.1093/intimm/12.2.123]
Karaghiosoff M, Neubauer H, Lassnig C, Kovarik P,
Schindler H, Pircher H, McCoy B, Bogdan C, Decker T,
Brem G, Pfeffer K, Müller M. Partial impairment of cytokine
responses in Tyk2-deficient mice. Immunity 2000; 13: 549-560
[PMID: 11070173 DOI: 10.1016/S1074-7613(00)00054-6]
Macchi P, Villa A, Giliani S, Sacco MG, Frattini A, Porta F,
Ugazio AG, Johnston JA, Candotti F, O’Shea JJ. Mutations
of Jak-3 gene in patients with autosomal severe combined
immune deficiency (SCID). Nature 1995; 377: 65-68 [PMID:
7659163 DOI: 10.1038/377065a0]
Leonard WJ, O’Shea JJ. Jaks and STATs: biological implications. Annu Rev Immunol 1998; 16: 293-322 [PMID: 9597132
DOI: 10.1146/annurev.immunol.16.1.293]
Ghoreschi K, Jesson MI, Li X, Lee JL, Ghosh S, Alsup JW,
Warner JD, Tanaka M, Steward-Tharp SM, Gadina M,

WJG|www.wjgnet.com

66

67

68

69

70

71

72

73

74
75

76

77

74

Thomas CJ, Minnerly JC, Storer CE, LaBranche TP, Radi
ZA, Dowty ME, Head RD, Meyer DM, Kishore N, O’Shea
JJ. Modulation of innate and adaptive immune responses
by tofacitinib (CP-690,550). J Immunol 2011; 186: 4234-4243
[PMID: 21383241 DOI: 10.4049/jimmunol.1003668]
Williams NK, Bamert RS, Patel O, Wang C, Walden PM,
Wilks AF, Fantino E, Rossjohn J, Lucet IS. Dissecting specificity in the Janus kinases: the structures of JAK-specific
inhibitors complexed to the JAK1 and JAK2 protein tyrosine kinase domains. J Mol Biol 2009; 387: 219-232 [PMID:
19361440 DOI: 10.1016/j.jmb.2009.01.041]
Müller M, Briscoe J, Laxton C, Guschin D, Ziemiecki A,
Silvennoinen O, Harpur AG, Barbieri G, Witthuhn BA,
Schindler C. The protein tyrosine kinase JAK1 complements
defects in interferon-alpha/beta and -gamma signal transduction. Nature 1993; 366: 129-135 [PMID: 8232552 DOI:
10.1038/366129a0]
Yoshida H, Kimura A, Fukaya T, Sekiya T, Morita R,
Shichita T, Inoue H, Yoshimura A. Low dose CP-690,550
(tofacitinib), a pan-JAK inhibitor, accelerates the onset of experimental autoimmune encephalomyelitis by potentiating
Th17 differentiation. Biochem Biophys Res Commun 2012; 418:
234-240 [PMID: 22252297 DOI: 10.1016/j.bbrc.2011.12.156]
Sandborn WJ, Ghosh S, Panes J, Vranic I, Su C, Rousell S,
Niezychowski W. Tofacitinib, an oral Janus kinase inhibitor,
in active ulcerative colitis. N Engl J Med 2012; 367: 616-624
[PMID: 22894574 DOI: 10.1056/NEJMoa1112168]
Sandborn WJ, Ghosh S, Panes J, Vranic I, Spanton J, Niezychowski W. Phase 2 Randomized Study of CP-690,550, an Oral
Janus Kinase Inhibitor, in Active Crohn’s Disease. Gastroenterology 2011; 140: S124 [DOI: 10.1016/S0016-5085(11)60503-9]
Kobayashi M, Fitz L, Ryan M, Hewick RM, Clark SC, Chan
S, Loudon R, Sherman F, Perussia B, Trinchieri G. Identification and purification of natural killer cell stimulatory factor
(NKSF), a cytokine with multiple biologic effects on human
lymphocytes. J Exp Med 1989; 170: 827-845 [PMID: 2504877
DOI: 10.1084/jem.170.3.827]
Parham C, Chirica M, Timans J, Vaisberg E, Travis M,
Cheung J, Pflanz S, Zhang R, Singh KP, Vega F, To W, Wagner J, O’Farrell AM, McClanahan T, Zurawski S, Hannum C,
Gorman D, Rennick DM, Kastelein RA, de Waal Malefyt R,
Moore KW. A receptor for the heterodimeric cytokine IL-23
is composed of IL-12Rbeta1 and a novel cytokine receptor subunit, IL-23R. J Immunol 2002; 168: 5699-5708 [PMID:
12023369]
Benson JM, Sachs CW, Treacy G, Zhou H, Pendley CE,
Brodmerkel CM, Shankar G, Mascelli MA. Therapeutic
targeting of the IL-12/23 pathways: generation and characterization of ustekinumab. Nat Biotechnol 2011; 29: 615-624
[PMID: 21747388 DOI: 10.1038/nbt.1903]
Trinchieri G. Interleukin-12 and the regulation of innate
resistance and adaptive immunity. Nat Rev Immunol 2003; 3:
133-146 [PMID: 12563297 DOI: 10.1038/nri1001]
Kikly K, Liu L, Na S, Sedgwick JD. The IL-23/Th(17) axis:
therapeutic targets for autoimmune inflammation. Curr
Opin Immunol 2006; 18: 670-675 [PMID: 17010592 DOI:
10.1016/j.coi.2006.09.008]
Perussia B, Chan SH, D’Andrea A, Tsuji K, Santoli D, Pospisil M, Young D, Wolf SF, Trinchieri G. Natural killer (NK)
cell stimulatory factor or IL-12 has differential effects on
the proliferation of TCR-alpha beta+, TCR-gamma delta+ T
lymphocytes, and NK cells. J Immunol 1992; 149: 3495-3502
[PMID: 1358972]
Cua DJ, Sherlock J, Chen Y, Murphy CA, Joyce B, Seymour
B, Lucian L, To W, Kwan S, Churakova T, Zurawski S,
Wiekowski M, Lira SA, Gorman D, Kastelein RA, Sedgwick
JD. Interleukin-23 rather than interleukin-12 is the critical
cytokine for autoimmune inflammation of the brain. Nature 2003; 421: 744-748 [PMID: 12610626 DOI: 10.1038/na-

January 7, 2014|Volume 20|Issue 1|

Pedersen J et al . Pathways of clinical relevance in IBD

78

79
80

81
82

83

84

85

86

87

88

89

90

91

ture01355]
Abraham C, Cho JH. IL-23 and autoimmunity: new insights
into the pathogenesis of inflammatory bowel disease. Annu
Rev Med 2009; 60: 97-110 [PMID: 18976050 DOI: 10.1146/annurev.med.60.051407.123757]
Iwakura Y, Ishigame H. The IL-23/IL-17 axis in inflammation. J Clin Invest 2006; 116: 1218-1222 [PMID: 16670765 DOI:
10.1172/JCI28508]
Smits HH, van Beelen AJ, Hessle C, Westland R, de Jong E,
Soeteman E, Wold A, Wierenga EA, Kapsenberg ML. Commensal Gram-negative bacteria prime human dendritic cells
for enhanced IL-23 and IL-27 expression and enhanced Th1
development. Eur J Immunol 2004; 34: 1371-1380 [PMID:
15114670 DOI: 10.1002/eji.200324815]
Nishimoto N. Interleukin-6 in rheumatoid arthritis. Curr
Opin Rheumatol 2006; 18: 277-281 [PMID: 16582692 DOI:
10.1097/01.bor.0000218949.19860.d1]
Elson CO, Cong Y, Weaver CT, Schoeb TR, McClanahan
TK, Fick RB, Kastelein RA. Monoclonal anti-interleukin 23
reverses active colitis in a T cell-mediated model in mice.
Gastroenterology 2007; 132: 2359-2370 [PMID: 17570211 DOI:
10.1053/j.gastro.2007.03.104]
Uhlig HH, McKenzie BS, Hue S, Thompson C, Joyce-Shaikh
B, Stepankova R, Robinson N, Buonocore S, TlaskalovaHogenova H, Cua DJ, Powrie F. Differential activity of IL-12
and IL-23 in mucosal and systemic innate immune pathology. Immunity 2006; 25: 309-318 [PMID: 16919486 DOI:
10.1016/j.immuni.2006.05.017]
Aggarwal S, Ghilardi N, Xie MH, de Sauvage FJ, Gurney
AL. Interleukin-23 promotes a distinct CD4 T cell activation
state characterized by the production of interleukin-17. J Biol
Chem 2003; 278: 1910-1914 [PMID: 12417590 DOI: 10.1074/
jbc.M207577200]
Hölttä V, Klemetti P, Sipponen T, Westerholm-Ormio M,
Kociubinski G, Salo H, Räsänen L, Kolho KL, Färkkilä M,
Savilahti E, Vaarala O. IL-23/IL-17 immunity as a hallmark
of Crohn’s disease. Inflamm Bowel Dis 2008; 14: 1175-1184
[PMID: 18512248 DOI: 10.1002/ibd.20475]
Schmidt C, Giese T, Ludwig B, Mueller-Molaian I, Marth T,
Zeuzem S, Meuer SC, Stallmach A. Expression of interleukin-12-related cytokine transcripts in inflammatory bowel
disease: elevated interleukin-23p19 and interleukin-27p28 in
Crohn’s disease but not in ulcerative colitis. Inflamm Bowel
Dis 2005; 11: 16-23 [PMID: 15674109 DOI: 10.1097/00054725200501000-00003]
Fuss IJ, Becker C, Yang Z, Groden C, Hornung RL, Heller
F, Neurath MF, Strober W, Mannon PJ. Both IL-12p70 and
IL-23 are synthesized during active Crohn’s disease and are
down-regulated by treatment with anti-IL-12 p40 monoclonal antibody. Inflamm Bowel Dis 2006; 12: 9-15 [PMID:
16374252 DOI: 10.1097/01.MIB.0000194183.92671.b6]
Parrello T, Monteleone G, Cucchiara S, Monteleone I, Sebkova L, Doldo P, Luzza F, Pallone F. Up-regulation of the
IL-12 receptor beta 2 chain in Crohn’s disease. J Immunol
2000; 165: 7234-7239 [PMID: 11120856]
Luo J, Wu SJ, Lacy ER, Orlovsky Y, Baker A, Teplyakov A,
Obmolova G, Heavner GA, Richter HT, Benson J. Structural basis for the dual recognition of IL-12 and IL-23 by
ustekinumab. J Mol Biol 2010; 402: 797-812 [PMID: 20691190
DOI: 10.1016/j.jmb.2010.07.046]
Leonardi CL, Kimball AB, Papp KA, Yeilding N, Guzzo C,
Wang Y, Li S, Dooley LT, Gordon KB. Efficacy and safety
of ustekinumab, a human interleukin-12/23 monoclonal
antibody, in patients with psoriasis: 76-week results from a
randomised, double-blind, placebo-controlled trial (PHOENIX 1). Lancet 2008; 371: 1665-1674 [PMID: 18486739 DOI:
10.1016/S0140-6736(08)60725-4]
Papp KA, Langley RG, Lebwohl M, Krueger GG, Szapary
P, Yeilding N, Guzzo C, Hsu MC, Wang Y, Li S, Dooley LT,

WJG|www.wjgnet.com

92

93

94
95

96
97
98

99

100
101

102

103

104

75

Reich K. Efficacy and safety of ustekinumab, a human interleukin-12/23 monoclonal antibody, in patients with psoriasis: 52-week results from a randomised, double-blind, placebo-controlled trial (PHOENIX 2). Lancet 2008; 371: 1675-1684
[PMID: 18486740 DOI: 10.1016/S0140-6736(08)60726-6]
Sandborn WJ, Feagan BG, Fedorak RN, Scherl E, Fleisher
MR, Katz S, Johanns J, Blank M, Rutgeerts P. A randomized
trial of Ustekinumab, a human interleukin-12/23 monoclonal
antibody, in patients with moderate-to-severe Crohn’s disease. Gastroenterology 2008; 135: 1130-1141 [PMID: 18706417
DOI: 10.1053/j.gastro.2008.07.014]
Sandborn WJ, Gasink C, Gao LL, Blank MA, Johanns J,
Guzzo C, Sands BE, Hanauer SB, Targan S, Rutgeerts P,
Ghosh S, de Villiers WJ, Panaccione R, Greenberg G, Schreiber S, Lichtiger S, Feagan BG. Ustekinumab induction
and maintenance therapy in refractory Crohn’s disease.
N Engl J Med 2012; 367: 1519-1528 [PMID: 23075178 DOI:
10.1056/NEJMoa1203572]
Ray K. IBD: Ustekinumab shows promise in the treatment of
refractory Crohn’s disease. Nat Rev Gastroenterol Hepatol 2012;
9: 690 [PMID: 23147667 DOI: 10.1038/nrgastro.2012.213]
Iwata M, Hirakiyama A, Eshima Y, Kagechika H, Kato C,
Song SY. Retinoic acid imprints gut-homing specificity on
T cells. Immunity 2004; 21: 527-538 [PMID: 15485630 DOI:
10.1016/j.immuni.2004.08.011]
Sheridan BS, Lefrançois L. Regional and mucosal memory
T cells. Nat Immunol 2011; 12: 485-491 [PMID: 21739671 DOI:
10.1038/ni.2029]
Takada Y, Ye X, Simon S. The integrins. Genome Biol 2007; 8:
215 [PMID: 17543136 DOI: 10.1186/gb-2007-8-5-215]
Ando T, Langley RR, Wang Y, Jordan PA, Minagar A, Alexander JS, Jennings MH. Inflammatory cytokines induce
MAdCAM-1 in murine hepatic endothelial cells and mediate alpha-4 beta-7 integrin dependent lymphocyte endothelial adhesion in vitro. BMC Physiol 2007; 7: 10 [PMID:
17868448 DOI: 10.1186/1472-6793-7-10]
Panés J, Granger DN. Leukocyte-endothelial cell interactions: molecular mechanisms and implications in gastrointestinal disease. Gastroenterology 1998; 114: 1066-1090 [PMID:
9558298 DOI: 10.1016/S0016-5085(98)70328-2]
FDA Approval of Natalizumab for use in Crohn’s disease.
2008. Available from: URL: http://www.accessdata.fda.
gov/drugsatfda_docs/appletter/2008/125104s0033ltr.pdf
Sandborn WJ, Colombel JF, Enns R, Feagan BG, Hanauer
SB, Lawrance IC, Panaccione R, Sanders M, Schreiber S, Targan S, van Deventer S, Goldblum R, Despain D, Hogge GS,
Rutgeerts P. Natalizumab induction and maintenance therapy for Crohn’s disease. N Engl J Med 2005; 353: 1912-1925
[PMID: 16267322 DOI: 10.1056/NEJMoa043335]
Targan SR, Feagan BG, Fedorak RN, Lashner BA, Panaccione R, Present DH, Spehlmann ME, Rutgeerts PJ, Tulassay Z, Volfova M, Wolf DC, Hernandez C, Bornstein
J, Sandborn WJ. Natalizumab for the treatment of active
Crohn’s disease: results of the ENCORE Trial. Gastroenterology 2007; 132: 1672-1683 [PMID: 17484865 DOI: 10.1053/
j.gastro.2007.03.024]
Haanstra KG, Hofman SO, Lopes Estêvão DM, Blezer EL,
Bauer J, Yang LL, Wyant T, Csizmadia V, ‘t Hart BA, Fedyk
ER. Antagonizing the α4β1 integrin, but not α4β7, inhibits leukocytic infiltration of the central nervous system in
rhesus monkey experimental autoimmune encephalomyelitis. J Immunol 2013; 190: 1961-1973 [PMID: 23365083 DOI:
10.4049/jimmunol.1202490]
Polman CH, O’Connor PW, Havrdova E, Hutchinson M,
Kappos L, Miller DH, Phillips JT, Lublin FD, Giovannoni
G, Wajgt A, Toal M, Lynn F, Panzara MA, Sandrock AW.
A randomized, placebo-controlled trial of natalizumab for
relapsing multiple sclerosis. N Engl J Med 2006; 354: 899-910
[PMID: 16510744 DOI: 10.1056/NEJMoa044397]

January 7, 2014|Volume 20|Issue 1|

Pedersen J et al . Pathways of clinical relevance in IBD
119 Lefrançois L, Lycke N. Isolation of mouse small intestinal
intraepithelial lymphocytes, Peyer’s patch, and lamina propria cells. Curr Protoc Immunol 2001; Chapter 3: Unit 3.19
[PMID: 18432783 DOI: 10.1002/0471142735.im0319s17]
120 White GE, Iqbal AJ, Greaves DR. CC chemokine receptors
and chronic inflammation--therapeutic opportunities and
pharmacological challenges. Pharmacol Rev 2013; 65: 47-89
[PMID: 23300131 DOI: 10.1124/pr.111.005074]
121 Kunkel EJ, Campbell JJ, Haraldsen G, Pan J, Boisvert J,
Roberts AI, Ebert EC, Vierra MA, Goodman SB, Genovese
MC, Wardlaw AJ, Greenberg HB, Parker CM, Butcher
EC, Andrew DP, Agace WW. Lymphocyte CC chemokine
receptor 9 and epithelial thymus-expressed chemokine
(TECK) expression distinguish the small intestinal immune
compartment: Epithelial expression of tissue-specific chemokines as an organizing principle in regional immunity. J
Exp Med 2000; 192: 761-768 [PMID: 10974041 DOI: 10.1084/
jem.192.5.761]
122 Papadakis KA, Prehn J, Nelson V, Cheng L, Binder SW,
Ponath PD, Andrew DP, Targan SR. The role of thymusexpressed chemokine and its receptor CCR9 on lymphocytes in the regional specialization of the mucosal immune
system. J Immunol 2000; 165: 5069-5076 [PMID: 11046037]
123 Wurbel MA, McIntire MG, Dwyer P, Fiebiger E. CCL25/
CCR9 interactions regulate large intestinal inflammation in
a murine model of acute colitis. PLoS One 2011; 6: e16442
[PMID: 21283540 DOI: 10.1371/journal.pone.0016442]
124 Zabel BA, Agace WW, Campbell JJ, Heath HM, Parent D,
Roberts AI, Ebert EC, Kassam N, Qin S, Zovko M, LaRosa
GJ, Yang LL, Soler D, Butcher EC, Ponath PD, Parker CM,
Andrew DP. Human G protein-coupled receptor GPR-9-6/
CC chemokine receptor 9 is selectively expressed on intestinal homing T lymphocytes, mucosal lymphocytes, and thymocytes and is required for thymus-expressed chemokinemediated chemotaxis. J Exp Med 1999; 190: 1241-1256 [PMID:
10544196 DOI: 10.1084/jem.190.9.1241]
125 Papadakis KA, Prehn J, Moreno ST, Cheng L, Kouroumalis
EA, Deem R, Breaverman T, Ponath PD, Andrew DP, Green
PH, Hodge MR, Binder SW, Targan SR. CCR9-positive
lymphocytes and thymus-expressed chemokine distinguish
small bowel from colonic Crohn’s disease. Gastroenterology 2001; 121: 246-254 [PMID: 11487533 DOI: 10.1053/
gast.2001.27154]
126 Walters MJ, Wang Y, Lai N, Baumgart T, Zhao BN, Dairaghi DJ, Bekker P, Ertl LS, Penfold ME, Jaen JC, Keshav S,
Wendt E, Pennell A, Ungashe S, Wei Z, Wright JJ, Schall TJ.
Characterization of CCX282-B, an orally bioavailable antagonist of the CCR9 chemokine receptor, for treatment of
inflammatory bowel disease. J Pharmacol Exp Ther 2010; 335:
61-69 [PMID: 20660125 DOI: 10.1124/jpet.110.169714]
127 Eksteen B, Adams DH. GSK-1605786, a selective smallmolecule antagonist of the CCR9 chemokine receptor for the
treatment of Crohn’s disease. IDrugs 2010; 13: 472-781 [PMID:
20582872]
128 Yu CR, Peden KW, Zaitseva MB, Golding H, Farber JM.
CCR9A and CCR9B: two receptors for the chemokine
CCL25/TECK/Ck beta-15 that differ in their sensitivities to
ligand. J Immunol 2000; 164: 1293-1305 [PMID: 10640743]
129 Wermers JD, McNamee EN, Wurbel MA, Jedlicka P,
Rivera-Nieves J. The chemokine receptor CCR9 is required
for the T-cell-mediated regulation of chronic ileitis in mice.
Gastroenterology 2011; 140: 1526-35.e3 [PMID: 21300065 DOI:
10.1053/j.gastro.2011.01.044]
130 Keshav S, Vaňásek T, Niv Y, Petryka R, Howaldt S, Bafutto
M, Rácz I, Hetzel D, Nielsen OH, Vermeire S, Reinisch W,
Karlén P, Schreiber S, Schall TJ, Bekker P. A randomized
controlled trial of the efficacy and safety of CCX282-B, an
orally-administered blocker of chemokine receptor CCR9,
for patients with Crohn’s disease. PLoS One 2013; 8: e60094

105 Kleinschmidt-DeMasters BK, Tyler KL. Progressive multifocal leukoencephalopathy complicating treatment with
natalizumab and interferon beta-1a for multiple sclerosis.
N Engl J Med 2005; 353: 369-374 [PMID: 15947079 DOI:
10.1056/NEJMoa051782]
106 Van Assche G, Van Ranst M, Sciot R, Dubois B, Vermeire S,
Noman M, Verbeeck J, Geboes K, Robberecht W, Rutgeerts
P. Progressive multifocal leukoencephalopathy after natalizumab therapy for Crohn’s disease. N Engl J Med 2005; 353:
362-368 [PMID: 15947080 DOI: 10.1056/NEJMoa051586]
107 Ford AC, Sandborn WJ, Khan KJ, Hanauer SB, Talley NJ,
Moayyedi P. Efficacy of biological therapies in inflammatory bowel disease: systematic review and meta-analysis. Am
J Gastroenterol 2011; 106: 644-59, quiz 660 [PMID: 21407183
DOI: 10.1038/ajg.2011.73]
108 Takeda Submits BLA for Vedolizumab for Moderately to
Severely Active Crohn’s Disease and Ulcerative Colitis.
Available from: URL: http://www.drugs.com/nda/vedolizumab_130621.html
109 Feagan BG, Greenberg GR, Wild G, Fedorak RN, Paré P,
McDonald JW, Dubé R, Cohen A, Steinhart AH, Landau S,
Aguzzi RA, Fox IH, Vandervoort MK. Treatment of ulcerative colitis with a humanized antibody to the alpha4beta7
integrin. N Engl J Med 2005; 352: 2499-2507 [PMID: 15958805
DOI: 10.1056/NEJMoa042982]
110 Feagan BG, Greenberg GR, Wild G, Fedorak RN, Paré P,
McDonald JW, Cohen A, Bitton A, Baker J, Dubé R, Landau
SB, Vandervoort MK, Parikh A. Treatment of active Crohn’s
disease with MLN0002, a humanized antibody to the alpha4beta7 integrin. Clin Gastroenterol Hepatol 2008; 6: 1370-1377
[PMID: 18829392 DOI: 10.1016/j.cgh.2008.06.007]
111 Feagan BG, Rutgeerts P, Sands BE, Hanauer S, Colombel JF,
Sandborn WJ, Van Assche G, Axler J, Kim HJ, Danese S, Fox
I, Milch C, Sankoh S, Wyant T, Xu J, Parikh A. Vedolizumab
as induction and maintenance therapy for ulcerative colitis. N Engl J Med 2013; 369: 699-710 [PMID: 23964932 DOI:
10.1056/NEJMoa1215734]
112 Sandborn WJ, Feagan BG, Rutgeerts P, Hanauer S, Colombel JF, Sands BE, Lukas M, Fedorak RN, Lee S, Bressler
B, Fox I, Rosario M, Sankoh S, Xu J, Stephens K, Milch C,
Parikh A. Vedolizumab as induction and maintenance
therapy for Crohn’s disease. N Engl J Med 2013; 369: 711-721
[PMID: 23964933 DOI: 10.1056/NEJMoa1215739]
113 Fedyk ER, Wyant T, Yang LL, Csizmadia V, Burke K, Yang
H, Kadambi VJ. Exclusive antagonism of the α4 β7 integrin
by vedolizumab confirms the gut-selectivity of this pathway
in primates. Inflamm Bowel Dis 2012; 18: 2107-2119 [PMID:
22419649 DOI: 10.1002/ibd.22940]
114 Liu S, Thomas SM, Woodside DG, Rose DM, Kiosses WB,
Pfaff M, Ginsberg MH. Binding of paxillin to alpha4 integrins modifies integrin-dependent biological responses. Nature 1999; 402: 676-681 [PMID: 10604475 DOI: 10.1038/45264]
115 Lee YC, Chang AY, Lin-Feng MH, Tsou WI, Chiang IH, Lai
MZ. Paxillin phosphorylation by JNK and p38 is required
for NFAT activation. Eur J Immunol 2012; 42: 2165-2175
[PMID: 22865050 DOI: 10.1002/eji.201142192]
116 Kummer C, Petrich BG, Rose DM, Ginsberg MH. A small
molecule that inhibits the interaction of paxillin and alpha
4 integrin inhibits accumulation of mononuclear leukocytes
at a site of inflammation. J Biol Chem 2010; 285: 9462-9469
[PMID: 20097761 DOI: 10.1074/jbc.M109.066993]
117 Zaballos A, Gutiérrez J, Varona R, Ardavín C, Márquez G.
Cutting edge: identification of the orphan chemokine receptor GPR-9-6 as CCR9, the receptor for the chemokine TECK.
J Immunol 1999; 162: 5671-5675 [PMID: 10229797]
118 Norment AM, Bogatzki LY, Gantner BN, Bevan MJ. Murine
CCR9, a chemokine receptor for thymus-expressed chemokine that is up-regulated following pre-TCR signaling. J Immunol 2000; 164: 639-648 [PMID: 10623805]

WJG|www.wjgnet.com

76

January 7, 2014|Volume 20|Issue 1|

Pedersen J et al . Pathways of clinical relevance in IBD
[PMID: 23527300 DOI: 10.1371/journal.pone.0060094]
131 Macdonald TT, Monteleone G. Immunity, inflammation,
and allergy in the gut. Science 2005; 307: 1920-1925 [PMID:
15790845 DOI: 10.1126/science.1106442]

132 Rutgeerts P, Vermeire S, Van Assche G. Biological therapies for inflammatory bowel diseases. Gastroenterology
2009; 136: 1182-1197 [PMID: 19249397 DOI: 10.1053/
j.gastro.2009.02.001]
P- Reviewers: Arias M, AzumaYT, Jiang M, Yamamoto S
S- Editor: Zhai HH L- Editor: A E- Editor: Ma S

WJG|www.wjgnet.com

77

January 7, 2014|Volume 20|Issue 1|

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748/wjg.v20.i1.78

World J Gastroenterol 2014 January 7; 20(1): 78-90
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

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

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

Surgery for luminal Crohn’s disease
Takayuki Yamamoto, Toshiaki Watanabe
The morbidity also is lower, and the rate of disease recurrence is similar compared with open procedures.

Takayuki Yamamoto, Inflammatory Bowel Disease Center and
Department of Surgery, Yokkaichi Social Insurance Hospital, Mie
510-0016, Japan
Toshiaki Watanabe, Department of Surgical Oncology, The
University of Tokyo, Hongo, Tokyo 113-0033, Japan
Author contributions: Yamamoto T and Watanabe T contributed equally to this paper.
Correspondence to: Takayuki Yamamoto, MD, PhD, FACG,
Inflammatory Bowel Disease Center and Department of Surgery,
Yokkaichi Social Insurance Hospital, 10-8 Hazuyamacho, Yokkaichi, Mie 510-0016, Japan. nao-taka@sannet.ne.jp
Telephone: +81-59-3312000 Fax: +81-59-3310354
Received: September 17, 2013 Revised: November 12, 2013
Accepted: December 3, 2013
Published online: January 7, 2014

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

Key words: Crohn’s disease; Laparoscopic surgery; Resection; Strictureplasty; Surgery
Core tip: Strictureplasty is now an accepted procedure
in the management of jejunoileal Crohn’s disease (CD).
However, the place for strictureplasty is less well defined in duodenal and colonic diseases. For patients
with extensive colonic CD, the surgical choices include
total colectomy with either an ileorectal anastomosis or
end-ileostomy, or a total proctocolectomy with permanent end-ileostomy. Patients with CD undergoing ileal
pouch-anal anastomosis are associated with poor functional outcomes and high failure rates. Laparoscopic
surgery is safe and feasible. Patients who undergo laparoscopic surgery have a more rapid recovery of bowel
function and a shorter hospital stay.

Abstract
Many patients with Crohn’s disease (CD) require surgery. Indications for surgery include failure of medical
treatment, bowel obstruction, fistula or abscess formation. The most common surgical procedure is resection.
In jejunoileal CD, strictureplasty is an accepted surgical
technique that relieves the obstructive symptoms, while
preserving intestinal length and avoiding the development of short bowel syndrome. However, the role of
strictureplasty in duodenal and colonic diseases remains
controversial. In extensive colitis, after total colectomy
with ileorectal anastomosis (IRA), the recurrence rates
and functional outcomes are reasonable. For patients
with extensive colitis and rectal involvement, total colectomy and end-ileostomy is safe and effective; however, a few patients can have subsequent IRA, and half of
the patients will require proctectomy later. Proctocolectomy is associated with a high incidence of delayed
perineal wound healing, but it carries a low recurrence
rate. Patients undergoing proctocolectomy with ileal
pouch-anal anastomosis had poor functional outcomes
and high failure rates. Laparoscopic surgery has been
introduced as a minimal invasive procedure. Patients
who undergo laparoscopic surgery have a more rapid
recovery of bowel function and a shorter hospital stay.
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INTRODUCTION
Crohn’s disease (CD) is a chronic inflammatory disease
of unknown cause that can involve any portion of the
digestive tract. Inflammation can extend entirely through
the intestinal wall, and most patients with CD will eventually develop stricturing or perforating complications[1].
Accordingly, the majority of patients require surgery as
part of the therapeutic management of their disease.
Probability of surgical resection within 15 years after diagnosis was 70%[2]. CD may be helped by surgery, but it
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cannot be cured by surgery. The primary goals of surgery
are to alleviate serious complications, achieve the best
possible quality of life (QOL), and conserve as much
bowel as possible.

CD. The surgical management of gastroduodenal CD is
discussed later.

In 1987 Alexander-Williams and Haynes[4] formulated the
5 ‘‘Golden Rules’’ of surgical management of CD (Table
1). Surgical treatments for CD include bypass, resection, and strictureplasty. The aim of surgery for CD has
shifted from radical operation, achieving inflammationfree margins of resection, to minimal surgery, intended
to remove just grossly inflamed tissue or performing
strictureplasty. The surgeon must assess which procedure
is most suitable at each area of the disease.

Resection
Resection margin: The most commonly performed operation for patients undergoing surgical management of
their CD is resection of the diseased segment. In small
bowel disease, the involved segment is characterized by
thickening of the mesenteric margin of the bowel, fat
wrapping on the sides of the intestinal wall[7]. The nondiseased bowel can be distinguished from diseased bowel
by palpating the mesenteric border of the bowel wall.
Several studies[8,9] suggested that radical resection, the
wide resection of normal bowel uninvolved microscopically, was associated with a lower recurrence rate as compared with non-radical resection. Other studies[10,11] have
shown no difference in the recurrence rates between
patients treated with radical resection and non-radical
resection. In a randomized controlled trial (RCT)[12], 152
patients undergoing ileocolonic resection for CD were
randomly assigned to two groups in which the proximal
line of resection was 2 cm (limited resection) or 12 cm
(extended resection) from the macroscopically involved
area. With a median follow-up time of 56 mo, disease recurred in 25% of patients in the limited resection group
and 18% of patients in the extended resection group
(not significant). This study indicate that recurrence rate
is unaffected by the width of the margin of resection
from macroscopically involved bowel segment. Radical
resection is not recommended because it does not reduce
recurrence rates.

Bypass
There are two types of bypass operations: exclusion
bypass and simple (continuity) bypass. For certain types
of ileocecal CD with associated with serious abscess or
phlegmon densely adherent to the retroperitoneum, the
proximal cut end of the transected ileum is anastomosed
to the transverse colon in an end-to-side fashion with or
without construction of a mucus fistula of the distal cut
end of the ileum (exclusion bypass) or an ileotransverse
colonic anastomosis is made in a side-to-side fashion
(simple bypass). In the study by Homan and Dineen[5],
CD involving the ileum and cecum was treated with resection in 115 patients, exclusion bypass in 25, and simple
bypass in 21. Overall recurrence rates were 25% for resection, 63% for exclusion bypass, and 75% for simple
bypass. This difference was accounted for by early recurrence or by persistent disease in the two bypass groups:
21% for exclusion bypass and 45% for simple bypass as
compared to 3% for resection. These results indicate that
the recurrence rate following resection is significantly
lower than bypass, and continuing disease in the bypassed
loop accounts for a high percentage of reoperations in
the bypass groups. Resection is the surgical treatment of
choice for ileocecal CD. Furthermore, there is the risk of
malignancy in the bypassed segment[6]. At present, bypass
surgery is rarely performed except for gastroduodenal

Anastomotic technique: Stapled functional end-toend anastomosis has become a popular procedure in
colorectal surgery. Its potential benefits include a wide
anastomotic lumen, minimal contamination, and a quick
method. Fecal stasis and subsequent bacterial overgrowth are implicated in anastomotic recurrence in CD.
A wider anastomosis is less likely to cause a functional
obstruction, and may be associated with a lower risk of
recurrence. Several studies[13-15] reported that the stapled
functional end-to-end anastomosis was associated with
fewer postoperative complications and recurrences as
compared with sutured end-to-end anastomosis (conventional anastomosis). In a meta-analysis, the outcomes
were compared between end-to-end anastomosis and
other anastomotic configurations after bowel resection
for CD[16]. Eight studies reported on 661 patients who
underwent 712 anastomoses, of which 383 (53.8%) were
sutured end-to-end anastomosis and 329 (46.2%) were
other anastomotic configurations (259 stapled side-toside, 59 end-to-side or side-to-end, 11 stapled circular
end-to-end). End-to-end anastomosis was associated
with increased anastomotic leak rates. Side-to-side anastomosis was associated with fewer anastomotic leaks
and overall postoperative complications, and a shorter
hospital stay. There was no significant difference between
the groups in perianastomotic recurrence and reopera-

INDICATIONS FOR SURGERY
Indications for surgery include failure of medical treatment, bowel obstruction, fistula or abscess formation, or
combination of these indications. The majority of patients are treated with elective surgery. However, patients
with intestinal perforation, peritonitis, excessive bleeding
or toxic megacolon require urgent surgery. Improved
medical treatment may lead to higher rates of elective
operations[3]. However, prolonged conservative treatment
may also increase the number of serious complications
before surgery. Therefore, a multidisciplinary approach
with early involvement of the surgeon is important to
avoid any delay in indication to surgery.

SURGICAL OPTIONS
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Table 1 Five "Golden Rules" of surgical management of
[4]
Crohn’s disease

Table 2 Contraindications to strictureplasty
Excessive tension due to rigid and thickened bowel segments
Perforation of the intestine
Fistula or abscess formation at the intended strictureplasty site
Hemorrhagic strictures
Multiple strictures within a short segment
Malnutrition or hypoalbuminemia (< 2.0 g/dL)
Suspicion of cancer at the intended strictureplasty site

Crohn’s disease is a panintestinal disease, with intermittent activity and
the potential of focal exacerbations throughout the patient’s life
It is impossible to cure Crohn’s disease by excision. The surgeon is
required only to treat the complications
The essence of surgical treatment is to make the operation as safe
as possible. If the operation becomes safe and patients survive, they
will inevitably have recurrences and so repeated operations may be
required. Therefore, it is important to conserve as much gut as possible
All diseased bowels need not be excised, only that part with
complications
If only stenotic complications are being treated, perhaps the stenosis can
be simply widened by strictureplasty or dilatation

function of the small bowel[19,20]. Strictureplasty is ideal
for diffuse involvement of the small bowel with multiple
strictures, and strictures in patients who have undergone
extensive resections or multiple resections of the small
bowel. Strictures of duodenum, and ileocolonic or ileorectal anastomosis can be treated with strictureplasty. In
contrast, contraindications to strictureplasty are presented
in Table 2.
At laparotomy, strictures are identified by careful palpation of the bowel. The Heineke-Mikulicz strictureplasty is used for short strictures of up to 10 cm in length.
In contrast, the Finney strictureplasty is used for longer
strictures of up to 25 cm. Heineke-Mikulicz strictureplasty rarely develops metabolic sequelae, which may suggest
that absorptive capacity is preserved. Whether the bowel
is similarly functionally preserved after Finney strictureplasty is open to question, and some would argue that the
bacterial overgrowth and blind-loop syndrome may result
from this type of strictureplasty. Very long strictures (>
30 cm) and multiple strictures within a short segment
have traditionally been treated with resection. Several
authors have introduced new types of strictureplasty for
these conditions[21-28]. We will discuss this in more detail
towards the end of this section.

tion needed because of perianastomotic recurrence.
Five of the 8 studies included in this meta-analysis were
non-randomized retrospective trials. In an RCT[17], 139
patients who underwent an ileocolonic resection were
randomized to side-to-side anastomosis (STSA group) or
end-to-end anastomosis (ETEA group). There were no
significant differences in overall complication rates (24%
in the ETEA group vs 20% in the STSA group), anastomotic leak rates (7% in the ETEA group vs 7% in the
STSA group) and reoperative rates for complications (7%
in the ETEA vs 7% in the STSA group). After a mean
follow-up of 11.9 mo, the symptomatic recurrence rate
was 21.9% in the ETEA group, compared with 22.7% in
the STSA group (not significant). The endoscopic recurrence rate was 42.5% in the ETEA group, compared with
37.9% in the STSA group. Based on these results[16,17],
CD recurrence after bowel resection is not affected by
anastomotic type.
Kono et al[18] has recently introduced a new antimesenteric functional end-to-end handsewn anastomosis
(Kono-S anastomosis) designed to minimize anastomotic
restenosis in patients with CD. In their retrospective
study, 69 patients with Kono-S anastomosis (group S)
were compared with 73 historical patients with conventional anastomosis (group C) from 1993 to 2003. The
frequency of endoscopic recurrence at anastomosis was
comparable between the two groups (83% at 1 year and
100% at 5 years in group S vs 79% at 1 year and 100% at
5 years in group C). However, the median endoscopic recurrence score at the anastomosis was significantly lower
in group S than in group C (2.6 vs 3.4). At 5 years after
operation, surgical recurrence rate at the anastomosis
was significantly lower in group S than in group C. The
Kono-S anastomosis appears to be effective in preventing
anastomotic surgical recurrence in CD. However, to rigorously evaluate the efficacy of the Kono-S anastomosis,
large RCTs are necessary.

Outcomes: In a meta-analysis[19], a total of 1112 patients
who underwent 3259 strictureplasties (Heineke-Mikulicz
81%, Finney 10%, side-to-side isoperistaltic 5%, others
4%) were identified. The sites of strictureplasty were
jejunum and/or ileum (94%), previous ileocolonic or
ileorectal anastomosis (IRA) (4%), duodenum (1%), and
colon (1%). After jejunoileal strictureplasty, including
ileocolonic anastomotic strictureplasty, septic complications (anastomotic leak, enteric fistula, intra-abdominal
abscess) occurred in 4% of patients. Poor nutritional
status, anemia, peritoneal contamination due to intraabdominal sepsis, older age and emergency operation were
risk factors for the complications after strictureplasty. In
contrast, steroid use, synchronous bowel resection, and
number, site or type of strictureplasties were not significant factors. Overall surgical recurrence was 23% (95%CI:
17%-30%). The 5-year recurrence rate after strictureplasty was 28%. In 90% of patients, recurrence occurred at
non-strictureplasty sites, and the site-specific recurrence
rate was 3%. Younger age was a risk factor for recurrence
after strictureplasty. Few patients developed a short bowel
syndrome. These results confirmed that strictureplasty
may have largely replaced resection and minimized the

Strictureplasty
Indications: One of the risks of repeated or extensive
resections for small bowel CD is the development of
short bowel syndrome. The rationale for strictureplasty
is to avoid resection and preserve intestinal length and
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risk of the short bowel syndrome.

long-term results between conventional (Heineke-Mikulicz and Finney) and non-conventional (modified Finney,
combined Heineke-Mikulicz and Finney, modified
Heineke-Mikulicz, Michelassi, and modifications of it and
others) strictureplasties[31]. One thousand one hundred
fifty-seven patients underwent conventional strictureplasties with an early complication rate of 15% vs 459 patients underwent non-conventional strictureplasties with
an early complication rate of 8%. A late complication
rate was 29% for the conventional strictureplasty group vs
17% for the non-conventional strictureplasty group. The
early and late complication rates are comparable between
the non-conventional and conventional strictureplasty
procedures. However, bowel function is preserved after
long strictureplasty is open to discussion because motility
disturbances may occur after this type of strictureplasty.
Michelassi et al[23] found that in their enteroclysis study,
flow of contrast was unimpeded, and no stasis or retention of contrast occurred in the strictureplasty site. Further investigation is necessary to evaluate the efficacy of
the new types of strictureplasties.

Strictureplasty vs resection: There was concern about
a potential increase in septic complications and disease
recurrence with strictureplasty, as this procedure preserves diseased bowel and as the suture line is fashioned
through macroscopic disease. It is difficult to compare
the outcomes of strictureplasty and resection, since resection is principally used for severely affected segments
which are not suitable for strictureplasty. There have been
no RCTs comparing the outcomes between strictureplasty and resection. In a recent meta-analysis[29], seven
studies comprising 688 patients (strictureplasty 45%, resection with/without strictureplasty 55%) were analyzed.
Patients undergoing strictureplasty alone had a lower risk
of developing postoperative complications than those
who underwent resection (OR = 0.60, 95%CI: 0.31-1.16)
although this was not statistically significant. Surgical
recurrence after strictureplasty was more likely than after
resection (OR = 1.36, 95%CI: 0.96-1.93). Patients who
had a resection showed a significantly longer recurrencefree survival than those undergoing strictureplasty alone
(HR = 1.08, 95%CI: 1.02-1.15). These results suggest
that patients with small bowel CD undergoing strictureplasty alone may have fewer postoperative complications
than those undergoing a concomitant bowel resection.
However, surgical recurrence maybe higher following
strictureplasty alone than with a concomitant small bowel
resection. RCTs are necessary to rigorously compare the
outcomes between strictureplasty and resection.

SURGERY FOR SPECIFIC CONDITIONS
Duodenal CD
Gastroduodenal CD is an uncommon condition, occurring in about 1%-5% of all CD cases[32,33]. The most
common site of gastroduodenal CD was the duodenal
bulb, and gastroduodenal CD was almost invariably present in association with disease elsewhere in the intestinal
tract[32,33]. Stricture was the most common pathology
of gastroduodenal CD[32,33]. Presence of symptoms of
obstruction needs medical therapy with steroids and immunomodulatory drugs including infliximab. When these
medications do not alleviate the symptoms, balloon dilation or surgery is the option to consider. In patients with
gastroduodenal CD, the most common indication for
surgery was obstruction.
Several authors reported the outcomes of surgery
for gastroduodenal CD. In the Birmingham study[34], 26
patients with obstructive duodenal CD were treated with
strictureplasty (n = 13) or bypass surgery (n = 13). The
median duration of follow-up was 159 mo. In the strictureplasty group, 2 patients developed an anastomotic
breakdown leading to an enterocutaneous fistula. Obstructive symptoms were not improved in four patients,
of whom 3 patients were managed with conservative
treatments and the other patient required a gastrojejunostomy. In the long-term, 6 patients developed restricture
at the previous strictureplasty site, of whom 5 required
repeat strictureplasty and the other patient underwent
duodenojejunostomy. Overall, 9 patients after strictureplasty required further surgical treatment due to 3 early
postoperative complications (anastomotic leaks 2 and
persistent obstructive symptoms 1) and 6 restrictures
at the previous strictureplasty site. In the bypass group,
3 patients had persistent obstructive symptoms and 1
developed intra-abdominal sepsis in the early postopera-

New types of strictureplasties: Multiple strictureplasties in a short segment may result in a bulky and unyielding segment of intestine, which leads to considerable tension on each suture line. In patients with long and rigid
strictures, the Finney strictureplasty may not be technically feasible because the intestinal wall lacks the pliability
to fold onto itself. Michelassi[22] initially proposed a new
technique, the side-to-side isoperistaltic strictureplasty in
the management of long strictures or multiple strictures
in a short segment. Other authors have also introduced
their new types of strictureplasties[24-28]. A prospective
study[30] reported on the results of 184 patients who underwent the side-to-side isoperistaltic strictureplasty in six
centers. The average length of diseased bowel selected
for the strictureplasty varied among centers, from 20.8 to
64.3 cm. The complication rate after surgery varied from
5.7% to 20.8%. The most commonly encountered complication was gastrointestinal hemorrhage (2%), followed
by suture line dehiscence (1%), and bowel obstruction
(1%). Forty-one of the 184 patients required surgery for
recurrent disease, with an average time to recurrence of
35 mo. The cumulative reoperation-free rate at 5 years
after surgery was 77% across all centers. This study suggests that the side-to-side isoperistaltic strictureplasty carries a low mortality and morbidity rate, with acceptable
recurrence rates.
A recent systematic review compared short-term and
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tive period. All settled on conservative treatments. In the
long-term, 6 patients required further surgery for stomal
ulceration (n = 2) and anastomotic obstruction (n = 4). In
the Cleveland Clinic study[35], 34 patients with duodenal
CD were treated with strictureplasty (n = 13) or bypass
(n = 21). Strictureplasty was associated with 2 postoperative complications, and 1 patient required reoperation
for recurrence at a mean follow-up of 3.6 years. Bypass
was associated with 2 postoperative complications, and 1
patient required reoperation for recurrence at a mean follow-up of 8 years. In the management of duodenal CD,
strictureplasty has the advantage of avoiding a blind loop
syndrome or stomal ulceration. In the Birmingham study,
strictureplasty has no obvious advantages over bypass
surgery. In contrast, the Cleveland Clinic study shows
that strictureplasty is safe and effective, and has potential
physiologic advantage over bypass. Thus, the results between these studies are very different probably because
of differences in disease aggressiveness and follow-up
duration. Most recently, the outcomes of surgery for duodenal CD in 10 patients were reported[36]. Eight patients
were treated with strictureplasty, and 2 patients were
treated with resection: 1 with a gastroduodenal resection,
and 1 with a duodenojejunal resection and an end to side
duodenojejunal anastomosis. No recurrence of duodenal
CD was observed in the 2 patients treated with resection, while 2 of the 8 patients treated with strictureplasty
developed recurrence. The authors suggest that duodenal
strictureplasty is indicated when less than 2 strictures are
present in the second or third duodenal portion. In cases
with multiple strictures localized in the first or the distal
duodenal portion, resection is preferable. They also suggest that an accurate complete mobilization of the duodenum is an important step of the procedure, as it allows
sutures without tension. In the previous studies, the number of patients is too small to conclude on the efficacy of
duodenal strictureplasty. Further studies in larger cohorts
of patients are necessary.

treatment nor nutritional support. Most patients with diffuse jejunoileal CD can be restored to good health with
minimal symptoms by surgical treatment that includes
strictureplasty.
The Cleveland Clinic reported their experience of
strictureplasty for diffuse jejunoileal CD[39]. One hundred
twenty-three patients underwent strictureplasty for diffuse jejunoileitis. Total number of strictureplasties performed was 701 (median, 5 per patient). Seventy percent
of patients underwent a synchronous bowel resection.
The overall morbidity rate was 20%, with septic complications occurring in 6%. The surgical recurrence rate was
29% with a median follow-up period of 6.7 years. The recurrence rate in diffuse jejunoileitis patients did not differ
from that seen in 219 patients with limited small bowel
CD undergoing strictureplasty.
Extensive colorectal CD
For patients with extensive colonic CD, the surgical
choices include total colectomy with either an IRA or
end-ileostomy, or a total proctocolectomy with permanent end-ileostomy. Several authors[40-52] reported on the
outcomes of surgery for extensive Crohn’s colitis. A retrospective study[47] reviewed 144 patients who underwent
a total colectomy for Crohn’s colitis. IRA was performed
in 118 patients, while 26 never had an IRA after colectomy because of severe anorectal lesions. The probability
of clinical recurrence after IRA was 58% and 83% at 5
and 10 years respectively. The probability of rectal preservation at 5 and 10 years was 86% and 86% after IRA.
Patients with extraintestinal manifestation had a higher
risk of recurrence and of rectal preservation failure. In
the literature review, the rate of functional IRA after
total colectomy for extensive Crohn’s colitis at 10 years
was approximately 70% (Table 3). One study[45] reviewed
69 patients who underwent a total colectomy and endileostomy with an oversewn rectal stump for extensive
Crohn’s colitis. Only 5 patients (7%) underwent IRA, of
whom 2 required proctectomy later. Overall, 37 patients
(54%) required proctectomy, with a median duration of
2 years. Sixteen patients (23%) developed small bowel
recurrence requiring surgery, with a median duration of
6.8 years. In the literature review, the rate of secondary
proctectomy for defunctioned rectum after a total colectomy with end-ileostomy is presented in Table 4. Half of
the patients will subsequently require proctectomy after
a total colectomy with end-ileostomy. In a retrospective
study[52], 103 patients who underwent single-stage proctocolectomy for extensive colorectal CD were reviewed.
The commonest postoperative complication was delayed perineal wound healing (35%), followed by intraabdominal sepsis (17%) and stomal complications (15%).
In 23 patients the perineal wound healed between 3 and
6 mo after proctocolectomy, whereas in 13 patients the
wound remained unhealed for more than 6 mo. There
were 2 hospital deaths (2%) caused by sepsis. The 5-, 10-,
and 15-year cumulative reoperation rates for small bowel
recurrence were 13%, 17%, and 25%, respectively, after a

Diffuse jejunoileal CD
Diffuse jejunoileal disease (multiple segments of disease
in the proximal ileum and jejunum) is relatively uncommon, the incidence being 3%-10% of entire CD population[37]. Diffuse jejunoileal disease is one of the most difficult areas to treat in CD. Resectional surgery may lead to
short bowel syndrome. A retrospective study[38] reported
on the long-term outcomes of surgical treatment for diffuse jejunoileal CD. Forty-six patients required surgery
for diffuse jejunoileal CD. During an initial operation,
strictureplasty was used on 63 strictures in 18 patients
(39%). After a median follow-up of 15 years, 39 patients
(85%) required 113 reoperations for jejunoileal recurrence. During 75 of the 113 reoperations (66%), strictureplasty was used on 315 strictures. Only two patients
developed short bowel syndrome and required home parenteral nutrition. At the end of the study, 4 patients were
symptomatic and required medical treatment. All other
patients were asymptomatic and required neither medical
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Table 4 Rate of secondary proctectomy for defunctioned
rectum after a total colectomy with end-ileostomy for
extensive Crohn’s colitis

Table 3 Rate of functional ileorectal anastomosis after a total
colectomy for extensive Crohn’s colitis at 10 years
Ref.
Buchmann et al[40]
Ambrose et al[41]
Longo et al[42]
Chevallier et al[43]
Pastore et al[44]
Yamamoto et al[45]
Bernell et al[46]
Cattan et al[47]

n

Functioning ileorectal anastomosis

105
63
118
83
42
65
106
118

70%
71%
48%
63%
65%
78%
76%
86%

n

Harling et al[48]
Guillem et al[49]
Sher et al[50]
Yamamoto et al[51]

59
47
25
65

Follow-up (yr)
7.7
6
6
10

Secondary proctectomy
50%
51%
40%
54%

prospective study of IPAA for selected patients with CD.
Between 1985 and 1992, 31 patients with CD, but with
no evidence of anoperineal or small bowel disease, were
recruited to their study. All patients underwent IPAA.
The short-term and long-term functional results of this
procedure were compared with those of 71 UC patients
who also underwent IPAA during the same period in
their unit. With a mean follow-up of 59 mo, no significant differences were observed between patients with CD
and UC in the postoperative complication rate. Of the
31 patients with CD, 6 (19%) experienced specific complications nine mo to 6 years after surgery: 3 had pouchperineal fistulas, which required pouch excision in 2 cases,
1 had a pouch-vaginal fistula that was treated by gracilis
muscle interposition, and 1 had an extrasphincteric abscess, which was treated surgically. Two patients (6%),
1 of whom was treated for an extrasphincteric abscess,
experienced CD recurrence on the reservoir, and were
treated successfully with azathioprine. At 5-year followup, there were no significant differences between patients
with CD and UC in stool frequency (5.0 vs 4.7 per day),
continence, gas/stool discrimination, leak or need for
protective pads, and sexual activity. Their results show
that in selected cases of CD without anoperineal or small
bowel manifestations, IPPA can be recommended as an
alternative to procotocolectomy with definitive end-ileostomy. In 2001, the same research group reported 10-year
results of IPAA in selected patients with colorectal
CD[58]. Forty-one patients underwent IPAA for colorectal
CD between 1985 and 1998. None had past or present
history of anal manifestations or evidence of small bowel
involvement. Follow-up was 113 mo, 20 patients having been followed for more than 10 years. Eleven (27%)
patients experienced CD-related complications, 47 mo
after IPAA: 2 had persistent anal ulcerations with pouchitis and granulomas on pouch biopsy and were treated
medically, 2 experienced extrasphincteric abscesses and 7
presented pouch-perineal fistulas which were treated surgically. Among them, 3 patients with persistent perineal
fistula despite surgery required definitive end-ileostomy.
Of the 20 patients followed for more than 10 years, 7
(35%) experienced CD-related complications which required pouch excision in 2 (10%). These good long-term
results justify for surgeons to propose IPAA in selected
patients with colorectal CD.
Melton et al[59] reviewed 204 CD patients (108 female,
median age 33 years, and median follow-up 7.4 years)
with primary IPAA. CD diagnosis was before IPAA (in-

median follow-up of 18.6 years. Thus, proctocolectomy
for CD is associated with a high incidence of complications, particularly delayed perineal wound healing. However, proctocolectomy carries a low recurrence rate in
the long-term. A recent literature review confirms an approximately 30% risk of recurrence of CD after an end
ileostomy[53]. A penetrating phenotype and preexisting ileal disease are risk factors for disease recurrence. A thorough evaluation of the stoma/peristomal area and evaluation of the small bowel by ileoscopy and small bowel
imaging are required to assess the extent of disease and
extraluminal complications such as stomal retraction and
fistulas that require further surgical intervention. While
postoperative medical treatment with immunosuppression or biological therapy is often employed, these therapies are unproven to prevent postoperative recurrence in
the setting of a stoma.
In the management of extensive colitis, after a total
colectomy with IRA, the recurrence rates and functional
outcomes are reasonable if the rectum is not severely affected and sphincter function is not compromised. For
patients with rectal involvement, total colectomy and
end-ileostomy is safe and effective; however, a few patients can have subsequent IRA, and half of the patients
will require proctectomy later. Proctocolectomy is associated with a high incidence of complications, particularly
delayed perineal wound healing, but it carries a low recurrence rate. Algorithm for surgical treatment of extensive
colitis is presented in Figure 1.
Ileal pouch surgery for CD
Ileal pouch-anal anastomosis (IPAA) is the surgical treatment of choice for most patients with ulcerative colitis
(UC)[54,55]. In contrast, CD is considered a contraindication to IPAA. The unexpected diagnosis of CD after
IPAA operation is a relatively frequent occurrence.
Several authors[56-58] reported the outcomes of IPAA for
patients with CD. Hartley et al[56] reviewed 60 patients
who underwent IPAA for UC subsequently had that diagnosis revised to CD. With a median follow-up of 46 mo,
pouch loss rate was 12%. Median daily bowel movement
in those with IPAA in situ was seven (range 3-20), with
50% of patients rarely or never experiencing urgency
and 59% reporting perfect or near perfect continence. In
1985, Panis et al[57] decided to investigate an alternative to
total proctocolectomy with definitive end-ileostomy by a
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patients with CD and those with non-CD diagnoses[61].
Ten clinical trials comprising 3103 patients (CD 225, UC
2711, indeterminate colitis 167) were included. Patients
with CD developed more anastomotic strictures than
non-CD diagnoses (OR = 2.12, P = 0.05) and experienced pouch failure more frequently than patients with
UC (CD vs UC: 32% vs 4.8%, P < 0.001; CD vs indeterminate colitis: 38% vs 5%, P < 0.001). Urgency was more
common in CD compared with non-CD: 19% vs 11% (P
= 0.02). Incontinence occurred more frequently in CD
compared with non-CD patients: 19% vs 10% (OR = 2.4,
P = 0.01). Twenty-four-hour stool frequency did not differ significantly between CD, UC, or indeterminate colitis.
Patients with isolated colonic CD were not significantly
at increased risk of postoperative complications or pouch
failure (P = 0.06). If surgeons were to undertake IPAA in
the presence of CD, then the patient would require careful counseling to outline the risk of poorer functional
outcomes and higher failure compared with non-CD patients. If patients are prepared to accept these risks and
meet the selection criteria, such as isolated colonic CD
without any evidence of terminal ileal or perianal involvement, there may be a role for IPAA in this select group
of patients.

Extensive
colitis

Without severe
rectal disease

With severe
rectal disease

TCL + IRA

TCL +
End-ileostomy

Severe rectal
disease developed Rectal disease
much improved

Proctocolectomy

Persistent
rectal disease

Proctectomy
IRA

Proctectomy

Figure 1 Algorithm for surgical treatment of extensive colitis. TCL: Total
colectomy; IRA: Ileorectal anastomosis.

tentional) in 20 (10%), from postoperative histopathology (incidental) in 97 (47%) or made in a delayed fashion
at median 36 mo after IPAA in 87(43%). Overall 10-year
pouch retention was 71%. On multivariate analysis,
pouch loss was associated with delayed diagnosis (HR
= 2.6, 95%CI: 1.1-6.5), pouch-vaginal fistula (HR = 2.8,
95%CI: 1.3-6.4), and pelvic sepsis (HR = 9.7, 95%CI:
3.4-27.3). Patients with retained IPAA at follow-up had
near-perfect/perfect continence (72%), rare/no urgency
(68%) with median daily bowel movements 7 (range
2-20). Median overall QOL, quality of health, level of
energy, and happiness with surgery were 9, 9, 8, and 10
of 10, respectively. For CD patients with IPAA, when
the diagnosis is established preoperatively or immediately
following surgery, pouch loss rates are low and functional
results are favorable. Outcomes in patients with delayed
diagnosis are worse but half retain their pouch at 10 years
with good functional outcomes. Most recently, Le et al[60]
reported the surgical outcomes of IPAA when used intentionally for well-defined CD. Seventeen patients with
preoperative CD were identified, whereas the preoperative diagnosis was UC in 261 patients. Seven of the 17
patients (41%) in the preoperative CD group developed
postoperative CD (recurrence in the afferent limb 3,
pouch fistulizing disease 4) vs 27 of the 261 patients (11%)
in the UC group (afferent limb inflammation 23, perianal
disease 4) (P = 0.002). Of the seven CD patients with recurrent inflammation, three patients were maintained on
immunosuppressive therapy and another three patients
were controlled with antibiotics alone. Only one patient
(6%) of the preoperative CD patient cohort with severe
pouch inflammation and perianal disease required pouch
excision and permanent ileostomy after failing aggressive
medical therapy. The incidence of pouch failure was not
statistically significant between patient groups.
A meta-analysis compared postoperative complications and functional outcomes after IPAA between
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LAPAROSCOPIC SURGERY
Laparoscopic surgery is “minimally invasive” procedure
commonly used to treat diseases of the gastrointestinal
tract. Unlike traditional gastrointestinal surgery where
a long incision down the center of the abdomen is required, laparoscopic surgery requires only small incisions
in the abdomen. As a result, patients undergoing the
procedure may experience less pain and scarring after
surgery and a more rapid recovery. Several clinical studies
have reported the outcomes of laparoscopic surgery for
CD. These studies have reported conflicting results. Most
of the studies have been limited by a small sample size
and a short follow-up duration.
Several meta-analyses on efficacy of laparoscopic
surgery for CD were conducted[62,63]. Rosman et al[62]
found that laparoscopic surgery required more operative
time than open surgery (26.8 min; 95%CI: 6.4-47.2), but
resulted in a shorter duration of ileus and a decreased
hospital stay (-2.62 d; 95%CI: -3.62--1.62). Laparoscopic
surgery also was associated with a decreased rate for postoperative bowel obstruction and surgical recurrences. Tan
and Tjandra[63] found that the rate of conversion from
laparoscopic to open surgery was 11.2%. Laparoscopic
procedures took longer to perform compared with open
procedures, with a weighted mean difference of 25.54
min (P = 0.03). Patients who underwent laparoscopic
surgery had a more rapid recovery of bowel function,
with a weighted mean difference of 0.75 d (P = 0.02) and
were able to tolerate oral intake earlier, with a weighted
mean difference of 1.43 d (P = 0.0008). The duration of
hospitalization was shorter, with a weighted mean difference of 1.82 d (P = 0.02). Morbidity was lower for
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laparoscopic procedures compared with open procedures
(OR = 0.57, 95%CI: 0.37-0.87, P = 0.01). The rate of
disease recurrence was similar for both laparoscopic and
open surgery. From these results in the 2 meta-analyses,
although laparoscopic procedures take longer to perform,
patients who undergo laparoscopic surgery have a more
rapid recovery of bowel function and a shorter hospital
stay. The morbidity also is lower, and the rate of disease
recurrence is similar compared with open procedures.
Thus, laparoscopic surgery for CD is safe and feasible.
Long-term results of laparoscopic surgery vs conventional surgery for CD were evaluated in 2 RCTs[64,65]. In
the first RCT[64], recurrence and complication rates were
compared between laparoscopic (LC) and open ileocolectomy (OC) for ileocolonic CD. Mean follow-up for 56
patients (27 LC vs 29 OC) was 10.5 years and comparable
between LC and OC (10.0 vs 11.0, respectively; P = 0.64).
One patient died 8 years after OC of causes unrelated
to CD. Eight patients for each group underwent initial
reoperative (LC 26% vs OC 28%, P = 0.89). One patient
underwent incisional hernia repair after LC (4%) vs 4
patients (14%) after OC (P = 0.61). Two patients in the
LC group underwent adhesiolysis vs none after OC (P =
0.23). Incidences of anorectal disease, anorectal surgery,
endoscopic or radiologic recurrence, and medication
use were also similar between LC and OC. OC patients
requiring operation during follow-up were significantly
more likely than LC to require multiple operations (P =
0.006). This study confirms that LC is at least comparable
to OC in the treatment of ileocolonic CD. In the second
RCT[65], 60 patients who underwent ileocolonic resection between 1999 and 2003 were studied. Five patients
were lost to follow-up. Median follow-up was 6.7 years.
Sixteen of 29 and 16 of 26 patients remained relapse free
after ileocolonic resection in the laparoscopic and open
groups respectively (risk difference 6, 95%CI: -20-32).
Resection of recurrent CD was necessary in 2 of 29 vs 3
of 26 patients (risk difference 5, 95%CI: -11-20). Overall
reoperation rates for recurrent CD, incisional hernia and
adhesion-related problems were 2 of 29 vs 6 of 26 (risk
difference 16, 95%CI: -3-35). QOL was similar, whereas
body image and cosmesis scores were significantly higher
after laparoscopy (P = 0.029 and P < 0.001, respectively).
This study confirms that laparoscopically assisted ileocolonic resection results in better body image and cosmesis,
whereas open surgery is more likely to produce incisional
hernia and obstruction. These 2 RCTs indicate that laparoscopic surgery for small bowel CD is as safe as the
open operation. There is no significant difference in the
perioperative outcomes and the long term reoperation
rates for disease-related or non-disease related complications of CD[66].

way to diminish local, and alleviate mucosal inflammation, thereby allowing surgery to be performed at complicated disease sites. However, evidence to date would suggest that there has been little change in the natural history
of the disease and hence surgical therapies. Surgery provides good long-term disease control in many patients,
and that delay in operating may result in more advanced
disease and hence more postoperative complications[67].
Yamamoto et al[67] reviewed 343 patients who underwent
1008 intestinal anastomoses during 566 operations for
primary or recurrent CD between 1980 and 1997. Intraabdominal septic complications, defined as anastomotic
leak, intra-abdominal abscess, or enterocutaneous fistula,
developed after 76 operations (13%). Intra-abdominal
septic complications were significantly associated with
preoperative low albumin level (< 30 g/L), preoperative
steroids use, abscess at the time of laparotomy, and fistula at the time of laparotomy. The intra-abdominal septic
complication rate was 50% (8/16 operations) in patients
with all of these 4 risk factors, 29% (10/35 operations)
in patients with 3 risk factors, 14% (14/98 operations) in
patients with 2 risk factors, 16% (33/209 operations) in
patients with 1 risk factor, and 5% (11/208 operations)
in patients with none of these risk factors (P < 0.0001).
The following factors did not affect the incidence of
septic complications; age, duration of symptoms, number of previous bowel resections, site of disease, type of
operation (resection, strictureplasty, or bypass), covering
stoma, and number, site, or method (sutured or stapled)
of anastomoses. Preoperative low albumin level, steroid
use, and the presence of abscess or fistula at the time of
laparotomy significantly increased the risk of septic complications after surgery in CD. A surgical decision about
avoiding an anastomosis must take into account many
issues, especially age, degree of malnutrition, severity of
coexisting sepsis and the dose of steroids or immunosuppressants. However, we must conclude from our data
that an anastomosis is much more likely to break down if
three or four of the four risk factors are present in a particular patient. It is not clear that preoperative nutritional
intervention can reduce the risk of postoperative complications. Preoperative management of septic conditions
may be associated with a lower incidence of complications after surgery. However, there has been no striking
evidence that management of malnutrition and sepsis
before surgery improves the surgical outcomes in CD.
Delay in operation may be associated with an increased
risk of serious complications. Further studies are necessary on these practical issues.
Impact of biologic therapy on postoperative
complications
The immunosuppressive effects of preoperative antitumor necrosis factor (TNF)-α therapy may increase the
risk for postoperative complications among CD patients
undergoing abdominal surgery. A number of metaanalyses[68-70] were conducted to compare the rates of
postoperative complications among CD patients treated

PREOPERATIVE CONDITIONS AND RISK
OF POSTOPERATIVE COMPLICATINS
Nutritional status and septic conditions
Currently, the use of biological agents constitutes one
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with anti-TNF-α therapy vs alternative therapies. A total
of eight studies including 1,641 patients were included in
the meta-analysis by Kopylov et al[68]. Preoperative infliximab therapy in CD patients undergoing abdominal surgery was associated with a trend toward an increased rate
of total complications (OR = 1.72, 95%CI: 0.93-3.19).
Anti-TNF-α treatments were associated with a modestly
increased risk of infectious complications (OR = 1.50,
95%CI: 1.08-2.08), mostly remote from the surgical site
(OR = 2.07, 95%CI: 1.30-3.30) and with a trend toward
a higher rate of noninfectious complications (OR = 2.00,
95%CI: 0.89-4.46). Preoperative infliximab treatment was
associated with an increased risk of postoperative infectious complications, mostly nonlocal. A trend toward an
increased risk of noninfectious and overall complications
was also observed. In the meta-analysis by Billioud et al[69],
the prevalence of infectious postoperative complications
was increased in CD patients who underwent preoperative anti-TNF-α therapy (OR = 1.45, 95%CI: 1.03-2.05).
In the meta-analysis by Rosenfeld et al[70], data were extracted from 6 studies including 1159 patients among
whom 413 complications were identified. The most common complications were wound infections, anastomotic
leak and sepsis. There was no significant difference in the
major complication rate (OR = 1.59, 95%CI: 0.89-2.86),
minor complication rate (OR = 1.80, 95%CI: 0.87-3.71),
reoperation rate (OR = 1.33, 95%CI: 0.55-3.20) or 30 day
mortality rate (OR = 3.74, 95%CI: 0.56-25.16) between
the infliximab and control groups. Thus, the impact of
anti-TNF-α therapy on postoperative complications remains unclear.

severe endoscopic lesions within 1 year after resection
developed early clinical recurrence. In contrast, patients
with no or mild endoscopic lesions had a low frequency
of subsequent clinical recurrence. The severity of the
endoscopic inflammation in the neo-terminal ileum during the first year after resection was found to be a reliable predictive risk factor for future clinical recurrence.
Ileocolonoscopy is the gold standard in the diagnosis of
postoperative recurrence by defining the presence and
severity of morphologic recurrence and predicting the
clinical course. Ileocolonoscopy is recommended within
the first year after surgery where treatment decisions may
be affected.
Prophylactic medications
Prophylactic treatment is recommended after small intestinal resection[74,75]. High dose mesalazine is an option for
patients with an isolated ileal resection[74,75]. Thiopurines
are more effective than mesalazine or imidazole antibiotics alone for preventing both clinical and endoscopic
recurrence[74,75]. In patients with a risk factor for early
postoperative recurrence the drug of choice is azathioprine/mercaptopurine[74,75]. Imidazole antibiotics have
been shown to be effective after ileocolonic resection but
are less well tolerated. Probiotics have failed to show efficacy in postoperative CD recurrence, but should merit
further investigations[72,75]. There has been no RCT evaluating the efficacy of enteral nutrition in the prevention
of postoperative CD recurrence[72,75]. Several RCTs[76-78]
investigated the efficacy of biologic agents for the prevention of recurrence after resection for CD. Regueiro et
al[76] randomly assigned 24 patients who had undergone
ileocolonic resection to receive intravenous infliximab (5
mg/kg), administered within 4 wk of surgery and continued for 1 year, or placebo. The primary end point was
the proportion of patients with endoscopic recurrence
at 1 year. Secondary end points were clinical recurrence
and remission and histologic recurrence. The rate of
endoscopic recurrence at 1 year was significantly lower
in the infliximab group (1/11 patients; 9.1%) compared
with the placebo group (11/13 patients; 84.6%). There
was a nonsignificant higher proportion of patients in
clinical remission in the infliximab group (8/10 patients;
80.0%) compared with the placebo group (7/13 patients;
53.8%). The histologic recurrence rate at 1 year was significantly lower in the infliximab group (3/11 patients;
27.3%) compared with the placebo group (11/13 patients; 84.6%). Administration of infliximab after intestinal resection was effective at preventing endoscopic and
histologic recurrence of CD. In the study by Yoshida et
al[77], 31 patients who had ileocolonic resection within the
past 4 wk were randomly assigned to scheduled infliximab at 5 mg/kg intravenously every 8 wk for 36 mo (n =
15) or without infliximab (control, n = 16). At 12 and 36
mo, 100% and 93.3% of patients in the infliximab group
were in remission, respectively vs 68.8% and 56.3% in
the control arm (P < 0.03). Further, the infliximab group
achieved higher endoscopic remission at 12 mo (78.6%

POSTOPERATIVE MANAGEMENT FOR
THE PREVENTION OF RECURRENCE
Risk factors for postoperative recurrence
In the surgical management of CD, postoperative recurrence is common, and many patients require repeat operation for recurrence. The reoperation rates for recurrence
have been reported to be 10%-30% at 5 years, 20%-40%
at 10 years and 40%-60% at 20 years after surgery[71].
The reoperation rate tends to steadily increase with time,
reaching approximately 50% at 20 years after surgery.
The most significant factor affecting postoperative CD
recurrence was found to be smoking[71,72]. Smokers had an
increased risk of recurrence compared to non-smokers.
Similarly, perforating CD appeared to be associated with
a higher recurrence rate compared with non-perforating
CD[71,72].
Monitoring for postoperative recurrence
Rutgeerts et al[73] reported that recurrent lesions were
observed endoscopically in the neo-terminal ileum (the
proximal site of the ileocolonic anastomosis) within 1
year of resection in 73% of patients, although only 20%
of the patients had symptoms. Three years after surgery,
the endoscopic recurrence rate increased to 85% and
symptomatic recurrence occurred in 34%. Patients with
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vs 18.8%, P = 0.004). Savarino et al[78] randomly assigned
51 patients who had undergone ileocolonic resection to
receive after 2 wk from surgery adalimumab at the dose
of 160/80/40 mg every 2 wk, azathioprine at 2 mg/kg
per day, or mesalamine at 3 g/d, and they were followed
up for 2 years. The primary end point was the proportion
of patients with endoscopic and clinical recurrence. The
rate of endoscopic recurrence was significantly lower
in adalimumab (6.3%) compared with the azathioprine
(64.7%; OR = 0.036, 95%CI: 0.004-0.347) and mesalamine groups (83.3%; OR = 0.013, 95%CI: 0.001-0.143).
There was a significantly lower proportion of patients
in clinical recurrence in the adalimumab group (12.5%)
compared with the AZA (64.7%; OR = 0.078, 95%CI:
0.013-0.464) and mesalamine groups (50%; OR = 0.143,
95%CI: 0.025-0.819). The administration of adalimumab
after intestinal resection was effective in preventing endoscopic and clinical recurrence of CD. Further larger
studies are necessary to confirm the therapeutic advantage and to show the economic implications of biologic
therapy in this field. Antibiotics, immunomodulatory
medications and anti-TNF-α agents have been shown to
be efficacious in preventing postoperative recurrence of
CD, although the potential risks and benefits of therapy
need to be balanced in individual patients.
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CONCLUSION

10

In the management of jejunoileal CD, strictureplasty is an
accepted surgical technique that relieves the obstructive
symptoms, while preserving intestinal length and avoiding the development of short bowel syndrome. However,
the role of strictureplasty in duodenal and colonic diseases remains controversial. In extensive colitis, after total
colectomy with IRA, the recurrence rates and functional
outcomes are reasonable. For patients with rectal involvement, total colectomy and end-ileostomy is safe and
effective; however, a few patients can have subsequent
IRA, and half of the patients will require proctectomy
later. Proctocolectomy is associated with a high incidence
of delayed perineal wound healing, but it carries a low recurrence rate. Patients undergoing proctocolectomy with
IPAA had poor functional outcomes and high failure
rates. However, if patients accept these risks and meet
the selection criteria, such as isolated colonic CD without
any evidence of terminal ileal or perianal involvement,
there may be a role for IPAA.
Laparoscopic surgery has been introduced as a minimal invasive procedure. As compared with conventional
surgery, laparoscopic procedures take longer to perform;
however, patients who undergo laparoscopic surgery have
a more rapid recovery of bowel function and a shorter
hospital stay. There is no significant difference in the
perioperative outcomes and the long-term reoperation
rates between laparoscopic and conventional surgeries.
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a major role in the pathogenesis of IBD, as new studies
in immunology and genetics have clarified that the innate immune response maintains the same importance
in inducing gut inflammation. Recent progress in understanding IBD pathogenesis sheds lights on relevant
disease mechanisms, including the innate and adaptive
immunity, and the interactions between genetic factors
and microbial and environmental cues. In this review,
we provide an update on the major advances that have
occurred in above areas.

Abstract

Core tip: Inflammatory bowel disease (IBD) includes
Crohn’s disease and ulcerative colitis. Recent research
indicated that the individual’s genetic susceptibility,
external environment, intestinal microbial flora and immune responses are all involved and functionally integrated in the pathogenesis of IBD. The main purpose
of this review is to offer an update that have occurred
in each of the above four areas, and to highlight the
future work to find a clear understanding of IBD pathogenesis.

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

Key words: Inflammatory bowel disease; Ulcerative
colitis; Crohn’s disease; pathogenesis; Genetics; Microbial factors; Immune responses

Inflammatory bowel disease (IBD), including Crohn’s
disease and ulcerative colitis, is characterized by chronic
relapsing intestinal inflammation. It has been a worldwide health-care problem with a continually increasing
incidence. It is thought that IBD results from an aberrant and continuing immune response to the microbes
in the gut, catalyzed by the genetic susceptibility of the
individual. Although the etiology of IBD remains largely
unknown, it involves a complex interaction between
the genetic, environmental or microbial factors and
the immune responses. Of the four components of IBD
pathogenesis, most rapid progress has been made in
the genetic study of gut inflammation. The latest internationally collaborative studies have ascertained 163
susceptibility gene loci for IBD. The genes implicated in
childhood-onset and adult-onset IBD overlap, suggesting similar genetic predispositions. However, the fact
that genetic factors account for only a portion of overall
disease variance indicates that microbial and environmental factors may interact with genetic elements in
the pathogenesis of IBD. Meanwhile, the adaptive immune response has been classically considered to play
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INTRODUCTION
Inflammatory bowel disease (IBD) has been a global
healthcare problem with a sustained increasing incidence[1]. It includes two major forms, Crohn’s disease (CD)
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and ulcerative colitis (UC), which are distinct chronic
bowel-relapsing inflammatory disorders. CD can cause
transmural inflammation and affect any part of the gastrointestinal tract (most commonly, the terminal ileum or
the perianal region) in a non-continuous type. Unlike UC,
CD is commonly associated with complications such as
abscesses, fistulas and strictures. In contrast, UC is typified by mucosal inflammation and limited to the colon[2].
Although the etiology of IBD remains largely unknown,
recent research indicated that the individual’s genetic susceptibility, external environment, intestinal microbial flora
and immune responses are all involved and functionally integrated in the pathogenesis of IBD[3-5]. The main
purpose of this review is to offer an update that have
occurred in each of the above four areas, and to highlight
the future work to find a clear understanding of IBD
pathogenesis.

immunity-related GTPase family. CD-associated polymorphisms in IRGM lead to reduced protein expression.
Epithelial cells and dendritic cells containing ATG16L1
and NOD2 variants show defects in antibacterial autophagy[12,20].
With the widespread use of GWAS and SNPs, a significant association between IBD and the IL23R gene
has recently been described[21]. The IL23R gene encodes
a subunit of the receptor for the pro-inflammatory
cytokine interleukin (IL)-23, a peptide involved in the
generation of Th17 cells. The Th17 and IL-23 pathway
is well established in the pathogenesis of IBD, with susceptibility gene loci IL23R, IL12B, JAK2, and STAT3
having been identified in both UC and CD[22,23]. Variants
in IL12B, which encodes the p40 subunit of IL-12 and
IL-23, have been associated with IBD and other immune
disorders. Defects in the function of IL-10 have also
been associated with CD and UC[24]. Other susceptibility
genes that regulate immune function include CARD9,
IL1R2, REL, SMAD3 and PRDM1.
Recent progress in the genetics of IBD holds several
key messages in regard to the underlying mechanism
of the disease. On one hand, the expanding number
of susceptibility gene loci described in IBD indicates
that genetic influences are critical components of the
disease pathogenesis; while on the other hand, explainable susceptibility loci discovered so far account for only
20%-25% of the heritability found in the above-mentioned studies. This is not only true for IBD, but also true
for many other polygenetic diseases, and the phenomenon has been called “the mystery of missing heritability
of common traits” or “genetic vacuum”[25]. This issue is
further proved by GWAS that has failed to add new susceptibility gene loci to fill the “genetic vacuum”[26,27]. The
possibility was then proposed that, instead of missing
genes, the interactions among genes and their products
could explain much of the apparent vacuum and account
for a considerable number of IBD[25]. These new insights
into genetics and heritability of IBD implicate that future
explorations of gene-gene interactions, gene-pathway interactions and gene-environment interactions are likely to
give us more insights into IBD pathogenesis than finding
new rare variants.

GENETICS
Over the past decades, there have been huge advances
in our understanding of genetic contributions to IBD[6].
This is due to the technological advances in DNA analysis and sequencing and the use of huge multinational
databases[7]. Advances in genetic testing and analyzing
technologies have allowed for the completion of many
genome-wide association studies (GWAS) which identify
single nucleotide polymorphisms (SNPs). Recent studies
have brought the number of IBD-associated gene loci to
163, of which 110 are associated with both diseases, 30
CD specific and 23 UC specific[8]. Studies of gene loci
shared by UC and CD may provide new way to find their
common pathogenesis.
The era of modern IBD genetic research began in
2001 with the discovery of NOD2 (nucleotide-binding
oligomerization domaincontaining 2), the first susceptibility gene for CD[9]. The NOD2 gene codes for a protein
that was originally described as an intracellular receptor
recognizing the muramyl dipeptide (MDP), a conserved
motif present in peptidoglycan from both Gram-positive
and -negative bacteria[10]. MDP stimulation induces autophagy which controls bacterial replication and antigen
presentation[11,12], and modulates both innate and adaptive immune responses[13]. NOD2 participates in distinct
MDP-independent pathways such as the regulation of
the T-cell response[14]. The association between CD and
NOD2 has already been replicated at the genome-wide
significance level[15].
Genetic analyses have shown an indispensable role
for autophagy in immune responses in IBD, and reported two autophagy-related genes named ATG16L1
and IRGM[16-18]. Autophagy is involved in intracellular
homeostasis, contributing to the degradation and recycling of cytosolic contents and organelles, as well as to
the resistance against infection and removal of intracellular microbes[19]. ATG16L1 is essential for all forms of
autophagy, and the coding mutation T300A is associated
with an increased risk of CD. IRGM belongs to the p47
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ENVIRONMENT
There is no doubt that environmental factors play an important role in the pathogenesis of IBD. A large number
of environmental factors are considered risk factors for
IBD, including smoking, diet, drugs, geography, social
stress, and psychological element[28]. Among them, smoking remains the most widely studied and replicated environmental prompter for IBD. Since the first described
inverse association between UC and smoking in 1982,
subsequent studies have confirmed the protective effect
of heavy smoking on the development of UC with a
lower rate of relapse[29-31]. Contrary to its effect on UC,
smoking increases the risk of CD and is associated with a
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higher rate of postoperative disease[32].
Traditional conception for vitamin D’s role is concentrated in calcium metabolism and bone health. Nowadays,
there has been increasing recognition of the immunologic role of vitamin D[33]. Recent literature suggests that
the role of vitamin D is multifarious and associated with
diverse diseases including IBD. Leslie et al[34] found that
vitamin D deficiency had been common in diagnosed
IBD patients and pointed out that low vitamin D had
contributed to the increased risk of IBD. In mouse models, vitamin D deficiency is associated with an increased
susceptibility to dextran sodium sulfate-induced colitis
and 1,25(OH)2D3 supplementation ameliorates the severity of intestinal inflammation[35].
The effect of aspirin and nonsteroidal anti-inflammatory drugs (NSAIDs) in the gastrointestinal tract is well
recognized. However, limited high quality evidence is
available to support the notion that aspirin and NSAIDs
have an effect in triggering onset or relapse of IBD. Ananthakrishnan et al[36] found no association between the
dose, duration, or frequency of aspirin use and the risk
for CD or UC; but the high dose, prolonged using duration, and frequent use of NSAIDs had been associated
with an increased risk of CD and UC. A recent study has
found that the use of antibiotics is an important environmental factor, influencing the risk of IBD through their
effect on the microbiome. Antibiotic use within the first
year of life is more common among pediatric IBD cases
compared to controls[37].
Stress has long been proposed to play a role in the
pathogenesis of CD and UC[38-40]. Bitton et al[41] suggested
that individuals with lower levels of stress had a reduced
risk of the disease onset. Mood components of perceived
stress, including depression and anxiety, may play a strong
role in mediating the deterioration of IBD[42]. A retrospective study by Goodhand et al[43] found a reduction
in the number of symptomatic relapses in participants,
and the antidepressants beneficially impact the course of
IBD. However, a Cochrane review shows no benefit of
psychological interventions in IBD[44].
Recent ecological and epidemiologic evidence suggests that air pollution may contribute to the risk of CD
and UC. The rising incidence of CD and UC in developing countries parallels the development of industrialization[45]. Elevated air pollution is associated with an augment in circulating polymorphonuclear leukocytes and
plasma cytokines[46,47]. Kaplan et al[48] using The Health
Improvement Network Database in the United Kingdom, found that high levels of NO2 and SO2 correlate
with the increased risk of CD and UC. In another study,
total pollutant emission has been linked to increased rates
of hospitalizations for both CD and UC, suggesting that
ambient air pollution may also influence these established
diseases[49].

proximately 1150 bacterial species, with each individual
host having roughly 160 species[50]. Gut microbiome is
established within the first 2 wk of life and then usually
remains remarkably stable thereafter. Although it is only
possible to culture 20%-30% of the gut microbiome, the
association between the changes in the microbiome and
IBD has been established[51]. Many studies have examined
the gut flora in CD and UC in both inflamed and noninflamed segments, and found that there is a significantly
reduced biodiversity in faecal microbiome in IBD patients
compared to that in healthy controls[52]. Other research
has also found that the microbiota in IBD patients is unstable than that in healthy individual[53]. In healthy intestine, the Firmicutes and Bacteroidetes phyla predominate,
and contribute to the production of epithelial metabolic
substrates. In contrast, the microbiota is characterized by
a relative lack of Firmicutes and Bacteroidetes, and an
over-representation of enterobacteria in CD; meanwhile,
a reduction in Clostridium spp. and an increase in Escherichia coli (E. coli) have been reported in UC[54].
In healthy colon, there is a continuous mucus coating
consisting of two layers of sub-structures: the outer is a
loosely adherent layer, good for bacterial growth; while
the inner is a tightly adherent layer, normally sterile. In
IBD, particularly CD, there is a marked increase in bacteria associated with the colonic adherent mucus layer[55,56].
In CD, a consistent increase in mucosa-associated E. coli
and reduction in Firmicutes are reported[57,58]. There is
strong evidence for an increase in mucosa-associated E.
coli in both the ileum and colon, and their presence within
the granulomas in CD implicates a primary pathogenic
role[59]. An adherent and invasive E. coli (AIEC) phenotype has been found in CD, which is typified by bacterial
invasion into epithelial cells and replication within macrophages[60]. AIEC has also been shown to induce granuloma in vitro and granulomatous colitis in Boxer dogs[61].

IMMUNOLOGICAL FACTORS
The investigation of IBD pathogenesis has been dominated for a long time by the studies of mucosal immunity,
especially the T cell response. Available evidence suggests
that the dysfunctions of innate and adaptive immune
pathways contribute to the aberrant intestinal inflammatory response in patients with IBD. Most studies in the
last two decades have focused on the role of abnormal
adaptive immune responses in the pathogenesis of IBD.
The focus on the adaptive immune response has ultimately led to the notion that the two main types of IBD
represent clearly distinct forms of gut inflammation: CD
has long been considered to be driven by a Th1 response
and UC has been associated with a non-conventional
Th2 response[62,63]. The newly described Th17 cells are
also involved in the gut inflammatory response in IBD[64].
Immunological studies have recently focused on the mucosal innate immune responses, such as epithelial barrier
integrity, innate microbial sensing, autophagy and unfolded protein response.

MICROBIAL FACTORS
The whole human gut microbiome consists of ap-
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Innate immunity
The innate immune response represents our first line of
defense against pathogens. It is non-specific, allowing the
body to quickly respond to stimuli often within minutes
or hours. The innate immune response is mediated by
a large variety of different cell types including epithelial
cells, neutrophils, dendritic cells, monocytes, macrophages
and natural killer cells[65]. This form of immunity is initiated by the recognition of microbial antigens, which is
mediated by pattern recognition receptors including tolllike receptors (TLRs) on the cell surface and NOD-like
receptors in the cytoplasm[66]. Recent studies have found
that the behavior of the cells mediating innate immunity and the expression and function of both TLRs and
NOD proteins are altered significantly in individuals with
IBD.
A British study shows that mucosal neutrophil accumulation and production of IL-1β and IL-8 in response
to trauma are selectively reduced in CD patients but not
in UC patients[67]. GWAS reveal that the NOD2 mutations most commonly associated with CD induce a defective ability of the gut to respond to LPS, and this defect
may contribute to disease susceptibility[68]. Although the
functional role of NOD2 mutations is still controversial,
available evidence suggests that they represent loss-offunction mutations that lead to reduced activation of NF[69]
κB . This inadequate response might result in reduced
antibacterial agent production and pathogenic microbial
invasion[70]. Other studies suggest that the loss of function of NOD2 may result in the lack of inhibition of
TLR2 stimulation, leading to activation of inflammatory
pathways and excessive Th-1 responses[71]. Furthermore,
NOD2 also contributes to immune tolerance. These effects are impaired in cells from patients with NOD2 mutation 3020insC[72].
IL-23 is a key cytokine both in innate and adaptive
immunity and possesses a central role in driving early
responses against microbes. IL23R polymorphisms have
been associated with both CD and UC, suggesting that
IL-23 may represent a shared inflammatory molecule
in chronic intestinal inflammation. Recent studies have
shown that, besides its activity on Th17 cells, IL-23 can
also act on cells of the innate immune system. IL-23 has
been shown to induce Th17 cytokine production by innate lymphoid cells (ILCs) that share the phenotype of
lymphoid tissue-induced cells[73].
CD has also been associated with ATG16L1 and
IRGM genes, which are involved in autophagy. ATG16L1
is essential for all forms of autophagy, and the coding
mutation T300A is associated with an increased risk of
CD. Autophagy is one of the mechanisms for maintaining cellular homeostasis and considered very important
for host defense against intracellular microorganisms.
Normally, autophagy is induced by bactericidal effects
and presentation of endogenous antigens, and these processes are impaired in patients with mutations in NOD2
or Atg16L1. Closely relating to autophagy and innate immunity, dysregulation of the unfolded protein response
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may also contribute to IBD pathogenesis. This response
is induced by endoplasmic reticulum stress and finally induces apoptotic cell death and causes IBD[74].
In addition, defective epithelial barrier and increased
intestinal permeability have long been observed in IBD
patients[75]. The first physical barrier that intestinal bacteria and food antigens encounter on the mucosal surface is
represented by the mucous layer that covers the intestinal
epithelium. The importance of mucus in the prevention
of bacterial break-through and intestinal inflammation
has been proved by many studies[76]. The second line
of defense against bacterial invasion is formed by the
intestinal epithelium which consists of enterocytes and
specialized epithelial cells, such as goblet cells and Paneth
cells. Besides forming a physical barrier against bacteria,
epithelial cells can secrete a number of antimicrobial peptides. Defective expression of antimicrobial peptides has
been observed in patients with CD[77].
Adaptive immunity
As opposed to the innate immune response, the adaptive
immunity is highly specific, often takes several days to
respond and depends on the type and number of T cells.
Th1 cells, induced by IL-12, produce a high amount of
IFN-γ, whereas Th2 cells release IL-4, IL-5 and IL-13[78].
An abnormal Th1 immune response is thought to cause
intestinal inflammation in CD, and it has been observed
that mucosal T cells from CD patients produce higher
amounts of IL-2 and IFN-γ than T cells from UC patients or controls do[79]. It has also been shown that in
UC, atypical NK T cells release higher amounts of the
Th2 cytokine IL-13 than T cells from controls or CD
patients do[80,81]. Therefore, CD has been thought to be
characterized by a Th1 immune response, while UC has
been considered as a Th2-mediated disease[82]. However,
there have also been different observations about mucosal Th1 and Th2 cytokines in IBD. Both UC and CD
biopsies cultured in vitro release high and comparable
amounts of IFN-γ[83]. Lower levels of IL-13 are found in
the colonic mucosa of UC patients compared to those
in CD patients and subjects of the control group. Recent
studies on experimental colitis have suggested an antiinflammatory effect of IL-13 in the gut[84,85]. It has been
also observed that IL-13 levels in the supernatants of
intestinal biopsies cultured in vitro are lower than IFN-γ
concentration and the concentrations are comparable
among CD, UC and control groups[86]. Similar observations have been reported by Bernardo et al[87] who have
described the presence of a mixed cytokine profile with
predominance of IL-6 and the absence of IL-13 in supernatants of UC biopsies cultured in vitro. Collectively,
these data should lead us to reconsider the Th1/Th2
paradigm in CD and UC[82], but the conception that UC
is a Th2-mediated disease remains controversial.
Th17 cells are a T cell subset characterized by the
production of large amounts of IL-17A, IL-17F, IL-21
and IL-22. They are induced by a combination of IL-6
and transforming growth factor (TGF)-β, and their ex-

94

January 7, 2014|Volume 20|Issue 1|

Zhang YZ et al . Pathogenesis of IBD

pansion is promoted by IL-23[88]. The involvement of
Th17 cells and, in particular, their signature cytokine IL17A in intestinal inflammation has been extensively studied. High transcript levels of IL-17A have been detected
both in CD and UC mucosa in comparison to normal
gut[89,90]. Moreover, the inflamed IBD mucosa cultured
in vitro produces higher levels of IL-17A than the control[79]. Furthermore, Th17 cells are an important source
of IL-21, an IL-2-related cytokine which is up-regulated
in inflamed IBD mucosa[91,92]. The true role of Th17
cells in IBD pathogenesis is currently undergoing intense
scrutiny, and it is particularly fascinating that Th17 cells
express the IL-23R on their surface[93].

7

8

CONCLUSION
There is no doubt that an unprecedented progress in our
understanding of IBD pathogenesis has been achieved
during the past few years. The key factors responsible
for IBD include genetic components, environmental elements, microbial flora and immune responses. It is hard
to dispute the popular belief that IBD arises from an
extremely complex interaction among genetic and environmental elements, dysregulated immune responses and
alterations of the microbiome, and that none of these
factors alone is likely to cause the disease. More detailed
information on their composition, function, and interaction is becoming increasingly accessible through high
genomic approaches, investigation of environmental
changes, molecular analysis of gut bacteria flora, and a
more integrated understanding of the interaction between innate and adaptive immune responses. The growing number and diversity of genetic loci associated with
IBD provide major challenges to the investigation of
how they impact immunity and inflammation in susceptible individuals. Future research needs to further clarify
and integrate the effects of the microbiome and environment on the immune response, and it shall be essential to
gain further insights into the mechanisms and pathways
of how bacteria, viruses or even fungi can modulate innate and adaptive immune responses.
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Core tip: Computed tomography (CT) scans are increasingly used in the followup of patients with colorectal
cancer. As multimodality treatments have become more
successful in treating patients with metastatic disease
follow up regimes have become more intensive. However current published treatment guidelines do not give
a clear indication of the optimal frequency of follow up
imaging. This review summarises the adverse effects
associated with frequent use of CT scans in patient follow up.

Abstract
To provide an overview of the radiation related cancer
risk associated with multiple computed tomographic
scans required for follow up in colorectal cancer patients. A literature search of the PubMed and Cochrane
Library databases was carried out and limited to the
last 10 years from December 2012. Inclusion criteria
were studies where computed tomographic scans or
radiation from other medical imaging modalities were
used and the risks associated with ionizing radiation
reported. Thirty-six studies were included for appraisal
with no randomized controlled trials. Thirty-four of the
thirty-six studies showed a positive association between
medical imaging radiation and increased risk of cancer.
The radiation dose absorbed and cancer risk was greater in children and young adults than in older patients.
Most studies included in the review used a linear, nothreshold model to calculate cancer risks and this may
not be applicable at low radiation doses. Many studies
are retrospective and ensuring complete follow up on
thousands of patients is difficult. There was a minor
increased risk of cancer from ionizing radiation in medical imaging studies. The radiation risks of low dose
exposure (< 50 milli-Sieverts) are uncertain. A clinically
justified scan in the context of colorectal cancer is likely
to provide more benefits than harm but current guide-
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INTRODUCTION
Colorectal cancer is a common cancer worldwide with
one million new cases diagnosed annually [1]. Patients
presenting with a confirmed diagnosis of colorectal carcinoma are first clinically and radiologically staged before
multidisciplinary management encompassing surgical resection, systemic therapy and radiation is instituted.
Over the last 15 years, the management algorithm for
colorectal carcinoma has become more complex as more
options have become available to treat patients with both
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primary and metastatic disease[2]. Consequently, more
patients are now being followed more intensively after
their initial diagnosis than in the past in order to detect
metastatic disease and to institute appropriate treatment
strategies. In most cases, follow up is based on clinical
examination, regular determination of plasma carcinoembryonic antigen levels and serial imaging, usually with
computed tomography (CT).
A number of recent guidelines for follow up recommend an annual CT scans of the chest, abdomen and
pelvis for at least three years after initial treatment and
in some cases longer (Table 1)[3-11]. However, in many
institutions, follow up protocols are more comprehensive
with 6 mo CT scans for the first two years after treatment when the risk of recurrence is highest and then annual scans until five years are reached. For the increasing
number of patients reaching five years of follow up, the
dilemma remains regarding the most optimal form of
surveillance. Many authorities recommend discharge at
this point but the risk of recurrent disease remains and
this option is often not palatable for patients, especially
for younger patients. Consequently, many continue with
annual or biannual follow up and imaging.
Thus, in a patient surviving ten years after a diagnosis
of colorectal cancer, there is the potential for them to
undergo up to 13 CT scans of the chest, abdomen and
pelvis (one scan at diagnosis, four scans in the first two
years and annual scans from years three to ten). Since the
average radiation dose for a chest CT chest, abdomen
and pelvis with intravenous contrast is approximately
27 millisievert (mSv), where 1 mSv is equal to the dose
produced by exposure to 1 milligray (mGy), this equates
to a potential dose of 270 mSv over 10 years or over 100
times the average background radiation dose of 2.4 mSv
per year[12]. This number can further increase if recurrent
disease is detected and a further episode of staging and
treatment instituted.
However, there are potential risks associated with our
reliance on serial CT scans for patient surveillance. The
delivered dose of ionizing radiation is associated with an
increased risk of adverse health outcomes, particularly, a
greater risk of carcinogenesis[13]. This concern is elevated
in the paediatric population, who are more radiosensitive
than their adult counterparts[13]. The aim of this investigation was to review the evidence for the risk of carcinogenesis associated with serial CT scans and, using this, to
comment on currently recommended follow up regimens
for colorectal cancer patients.

(Mesh) and “Neoplasms, Radiation-Induced” (Mesh) and
“humans” (MeSH Terms) and English (lang) and “loattrfull text” (sb) and “2002/12/13” (PDat): “2012/12/09”
(PDat) and “humans” (MeSH Terms) and English (lang)].
The search was limited to studies carried out in the
previous 10 years, written in English, involving human
subjects only and where the full text could be retrieved.
The search was restricted to papers published within the
last 10 years since this period includes the introduction
of rapid phase spiral CT scanning and a more aggressive
approach to the management of metastatic colorectal
cancer. The last search was carried out on December 9th,
2012. The Board of Radiation Effects Research (BEIR Ⅶ)
report[15] was also reviewed.
The eligible criteria included studies where CT scans
or other ionizing radiation derived from medical imaging were used and the risks associated with the ionizing
radiation were reported. Dose estimations derived from
simulations such as those through the use of Monte
Carlo simulation software and the ImPACT CT Patient
Dosimetry calculator were included - they have been validated and used in several research articles[16-19].
Publications of reviews, letters or case reports, studies which had no data on risk assessment and participants
receiving occupational radiation exposure were excluded.
Studies were initially screened on title and abstract according to the inclusion criteria above. The papers were
independently reviewed by both investigators. The full
text of these articles were retrieved and further evaluated.
The principal summary measures included relative risk
and lifetime attributable risk (LAR) of cancer. Quality assessment was carried out according to guidelines set out
by Fowkes et al[20].

RESULTS
The search of PubMed and Cochrane Library yielded
344 citations. Of these, 302 studies were excluded in the
initial screen of title and abstract according to the inclusion/exclusion criteria set above (Figure 1). The full text
of 42 studies were assessed for eligibility. Six studies were
excluded as per inclusion/exclusion criteria above. A total
of 36 studies[19,21-56] and the BEIR Ⅶ report[15] were included for review. There were no randomized controlled
trials. The characteristics of the studies included for review are shown in Table 2.
Radiation associated cancer risk
Thirty-four of the thirty six studies included for review
showed a positive association between ionizing radiation from
medical imaging and increased risk of cancer[19,21-27,29-51,53-56].
A recent direct study of CT scan use and cancer risk
by Pearce et al[21] showed a leukaemia relative risk of 3.18
(95%CI: 1.46-6.94) for children and young adults who
received a cumulative dose of > 30 mGy and a brain
tumour relative risk of 2.82 (95%CI: 1.33-6.03) for children and young adults who received a cumulative dose of
50-74 mGy. This corresponded to an estimated absolute

SEARCH STRATEGY
A literature review was carried out using PubMed and
Cochrane Library databases using the preferred reporting
items for systematic reviews and meta-analyses (PRISMA) guidelines[14]. The keywords “ionizing radiation”,
radiation induced neoplasms” and “CT” were used in
PubMed [“Case-Control Studies” (Mesh) and “Radiation,
Ionizing” (Mesh) or “Tomography, X-Ray Computed”
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Table 1 Summary of follow up recommendations including imaging for patients with colorectal cancer
Ref.

History and
physical

NCCN 2010[3]

CEA

Abdominal
imaging

Q3-6m for 2 yr
Q3-6m for 2 yr CT annual 3-5
then Q6m for 3 yr then Q6m for 3 yr
yr

PEBC 2010[4] Stage Ⅱb-Ⅲ Q6m for 3 yr then Q6m for 3 yr then US Q6m for 3
annual for 2 yr
annual for 2 yr yr then annual
for 2 yr
ESMO 2010[5]

Colon Q3-6m for
3 yr then Q6-12m
for 2 yr
Rectal Q6m for 2
yr

Pelvic CT

Chest imaging

Colonoscopy

Annually 3-5 yr
for rectal cancer
patients

CT annually
3-5 yr

1 yr then as
clinically indicated

CXR Q6m for 3 Yearly as long as
yr then annual polyps are found.
for 5 yr
If no polyps repeat
3-5 yr
Colon CT Q6- Colon Q1 yr then Rectal Q3-6m for
12m for 3 yr
Q3-5 yr
1 yr then Q6-12m
Rectal CT 1
Rectal Q5 yr
and 3 yr after
surgery

Colon CT
or contrast
enhanced US
Q6-12m for 3
yr
Rectal CT 1
and 3 yr
CT within 2 yr

BSG/ACGBI 2010[6]
ACS 2006[7] Stage Ⅱ or Ⅲ
ASCO 2005[8]
Stage Ⅱ or Ⅲ

Australia NHMRC 2005[9]

ASCRS/SPTF 2004[10]

NZGG 2011[11]

Q3-6m for 3 yr
then at physicians
discretion

Q3m for at
least 3 yr

Q3-6m for 2 yr
then Q6-12m
thereafter
Q4m for 2 yr

Q3-6m with
clinical review
Q4m for 2 yr

CT annual for
3 yr

Consider for
rectal cancer
patients

CT annual for
3 yr
CXR not
recommended

CT
CT recommended
CT
recommended
No schedule
recommended
No schedule
No schedule
Not
CXR:
recommended
insufficient
evidence

Q6m for 2 yr then
yearly to 5 yr

Sigmoidoscopy

5 yr after surgery
then 5 yr intervals
12m, then at 3 yr
and 5 yr
At 3 yr, if normal
then Q5 yr

Q3-5 yr initially
then Q3-5 yr

Q6m for rectal
cancer patients
who have not
received pelvic
radiation
Rectal Q3-6m
then Q6-12m

3 yr after surgery
then Q3 yr
3-5 yr after surgery Rectal Q6m for
then Q3-5 yr
2 yr then yearly
to 5 yr

CEA: Carcinoembryonic antigen; CT: Computed tomography.

risk of about 1 excess leukaemia case and one excess
brain tumour case for every 10000 patients who undergo
one head CT scan before the age of 10[21].
Another large retrospective study in the United
States[23] reported a modest increase in cancer risk secondary to low dose (50-100 mSv) and high dose (> 100
mSv) radiation from CT scans in the elderly. In this study,
an estimated 1659 (0.03%) and 2185 (0.04%) cancers
were related to ionizing radiation from two cohort populations of over five million patients each[23]. Berrington
de González et al[31] reported that an extra 29000 (95%UL
15000-45000) cancer cases could be attributable to the
57 million CT scans performed in the United States during 2007. Nearly 30% of the scans were estimated to be
performed in patients aged 35-54 years, 13% in those
aged 18-34 years and 7% in persons aged 18 or less[41].
The projected risks in females were higher for scans that
exposed the chest due to the additional risk of breast
cancer and higher lung cancer coefficients[41].
Two studies, Blettner et al[52] and van Walraven et al[28]
reported no statistically significant increased risk of brain
tumours and secondary abdomino-pelvic malignancies
following medical ionizing radiation respectively. Patients
in the van Walraven et al[28] study were assessed for sec-
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ondary abdomino-pelvic malignancies associated with
abdomino-pelvic CT scans use in the follow up of previous testicular cancer. Patients received a median radiation
dose of 110 mSv (IQR 44-190) from medical radiation
imaging at 5 years follow up, a dose which was associated
with increased risk of cancer in other studies included for
review[22-26,31,33,35,38,41,46].
A study of 18-35 years old participants by Zondervan
et al[27] suggested that the majority of CT-induced cancers
were from sporadic rather than frequent scanning. Whilst
frequent scanning is associated with a significant cancer
risk, it is usually reserved for the very ill, a population
where a large proportion die before any radiation induced
cancer may factor into their health[27].
Cancer risk in the paediatric population
Several studies assessed the risk of radiation exposure in
children and young adults[21,24,27,29,32,41,42,44,49,51]. An Israeli
study by Chodick et al[49] reported an absorbed brain
dose (from a head CT) of 130 mGy for children aged <
3 years old to 30 mGy at age 16-18 years and a stomach
dose (from an abdominal CT) of 51 mGy at age < 3-24
years mGy at age 16-18 years. Increasing age was associated with a reduction in cancer risk with the highest ex-
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Table 2 Characteristics of studies included for qualitative analysis
Ref.

Study year

BEIR Ⅶ report[15]
Pearce et al[21]

2006
2012

Woo et al[22]
Meer et al[23]

2012
2012

Muchow et al[24]
Huda et al[25]
Perisinakis et al[26]
Zondervan et al[27]
van Walraven et al[28]
Kuhns et al[29]
Davis et al[30]
Berrington de González et al[31]
Li et al[32]
Huda et al[33]
Adams et al[34]

2012
2012
2012
2012
2011
2011
2011
2011
2011
2011
2010

Noor et al[35]

2011

Perisinakis et al[19]
Faletra et al[36]
Feng et al[37]
Richards et al[38]

2010
2010
2010
2010

Kim et al[39]
Smith-Bindman et al[40]
Berrington de González et al[41]
Raelson et al[42]
Kim et al[43]
King et al[44]

2010
2009
2009
2009
2009
2009

Sodickson et al[45]
Griffey et al[46]
Huang et al[47]
Einstein et al[48]
Chodick et al[49]
Beyan et al[50]

2009
2009
2009
2008
2007
2007

Berrington de González et al[51]
Blettner et al[52]

2007
2007

Einstein et al[53]
de Jong et al[54]
Brenner et al[55]
Berrington de González et al[56]

2007
2006
2004
2004

Country

Study size

Intervention

Study type

United States Comprehensive review of all relevant biological, physical and epidemiological radiation data
United
178604 for leukaemia and
CT scan
Retrospective
Kingdom
176587 for brain tumour analysis
respectively
Canada
1424
Pulmonary CT angiography
Retrospective
United States Two 4-yr cohorts of 5267230 and
CT scan
Retrospective
5555345
United States
617
Cervical spine multidirectional CT
Retrospective
United States
CT scan simulation
Greece
Triple-rule-out 256-slice CT angiography simulation
United States
25104
Chest and abdomino-pelvic CT scan
Retrospective
Canada
2569
Abdomino-pelvic CT scan
Retrospective
United States
CT scan simulation
United States
205 cases, 333 controls
Survey asking ionizing radiation exposure Case-control
United States
CT colonography simulation
United States
CT scan simulation
United States
Cardiac CT angiography simulation
United States
7490
Chest radiotherapy
Prospective
cohort
United
202
Plain X-ray, CT scan, nuclear medicine Retrospective
Kingdom
procedures, cardiac procedures
Greece
Coronary CT angiography simulation
Switzerland
729
64-slice coronary CT angiography
Prospective
China
CT scan simulation
United
Spine CT simulation
Kingdom
United States
Cone beam CT simulation in a paediatric population
United States
1119
CT scan
Retrospective
United States
57 million CT scans
CT scan
Retrospective
United States
68
Neuroangiography
Retrospective
United States
Multi-detector CT scan simulation
United States Two cohorts of 240 participants
CT scan
Retrospective
respectively
United States
31462
CT scan
Retrospective
United States
130
CT scan
Retrospective
Hong Kong
Fluorine 18-fluorodeoxyglucose PET/CT scan simulation
United States
16-slice CT coronary angiography simulation
Israel
17686 CT scans
CT scan
Retrospective
Turkey
15
Radiologic imaging studies in diagnosis Retrospective
and follow-up of Hodgkin’s lymphoma
United States
CT scan simulation
Germany
Glioma and meningioma-747 cases, 1535 controls. Acoustic neuroma-97 cases, 202 controls
Interviews collecting data on diagnostic X-ray examinations, radiotherapy, CT scans,
scintigrams and angiographies
Case-control
United States
64-slice CT coronary angiography simulation
Netherlands
CT scan simulation
United States
CT scan simulation
United
Frequency of X-ray exposure
Diagnostic X-rays
Retrospective
Kingdom
estimated using worldwide
survey of medical radiation use
between 1991-1996

CT: Computed tomography.

Medical imaging uses for screening
CT colonography is regarded as sensitive as optical colonoscopy and is sometimes used to detect large adenocarcinomas of the colon[57]. A CT colonography screening
study estimated, using standard protocols, that patients
would receive a dose of 8 mSv and 7 mSv for women
and men respectively[31]. Assuming a CT colonography
screen every 5 years from the age of 50-80 years, 150

cess risk of 0.52% estimated for children aged < 3 years
and 0.21% at age 16-18 years[49]. Berrington de González
et al[41] estimated a mean lifetime cancer risk of 1 for every 1000 head CT scans at age 3 years and 1 year every
2000 head CT scans at age 15. For abdomino-pelvic CT
scans, a lifetime cancer risk of 1 for every 500 scans was
predicted at ages 3 and 15 and 1 every 1000 scans at age
30[41].
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344 records identified through
database search
Pubmed n = 344
Cochrane library n = 0

risks associated with the use of CT scans for surveillance
in patients diagnosed with colorectal cancer.
The majority of studies included for review showed a
positive association between ionizing radiation from medical imaging and increased cancer risk[21-27,29-51,53-56]. As with
all medical procedures the dilemma lies in balancing the
potential harm vs the benefit medical imaging provides.
Meer et al[23] suggested that despite using conservative estimates and worst-case scenario methodology, the cancer
risk was low in the elderly United States population even
in patients who received dosages over 100 mSv. Whilst
the risks are apparent, they need to be taken in context
and two studies[22,31], which assessed the use of CT scans
to detect potentially life-threatening illnesses (colorectal
cancer and pulmonary embolism), showed a clear positive benefit-risk ratio. Instances in which medical imaging
may not be justified include the use of full-body CT examination as a “screening” tool, where there is potential
radiation associated cancer risk[55] but poor evidence regarding its effectiveness and life-prolonging benefits[58-60].
A typical dose from a single full-body CT scan was estimated to be 16, 14 and 10 mGy to the lung, GI tract and
bone marrow respectively but subject to variability due to
differences in CT scanners and protocols[55]. This equates
to an effective dose (weighted average dose to all oragns)
of around 12 mSv and an excess lifetime cancer mortality risk of 1.9% if 30 such scans were undertaken over a
lifetime[55].
In children and young adults, an age dependent cancer risk was reported, with the risk decreasing as the patients became older, particularly for head CT scans[41-49]. A
recent direct study investigating CT scan use and cancer
risk in patients less than 22-year-old also showed a leukaemia and brain tumour risk approximately three times
higher when receiving a cumulative dose of > 30 mGy
and 50-74 mGy respectively[21]. This approximates to 5-10
and 2-3 head CT scans in children < 15 years for the
corresponding leukaemia and brain tumour risks stated
above, respectively[21]. Children are considered more radiosensitive to the oncogenic effects[61-74], may have a longer lifetime risk to develop cancer (particularly sarcoma,
lymphoma and breast carcinoma)[49] and receive higher
doses relative to adults due to their smaller body size and
relative attenuation[75].
Two studies[28,52] did not show a statistically significant
association between medical imaging radiation and increased cancer risk. There could be several explanations
for this. The results may be of face-value and there may
be no association between medical imaging radiation and
brain tumours[52] or secondary abdomino-pelvic malignancies[28]. Self-reported information and recall bias may
under or overestimate radiation dose received in the study
carried out by Blettner et al[52]. The number of diagnostic
procedures is also a crude estimate of actual radiation
exposure due to the variability in radiation dose, even for
the same procedure[40,52]. Van Walraven et al[28] suggested
that the relationship between radiation and cancer risk
may not be linear, rather requiring a particular threshold

0 additional records identified
through other sources

Screening

344 records identified through
database search
Pubmed n = 344
Cochrane library n = 0

302 articles excluded on initial
screen of title and abstract

Included

42 full text articles assessed
for eligibility

6 full text articles excluded
according to inclusion/
exclusion criteria stated in the
methods section

Eligibility

0 duplicates
n = 344

36 studies (and the BEIR Ⅶ
report) included in the qualitative
analysis

[15]

Figure 1 Preferred reporting items for systematic reviews and metaanalyses flow diagram summary of study selection process.

radiation-related cancers resulted for every 100000 patients screened (95% CT uncertainty interval, 80-280)[31].
The number of colorectal cancers prevented from CT
colonography, based on three microsimulation models,
varied between 3580 to 5190 cases per 100000 patients
screened, resulting in a benefit-risk ratio of 24:1 (95%
CT uncertainty interval, 13:1-45:1) to 35:1 (95% CT
uncertainty interval, 19:1-65:1)[31]. The benefit-risk ratio
was higher for patients aged 65-80 relative to those aged
50-64[31].
A retrospective cohort study of 1424 patients by
Woo et al[22] also showed a positive benefit-risk ratio
when examining the mortality benefit from preventing
a pulmonary embolism vs mortality risk from radiation
induced cancer (benefit-risk ratio of 25 for patients in the
emergency department or outpatient setting and 187 for
inpatients).
Brenner et al[55] investigated the effects of full-body
CT examinations which have become more popular in
private independent radiology clinics. This study showed
a single full-body CT scan in a 45-year-old adult would
result in an estimated lifetime attributable cancer mortality risk of around 0.08% with 95% credibility limits being
a factor of 3.2 in either direction[55]. An annual examination up till age 75 (30 examinations in total) was reported
to increase the lifetime risk to 1.9% with 95% CT credibility limits being a factor of 2 in either direction[55].
Summary of evidence
The main objectives of this review was to provide an
overview of the radiation risks involved with medical
imaging and use this as a framework to better understand
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rate at which cellular repair mechanisms are overwhelmed
and start carcinogenesis[76-85].

disease in either liver, lung or peritoneum can be associated with long term disease control or cure[2]. The outcomes are also improved with long disease free interval
from primary diagnosis making the case for ongoing follow up, even when the patients have reached 5 years post
treatment.
Using data from the study of Berrington de González
et al[41] a crude estimate of 0.013 and 0.015 lifetime excess
cancers was determined for 10 CT scans to the chest,
abdomen and pelvis in a 50-year-old male and female
respectively. In the New Zealand context, this would
equate to 39.6 excess cancers if the 1463 males and 1374
females in the 2009 New Zealand colorectal cancer registry received a conservative measure of 10 CT scans each,
in the context of 1244 colorectal cancer deaths[94]. While
these numbers are low and primarily include elderly
patients in whom the adverse effects of radiation are reduced, ten percent of patients presenting with colorectal
carcinoma are under the age of 40 years and in these
patients, therapy is often most intensive and as results
improve, prolonged follow up will be routine with an aggressive approach taken to treat metastatic disease. Eventually, this will require that guidelines for post-treatment
surveillance address the need for more intensive surveillance strategies and make comment on extending surveillance beyond 5 years.
It may be possible to utilize non-radiation methods
including magnetic resonance imaging to assess the abdomen and pelvis and contrast enhanced ultrasound for
the liver although currently CT of the chest remains the
gold standard for detecting pulmonary disease. A study
by Schmidt et al[95] comparing the use whole body MRI
in the follow up of 24 patients with colorectal cancer
showed MRI was less sensitive (sensitivity 63%) at detecting lymph node metastases relative to FDG-PET-CT
(sensitivity 93%) and had a similar sensitivity for detecting
organ metastases (sensitivity 80% and 78% for PET-CT
and MRI respectively). Despite the great soft-tissue resolution MRI provides for detection of pelvic recurrences
of colorectal cancer[96-100], its use for routine surveillance
of the pelvis after curative surgery was “not justified”[101]
on the basis that there were no differences in detection
of possible cases suitable for surgical resection compared
to conventional follow up protocols, rather suggesting
MRI be selectively used for imaging patients following
clinical, biochemical or colonocopic assessment. The
other possibility is to restrict intensive follow up to patients with adverse prognostic factors and higher risk of
recurrence. However recent evidence suggests that after
3 years of survival conventional clinicopathologic factors
have limited ability to predict long-term survival[102].
Whilst nothing can be definitively concluded from the
crude approximations above, clinicians should be aware
of the possible risks associated with ionizing radiation
when imaging patients with colorectal cancer. As with
any medical intervention, the clinician needs to balance
the risks and benefits, particularly more so in the younger
population due to the increased radiosensitivity in this

Limitations
Most studies included in the review used a linear, nothreshold (LNT) model as proposed in the BEIR Ⅶ report[15] to calculate cancer risks. The LNT model is based
on atomic bomb survivors in the Japanese population (the
Life Span study) and proposes that any radiation dose increases the risk of developing cancer[15,21]. Therefore, it is
perhaps unsurprising that a majority of studies included
in the review showed a positive association between medical imaging radiation and increased cancer risk.
The LNT model is not full proof, particularly with
regard to application of data to non-Japanese populations
and at low doses (< 50 mSv) of radiation where there is
no convincing epidemiological evidence of a linear model[86]. The LNT model is still debated and a review by Pauwels and Bourguignon discusses these issues in detail[86].
Another limitation may involve the retrospective
nature of many studies and a number of authors have
commented on the practicality of following up hundreds
of thousands patients for their entire lifetime[31,43]. These
difficulties have also been noted in another study[87]. As
described above, recall bias and under or overestimation
of radiation dose received may also be another limitation
in case-control studies[30,52].
With regard to the review itself, failure to identify
relevant studies in the literature may have resulted in
bias[14,88]. Limits were set to search for English language
articles in the last 10 years only. In addition, omission
of studies where the full-text could not be retrieved may
have contributed to the bias[14,88,89]. As studies were not
selected in an independent blinded manner, there could
also have been some unjustified exclusion of eligible
studies[14,88,89].
Implications for patient follow up
On the basis of the available literature, there is a small,
but increased risk of cancer from medical radiation imaging with the risk increasing in the younger population.
Many studies calculated risk using risk projection models
mainly derived from atomic bomb survivors in Japan and
there is a debate about the applicability of such models
in low dose radiation exposure[21,90-93]. The only cohort
study to date which directly assessed the risk of cancer
and CT scans reported risk estimates which were broadly
consistent with data from the atomic bomb survivors in
the paediatric population[21]. Whether these data can be
applied in the adult population is still unknown[21].
For patients with colorectal cancer who have undergone curative resection, the current guidelines are variable with ASCO[7,8] NCCN[3] and ESMO[5] guidelines
recommending annual CT scans for at least three years
following diagnosis and initial treatment. However, all of
the published guidelines underestimate the frequency of
imaging currently employed in many cancer centres since
it is now recognised that resection of localized, recurrent
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group[61-74]. A clinically justified CT scan in the context of
colorectal cancer is likely to be of benefit due to the fatal
nature of the disease. Further studies of medical imaging
risks in the adult population, based on empirical data using direct studies, and epidemiological data of radiation
risks at low doses, would be beneficial in assessing the
potential benefits and risks associated with multiple imaging in colorectal cancer patients.
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Core tip: Endoscopic ultrasound-guided celiac plexus
neurolysis should be considered as the adjunct method
to standard pain management. It moderately reduces
pain in pancreatic cancer, without eliminating it. Nearly
all patients need to continue opioid use, often at a constant dose. The central technique is easy to perform,
but intraganglia injection seems to give better results.
This review focuses on methods of celiac neurolysis,
with details about endoscopic ultrasound-guided celiac
plexus neurolysis, indications and outcomes with regard
to efficacy and safety, novel techniques, and predictors
of pain response.

Abstract
Pain in pancreatic cancer is often a major problem of
treatment. Administration of opioids is frequently limited by side effects or insufficient analgesia. Endoscopic
ultrasound-guided celiac plexus neurolysis (EUS-CPN)
represents an alternative for the palliative treatment of
visceral pain in patients with pancreatic cancer. This review focuses on the indications, technique, outcomes of
EUS-CPN and predictors of pain relief. EUS-CPN should
be considered as the adjunct method to standard pain
management. It moderately reduces pain in pancreatic
cancer, without eliminating it. Nearly all patients need
to continue opioid use, often at a constant dose. The
effect on quality of life is controversial and survival
is not influenced. The approach could be done in the
central position of the celiac axis, which is easy to perform, or in the bilateral position of the celiac axis, with
similar results in terms of pain alleviation. The EUS-CPN
with multiple intraganglia injection approach seems to
have better results, although extended studies are still
needed. Further trials are required to enable more confident conclusions regarding timing, quantity of alcohol
injected and the method of choice. Severe complications have rarely been reported, and great care should
be taken in choosing the site of alcohol injection.
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INTRODUCTION
The incidence of pancreatic cancer has increased over
the last decade[1,2]. Few of the patients are diagnosed at
a resectable stage (12%-20%)[3,4] and vascular resection
during duodenopancreatectomy increases the 30-d postoperative morbidity and mortality rate[5]. For pancreatic
cancer patients, the standardized net survival at 5 years
is 6% for men and 10% for women[6]. Thus, palliative
treatment is crucial in management. In this context, one
of the most important symptoms to treat is pain. In the
initial phase, the pain is visceral, but with disease progression, somatic pain may occur, especially due to the peri-
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pancreatic invasion of neural structures or muscles. Medicinal palliation of pain from pancreatic cancer begins
with non-opioid drugs, such as paracetamol, stepping up
to opioids, such as tramadol, and, eventually, more powerful opioids, such as morphine or fentanyl. However, the
dosage of opioid medication sometimes reaches a limit
level due to side effects, such as nausea, constipation,
somnolence, addiction, confusion or respiratory depression, and failure in achieving adequate analgesia. In these
situations, neurodestructive methods involving the main
pancreatic pain pathways, such as celiac block or thoracoscopic splanchnicectomy, seem efficient.
The celiac “plexus” is the largest plexus of the sympathetic nervous system, innervating the upper abdominal
organs (pancreas, diaphragm, liver, spleen, adrenal glands,
kidneys, abdominal aorta, mesentery, stomach, small
bowel, ascending colon and the proximal portion of the
transverse colon). The celiac plexus is situated within the
retroperitoneal space posterior to the stomach and pancreas, close to the celiac axis, and it is separated from the
vertebral column by the crush of the diaphragm. It comprises a dense network of ganglia around the aorta, with
considerable variability in size (0.5-4.5 cm), number[7-11]
and position (from the T12-L1 disc space to the middle
of the L2 vertebral body). The left celiac plexus is typically located more caudally than its counterpart on the
right. Celiac neurolysis may target either the plexus or the
ganglia.
The preganglionic sympathetic fibres of the celiac plexus are grouped into the greater (T5-10), lesser
(T10-11) and the least (T12) splanchnic nerves, and the
plexus also receives parasympathetic fibres from the celiac branch of the right vagus nerve. All of these fibres
are interrupted during thoracoscopic splanchnicectomy
performed under general anaesthesia (Figure 1).
This review focuses on the following aspects: methods of celiac plexus neurolysis, with details about endoscopic ultrasound-guided celiac plexus neurolysis (EUSCPN), indications and outcomes, including efficacy,
predictors of pain response, safety and novel techniques.

Phrenic nerve
Greater splachnic
nerve

Celiac trunk
Celiac ganglia

Superior mesenteric
artery

Inferior mesenteric
artery

Figure 1 Anatomy of the celiac area (courtesy of Dr. Gombosiu C).

transcutaneously under ultrasound (US) guidance (developed in 1995[9]), CT guidance or endoscopic US (EUS)
guidance (introduced in 1996[10]) or, more invasively, by
means of surgery. More recently, the laparoscopic technique has been implemented[11,12].
The advantages of the EUS approach are the fine orientation of the needle above or lateral to the celiac trunk
and the real-time performance of the procedure, under
Doppler control of vessel interposition. In addition, the
technique is easy, requiring only 2-3 min immediately
after the staging or sampling of an inoperable pancreatic
tumour. Better results can be expected owing to the better orientation of the needle, compared to the US or CT
approach, and the real-time accomplishment of the procedure.
The technique consists of preprocedural hydration
with 500 mL saline, followed by CPN performed with
the patient in the left lateral position, under either general
anaesthesia with propofol, or deep intravenous sedation
with 2-4 mg of midazolam. Some endosonographers
favour antibiotic prophylaxis, avoiding a retroperitoneal
abscess[13-16], although alcohol is considered to be a bactericidal agent[17]. Bacterial translocation from the gut
can be reduced by performing a single needle pass and
by avoiding simultaneous gastric acid suppression treatment[17,18]. After colour Doppler assessment of vessel-gut
interposition, a therapeutic linear-array echo-endoscope
is used and the puncture site is chosen. Proximity to the
diaphragm should be avoided, because of the potential
for immediate pain due to the spread of alcohol. The
devices used are 22-G or 19-G needles, or preferably fenestrated 20-G needles especially designed for EUS-CPN
(Cook Medical, Winston-Salem, NC, United States). Recently, the use of a forward-viewing echo-endoscope has
been reported in five patients[19].
For central injection, which is easier to perform, the
needle is advanced above the celiac trunk, in the space

CELIAC PLEXUS NEUROLYSIS
This involves chemical destruction of celiac ganglia and
corresponding neural pathways by injecting dehydrated
alcohol into the network of the celiac plexus. The result
is moderate neuronal degeneration associated with residual fibrosis[7].
The initial method involved a posterior approach, accomplished under guidance by fluoroscopy or computed
tomography (CT). The pain level at 12 wk after the procedure was significantly lower than with systemic analgesic therapy[8]. Unfortunately, in some cases the pleura or
neural structures were accidentally touched by the needle,
with subsequent development of serious side effects such
as pneumothorax and paraplegia, respectively[8].
As a consequence, the anterior approach came to be
considered a better option for CPN, accomplished either
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ized. For example, during the bilateral technique, after
one side injection, the alcohol spreads and impedes the
view of the opposite side. Sometimes, the celiac plexus
region cannot be reached with the needle, as is the case
in patients with cachexia who have very little fat tissue
around the aorta, or when the diaphragm insertion is too
close to the celiac trunk.
Other approaches such as thoracoscopic splanchnicectomy, EUS-guided direct celiac ganglion irradiation with
125
I seeds or radiofrequency ablation can be considered as
alternative methods for celiac plexus destruction[11,29,30].

INDICATIONS OF EUS-CPN

Figure 2 Endoscopic ultrasound images showing the position of the
needle above the celiac plexus.

The NCCN guidelines, version 1.2013 for pancreatic
adenocarcinoma, recommend EUS-CPN for the treatment of severe tumour-associated pain. This technique
is useful especially when intolerable adverse effects of
opioid therapy occur, such as drowsiness, delirium, dry
mouth, anorexia, constipation, nausea and vomiting, or
an analgesic “ceiling” is seen due to neurotoxicity. In the
case of jaundice caused by an unresectable pancreatic
head tumour, biliary drainage should be offered first, followed by open CPN if pain persists[31].
Relative contraindications to EUS-CPN include difficult access due to anatomical distortion from previous surgery or congenital malformations. The absolute
contraindications for EUS-CPN are the same as for any
other invasive procedure: coagulopathy, platelets < 50000,
and patients who are unable or unwilling to cooperate[32].

between the aorta and the origin of the celiac axis. If
bilateral injection is chosen, the echo-endoscope, situated
above the celiac axis, is rotated to one side until the origin
of the celiac axis is no longer seen, and half of the entire
solution is injected; the procedure is then repeated on the
opposite side.
When ganglia are targeted, the echo-endoscope is
rotated clockwise and celiac ganglia are found above the
celiac trunk, alongside the trunk, and below the trunk,
just above the superior mesenteric artery takeoff[20]. The
ganglia are small hypoechoic nodules with hyperechoic
foci in the center. Sometimes their interconnection can
be seen. In large ganglia, thin linear hypoechoic lines
arising from the edges of the ganglion are suggestive
of small neural fibres[20]. The rate of ganglia detection
varies between 79%-89% and it may also vary among
endosonographers (65%-97%) [21-23]. As many ganglia
as possible should be injected. The actual recommendations are to start the injection in the central part of
the ganglia for those within 1 cm in diameter, or in the
deepest part of the larger ganglia, and to perform the
injection during the withdrawal of the needle, but only
inside the ganglia[24].
Following the Doppler assessment of the area, aspiration is performed in order to rule out placement of the
needle inside a vessel, which may lead to severe complications (Figure 2). Any lack of resistance during injection
might suggest that the vascular space has been punctured;
the needle should be withdrawn, and the aspiration test
repeated. The injection starts with 3-10 mL of a local
analgesic to prevent transient pain exacerbation induced
by the neurolytic agent. Lidocaine 1%-2%[13,14,20,25], or a
better analgesic such as bupivacaine 0.25%-0.75%[10,23,26-28],
can be used. Subsequently, 10-20 mL of a neurolytic agent
(98% dehydrated alcohol) is injected and a hyperechoic
cloud is seen in the area of the needle tip as the substance
spreads.
All patients must be kept under close observation for
2 h after the procedure, to monitor blood pressure, heart
rate and temperature, and to identify any immediate complications.
Technical difficulties may occur in some cases because
the anatomical landmarks could not be properly visual-
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OUTCOMES
Efficacy for EUS-CPN
The main goals when performing EUS-CPN are the alleviation of pain and the improvement of quality of life.
This procedure added no benefits regarding survival in
two randomized controlled trials[13,27].
Although the quality of life was unchanged after CPN
in one randomized trial[16], there are reports of improvement of parameters of quality of life such as functional
status, work capability, sleep, and enjoyment of leisure
activities[14,26]. The occurrence and duration of terminal
delirium have also been reported as reduced after this
procedure[33].
The assessment of pain intensity in chronic cancer patients uses different measurement scales. Visual analogue
scales have proved to be less suitable in old patients with
opioid use, due to limited communication skills and cognitive impairment during the last days of life, making
self-reporting of pain more difficult[34]. Numerical rating
scales are preferable in assessing cancer pain exacerbations to verbal rating scales[35]. As a result, observation
of pain-related behaviours and discomfort is indicated
in patients with cognitive impairment, in order to assess
the presence of pain[36-38], and multidimensional questionnaires which evaluate the pain intensity together with
other parameters of interference with pain are useful[26].
Although the real benefit of EUS-CPN compared
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Table 1 Pain relief and techniques used in patients with endoscopic ultrasound-guided celiac plexus neurolysis
Ref.
Doi et al[23] 2013
Leblanc et al[14] 2013
Seicean et al[26] 2013
Wiechowska-Kozłowska et al[25] 2012
Wyse et al[27] 2011
LeBlanc et al[13] 2011
Iwata et al[39] 2011
Ascunce et al[20] 2011
Sakamoto et al[40] 2010
Sahai et al[41] 2009
Ramirez-Luna et al[42] 2008
Levy et al[15] 2008
Tran et al[28] 2006
Gunaratnam et al[43] 2001
Wiersema et al[10] 1996

n

Pain evaluation

Technique of EUS-CPN

Follow-up period (wk)

Pain alleviation

68
20
32
29
48
50
47
64
67
160
10
17
10
58
30

Numeric rating scale
Numeric rating scale
Brief pain inventory
Numeric rating scale
Likert scale
Numeric rating scale
Visual analogue scale
Numeric rating scale
Visual analogue scale
Visual analogue scale
Visual analogue scale
General descriptors
Numeric rating scale
Visual analogue scale
Visual analogue scale

Ganglia vs central
Ganglia + central
Central
Central + bilateral
Bilateral
Central vs bilateral
Central
Ganglia or bilateral
Under celiac trunk
Central vs bilateral
Central
Ganglia
Central
Bilateral
Bilateral

1
6
2
8-12
12
14
1
1
4
1
4
4
Not stated
24
12

73% vs 45%
90%
75%
76%
60.70%
69% vs 81%
68.10%
50%
33%-93%
70% vs 45%
72.20%
94%
70%
78%
79%-88%

EUS-CPN: Endoscopic ultrasound-guided celiac plexus neurolysis.

(67.5% vs 33%)[14]. However, this technique has been used
in only a few studies. One randomized controlled trial
compared direct ganglia neurolysis with central neurolysis. The positive response rate at day 7 and the complete
response rate were higher in the ganglia neurolysis group
(75.5% vs 45.5% and 50% vs 18.2%, respectively)[23].

to placebo has not been studied, pain relief after the
procedure varies between 45%-94% in different papers
(Table 1). Two subsequent meta-analyses showed a mean
rate of pain alleviation of 72%-80%, with a much lower
rate of complete pain response[24,42,43]. However, many of
the patients still required the same dose of analgesic and
EUS-CPN should be considered as an adjunct method
to standard pain management[24]. The post-neurolytic residual pain could be related to non-visceral pain, due to
the invasion of the muscles or surrounding connective
tissue, but factors concerning the technique used (type
of technique, quantity of alcohol injected, timing of the
procedure) have not been extensively studied.
The type of technique used for obtaining the best
response is still controversial. Eleven studies on the central or bilateral technique have been published to date,
showing a pain alleviation rate of 50%-88% at 1-14 wk
after the procedure (Table 1). Bilateral technique, used in
six of these studies, was associated with a rate of pain
alleviation of 45%-88%, while central technique showed
68%-72% alleviation. To date, only one randomized
controlled trial has compared the central and bilateral
techniques of EUS-CPN and showed no difference in
duration of pain relief (11 wk vs 14 wk), complete pain
relief (2/29 patients vs 2/21 patients) or reduction in pain
medication (9/29 patients vs 7/21 patients)[13]. The choice
between the central or bilateral technique remains difficult, depending on the personal skills and the experience
of every endosonographer. Our experience has showed
good results with the central technique, which we consider easier to perform[26].
EUS-guided direct ganglia neurolysis, first reported
by Levy in 2007, showed much better results in terms
of pain alleviation (7 of 17 patients, 94%) at 2-4 wk; the
known side effects - diarrhoea or hypotension - were
noted. For the first time, long-lasting postprocedural pain
relief (2.2 d) was reported in 7 of 17 patients[15]. Oneweek follow-up of pain alleviation showed better results
for EUS-CPN at the celiac ganglia compared to EUSCPN at the celiac trunk region using bilateral injection
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Early vs late injection
A randomized, double-blind, controlled trial in 96 patients showed that CPN was effective in pain reduction at
1-mo and 3-mo follow-up, but opioid consumption was
constant - although it increased in the control group[27]. In
the group of patients without radiochemotherapy, pain
was significantly reduced and the need for increased opioids was prevented. In patients with radiochemotherapy,
on the other hand, pain was significantly reduced only at
3 mo of follow-up. The authors concluded that this technique would be effective only for patients who refuse, or
are ineligible for radiochemotherapy[27].
Amount of ethanol injection
The majority of cases have been performed using 10-20
mL alcohol[13-15,26,27]. Only one study compared the results
when 10 or 20 mL alcohol injection was used during intraganglia or central injection and no difference in pain
alleviation was noted[14].
Repetitiveness of the procedure
The benefit of repeated EUS-CPN was studied in 24
patients and results are less encouraging. The rate of
successful pain relief was much lower than for the first
EUS-CPN (29% vs 67% at 1-mo follow-up), and disease
progression was a factor which limited the response[44].

EFFICACY FOR PERCUTANEOUS CPN
AND ALTERNATIVE APPROACHES
Two important meta-analyses of the percutaneous approach have been published. The first one included 1117
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Table 2 Immediate and late complications reported for endoscopic ultrasound-guided celiac plexus neurolysis in adenocarcinoma
patients
Ref.

No. of
procedures

Muscatiello et al[16]
Gimeno-García et al[49]

1
1

Fujii et al[50]

1

Wiechowska-Kozłowska et al[25]

29

Mittal et al[53]
O’Toole et al[17]
Levy et al[15]
Leblanc et al[14]

1
31
17
20

Doi et al[23]

68

Jang et al[52]

1

Complications

Indication

Technique

Substance

Retroperitoneal abscess
PC
Celiac axis infarction, kidney, splenic, hepatic
PC
infarction, death
Anterior spinal cord infarction with lower
PC
paraplegia
Hypotension-1
PC
Pain exacerbation-2
Transient diarrhoea-3
Anterior spinal cord infarct with lower paraplegia
PC
Hypotension-1
PC
Pain exacerbation-2
PC
Lightheadedness-1
PC
Transient diarrhea-2
Transient nausea and vomiting-3
Transient hypotension-3
PC
Upper gastrointestinal bleeding-1
Pain exacerbation-17
Transient diarrhea-5
Inebration-2
Liver and splenic infarction, ischemia of the
Pancreatic
stomach and small bowel
metastasis

Not stated
Bilateral

Alcohol + bupivacaine
Alcohol + bupivacaine

Ganglia + central

Alcohol + bupivacaine

Bilateral + central

Alcohol + bupivacaine

Ganglia + central
Bilateral
Ganglia
Central + ganglia

Alcohol + bupivacaine
Alcohol + bupivacaine
Alcohol + bupivacaine
Alcohol+ bupivacaine

Central + ganglia

Alcohol + bupivacaine

Central

Alcohol + bupivacaine +
triamcinolone

PC: Plexus neurolysis in adenocarcinoma.

vs 24 patients). The median number of visualized ganglia
was two. The pain response rate was 50% at 1 wk, 77%
at 30 d, and opioid consumption was 57% lower at 1-wk
follow-up. Pain alleviation was significantly lower for patients in whom the ganglia were not visualized, and it was
also lower, albeit not significantly so, for tumours located
in the body or tail of the pancreas, for large tumours and
for patients with severe pain at presentation[20].
A second study of 47 patients with central-injection
CPN showed 68% pain alleviation at 1 wk. The predictors of poor pain alleviation were direct invasion of celiac ganglia and left diffusion of the neurolytic agent[37].

patients, 63% of them with pancreatic cancer, in whom
bilateral X-ray-, US- or CT-guided neurolysis was performed. Pain alleviation at 2 wk was excellent; 90% relief
was recorded at 3 mo after the procedure, and 70%-90%
of patients experienced pain relief right up to the time
of death. Transient pain was seen in most of the patients under study (96% in two of the studies analysed),
transient diarrhoea in 44%, and transient hypotension in
38%. Severe neurological side effects were noted in 5 of
the 268 patients (1%)[45]. A second meta-analysis, including 358 patients with CT-guided CPN, from six randomized controlled trials, showed a limited advantage in pain
alleviation at 4 and 8 wk (0.42 and 0.44, respectively, on
a visual analogue scale of 0-10), but opioid consumption
was significantly lower, with fewer side effects[46].
To date, only one published randomized trial has compared the efficacy of CPN and thoracoscopic splanchnicectomy, and the results were not significant compared
to the control medical management group. The main
limitation of the study was the small number of patients
included in each arm of the study[11].
EUS-guided direct celiac ganglion irradiation with 125I
seeds was performed in 23 patients, with significant pain
reduction 2 wk later. Initial pain exacerbation was seen
in 26% of the patients, but no major complications occurred up to the time of death[29].
Radiofrequency ablations of pancreatic mass and celiac plexus have been reported as successful in the treatment of chronic pain[30].

Safety
Many complications have been described for EUS celiac
block indicated for chronic pancreatitis, and some of
these complications have been seen in EUS-CPN for
pancreatic cancer, such as transient diarrhoea (4%-15%)
and transient hypotension (1%)[14,18,47,48] or alcohol intolerance. Nowadays, it is considered that the potential
immediate complications are rare, such as hypotension,
tachycardia, initial pain enhancement, severe bleeding and
paraplegia. The late side effects include diarrhoea, hypotension, fever and paraplegia[48].
Recently, severe complications of EUS-CPN have
been reported in individual cases, and endosonographers
should be aware of them (Table 2). Permanent lower
paraplegia, due to spinal cord infarction, was noted in
one patient; the mechanism was considered to be alcohol
diffusion via the left T12 intercostal artery towards the
anterior spinal artery, or vasospasm caused by alcohol or
acute thrombosis due to injection of a high volume into
the celiac area[50-53]. Injury of the lumbar artery leading

Predictors of response rate
A retrospective study compared the results of ganglia
injection with those of non-direct ganglia injection (40
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into the artery of Adamkiewicz could be involved. This
major artery originates from the aorta, varies in position
from T7 to L4, supplies the lower two-thirds of the anterior spinal artery, and it is anatomically closely related
to the celiac ganglion[53]. The clinical manifestations, reported 14 h after the procedure, comprised motor weakness, decreased pain and temperature sensation below
T7-L1, and detrusor atony. Prolonged periprocedural
hypotension may have played a part[53]. Extreme caution
should be taken concerning the placement of the needle
tip, including Doppler US examination of the area and
aspiration before injection.
Another complication was thrombosis of the celiac
trunk, with wall thickening and bubble-like pneumatosis of the stomach, duodenum, jejunum, ileal loops
and ascending colon. Signs of hepatic infarction of
segment Ⅰ and Ⅲ, near-total right kidney, as well as
splenic infarction were discovered, and the evolution was
fatal. The explanation was the sclerosing effect of alcohol after injection[49]. Alcohol neurolysis for treatment
of chronic pancreatitis has been recorded as leading to
necrosis and perforation of the stomach and aorta with
lethal outcome[51], as well as splenic, gastric and pancreatic infarction[52]. The infarction of the liver, spleen,
stomach, and proximal small bowel after celiac neurolysis
for pancreatic metastasis was reported in one case, as
vasospasm resulted from the diffusion of ethanol into
the celiac artery[54].
Retroperitoneal abscesses have been previously noted
in chronic pancreatitis patients with triamcinolone injection, especially after gastric acid supression therapy[17,18],
but one case has been described in pancreatic cancer,
too[16]. However, antibiotic prophylaxis has not been carried out in many studies[23,25-28].
Initial pain exacerbation after EUS-CPN was reported in up to 29%-34% of cases[15,22]. Previous studies
considered initial pain exacerbation as a sign of greater
pain relief at follow-up[15], but this was not confirmed in
further studies[22].

CONCLUSION
EUS-CPN should be considered as an adjunct method
to standard pain management. It moderately eases pain
in pancreatic cancer without eliminating it completely.
Nearly all patients need to continue opioid use, often at
a constant dose. Multicentre, randomized, controlled trials are required to provide more reliable conclusions on
timing, quantity of alcohol injected and the method of
choice. Until then, in the light of the severe complications reported recently, great care should be taken when
choosing the site of alcohol injection.
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Core tip: Gastric neuroendocrine tumors (GNETs) comprise distinct tumor entities that have been classified on
the basis of pathogenesis and histomorphologic characteristics into 4 types that differ in biological behavior
and prognosis. To plan the correct management and
optimal therapeutic approach in patients with GNETs,
it is essential to obtain an adequate clinical evaluation and assessment of the pathological features of
the tumor. Development of new gene markers as well
as effective drugs is expected for the better diagnosis,
prognosis and treatment of GNETs.

Abstract
Gastric neuroendocrine tumors (GNETs) are rare lesions characterized by hypergastrinemia that arise from
enterochromaffin-like cells of the stomach. GNETs consist of a heterogeneous group of neoplasms comprising
tumor types of varying pathogenesis, histomorphologic
characteristics, and biological behavior. A classification
system has been proposed that distinguishes four types
of GNETs; the clinicopathological features of the tumor,
its prognosis, and the patient’s survival strictly depend
on this classification. Thus, correct management of
patients with GNETs can only be proposed when the
tumor has been classified by an accurate pathological
and clinical evaluation of the patient. Recently developed cancer therapies such as inhibition of angiogenesis or molecular targeting of growth factor receptors
have been used to treat GNETs, but the only definitive
therapy is the complete resection of the tumor. Here
we review the literature on GNETs, and summarize the
classification, clinicopathological features (especially
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INTRODUCTION
Gastric neuroendocrine tumors (GNETs) are rare tumors, occurring in 1 to 2 cases/1000000 persons per
year, and accounting for 8.7% of all gastrointestinal neuroendocrine tumors[1]. However, over the last 50 years,
the incidence of GNETs has increased in most countries,
in part because of better awareness and more widespread
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Table 1  Features of gastric neuroendocrine tumors
Type Ⅰ GNET
Proportion of GNETs
Tumor features

Type Ⅱ GNET

Type Ⅲ GNET

Proliferation (Ki67)
Immunohistochemistry

70%-80%
5%-6%
14%-25%
Usually multiple, small (1-2 cm), Usually multiple, small (1-2 Single, large (> 2 cm, mean 5.1
polypoid or intramucosal
cm), polypoid
cm)
2%-5%
10%-30%
50%-100%
< 0.5%
< 5%
Well-differentiated: 25%-30%,
poorly differentiated: 75%-87%
< 2%
< 2%
> 2%
CgA, NSE, VMAT 2 positive
CgA positive
CgA negative

Histology

Mitoses (absent or occasionally)

Risk of metastases
Tumor-related death

mitoses < 1 per 2 HPFs

Mitoses > 1 per HPF

Type Ⅳ GNET
Rare
Single, large (largest 16 cm)
100%
100% (Mean survival of
6.5-14.9 mo)
> 30%
Synaptophysin, NSE, PGP9.5
positive;
CgA negative
Severe grade 3 histology

GNET: Gastric neuroendocrine tumor; CgA: Chromogranin A; NSE: Neuron specific enolase; VMAT: Vesicular monoamine transporter; HPF: High power field.

use of upper gastrointestinal endoscopy[2]. Gastric neuroendocrine carcinoma has also been recently reported in a
patient with long-term use of a proton pump inhibitor[3].
GNETs are classified into four types, based on pathogenesis and histomorphologic characteristics; these types
differ in biological behavior and prognosis[4-6], ranging
from benign to highly malignant biological behavior and
extremely poor prognosis[7]. Novel strategies for treating
GNETs have been developed recently.

exocrine tumors[17]. Well-differentiated tumors generally
originate from ECL cells that are located in the corpus/
fundus mucosa of the stomach, and represent the major
proliferative target of gastrin, which is considered to be
the main stimulus for the growth both of type Ⅰ and
type Ⅱ GNETs. On the contrary, type Ⅲ and type Ⅳ
GNETs are “gastrin-independent”.

CLINICOPATHOLOGICAL FEATURES
Type Ⅰ GNET
Seventy to eighty percent of gastric GNETs are
type Ⅰ tumor and they are usually less than 10 mm in
diameter, multiple, mostly related to chronic atrophic gastritis, and localized in the gastric fundus or body[18]. The
histological features show a typical GNET, a trabecular
or solid arrangement. Tumor cells are monomorphic and
medium sized, of regular shape with round nuclei. Mitoses are either absent or are seen occasionally. Tumor extension is limited to the mucosa or submucosa. The gastrin-dependent GNETs are consistently associated with
generalized proliferation of endocrine cells in the extratumoral fundic mucosa. A histopathological classification
has been formulated for the spectrum of proliferative
lesions presented by fundic endocrine cells of hypergastrinemic patients; it arranges type Ⅰ tumors in a sequence
presumed to reflect the temporal evolution of the process and the increasing oncologic risk for patients [19].
Diagnosis of GNETs requires efficient histopathological,
biochemical and diagnostic imaging analyses[20-22].
Most type Ⅰ tumor cells are strongly positive for
endocrine markers such as chromogranin A (CgA),
neuron-specific enolase (NSE), and vesicular monoamine
transporter 2, which characterize the cells as histamineproducing cells. Once the diagnosis of a type Ⅰ GNET
is suspected, determination of CgA expression can be
helpful. However, the concentration of CgA correlates
with the number of ECL cells; thus, a pathologically high
CgA concentration is neither pathognomonic nor essential for the diagnosis of type Ⅰ GNET. The proliferation
marker MKI67 is typically expressed in less than 2% of
the tumor cells. Patients are usually asymptomatic, with
diagnosis usually occurring during gastroscopy. Destruc-

CLASSIFICATION
The four GNET subgroups are listed in Table 1. Classification is based primarily on their clinicopathological features[4-6]. Type Ⅰ GNET is mostly related to chronic atrophic gastritis, reflected by the presence of multiple small
neoplasms; it has an excellent prognosis after resection[8,9].
Because of its low metastatic potential, type Ⅰ GNET is
the most benign type, with death from metastatic disease
reported in only three patients out of 724 cases reviewed;
however, despite their generally benign course, the malignant potential of type Ⅰ GNET should not be ignored
when planning the medical workup of these patients[10].
Type Ⅱ GNET is histologically similar to type Ⅰ, and is
usually associated with MEN1 syndrome or ZollingerEllison syndrome[11-13]. It is also usually considered to be
benign, with a low risk of malignancy[14]. Type Ⅲ GNET
is a solitary sporadic tumor that quite often infiltrates the
muscularis propria and serosa; it is usually not associated
with other gastric conditions or hypergastrinemia and
frequently presents as a large lesion, greater than 10 mm
in size, which is well-differentiated, and is accompanied
by angioinvasion and lymph node and liver metastases,
resulting in a poor prognosis[15]. Type Ⅳ GNET is an uncommon tumor, and usually is single, large, poorly differentiated, and highly malignant; it is typically accompanied
by vascular invasion and metastases, and has an extremely
poor prognosis[16].
Types Ⅰ to Ⅲ GNETs are comprised of enterochromaffin-like (ECL) cells, while type Ⅳ consists of other
types of endocrine cell tumors (that secrete serotonin,
gastrin, or adrenocorticotrophic hormone), poorly differentiated endocrine carcinomas, and mixed endocrine-
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tion of parietal cells from longstanding chronic atrophic
gastritis may lead to reduced intrinsic factor secretion and
consequently to an impaired resorption of vitamin B12;
thus, vitamin B12 deficiency and hyperchromic macrocytic anemia are often associated with autoimmune atrophic
gastritis and hypergastrinemia[23].
Type Ⅰ GNET is very rarely metastatic (5% to local
lymph nodes; less than 2% showing distant metastases),
with no related deaths and a reported long-term survival
rate of 100%[23-25]. Thus, initial staging is recommended.
Endoscopic ultrasound can be helpful to demonstrate
localized disease, i.e., lack of submucosal infiltration,
while an upper abdominal computed tomography (CT)
scan could aid in detecting metastatic hepatic disease[26].
Depending on the size and number of the lesions, endoscopic tumor resection is the treatment of choice[27].
Netazepide (YF476) is a potent and highly selective
cholecystokin 2 receptor antagonist of the benzodiazepine class[28]. It is an orally active, highly selective and
competitive antagonist of gastrin receptors[29]. Netazepide
is a tool used to study the physiology and pharmacology
of gastrin, and merits application in patients, to assess its
potential to treat gastric acid-related conditions and the
trophic effects of hypergastrinemia[30]. Although repeated
doses of netazepide lead to tolerance with regard to the
drug’s effect on pH, the accompanying increase in plasma
gastrin is consistent with continued inhibition of acid
secretion by antagonism of the gastrin receptor and by
gene up-regulation[31]. It was reported that treatment of
GNET type Ⅰ with YF476 results in regression of the
tumor and normalization of serum chromogranin A[32].
Ravizza et al[25] recommend use of endoscopic/histological examination to follow patients with type Ⅰ GNET,
along with an annual abdominal ultrasound scan; and
that endoscopic ultrasonography, CT and somatostatin
receptor scintigraphy be reserved for lesions with a diameter greater than 10 mm, or when clinically indicated
to plan an adequate endoscopic/surgical resection of the
lesions. However, despite their generally benign course,
type Ⅰ GNET may have malignant potential, a finding
that should be considered when planning the medical
workup of these patients[10].

which include nuclear polymorphism, hyperchromasia,
prominent nuceoli, and a slight increase in mitotic count,
< 1 per 2 high power fields (HPFs). Small regions of
necrosis may also be visible[34]. The diagnosis is usually
made by gastroscopy. In addition to endoscopic resection, the somatostatin analogue octreotide induces tumor
regression and a marked decrease in plasma gastrin levels;
the medical approach plays a key role in the management
of patients with type Ⅱ GNET, because of the presence
of multiple tumors that are not amenable to endoscopic
excision[35].
Type Ⅲ GNET
Fourteen to twenty-five percent of GNETs are classified
as type Ⅲ, and are non-gastrin dependent, large (> 2 cm,
mean 5.1 cm), usually occur singly, and grow from the
gastric body/fundus in the context of a normal (nonatrophic) surrounding mucosa[36]. Type Ⅲ GNET is considered to be an aggressive cancer, associated with deep
invasion and metastases, and has a poor prognosis. Typically, more than 2% of tumor cells express the proliferation marker MKI67 but are negative for CgA. Histologically, this type of tumor is characterized by large, poorly
defined, solid aggregates or diffuse sheets of round or
spindle-shaped cells. Abundant mitoses are detected (> 1
per HPF)[37], and focal necrosis is common. Ultrastructural studies document the presence of endocrine granules.
Whenever possible, surgical resection and lymph node
dissection are the treatment of choice[38]. Depending on
local growth characteristics of malignant type Ⅲ tumors,
this could include extended radical surgery including gastric resection and regional lymphadenectomy[39].
Type Ⅳ GNET
Type Ⅳ GNET is uncommon, large, poorly differentiated tumors that occur singly and are highly malignant[36].
The largest known type Ⅳ GNET was reported by
Bordi et al[39] to be 16 cm. In most cases, type Ⅳ GNET
shows lymphoinvasion, angioinvasion, and deep wall
invasion at the time of diagnosis. Poorly differentiated
type Ⅳ GNETs display a severe histology, with a prevalent solid structure, abundant central necrosis, and severe cytological atypia with frequent atypical mitoses and
high levels of MKI67 (> 30). CgA is normally absent or
expressed only focally, consistent with the rare electrondense granules observed ultrastructurally, while synaptophysin and the cytosol markers NSE and PGP9.5 are
diffusely and strongly expressed[37]. Although rare, the
poorly differentiated type Ⅳ GNETs deserve particular
attention owing to their aggressive nature and extremely
poor prognoses - mean survivals of 6.5 to 14.9 mo have
been reported[36].
Surgical resection is the most appropriate form of
treatment for this type of tumor. Multi-drug chemotherapy is promising, but remains to be evaluated in larger
clinical studies[40]. Type Ⅳ GNET demands an aggressive
surgical approach followed by chemotherapy and multimodality adjuvant therapy[41].

Type Ⅱ GNET
Five to six percent of GNETs reportedly are type Ⅱ
tumors, which occur as a result of a gastrin-secreting
neoplastic tissue in Zollinger-Ellison syndrome. Clinically,
type Ⅱ GNET behaves similarly to the type Ⅰ tumors
described above, with small (1-2 cm), multiple, and well
differentiated lesions. The proliferation marker MKI67 is
expressed in < 2% of the tumor cells. Endocrine markers such as CgA are increased in type Ⅱ GNET, but
this may be due to other manifestations of a GINET[19].
Type Ⅱ GNET is usually limited to the mucosa and/or
submucosa, with metastases seen in ten to thirty percent,
and tumor-related death in less than 5% of cases, according to the literature[33]. Tumors show moderately enlarged
lobules and trabeculae, and moderate cellular atypia,
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significant correlation was found between the expression
of cyclin D1 and any clinicopathological variables. Results from Agaimy and colleagues indicate a prognostic
relevance for cyclin E and P53 immunoreactivity: cyclin E
may be an independent prognostic factor from the 2010
WHO Classification, and it should be evaluated in further
studies[46]. In a study cohort of GNETs, it was reported
that positive rates of neuroendocrine markers were 40%
for chromogranin A, 60% for synaptophysin, 60% for
CD56, 40% for neuron-specific enolase, and 100% for
p53 protein[41]. Table 2 summarizes new tissue and serum
tumor markers for specific diagnostics and prognostics
of GNETs.

Table 2   New tissue and serum tumor markers for specific
diagnostics and prognostics of gastric neuroendocrine tumors
  Ref.

Giandomenico et al[42]
Mia-Jan et al[43]
Agaimy et al[44]
Mori et al[45]

Case

Hormones, amines
and peptides for
specific diagnostic and
prognostics of GNETs

Expression

15
2
1
51

CD133
ISL1
c-kit
Cyclin E

20% positive
Complete loss
Overexpression
Independent
prognostic factor
Prognostic
relevance
40% positive
60% positive
60% positive
40% positive

Cyclin E and P53
Namikawa et al[41]

5

Chromogranin A
Synaptophysin
CD56
Neuron-specific enolase
p53 protein

TREATMENTS DEVELOPMENT
The only curative therapy for GNETs is the complete resection of the tumor. Regardless of type, endoscopic resection is recommended as an initial treatment of NETs
that are not yet at the advanced stages; if this is not possible, minimally invasive surgery that involves wedge resection should be considered as an alternative. However,
while endoscopic submucosal dissection (ESD) or local
resection can be performed in early stage tumors, radical
surgery with lymph node dissection is recommended for
all advanced GNETs[47,48]. The present study indicates
that because of complete resection, ESD may reasonably
serve as a radical treatment for GNETs when lesions are
within the existing criteria. In addition, endoscopic treatment can be also considered in patients with a high risk
of perioperative complications due to age or advanced
comorbidity: for example, if other contraindications to
major surgery exist, ESD would be the treatment of
choice, even when lesions are little beyond the existing
criteria[2].
Complete surgical resection is associated with better
long-term survival[49]. Many case series have recently been
published that advocate antrectomy as a means of gastrin
suppression in type Ⅰ GNET[50,51]. While there is universal consensus on the use of surgical treatment of type Ⅲ
GNET, current options for type Ⅰ and Ⅱ GNETs include simple surveillance, endoscopic polypectomy, surgical excision with or without surgical antrectomy, or total
gastrectomy[52].
Chemotherapy is a palliative option for patients with
type Ⅳ GNET, and is reserved for those with significant
symptoms related to advanced disease, or with a poor
prognosis ( related to poor tumor differentiation, rapid
disease progression, or progression on somatostatin analogues)[53]. Response rates to single-agent chemotherapy
are low, so combination chemotherapy regimens are most
commonly administered. Interferon-α (IFN-α) is also
effective in decreasing symptoms associated with secretion of peptides by the tumor in 30%-70% of patients
with GNETs. However, the onset of effect of IFN-α
is delayed, and adverse effects (including fever, fatigue,
weight loss, and anorexia) may be significant and are
dose dependent. Combination chemotherapy, such as

100% positive

GNET: Gastric neuroendocrine tumor; ISL1: Islet-1.

NEW TISSUE AND SERUM TUMOR
MARKERS FOR SPECIFIC DIAGNOSTICS
AND PROGNOSTICS OF GNETS
Tumor biomarkers or molecular markers that predict
patient outcome are being discovered for increasing
numbers of tumors. Tumor markers that are specific for
GNETs include Histamine, Gastrin, gastrin-releasing
peptide, Ghrelin, and Obestatin[42]. Mia-Jan et al[43]. evaluated the expression of CD133 in GNETs (n = 15) and
found that it was strongly expressed in about 20% of
GNETs. It is expressed in poorly differentiated as well as
in well-differentiated GNETs. The human insulin gene
enhancer-binding protein islet-1 (ISL1) is a transcription
factor involved in the differentiation of the neuroendocrine pancreatic cells and recent studies have identified
it as a marker for well-differentiated pancreatic neuroendocrine neoplasms. Agaimy et al[44] showed that ISL1 is
expressed in endocrine cells of the normal stomach and
colorectal tissue, in contrast to with the complete loss of
this protein in some gastrointestinal neuroendocrine carcinomas (n = 2), similar to the distribution of this protein
in normal and neolpastic pancreatic tissues. In addition,
Mori et al[45] report the presence of focal neurondocrine
differentiation and diffuse c-kit overexpression in a case
of gastric undifferentiated carcinoma: immunohistochemistry shows that the tumor cells are diffusely positive
for cytokeratin, vimentin, and c-kit, and focally positive for
CgA and synaptophysin. These authors hypothesized that
c-kit overexpression in these tumor cells can be attributed
to neuroendocrine differentiation. To characterize the
expression of the proteins cyclin D1, cyclin E and P53
in gastroenteropancreatic neuroendocrine tumors and
assess their prognostic impact, tumor specimens from 68
patients (including 51 cases of gastric tumor origin, with
a complete follow-up) were studied immunohistochemically for cyclin D1, cyclin E and P53 expression, but no
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Table 3  Summary of medical treatments for patients with gastric neuroendocrine tumors
Type Ⅰ GNET
Resection

Simple surveillance, endoscopic
polypectomy, surgical excision
associated with or without
surgical antrectomy, total
gastrectomy

Type Ⅱ GNET

Type Ⅲ GNET

Simple surveillance, endoscopic Radical surgery
polypectomy, surgical excision
associated with or without
surgical antrectomy, total
gastrectomy

Chemotherapy

Combination chemotherapy:
Etoposide + cisplatin (CDDP)/
carboplatin octreotide and
pasireotide (SOM230);
Somatosatin analogues;
CDDP + CPT-11
117Lu- and 90Y-labelled somatostatin analogues;
Selective internal radiation
therapy

Targeted
radio therapy

Biological therapy
Molecular
targeted therapy

Type Ⅳ GNET
Radical surgery

Interferon-α
Inhibition of angiogenesis or molecular targeting of growth factor receptors, including sunitinib and imatinib

GNET: Gastric neuroendocrine tumor.

that inhibits VEGFR, is generally well tolerated[69]. Imatinib, another tyrosine kinase inhibitor that selectively
inhibits PDGFR, was also tried in patients with various
NETs without any objective responses, and causing significant toxicity[70].New diagnostic techniques have led
to increasingly early recognition of early gastrointestinal
NETs. Most patients with early, well differentiated NET
can be treated conservatively, and followed by endoscopic surveillance. Note that patients with (previous)
NET/carcinoid disease have a 15%-25% risk for second
malignancies in the breast, prostate, colorectum[71]. Such
carcinomas demand an aggressive surgical approach followed by chemotherapy and multimodal adjuvant therapy,
and randomized, prospective clinical trials that include
a search focused on MKI67 labeling index are required
to demonstrate an unequivocal survival advantage for
patients who receive chemotherapy or radiation therapy
after resection of NETs[41]. Table 3 summarizes medical
treatment for patients with GNETs.

etoposide+cisplatin (CDDP)/carboplatin, is a useful
medical treatment for unresected NET, and the somatostatin analogues octreotide and pasireotide (SOM230)
reportedly provide the benefit of hormonal symptom
control as well as suppression of tumor growth[49]. Somatostatin, a naturally occurring regulatory hormone that
binds to somatostatin receptors and inhibits tumor secretion of regulatory peptides, is another palliative treatment[54-56]. Although there are no standard chemotherapy
regimens for GNETs that use these receptors, treatment
with CDDP plus irinotecan (CPT-11) is effective against
this disease, with an overall response rate of 75% and a
progression-free survival of 212 d[34,41,57].
Patients with type Ⅳ GNET have reportedly benefitted from targeted radiotherapy. Recently, the effect of
177Lu-octreotate (177Lu), administered in repeated doses
of 100-200 mCi, with intervals of 6-9 wk up to a final
cumulative dose of 600-800 mCi, was investigated in 131
patients with GNETs. The shorter range for 177Lu in tissues may indicate that this isotope is better for treatment
of smaller tumors, while 90Y might be more suitable
for larger ones[58-64]. Since metastases often are of varying size, the best option may be to combine 117Lu- and
90Y-labelled somatostatin analogues. Targeted irradiation
therapy involving the use of selective internal radiation
therapy, which has been used in patients with primary hepatocellular cancer and metastatic colorectal cancer, was
recently tried in patients with GNETs: preliminary results
are encouraging, but further studies are warranted[58,65,66].
Grin reports that anti-Helicobacter pylori drugs may be
helpful in treating patients with duodenal gastrinoma
with multiple GNETs secondary to chronic Helicobacter
pylori-induced gastritis[67].
Novel principles for treating cancer patients, such
as inhibition of angiogenesis, or molecular targeting of
growth factor receptors[68], have been developed recently.
For example sunitinib, an oral tyrosine kinase inhibitor
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CONCLUSION
GNETs comprise distinct tumor entities that have been
classified on the basis of pathogenesis and histomorphologic characteristics into 4 types that differ in biological
behavior and prognosis. To plan the correct management and optimal therapeutic approach in patients with
GNETs, it is essential to obtain an adequate clinical
evaluation and assessment of the pathological features
of the tumor. Patients who are diagnosed with NETs
early and accurately have a greater chance for complete
cure. Over the past two decades, there has been a major
turnover in diagnostic methods. In a word, development
of new gene marker as well as effective drugs is expected for the better diagnosis, prognosis and treatment of
GNETs.
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REVIEW

Role of BMSCs in liver regeneration and metastasis after
hepatectomy
Hua-Lian Hang, Qiang Xia
reducing hepatocyte apoptosis, reversing liver fibrosis
and enhancing hepatocyte functionality. Additionally, it
has been shown that BMSCs can increase the apoptosis rate of cancer cells and inhibit tumor metastasis in
some microenvironments. This review focuses on BMSCs and their possible applications in liver regeneration
and metastasis after hepatectomy.
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Core tip: Recent research has demonstrated that bonemarrow stromal cells (BMSCs) are a type of stem cell
with powerful proliferative and differential potential that
play an important role in the repair and regeneration
of multiple organs and tissues, and these cells have
become the focus of recent research. This review discusses the involvement of BMSCs in liver regeneration
and metastasis after hepatectomy.

Abstract
Hepatocellular carcinoma (HCC), which develops from
liver cirrhosis, is highly prevalent worldwide and is
a malignancy that leads to liver failure and systemic
metastasis. While surgery is the preferred treatment
for HCC, intervention and liver transplantation are also
treatment options for end-stage liver disease. However,
the success of partial hepatectomy and intervention is
hindered by the decompensation of liver function. Conversely, liver transplantation is difficult to carry out due
to its high cost and the lack of donor organs. Fortunately, research into bone-marrow stromal cells (BMSCs)
has opened a new door in this field. BMSCs are a type
of stem cell with powerful proliferative and differential
potential that represent an attractive tool for the establishment of successful stem cell-based therapy for liver
diseases. A number of different stromal cells contribute
to the therapeutic effects exerted by BMSCs because
BMSCs can differentiate into functional hepatic cells
and can produce a series of growth factors and cytokines capable of suppressing inflammatory responses,
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BONE-MARROW STROMAL CELLS AND
LIVER REGENERATION
Multipotent bone-marrow stromal cells (BMSCs) are a
group of cells that are originally found in adult bone marrow. Continued analysis of their characteristics, niches and
functions has become the interest of many investigators in
the past decade. Notably, numerous researchers have focused on the role of BMSCs in the liver regeneration pro-
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cess by utilizing animal models of hepatectomy. Multiple
cell populations within the liver, including hepatocytes,
bile duct epithelial cells, Kupffer cells and endothelial cells,
quickly respond to injury to promote liver regeneration
after a partial hepatectomy[1]. After severe liver injury, liver
progenitors, known as “oval cells”, are also activated to
participate in the regeneration process[2]. As the storage
pool of progenitor cells, the bone marrow plays an important role in cellular mobilization during liver regeneration.
Within 24-48 h after liver injury, nearly 90% of hepatocytes
enter into the S phase of the cell cycle. At this time, DNA
replication begins, and various cell factors and growth factors are released through autocrine or paracrine modes
of action; these factors include epithelial growth factors,
hepatocyte growth factors, insulin-like growth factors,
vascular endothelial growth factors, tumor necrosis factors
and urokinase[3]. Other cells within the liver promote the
mitosis of hepatocytes by secreting small molecules. For
example, interleukin (IL)-6, secreted by Kupffer cells, is
one of the vital factors among such small molecules. Survivin and transforming growth factor (TGF)-β1 are highly
expressed in the liver regeneration process[4].
BMSCs are bone-marrow derived non-hematopoietic
stromal cells[5] that are capable of differentiating into
multiple types of cells and contribute to the regeneration
of both mesenchymal and non-mesenchymal tissues[5-12].
These cells are characterized by their easy access, proliferative potential in vitro and features that are not easily
lost[13]. BMSCs are absent of immunogenicity and can
express numerous surface markers, excluding hematopoietic cell markers such as CD45, CD34, CD14, and CD11.
It has been reported that surface markers of BMSCs
include HLA class Ⅰ+, HLA class Ⅱ-, CD40-, CD80and CD86 -[14-16]. Because BMSCs lack co-stimulatory
molecules, they are unable to generate T-cell mediated
immuno-responses.
Kuo et al[17] demonstrated that the transplantation of
BMSCs can significantly improve mortality in a murine
model of lethal fulminant hepatic failure induced with
carbon tetrachloride (CCl4) by oral gavage. In addition, a
number of cells expressing albumin have been detected
by Western blot, as well as cytokeratin 18, hepatocyte
nuclear factor 4, cytochrome P450 and glutamine synthetase. Using the same model, Banas et al[18] observed
a much higher concentration of hepatocyte-stimulating
factors, including IL-8, granulocyte colony-stimulating
factor, granulocyte-macrophage colony-stimulating factor, monocyte chemoattractant protein-1, nerve growth
factor and hepatocyte growth factor, after BMSC transplantation. Qihao et al[19] co-cultured BMSCs with mature
hepatocytes to induce BMSCs to differentiate into hepato-like cells. Their results demonstrated that co-cultured
cells display typical hepatocyte morphology and have a
high proliferative potential, expressing albumin, AFP and
CK18 at both the mRNA and protein levels. After 70%
of the liver was removed from congenital albumin-deficient mice and BMSCs were transplanted through portal
vein immediately following the tissue removal[20], albumin
mRNA and protein were both detected in hepatocytes
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4 wk later, and the serum was albumin positive as well.
The above-mentioned studies suggest that (1) BMSCs
have the potential to differentiate into hepato-like cells
after liver injury; and (2) BMSCs can secrete a number
of hepatocyte growth stimulating factors to promote the
proliferation of stem cells. Both features improve liver
regeneration.

BMSCS AND HEPATOCELLULAR
CARCINOMA
The early diagnosis and treatment of hepatocellular
carcinoma
Because early detection is difficult in hepatocellular carcinoma (HCC), the disease is usually diagnosed in the end
stages when patients are symptomatic. Early-stage HCC,
which is usually found during a physical examination, has
a good prognosis after hepatectomy. Hepatectomy is also
the primary treatment for advanced liver cancer[21]. To
remove the cancerous tissue completely, the resection of
a large amount of liver tissue is necessary, as the tumor
presents a large mass. The surgery will have a major influence on the patients’ liver function, ultimately leading to
liver failure and, in some cases, leaving the patient with no
other option but liver transplantation[22]. However, shortages in donor organs limit the development of clinical liver transplantation[23]. Molecular targeted drugs have shown
potential in the treatment of HCC[24,25] but are very costly.
Currently, no satisfactory treatment for HCC is available.
It has been reported that only 30% of HCC patients can
afford a hepatectomy or liver transplantation. In comparison, BMSCs will present a prospective clinical application
if they demonstrate a therapeutic effect on HCC.
BMSCs in the treatment of HCC
Little is known regarding the usage of BMSCs in the
treatment of HCC. SCID mice injected with HepG2
human liver cancer cells developed detectable tumors[26].
When injected with both HepG2 and hBMSCs, 20% of
the mice did not form tumors, while others showed delayed tumor formation compared to those injected with
HepG2 only. Additionally, immunoblot analysis showed
that treatment of HepG2 liver cancer cell lines with
hBMSCs-conditioned media resulted in a down-regulation of β-catenin, Bcl-2, c-Myc, PCNA and survivin, as
well as an inhibition of the proliferative rate of the cells.
Abdel aziz et al[27] co-cultured liver cancer cells HepG2
with hBMSCs to detect apoptosis of liver cancer cells
using flow cytometry. They observed that BMSCs can
increase the apoptosis rate of liver cancer cells.
Effect of BMSCs in liver fibrosis
HCC, which typically develops from liver fibrosis, can be
delayed or even inhibited if effective interventions are
performed during the period of liver cirrhosis, which is
initiated by Ito cells located in the Disse space[28]. These
cells are able to promote liver fibrosis by expressing
fibrogenetic factors such as TGF-β1[29]. Previous stud-
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in vivo, including breast cancer cells, leukemia cells and
myeloma cells, and to produce soluble factors such as
PGE2 and galactin-binding proteins[42]. Gao et al[43] found
that BMSCs secrete SDF-1 when exposed to either the
highly invasive MDA-MB231 human breast cancer cell
line or to conditioned medium from these cell cultures.
Autocrine signaling of SDF-1 results in the activation of
Jak2/STAT3 and ERK1/2 signaling, thereby promoting
FAK activation and cell migration. However, contradictory findings have been reported. Li et al[44] observed
that BMSCs down-regulate the expression of TGF-β1
and MMP and inhibit the invasiveness and metastasis of
HCC when co-cultured with MHCC97-H cells in vitro.
BMSC-treated mice exhibit significantly larger tumors but
had decreased cellular numbers of lung metastases, possibly because of the blocking of the TGF-β pathways in
metastasis of HCC. It is known that TGF-β1 is activated
by MMP-2 or MMP-9, which are both richly expressed in
the tumor microenvironment. Once activated, TGF-β1
binds to TGF receptor Ⅱ, phosphorylates TGF-β receptor I and activates down-stream signaling through
Smad-2 and Smad-3. TGF-β pathways have been proven
to play an important role in tumor development[45-47].
TGF-β1 regulates oncogenic mRNA expression to promote cell growth, migration and invasion of HCC cells,
thus promoting HCC progression[48]. A previous study
showed that TGF-β1 plays the role of chemo-attractant
for CD105-expressing endothelial cells and thus promotes tumor angiogenesis[49]. The role of TGF-β1 may
shift from tumor suppressor to oncogenic growth factor
via the activation of c-Jun N-terminal kinase (JNK)[50-53].
In normal epithelial cells during the early stages of tumor development, TGF-β acts as a tumor suppressor
by inhibiting proliferation and inducing apoptosis of
tumor cells. As a tumor progresses, TGF-β becomes an
oncogenic factor, promoting proliferation, angiogenesis,
invasion and metastasis, as well as suppressing the antitumoral immune response.
Above all, BMSCs change the microenvironment of
the tumor in a paracrine or autocrine manner to influence
the growth and metastasis of tumors, as well as the homing capability of BMSCs to sites of tumor formation,
which makes them attractive candidates as shuttles for
anti-cancer therapy. However, whether BMSCs promote
or inhibit the metastasis of tumor cells requires further
study. Nevertheless, it is certain that TGF-β plays a vital
role in tumor metastasis and will be one of the decisive
factors in evaluating the potential of tumor metastasis.

ies demonstrated that TGF-β1 is up-regulated in HCC
tissues and peri-neoplastic stroma and plays key roles in
liver fibrogenesis and hepatocarcinogenesis. Its expression level is markedly increased in cirrhotic liver and is a
potent inducer of cell proliferation and collagen production[30]. van Zijl et al[31] found that TGF-β1 facilitates the
epithelial-to-mesenchymal transition process through the
activation of the platelet-derived growth factor (PDGF)
signaling pathway, promoting the process of liver cirrhosis. BMSCs have been reported to reduce the expression of TGF-β1 in animal studies, thus inhibiting liver
fibrosis[32]. Abdel Aziz et al[33] demonstrated that BMSC
transplantation in a mouse model of liver fibrosis can
significantly improve liver function and delay the process
of fibrosis. Zhao et al[34] observed that the survival rate in
mice is increased after BMSC transplantation in a CCl4induced liver cirrhosis model. Transplanting BMSCs into
mice before CCl4 injection has been shown to reduce the
rate of liver cirrhosis[35].
These above mentioned studies indicate that BMSCs
present a promising anti-fibrosis effect[21,36]. Considering
its extensive sources, high proliferative rate in vitro, simple
transplantation approach and tendency to migrate to
injured areas to take part in the regenerative process, BMSCs present high a potential for clinical use. Patients are
more likely to accept this new approach because it is less
costly than liver transplantation.

EFFECT OF BMSCS ON TUMOR CELL
METASTASIS
Metastasis is a multistep process that requires acquisition
of malignant cell phenotypes, which allow tumor cells to
escape from the primary tumor site. Although the German pathologist Cohnheim reported, for the first time,
that stem cells can migrate to sites of injury[37], the exact
effects of BMSCs on tumor cell metastasis remains unknown. A number of studies have shown that BMSCs
have the potential to exacerbate the pathogenesis of tumors and cancer metastasis in situ via cell-cell interaction,
secretion of cytokines and growth factors, and the organization of an extracellular matrix[38,39]. Karnoub et al[40]
observed that BMSCs, when combined with otherwise
weakly metastatic human breast carcinoma cells, caused
a dramatic increase in the metastatic potency of cancer
cells when these cell mixtures were introduced into a subcutaneous site and allowed to form a tumor xenograft.
BMSCs secrete CCL5, which then acts in a paracrine
manner on the cancer cells to enhance their motility, invasion and metastasis. Furthermore, it has been detected
that long-term exposure of BMSCs to tumor-conditioned
medium from a human breast cancer cell line, MDAMB231, induces a phenotype reminiscent of carcinomaassociated fibroblasts. Co-injection of these treated
BMSCs with MDA-MB231 cells resulted in robust tumor
growth in nude mice[41]. Moreover, BMSCs accelerate
tumor growth in new sites by secreting large amounts of
CXCL12 and CXCL13 to attract circulatory cancer cells
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ONCOGENICITY OF BMSCS
Although stem cells show great promise in gene therapy,
the possible oncogenicity of BMSCs requires further consideration. Murata et al[52] reported that BMSCs are a type
of progenitor cell of malignant fibroma. Moreover, Ewing tumor gene expression analysis indicated that BMSCs
may be the origin of those tumor cells[54]. Houghton et
al[55] investigated that gastric carcinoma, developed from
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subcutaneous mixed xenografts in mice[69]. It is likely that
recipients will not reject BMSCs because of their capacity
for immunomodulation, making these cells even more attractive for therapeutic applications.

Helicobacter pylori infection, mainly originated from bonemarrow derived cells. There is also some association between stem cells and fibroblast in breast cancer[41]. Above
all, BMSCs do have tumorigenic potential, although this
feature has yet to be confirmed. Dawson et al[56] showed
that myelomonocytic BMSCs (CD45+CD11b+Sca1-) significantly accelerate tumor growth and metastasis, while
mesenchymal BMSCs (Sca1+Gr-1-F4/80-CD11b-CD31CD45-) did not accelerate growth. Collectively, these
findings offer direct evidence for the differential role of
BMSC subsets in tumor progression. Furthermore, global
gene expression profiling of human HCC showed that
TGF-β gene signatures can cluster into two homogeneous
groups of HCC with early or late TGF-β signatures. The
late TGF-β signature is associated with an invasive HCC
phenotype and an increased risk of tumor recurrence[57].
There are two hypotheses of the oncogenicity of BMSCs. First, stem cells contribute to tumor angiogenesis by
secreting pro-angiogenic factors and differentiating into
endothelial-like or pericyto-like cells. It has been previously demonstrated that BMSCs secrete specific angiogenic factors, including vascular endothelial growth factor,
PDGF, fibroblast growth factor and CXCL12, promoting
tumor angiogenesis when co-transplanted into mice with
tumor cells[58]. Second, BMSCs are absent of immunogenicity, and can induce immunosuppression. In normal
conditions, BMSCs do not take part in the immuno-regulation of T cells, B cells, Dendritic cells and Natural killer
cells. However, in the tumor microenvironment, BMSCs
produce immunosuppressive factors, such as PGE2, nitric
oxide, Indoleamine 2,3-dioxygenase and soluble HLA-G5,
to inhibit the proliferation of immunocytes and block the
antigen-presenting process, thus allowing tumor cells to
escape from immuno-surveillance[59].

PROBLEMS AND SUMMARY
Due to their differentiation capabilities, BMSCs have a
vast potential for tissue engineering, regenerative medicine applications and the treatment of end-stage liver disease. The fact that BMSCs may home to sites of cancer
makes them attractive as shuttles for anti-cancer drug delivery. However, the exact role that BMSCs play in cancer
development and progression requires further discussion
and evaluation before this type of cell-based therapy becomes a reality. In addition, whether in vitro amplification
is necessary after the cells are collected and the proper
extent of proliferation both require further evaluation.
Additionally, there is a lack of specific monitoring markers when BMSCs are transplanted into the human body.
Finally, although BMSCs can differentiate into specific
tissue cells when transplanted into humans, whether
these cells can function properly remains unknown. With
deeper research into BMSCs, many more patients with
liver cancer will benefit.
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Core tip: The clinicopathological patterns of pulmonary
involvement consist of subclinical alterations, airway
diseases, lung parenchymal diseases, pleural diseases
and drug-related diseases in Crohn’s disease (CD). The
treatment of CD-related respiratory disorders depends
on the specific pattern of involvement, and in most patients, steroids are required in the initial management.
This review focuses on the pulmonary manifestations of
CD in an attempt to avoid further impairment of health
status and to alleviate patient symptoms by prompt
recognition and treatment.

Abstract

Lu DG, Ji XQ, Liu X, Li HJ, Zhang CQ. Pulmonary manifestations of Crohn’s disease. World J Gastroenterol 2014;
20(1): 133-141 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i1/133.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i1.133

Crohn’s disease (CD) is a systemic illness with a constellation of extraintestinal manifestations affecting
various organs. Of these extraintestinal manifestations
of CD, those involving the lung are relatively rare.
However, there is a wide array of lung manifestations,
ranging from subclinical alterations, airway diseases
and lung parenchymal diseases to pleural diseases and
drug-related diseases. The most frequent manifestation is bronchial inflammation and suppuration with or
without bronchiectasis. Bronchoalveolar lavage findings
show an increased percentage of neutrophils. Drug-related pulmonary abnormalities include disorders which
are directly induced by sulfasalazine, mesalamine and
methotrexate, and opportunistic lung infections due to
immunosuppressive treatment. In most patients, the
development of pulmonary disease parallels that of intestinal disease activity. Although infrequent, clinicians
dealing with CD must be aware of these, sometimes
life-threatening, conditions to avoid further impairment
of health status and to alleviate patient symptoms by
prompt recognition and treatment. The treatment of
CD-related respiratory disorders depends on the specific pattern of involvement, and in most patients, steroids are required in the initial management.

WJG|www.wjgnet.com

INTRODUCTION
Crohn’s disease (CD) is a granulomatous systemic disorder of unknown etiology commonly involving the gastrointestinal tract. However, CD may also have extraintestinal manifestations, which occur in at least 25% of
CD patients[1]. Of these extraintestinal manifestations, arthritis, erythema nodosum, pyoderma gangrenosum, and
primary sclerosing cholangitis are the most common. The
lungs are not classically thought to be affected, although
there is growing evidence for pulmonary involvement in
CD[2-11]. CD can involve the tracheobronchial tree, the
lung parenchyma and the pleura[12]. Although obvious
pulmonary involvement is exceptional, latent pulmonary
impairment and subclinical alveolitis as evidenced by lymphocytosis in bronchopulmonary lavage (BAL) have been
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described and are well recognized[13,14].
There are a number of mechanisms by which the
lungs may become involved in CD. These include the
same embryological origin of the lung and gastrointestinal tract by ancestral intestine[15], similar immune systems
in the pulmonary and intestinal mucosa[16], the presence
of circulating immune complexes and auto-antibodies[17],
and the adverse pulmonary effects of some drugs.
CD is characterized by an exaggerated immune response to the luminal ﬂora, suggesting that deﬁciencies in
barrier function of intestinal ﬂora may be involved[18,19].
The epithelial layer of the intestines must meet two opposing requirements: on one hand it must allow for efficient uptake of nutrients and fluids, and on the other
hand it is a vital defense barrier between the milieu interior and the milieu exterior. Airway epithelia contain a
cell-autonomous system in which motile cilia both sense
noxious substances entering airways and initiate a defensive mechanical mechanism to eliminate the offending
compound[20]. In contrast to the lung which by virtue of
ciliary movement is kept virtually sterile, the gut epithelium is confronted by a large microbiological load and a
substantial xenobiotic challenge[21]. This may explain why
lung involvement is quite rare in CD.
The clinicopathological patterns of pulmonary involvement consist of subclinical alterations, airway diseases, lung parenchymal diseases, pleural diseases and
drug-related diseases. The present article examines pulmonary manifestations of CD.

inflammation may correlate with bowel inflammation, as
shown in the studies[23,35,36] which demonstrated a reduction in diffusing capacity and other pulmonary function
abnormalities during CD exacerbations. Moreover, lung
transfer factor for carbon monoxide (TLCO) abnormalities are related to the degree of disease activity[35]. Therefore, pulmonary function tests may be used as a noninvasive diagnostic procedure to determine the activation
of CD and might aid the early diagnosis of latent respiratory involvement.
Nitric oxide (NO) can be detected non-invasively in
exhaled air (eNO) and is considered a surrogate marker
of airway inflammation. Fractional eNO values were
found to be significantly higher in CD patients and correlated positively with CD activity. eNO measurement may
be of clinical value in the follow-up of CD patients[37].
An increased eNO level may be used to identify patients
with CD who need further pulmonary evaluation[38]. It is
important to be alert to this clinical disorder and to try
to detect it as early as possible in order to prevent future
respiratory disturbances.
Airway diseases
CD is an inflammatory bowel disease associated with a
variety of systemic manifestations, including large and
small airway involvement. Major patterns of airway
diseases associated with CD are upper-airway obstruction[39-41], tracheobronchitis[42,43], chronic bronchitis[44],
granulomatous bronchiolitis[45], bronchiectasis[41], asthma[46] and acute respiratory failure due to tracheobronchial involvement[47]. In cases with large airway involvement,
marked tracheobronchial inflammation and narrowing
of the tracheal and/or bronchial lumen are typically observed at bronchoscopy as erythematous and edematous
tracheal mucosa with diffuse scattered whitish lesions,
while biopsy reveals metaplastic changes in the epithelium, granulomatous infiltration by inflammatory cells
and mucosal ulcerations[7,42,47]. The latter is most often a
subclinical condition, and requires expensive and invasive
diagnostic approaches. Bronchial hyperresponsiveness
may be the expression of subclinical inflammation of
the airways by several inflammatory cell types and their
products, epithelial damage, microvascular leakage, and
autonomic neural mechanisms[48], a phenomenon which
can be responsible for the development of various pulmonary manifestations in CD[49].
The most commonly reported airway disease is
bronchiectasis [50,51], which is defined as an abnormal
and irreversible dilation of the medium-sized bronchioles. It most frequently presents with cough and copious amounts of sputum production. In some patients,
the manifestations of bronchiectasis may only become
clinically significant after surgery and the withdrawal of
medical treatment[52]. Bronchiectasis is commonly associated with childhood pneumonia, necrotizing pneumonia,
bronchial obstruction, and diseases that cause abnormal
host immunity.
Tracheobronchitis associated with CD has several very

CD-RELATED LUNG DISEASES
Subclinical alterations
Although the overall prevalence of concomitant bronchopulmonary manifestations is only 0.4%[22], subclinical
alterations in at least half of adults with CD have been
demonstrated[23-25], suggesting the underlying bronchial
inflammation. Patients with CD present with a subclinical inflammatory process despite the absence of pulmonary symptoms[26]. This pulmonary involvement can be
reflected by an increased lymphocyte count in the BAL
fluid[27,28] and/or lung function abnormalities[29,30].
BAL has provided a fresh dimension in the investigation of pulmonary and multisystem disorders. BAL fluid
may be analyzed for cells and chemical mediators in the
diagnosis and serially in the management of granulomatous disorders such as CD[31]. BAL studies in asymptomatic CD subjects have demonstrated the presence of
persistently elevated alveolar lymphocytosis, suggesting
latent pulmonary involvement[23,32]. There is no correlation between BAL differential cell count and drug treatment or CD site, and activity[27].
Pulmonary function test abnormalities are frequently
found in patients with CD without the presence of respiratory symptoms or lung radiograph findings[33]. The
severity and frequency of these pulmonary function test
abnormalities which are detected even in remission periods increase with activation of the disease[34]. Pulmonary
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specific clinical findings[42,53]. A productive dry cough is
typically the chief symptom, occasionally associated with
shortness of breath or fever. It can often be identified by
history, complemented by a clear X-ray film and obstructive pattern on pulmonary function testing. Although
X-ray films of the chest field are usually normal, inflammation of the peripheral airways may present as infiltrates. Bronchoscopy shows diffuse inflammation of the
trachea and bronchi with diffuse scattered whitish lesions,
while biopsy reveals metaplastic changes in the epithelium
and granulomatous infiltration by inflammatory cells.
The treatment of CD-related airway diseases depends
on the specific pattern of involvement, and if left untreated, the patient will be put at risk of developing irreversible destruction of the air passage[54]. In the majority
of patients with airway diseases, marked and long-lasting
responses are seen following systemic or inhaled steroids.
Bronchial lavages with methylprednisolone are effective
in some patients with severe airway inflammation.

patient, with pulmonary involvement[72], although this
happens quite rarely and the two diseases usually follow
an independent clinical course[73]. The clinical pictures of
these two diseases are usually easy to differentiate, due to
the topography of the lesions: while both diseases may
be disseminated, sarcoidosis mainly involves mediastinal
lymph nodes and lungs, while CD is essentially a digestive
disease.
Multiple pulmonary nodules are an infrequent finding
in patients with CD. When they are found, the nodules
are composed of sterile aggregates of neutrophils with
necrosis, and histology usually shows sterile necrobiotic
nodules, which are spherical, and aggregates of neutrophils, which frequently cavitate[62].
Fistula formation is frequent in CD and occurs in
approximately 33% of patients[74]. However, fistulous
communication between the pleural cavity and adjacent
organs below the diaphragm is an extremely rare complication of CD. Recurrent pneumonia with feculent
sputum in patients with CD should raise suspicion of
colobronchial fistula. The diagnosis of fecopneumothorax is based on meticulous clinical examination and additional diagnostic procedures. Abdominal and thoracic CT
scans or magnetic resonance imaging (MRI) may provide
additional information on the stage of the disease and
can exclude the presence of abscess or fluid collection in
the abdominal cavity. Colopleural fistula and fecopneumothorax are rare, but life-threatening complications of
CD[75]. Surgical treatment is mandatory as soon as the
diagnosis is established[76].
The manifestations of lung parenchyma in CD usually respond markedly to inhaled and/or systemic steroids.
Steroids administered orally lead to marked improvement
in patients with interstitial lung disease and necrotic nodules, and intravenous steroids are required in the initial
management of life-threatening complications such as
extensive interstitial lung disease. The addition of cyclophosphamide or infliximab may result in a rapid clinical
and radiologic response and is well tolerated in some
cases[77,78].

Lung parenchymal diseases
Several forms of lung parenchyma involvement in CD
are recognized, including interstitial lung diseases such
as bronchiolitis obliterans with organizing pneumonia
(BOOP)[55,56], unspecified interstitial lung disease[57-59] noncaseating granulomatous inflammation and fibrosis[60], parenchymal nodules and granulomata[61-63], alveolitis[64] and
alveolar consolidation[65]. Mycobacterium xenopi infection[66],
noninfectious lung pathology[67], colopleural fistula and
fecopneumothorax[68,69] have also been described in CD.
Cryptogenic organizing pneumonia, formerly known
as BOOP, often caused by inhalation injury, or from a
post-infection origin or drugs, has been described in
about a dozen cases of CD, and may present acutely or
sub-acutely with fever, cough, dyspnea and pleuritic chest
pain[70]. Radiographic findings may range from patchy focal opacities to diffuse infiltrates on plain films, to pleural
opacities and air bronchograms on chest computed tomography (CT) scans.
Although interstitial diseases most commonly involve
drug-induced reactions with mesalamine and sulfasalazine, a small number of unrelated cases of fibrosing
alveolitis and eosinophilic pneumonia have been reported[59]. In patients with an interstitial lung disease, most
require open or thoracoscopic lung biopsy for diagnosis
and clarification of the disease. The latter technique may
be useful for precise diagnosis with minimal invasion.
The alterations are similar, showing acute alveolitis, granulomatous lymphocytic infiltration of the interstitium
and of the walls of small arteries, with slight interstitial
fibrosis. Sarcoidosis is included in the differential diagnosis of these lesions in some cases.
CD and sarcoidosis are chronic inflammatory barrier
diseases that share several common clinical, genetic and
immunological features[70], including the occurrence of
granulomas. Since these two conditions also share common susceptibility loci[71], it is not surprising that these
two diseases may simultaneously appear in the same

WJG|www.wjgnet.com

Pleural diseases
Few cases of pleural involvement in CD have been reported in the literature. Pleural involvement can be classified as: pneumothorax[79], pleural thickening[80], pleuritis
and pleural effusion[81,82]. Pleural effusion alone is a rare
manifestation and is more often associated with pericarditis[45]. Pleural fluid is an exudate containing neutrophils
and may be hemorrhagic. The pleural complications of
CD may run an independent course and may be present
at the time of inactive bowel disease. Mesalamine may
also induce lupus-like symptoms, such as arthralgia, pericarditis, tamponade, and/or pleural effusion, with positive antinuclear antibodies[83]. Therefore, pleural diseases
induced by drugs need to be ruled out. Prednisone is administered for pleural complications if the patient is not
already on a regimen of this drug or an increased dosage
of prednisone is given, which usually results in resolution
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CD[98], but can cause adverse effects in the lungs, which
in some cases are lethal[99]. The mechanism of MTXinduced lung pathology remains unclear. A hypersensitivity reaction was suggested by lung biopsy findings:
interstitial pneumonitis, granuloma formation and bronchiolitis[100], and by BAL findings: lymphocytic alveolitis,
increased eosinophils and reversed CD4/CD8 ratio[101],
together with the clinical findings of fever, peripheral
eosinophilia and response to corticosteroids. MTX may
also cause pneumonitis[102] and abnormal ventilation is an
early sign and should lead to further investigation[103]. The
diagnosis of MTX-induced lung disease is difficult as
there are no pathognomonic findings and this condition
may mimic other pulmonary diseases. The most frequent
complaints include dyspnea, fever and nonproductive
cough. Lung function tests show a restrictive picture with
low carbon monoxide diffusion capacity. As MTX-related
lung toxicity is potentially fatal, regular monitoring of the
status of the respiratory system in MTX-treated patients
is necessary and patients should be instructed to report
any new pulmonary symptoms without delay[104]. Besides
supportive therapy, withdrawal of MTX seems a logical
approach.

of the pleural effusions. However, pleural drainage may
occasionally be required.

DRUG-RELATED LUNG DISEASES
Although drug-related diseases are not “proper” CDassociated diseases, as CD patients use several drugs for
prolonged periods of time, it is not surprising that some
of these may also cause problems to the lungs; therefore,
this type of pathology must be kept in mind in patients
taking sulfasalazine, mesalamine, methotrexate, and antitumor necrosis factor (TNF)-alpha.
Sulfasalazine and mesalamine
Sulfasalazine and mesalamine are commonly used medications for the long-term treatment of CD, and their side
effects may be dose-related or idiosyncratic and should
be differentiated from the respiratory involvement occurring in CD and due to the underlying disease, although
this is challenging because they share similar pathological
features[45]. Commonly reported lung pathology related
to the use of these compounds is mostly due to interstitial disease[84-88], although eosinophilic pleuritis[89] and
eosinophilic pneumonia[13,90,91] have also been described.
Patients present with progressive respiratory symptoms
such as dyspnea, chest pain and cough and radiographic
abnormalities. Alternatively, sulfasalazine and mesalamine
may induce asymptomatic lung injury more commonly
than is presently suspected[92]. In most cases, symptoms
appear after 2-6 mo of drug use, whereas in a few cases
they appear after some days or after many years[93]. Interestingly, these pulmonary toxicities appear reversible after
withdrawal of the drug, and in some cases, with the use
of systemic corticosteroids[14].

Biological therapy
Biological therapy with anti-TNF drugs such as infliximab, adalimumab and certolizumab has represented
a significant advance in the treatment of CD over the
past few years[105-108]. However, serious side effects do
occur, necessitating careful monitoring of therapy[109]. A
number of associated opportunistic infections have been
observed as a result of suppression of T cell-mediated
immunity, the most frequent being tuberculosis[110-112].
Physicians should be aware of the increased risk of reactivation of tuberculosis in patients treated with antiTNF agents and regularly look for usual and unusual
symptoms of tuberculosis. Moreover, the use of biological therapy has been associated with Pneumocystis carinii
pneumonia[113], as well as with other pulmonary infections
(coccidiomycosis, histoplasmosis, aspergillosis, nocardia
asteroids, actinomycosis and listeriosis)[114-118], especially in
older patients[119].
Although infective complications are the most feared
after the use of biological agents, these may induce other
uncommon effects in the lung, such as acute respiratory
distress syndrome[120], diffuse alveolar hemorrhage[121],
nonbronchiolitis inflammatory nodular pattern of the
lung[122] and interstitial lung disease[123-126]. Close observation of patients undergoing treatment with TNF inhibitors for evolving signs and symptoms of autoimmunity
is required. Organ involvement is unpredictable, which
makes correct diagnosis and management extremely challenging[127].

Azathioprine and 6-Mercaptopurine
Azathioprine (AZA) and 6-Mercaptopurine (6-MP) are
therapeutic options for patients with moderate to severe
CD[94]. Pulmonary toxicity due to these drugs has been
reported infrequently in the literature, although interstitial
pneumonitis, BOOP[95], chronic pneumonitis/fibrosis
and pulmonary edema[96] have been described after use
of AZA and 6-MP. Although rare, AZA and 6-MP can
cause direct, dose-dependent and serious pulmonary
toxicity[95,97]. The largest series of lung toxicity related to
AZA was described in 7 cases undergoing renal allograft
transplant immunosuppression with AZA[97]. Lung biopsies revealed interstitial pneumonitis in 5 patients and
diffuse alveolar damage in 2 patients; 3 patients died and
the other 4 improved after stopping AZA and in 2 of
these patients cyclophosphamide therapy was needed to
completely resolve this side effect. Thus, it is important
for clinicians to have a high index of suspicion for this
adverse reaction which occurs within 1 mo after purine
analog use in CD.

CONCLUSION

Methotrexate
Methotrexate (MTX) may be useful in the treatment of
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CD are being increasingly recognized. The involvement
of the respiratory system is relatively rare, but sometimes
potentially harmful. The lung manifestations of CD vary
and often represent a confounding diagnostic problem
necessitating a complex work-up. As far as possible,
extraintestinal manifestations need to be distinguished
from the complications of intestinal inflammation and
from the side effects of drugs used in its treatment.
Patients suffering from CD should undergo pulmonary
evaluation which should include physical examination,
chest X-ray and pulmonary function tests with measurement of diffusing capacity of carbon monoxide.
Invasive measures, such as bronchoscopy and thoracoscopy, are typically required to reach a final diagnosis and
steroids are the most frequently reported treatment. It is
imperative to maintain a high index of suspicion for the
development of pulmonary disease in the setting of CD
in order to initiate appropriate early treatment and avoid
complications.
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MINIREVIEWS

Targeting of circulating hepatocellular carcinoma cells to
prevent postoperative recurrence and metastasis
Yu Zhang, Zhi-long Shi, Xia Yang, Zheng-feng Yin
ment of HCC, including the monitoring of HCC CTCs
before, during and after radical hepatectomy, therapeutic targeting of HCC CTCs, prevention of the generation
and colonization of CTCs, as well as the use of CTC
indexes for the selection of indications, prediction of
prognoses, and planning of individualized therapeutic
regimens. Innovation and technological development
of therapies targeting CTCs, as well as their translation
into clinical practice, will help to effectively reduce postoperative recurrence and metastasis, and significantly
prolong the survival of HCC patients.
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Core tip: Circulating tumor cells (CTCs) can lead to recurrence and metastasis after surgical treatment for
hepatocellular carcinoma (HCC). The development and
utilization of new methods or techniques to target these
cells will help reduce postoperative recurrence and metastasis and prolong the survival of HCC patients. This
article proposes CTC-based strategies that provide a
more comprehensive and personalized approach for the
treatment of HCC. Treatment methods that incorporate
multiple aspects of identification, targeting and monitoring of these tumor cells may provide more efficient
and effective regimens for HCC patients undergoing
radical hepatectomies.

Abstract
Currently, the main treatment for hepatocellular carcinoma (HCC) involves the surgical removal of tumors or
liver transplantation. However, these treatments are often not completely curative, as they are associated with
a risk for postoperative recurrence and metastasis. Circulating tumor cells (CTCs) are increasingly recognized
as the main source for recurrence and metastasis after
radical hepatectomies are performed. Many studies
have demonstrated the association between the presence of either pre- or postoperative CTCs and an increased risk for HCC recurrence. To improve the therapeutic outcome of HCC, a personalized, comprehensive
and multidisciplinary approach should be considered,
involving the application of appropriate diagnostic and
therapeutic measures targeting HCC CTCs in different
stages throughout the course of treatment. This article
proposes some HCC CTC-based strategies for the treat-
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INTRODUCTION

CTCs AS INDICATORS FOR HCC
RECURRENCE AND METASTASIS

The current curative therapies for hepatocellular carcinoma (HCC) are limited to hepatectomy and liver
transplantation. However, postoperative recurrence and
metastasis are common complications[1,2], caused by an
extremely complex process that generally requires the
entry of circulating tumor cells (CTCs) from the primary
tumor into the peripheral blood[3,4]. Clinicians should
therefore be aware of this when treating patients with
HCC and collaborate with other researchers to develop
and employ novel therapeutic techniques that target
CTCs to reduce the postoperative recurrence and metastasis of HCC and prolong the survival of patients. This
review highlights possible strategies for the therapeutic
targeting of CTCs in multiple pre-, intra- and postoperative contexts to prevent postoperative recurrence and
metastasis of HCC, and suggests future research directions in related fields.

It was initially suspected that recurrence and metastasis
following the treatment of HCC was caused by incomplete surgical resection, and therefore expanded radical resections were employed. However, this approach
was generally unsuccessful, leading to new hypotheses
that either the intrahepatic dissemination of tumor cells
through the portal vein branches or de novo tumorigenesis
are the cause. Yet these hypotheses fail to explain why
early tumor recurrences commonly occur at the site of
transplanted allograft in cases of liver transplantation[16],
suggesting that there is an alternative source of tumorigenic tissue.
A study by Vona et al[11] in 2004 detected CTCs and
microemboli in 52% of blood samples from HCC cases
using the ISET method. Furthermore, a more recent
study from our lab using a novel cell separation method
to detect HCC CTCs showed that while CTCs were
detected in more than 80% of HCC patients, no CTCs
were detected in healthy persons or patients with benign
liver diseases or other types of late-stage tumors[15]. Fan
et al[17] detected CD45(-)CD90(+)CD44(+) cells (termed
circulating cancer stem cells) in preoperative blood samples from 56 out of 82 HCC cases using flow cytometry
and found that levels greater than 0.01% could be used to
predict intrahepatic recurrence and extrahepatic metastasis. Sun et al[18] used the Cell Search System to test preoperative blood samples from 123 HCC patients and detected ≥ 1 EpCAM(+) CTC (termed circulating cancer
stem cells) in 66.7% of the samples, among which 41.5%
had ≥ 2 EpCAM(+) CTCs, and therefore suggested that
preoperative detection of ≥ 2 cells could be used as an
independent factor for predicting postoperative recurrence. A similar study by Schulze et al[19] reported ≥ 1
EpCAM(+) CTC in 30.5% of HCC patients and in 5.3%
of patients with cirrhosis, showing a strong correlation
between EpCAM(+) CTCs and survival. Furthermore,
Liu et al[20] identified 30 out of 60 patients with > 0.157%
circulating CD45(-)ICAM-1(+) tumor cells (termed circulating cancer stem cells) in their blood; and these patients
had significantly shorter disease-free and overall survival
periods. Taken together, these studies indicate that CTCs
contribute to HCC recurrence, and may therefore serve
as an important therapeutic target for the prevention and
treatment of HCC recurrence and metastasis following
curative resection.

METHODS FOR ENRICHMENT AND
DETECTION OF HCC CTCs
In the past decade, the development of new and robust
technologies for the enrichment and detection of CTCs
has been an area of active investigation with significant
progress[5,6]. However, each method has its own advantages and disadvantages, including limitations in the
isolation of CTCs undergoing epithelial-mesenchymal
transition or stem cell-like CTCs[3]. At present, the main
markers used for CTC isolation are tumor-specific antigens or epithelial cell surface antigens based on the
original cancer. Among them, the epithelial cell adhesion
molecule (EpCAM) is a typical marker which has been
used widely for CTC-capturing techniques[7,8], although
the low expression of EpCAM in HCC cells makes this
method unsuitable for HCC CTC detection. To date, the
methodologies available for HCC CTC enrichment and
detection include density gradient centrifugation, RTPCR or real-time quantitative (q)RT-PCR[9,10], isolation
by size of epithelial tumor cells (ISET)[11], fluorescenceactivated cell sorting[12,13], and magnetic-activated cell
sorting[14]. We recently developed and validated an asialoglycoprotein receptor-based magnetic cell separation
method combined with hepatocyte paraffin 1 staining
detection, which allows enumeration, immunomorphologic identification, and genetic analysis of CTCs in
peripheral blood samples from HCC patients[15]. However, in order for HCC CTC detection to translate to
the clinic, the creation of high throughput, reliable, and
cost effective platforms is needed. Whether through the
refinement of existing technologies or the innovation of
multiplexed approaches, these new approaches should
target novel biological or physical markers that specifically and selectively capture and detect all subsets of
HCC CTCs.

WJG|www.wjgnet.com

CTCs AS AN INDICATION FOR CURATIVE
SURGERY IN HCC
No uniform screening criterion has been established for
surgical resection, aside from the contraindication of extrahepatic metastasis. HCC patients are selected for liver
transplantation based on tumor size, nodule number, and
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degree of vascular invasion. However, as none of these
criteria can accurately define the rational distribution of
the donor liver and predict the prognosis of the patient,
there is controversy over which of these are most appropriate and feasible[21]. It is therefore necessary to go
beyond the clinicopathologic criteria for HCC and incorporate more objective and reliable laboratory indexes. As
potential “metastasis-initiating” cells, high preoperative
levels of HCC CTCs can predict a poor prognosis, and
may therefore prove to be a reasonable candidate index
for surgical indications. Thus, in order to evaluate the
true benefit of curative treatment, it is pivotal to rule out
the possibility for metastatic dissemination at the time of
diagnosis.
Cooperation among worldwide leaders in this field is
needed to confirm whether HCC CTCs can objectively
be used as an indicator or contraindicator for radical hepatectomy, as well as to obtain a consensus on assays and
result reporting. Research designs should include (but are
not limited to): the detection of pre- and postoperative
CTCs, follow-ups for postoperative recurrence, establishment of the correlation between HCC CTCs and the
postoperative prognosis, formulation of new indication
criteria for radical hepatectomy and liver transplantation,
comparison with the other existing criteria, and clinical
evaluation of the use of HCC CTCs as a surgical indicator and the ultimate therapeutic outcome.

CONTRIBUTION OF SURGICAL
TECHNIQUE TO THE INTRAOPERATIVE
RELEASE AND POSTOPERATIVE
INTRAHEPATIC COLONIZATION OF CTCs
Preventing postoperative recurrence and metastasis requires eliminating iatrogenic tumor cell seeding during
the surgical operation, an important principle of surgical oncology. During the surgical procedure, tumor cells
are more easily found in surrounding blood circulations,
especially in the venous blood from the tumor, which
can convert a preoperative absence into a postoperative
presence of CTCs. Improper surgical manipulation and
squeezing or traction of the liver tumor may facilitate
tumor cell dissemination into the blood circulation. For
instance, the conventional posterior approach to hepatic
lobectomy requires moving the liver, likely resulting in
squeezing of the liver and tumor cell dissemination. In
contrast, the anterior approach to a right lobe hepatectomy does not require lifting and squeezing of the liver,
thus avoiding or reducing the release of CTCs. This freetumor technique was first devised by Lai et al[27] and later
modified by Belghiti et al[28], resulting in development
of the liver hanging maneuver for hemihepatectomy.
Both retrospective and prospective studies have demonstrated that this is a practical surgical modality for a
right hepatectomy and can effectively reduce postoperative recurrence[29,30]. Likewise, the “no-touch” technique
should also be advocated for removal of the diseased
liver for liver transplantation. While it is nearly impossible
to completely avoid touching the liver during a partial
hepatectomy or liver transplantation, surgical oncologists
should aim to minimize touching, as improper surgical
procedures can cause hematogenous metastasis of tumor
cells and increase the risk of postoperative recurrence
and metastasis.
Ischemia/reperfusion (I/R) injury is frequently encountered during hepatic surgery. There is controversy
over whether I/R injury from hepatectomy adversely affects long-term outcomes by accelerating the outgrowth
of residual hepatic micrometastases or by facilitating postoperative intrahepatic invasion and colonization of CTCs.
Surgical trauma can trigger the up-regulation of multiple
cytokines, thereby promoting intrahepatic invasion, migration and proliferation of CTCs and leading to the formation of a metastatic focus[31-34]. In animal experiments,
hepatic I/R injury was shown to accelerate the outgrowth
of colorectal micrometastases through multiple mechanisms[35-39]. Clinical research data from 271 HCC patients
indicated that ischemic time can markedly affect recurrence after liver transplantation[40]. However, other reported clinical data have indicated no effect of I/R injury
on the long-term outcome of liver resection for colorectal
metastases[41] and have demonstrated no significant correlation with the postoperative prognosis of HCC[42]. Nev-

REDUCTION OF BASAL CTC LEVELS
WITH PREOPERATIVE NEOADJUVANT
THERAPY
Early detection of metastatic spread provides an opportunity for early perioperative or adjuvant administration
of therapeutic agents. However, effective preoperative
neoadjuvant therapy regimens for HCC are limited
due to the insensitivity of HCC cells to chemotherapy
agents[22]. Sorafenib (a small molecule inhibitor of several tyrosine protein kinases) is currently approved to
treat advanced HCC and has provided promising results. Some clinical studies indicate that sorafenib can
downstage HCC when administered as a preoperative
neoadjuvant therapy, providing opportunities for curative resection[23-25], and is cost-effective for HCC patients
waiting for liver transplantation[26]. Nevertheless, there is
no data showing the effect of sorafenib on CTC levels.
As the risk of postoperative recurrence and metastasis
increases with the number of preoperative HCC CTCs,
the use of preoperative neoadjuvant therapy to eliminate
CTCs in patients would theoretically reduce the risk
of postoperative recurrence and metastasis. Therefore,
clinical studies evaluating the use of sorafenib and other
preoperative neoadjuvant therapies targeting HCC CTCs
and their effects on the risk of postoperative recurrence
and metastasis are needed.
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based on these dual functions[48]. Rapamycin directly inhibits tumor angiogenesis, proliferation, and growth by
blocking the intracellular signal transduction of vascular
endothelial growth factor. Toso et al[49] found that compared with other immunosuppressants, rapamycin was
able to maintain the basic immunosuppressive state and
anti-tumor immune response of the body, and also eliminate cancer cells in a targeted manner, thus reducing the
risk of recurrence after liver transplantation.

ertheless, intraoperative measures to reduce I/R injury of
the liver are generally beneficial to the patient.

POSTOPERATIVE ACCESSORY THERAPY
FOR ELIMINATION OF RESIDUAL CTCs
Although radical hepatectomy or liver transplantation
may not eliminate all preoperatively existing HCC CTCs,
the results of CTC dynamics studies in orthotopic tumor models have indicated that the numbers of CTCs
and early metastases decrease significantly after resection[43]. However, surgical intervention should not be the
endpoint of HCC treatment, and therapeutic targeting
of HCC CTCs after surgery should be addressed. Postoperative use of sorafenib was shown to suppress the
development of postsurgical intrahepatic recurrence and
abdominal metastasis, leading to prolonged postoperative
survival in an orthotopic mouse model[44]. Furthermore,
results from a pilot study suggested that adjuvant therapy
with sorafenib may help prevent early recurrence after
hepatic resection in HCC patients[45]. In a rodent model
of HCC, adjuvant therapy with sorafenib was also shown
to be highly effective in inhibiting cancer recurrence and
metastasis after liver transplantation, without exerting
influence on the immune balance[46]. Moreover, a clinical study indicated that sorafenib might reduce or delay
tumor recurrence after liver transplantation and prolong
patient survival[47].
It is important to continue to conduct clinical studies
on the therapeutic targeting of HCC CTCs as a postoperative accessory therapy, and to further explore the significance of sorafenib as an adjuvant therapy for eliminating
CTCs and reducing the risk of postoperative recurrence
and metastasis. It is possible that many CTCs have been
in a non-dividing state for a relatively long period of time,
or may never divide, and are therefore insensitive to chemotherapy or molecular targeted agents. Therefore, an
important direction for future research is to develop new
techniques for analyzing and identifying HCC CTCs as
well as new strategies to eliminate CTCs based on a more
complete understanding of their biological behaviors. As
CTCs are independent and non-dividing cells, antibodybased immunotherapy targeting CTCs represents an additional promising avenue for future research.
An additional challenge to the curative treatment of
HCC involves the postoperative use of anti-rejection
medications that compromise the immune system.
Some in vitro and in vivo studies have demonstrated that
immunosuppressive therapy can increase tumor cell
escape from immune recognition and enhance tumor
cell growth, invasion, and metastasis through various
mechanisms. As CTCs that are present before liver transplantation are a source for re-formation of metastatic
clones, immunosuppressants should be carefully selected
to maintain the body’s immune surveillance of residual
CTCs. Recently, the mammalian target of rapamycin
inhibitor rapamycin has aroused researchers’ attention
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DYNAMIC POSTOPERATIVE
MONITORING OF CTCs AS A CRITERION
FOR PLANNING INDIVIDUALIZED
THERAPY FOR HCC
As CTCs can be released during surgical procedures, it is
important to accurately assess their levels after removal
of the tumor load. Changes in CTCs should be monitored regularly in patients whose CTC levels suggest a
high risk of recurrence and metastasis. These patients
should be followed closely for early signs of recurrence
and metastasis to allow for early treatment intervention.
Ideally, therapeutic targeting of CTCs should occur in
advance to prevent recurrence and metastasis. Dynamic
monitoring of CTCs could also be used to assess therapeutic outcome in patients who accept chemotherapy
and/or radiotherapy. Additionally, HCC CTCs can be
used to identify the target of sorafenib before making a
decision about drug administration, as well as to monitor the state of drug resistance during administration.
As a result, the therapeutic regimen could be selected or
adjusted based on the timely and repeated monitoring of
objective indexes related to CTCs in order to achieve effective, individualized treatment of HCC.

CONCLUSION
Surgery for liver cancer has been performed for more
than 100 years, which includes a 40-year history of
liver transplantation[50]. However, the outcome of radical treatment of HCC by surgical therapy alone has not
improved. Similar to CTCs from other types of tumors,
HCC CTCs are increasingly recognized as the main
source for recurrence and metastasis after radical hepatectomy. We believe that the application of appropriate diagnostic and therapeutic measures targeting HCC
CTCs in different stages over the course of treatment
may represent a breakthrough to improve the therapeutic
outcome of HCC. In this article, we have proposed some
HCC CTC-based strategies for the treatment of HCC
according to studies published in the recent literature.
These strategies will guide future research on HCC CTCs
in preclinical and clinical settings and may lead to development of effective therapeutic approaches to prevent
metastatic relapse of HCC.
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AIM: To analyze hepatitis C virus (HCV)-specific immune responses in chronically infected patients under
triple therapy with interferon-α (IFN-α) plus ribavirin
and CIGB-230.
METHODS: CIGB-230 was administered in different
schedules with respect to IFN-α plus ribavirin therapy.
Paired serum and peripheral blood mononuclear cells
(PBMC) samples from baseline and end of treatment
were analyzed. The HCV-specific humoral response was
tested by enzyme-linked immunosorbent assay, neutralizing antibodies were evaluated by cell culture HCV
neutralization assays, PBMC proliferation was assayed
by carboxyfluorescein succinimidyl ester staining and
IFN-γ secretion was assessed by enzyme-linked immunospot. Data on virological and histological response
and their association with immune variables are also
provided.
RESULTS: From week 12 to week 48, all groups of patients showed a significant reduction in mean leukocyte
counts. Statistically significant reductions in antibody
titers were frequent, but only individuals immunized
with CIGB-230 as early add-on treatment sustained
the core-IgG response, and the neutralizing antibody
response was enhanced only in patients receiving
CIGB-230. Cell-mediated immune responses also tended to decline, but significant reductions in IFN-γ secretion and total absence of core-specific lymphoproliferation were exclusive of the control group. Only CIGB230-immunized individuals showed de novo induced
lymphoproliferative responses against the structural
antigens. Importantly, it was demonstrated that the
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(SVR) and lower relapse rates than pegIFN-α plus ribavirin alone, in HCV genotype-1-infected patients, but this
genotype remains persistent in 30% of treated patients[4,5].
Additionally, current therapies result in multiple adverse
effects that lead to contraindications in many cases[4,5] and
do not provide long-term protection against reinfection.
Given these elements, the development of vaccine
strategies remains attractive although, so far, they have
not demonstrated significant clinical impact[6]. In HCV
chronic infection, a critical obstacle facing any vaccine
candidate is the already established immune response,
which is characterized by impairment of both the innate and adaptive responses[7-10]. Indeed, it is reasonable
to consider that these defects may result in uncontrolled
viral replication, which could be linked to the nonattainment of a SVR. In this respect, studies have given
clues of the pervasive effects of high HCV viral load on
virus specific T cells[11]. There exist evidence that HCVspecific T cell dysfunction can be reversed by viral clearance after antiviral therapy, at least in the early stages of
the infection[12], although functional restoration may be
incomplete[13]. Nevertheless, immune restoration seems
more achievable in face of a moderate, instead of a high
viral load. In this sense, the combination of therapeutic
vaccine candidates with antiviral treatments, allowing the
vaccine to function in a scenario of reduced viral load,
seems a more promising strategy.
Previously, we demonstrated the capability of
CIGB-230, a vaccine candidate based on the mixture
of a plasmid for DNA immunization, expressing HCV
structural proteins[14], with recombinant HCV core protein particles[15], to modify the HCV-specific neutralizing
antibody response and to induce de novo cellular immune
responses against the HCV core in chronically infected
individuals, and non-responders to previous IFN-α plus
ribavirin treatment[16]. In the present study, we assayed,
for the first time, the impact of concomitant administration of CIGB-230 and non-pegIFN-α plus ribavirin antiviral therapy on the HCV-specific immune response in
a cohort of chronic, treatment-naïve, HCV genotype 1b
infected patients.

quality of the CIGB-230-induced immune response depended on the number of doses and timing of administration in relation to the antiviral therapy. Specifically,
the administration of 6 doses of CIGB-230 as late addon to therapy increased the neutralizing antibody activity and the de novo core-specific IFN-γ secretion, both
of which were associated with the sustained virological
response.
CONCLUSION: CIGB-230, combined with IFN-α-based
therapy, modifies the immune response in chronic patients. The study provides evidence for the design of
more effective therapeutic vaccine interventions against
HCV.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: We assayed, for the first time, the concomitant administration of CIGB-230, a DNA-based therapeutic vaccine candidate against hepatitis C virus (HCV),
and non-peginterferon-α (IFN-α) plus ribavirin therapy
to chronic, treatment-naive, HCV genotype 1b infected
patients. We showed that CIGB-230 enhanced the neutralizing antibody response and induced de novo proliferative and IFN-γ secretion responses in the context
of antiviral therapy. The quality of the induced immune
response depended on both the number of doses and
the timing of administration in relation to the antiviral
therapy. In particular, the increases in neutralizing antibodies and IFN-γ were associated with the sustained
virological response.
Amador-Cañizares Y, Martínez-Donato G, Álvarez-Lajonchere
L, Vasallo C, Dausá M, Aguilar-Noriega D, Valenzuela C, Raíces
I, Dubuisson J, Wychowski C, Cinza-Estévez Z, Castellanos M,
Núñez M, Armas A, González Y, Revé I, Guerra I, Pérez Aguiar
Á, Dueñas-Carrera S. HCV-specific immune responses induced
by CIGB-230 in combination with IFN-α plus ribavirin. World J
Gastroenterol 2014; 20(1): 148-162 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v20/i1/148.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i1.148

MATERIALS AND METHODS
Study population
The clinical trial (Protocol code: IG/VHI/HC/0701;
Public Register Code: RPCEC00000074) was conducted
at the National Institute of Gastroenterology (Havana,
Cuba), and was approved by the institutional ethics committee and the National Regulatory Authority (CECMED,
Havana, Cuba). Written informed consent was obtained
from every patient. All procedures were conducted in accordance with the national ethics guidelines and the Helsinki Declaration of 1975, as revised in 1983. The study
included 92 treatment-naïve patients, positive for plasma
HCV RNA, genotype 1b, with diagnosed chronic hepatitis by liver biopsy and no other documented cause of
liver disease. Exclusion criteria were pregnancy, nursing,

INTRODUCTION
Hepatitis C virus (HCV) poses a significant challenge for
worldwide public health, since it infects approximately
3% of the world population[1], of whom 80% will develop a chronic infection[2] if not treated timely and appropriately. Recently, there have been rapid advances in
the development of specific antivirals[3,4]. In the clinical
setting, the combination of the most advanced antivirals,
boceprevir and telaprevir, with the present standard of
care, peginterferon-α (pegIFN-α) plus ribavirin, have
been shown to induce a higher sustained viral response
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Table 1 Demographic, virological and histological data of patients included in the trial n (%)
Control group

Group E6

Group E9

Group L6

Group L9

n = 30
48.5 ± 7.4
12 (40)
18 (60)
26.7 ± 2.8
16 (53.3)
4 (13.3)
10 (33.3)
18 (60.0)
14 (46.7)

n = 16
47.4 ± 9.1
11 (68.8)
5 (31.3)
24.8 ± 3.5
12 (75.0)
3 (18.8)
1 (6.3)
10 (62.5)
8 (50)

n = 16
42.6 ± 7.9
8 (50.0)
8 (50.0)
28.6 ± 4.6
11 (68.8)
3 (18.8)
2 (12.5)
9 (56.3)
8 (50)

n = 15
47.3 ± 7.5
11 (73.3)
4 (26.7)
25.3 ± 5.0
10 (66.7)
4 (26.7)
1 (6.7)
7 (46.7)
7 (46.7)

n = 15
45.3 ± 7.3
9 (60)
6 (40)
24.9 ± 4.4
8 (53.3)
3 (20.0)
4 (26.7)
4 (26.7)
2 (13.3)

30
6.7 ± 3.6
1.6 ± 1.4
19
3.3 ± 2.5
1.3 ± 1.5

16
6.4 ± 3.2
1.9 ± 1.3
13
3.8 ± 2.2
2.1 ± 1.3

16
6.1 ± 3.3
1.4 ± 1.4
14
3.2 ± 2.8
1.1 ± 1.3

15
5.1 ± 3.4
1.6 ± 1.3
9
4.9 ± 3.0
2.1 ± 1.6

15
7.0 ± 4.1
2.3 ± 1.8
8
5.6 ± 3.2
2.5 ± 1.6

Demographics1 and virological response
Age (yr)
Sex
Body Mass Index
Race

Response to treatment2
Histology3
Week 0
Necroinflammation
Fibrosis
Week 72
Necroinflammation
Fibrosis

mean ± SD
Feminine
Masculine
mean ± SD
White
Black
Mixed
cEVR
SVR
n
mean ± SD
n
mean ± SD

1

Corresponding to baseline; 2By intention to treat; 3According to Ishak score[17]. cEVR: Complete early viral responders; SVR: Sustained viral responders.

Virological response assessment (wk)

0

Immune response analysis (wk)

0

Immunizations (wk)

0

Control group

12

48

72

48

4

8

12

16

20

24

28

32

36

40

44

P

P

P

P

P

P

P

P

P

P

P

P

E6 group

VC

VC

VC

VC

VC

VC

P

P

P

P

P

P

E9 group

VC

VC

VC

VC

VC

VC

VC

VC

VC

P

P

P

L6 group

P

P

P

VC

VC

VC

VC

VC

VC

P

P

P

L9 group

P

P

P

VC

VC

VC

VC

VC

VC

VC

VC

VC

1

IFN-α and ribavirin therapy

Figure 1 Study design. 148 wk of IFN-α-2b (3 × 106 units, subcutaneous, three times a week) plus ribavirin (1000 or 1200 mg daily, according to body weight)The
control group (n = 30) received 12 vaccine placebo inoculations. Two groups received 6 inoculations of CIGB-230, one (n = 16) starting simultaneously with the antiviral treatment as early add-on (E6), and the other (n = 15) starting on week 12 of therapy as late add-on (L6). The remaining two groups were inoculated 9 times with
CIGB-230, one (n = 16) as early add-on (E9) and the other (n = 15) as late add-on (L9). All inoculations relating the vaccine candidate or the placebo took place once
every 4 wk. To maintain the blinding of the study, placebo administrations took place in the immunization groups, once every 4 wk, on weeks not corresponding to vaccine candidate administration, according to the immunization schedule. IFN: Interferon; VC: Vaccine candidate; P: Vaccine candidate’s placebo.

IFN-α-2b (3 × 106 units, subcutaneously, three times a
week) and ribavirin (1000 or 1200 mg daily, according to
body weight) for 48 wk. Patients were randomized to five
groups according to CIGB-230 treatment, as shown in
Figure 1. The control group (n = 30) received 12 vaccine
placebo inoculations. Two groups received 6 inoculations
of CIGB-230, one (n = 16) starting simultaneously with
the antiviral treatment as early add-on (E6), and the other
(n = 15) starting on week 12 of therapy as late add-on
(L6). The remaining two groups were inoculated 9 times
with CIGB-230, one (n = 16) as early add-on (E9) and
the other (n = 15) as late add-on (L9). All inoculations
of the candidate vaccine or the placebo took place once

co-infection with HIV or active HBV infection, liver cirrhosis or hepatocellular carcinoma, uncontrolled chronic
diseases, blood disorders, immunosuppressive/immunomodulatory drug consumption in the previous 6 mo,
autoimmune diseases, severe allergy, and suspected acute
infection. Demographic and histological data of patients
involved in the study are shown in Table 1. Histology was
evaluated at baseline and on week 72, by liver biopsy analyzed according to the Ishak score[17].
Study design and interventions
The study was a Phase Ⅱ, randomized, controlled, double-blind clinical trial. All patients received conventional
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every 4 wk. To maintain blinding of the study, placebo
administrations took place in the immunization groups,
once every 4 wk, on weeks not corresponding to vaccine
candidate administration, according to the immunization schedule. CIGB-230 immunization consisted of
intramuscular administration of 0.5 mg of pIDKE2
plasmid mixed with 0.05 mg of Co.120 recombinant protein in saline solution. Components of CIGB-230 were
manufactured under sterile conditions, with at least 98%
purity[16]. Blood samples were drawn on weeks 0 and 48
to evaluate the HCV-specific immune response. The virological response (presence of HCV RNA by RT-PCR
UMELOSA, detection limit 101.7 IU/mL, Centro de
Inmunoensayos, Havana, Cuba) was assessed on weeks 0,
12, 48 and 72. Complete early virological response (cEVR)
and SVR were defined as undetectable HCV RNA on
weeks 12 and 72, respectively.

37 ℃ before they were put in contact with Huh7 target
cells; after 4 h, culture medium was replaced with fresh
complete medium and cells were further incubated for
48 h. Finally, E1-specific immunostaining was carried out
with E1-specific antibody and fluorophore-tagged antibody (anti-mouse Alexa 488). Foci forming units were
counted in an Axiophot 2 microscope. Results are shown
as percentage of HCVcc infectivity = (foci forming units
in the presence of antibodies/foci forming units in the
absence of antibodies) × 100. A sample was considered
positive if at least a 50% reduction in the infectivity of
HCVcc was observed in the presence of antibodies, compared to the absence of antibodies. Paired coded samples
corresponding to each patient were evaluated simultaneously to avoid inter-experiment variability.
Peripheral blood mononuclear cell preparation
Peripheral blood mononuclear cell (PBMC) isolation and
preservation was performed as previously described[20].
After quick thawing in a 37 ℃ water bath, cells were adjusted to 2 × 106 cells/mL in complete RPMI medium
(Sigma-Aldrich, United States) with 10% FBS and then
incubated at 37 ℃ for a resting period of 16 h.

Antigens for analytical determinations
The recombinant protein NS3 was expressed in modified
Escherichia coli and purified to 90%[18]. E2.680 recombinant
protein was expressed in modified Picchia pastoris yeast
and purified to 85%[19]. Recombinant Co.120 employed
for immunization was also used for immunological evaluations. All the recombinant proteins corresponded to a
genotype 1b strain.

Evaluation of PBMC proliferative response against HCV
antigens
PBMC proliferation against Co.120, E2.680 and NS3 assays were performed essentially as previously described[20].
Cells were labeled with 6 μmol/L of CFSE (Fluka Biochemika, Switzerland), and stimulated in duplicate cultures of 0.25 × 106 cells, with protein antigens (8 µg/mL)
in complete RPMI with 5% human AB serum (SigmaAldrich, United States) (RPMI/5) for 6 d at 37 ℃. Cells
incubated with medium alone and concanavalin A (ConA,
Sigma-Aldrich, United States, 5 μg/mL) were considered
the negative and positive controls, respectively. Cells were
analyzed by flow cytometry (Partec Pass Ⅲ, Germany).
The stimulation index (SI) was calculated by dividing the
proliferative frequency (%) in the presence of antigen by
the proliferative frequency (%) without antigen. For each
individual antigen, the cut-off value was established after
the evaluation of samples from 10 HCV RNA negative
donors: ≥ 2.5 (UMELOSA, Center for Immunoassay,
Cuba). De novo responses were defined as those responses
that were not detected on baseline evaluations and became detectable after treatment.

White blood cells counts
White blood cells counts from whole blood were performed using an ABX Micros 60 hematology analyzer
(ABX Diagnostics, Montpellier, France). These analyses
were carried out at the clinical laboratory of the Cuban
National Institute of Gastroenterology using routinely
validated methods. Results are given as 109 cells/L in the
case of leukocytes and as a percentage in the case of
lymphocytes.
Evaluation of antibody response against HCV antigens
To detect human antibodies to the HCV capsid, E2 and
NS3, an in-house enzyme-linked immunosorbent assay
(ELISA) was performed[20]. For each individual evaluation, the cut-off value was established as at least 3 times
the mean reactivity of a panel of 48 anti-HCV negative
samples (UMELISA, Center for Immunoassay, Cuba).
Titration was carried out by interpolation of a curve constructed by serially diluting a positive control sample of
known reactivity.

Evaluation of IFN-gamma secretory response against
HCV antigens
The enzyme-linked immunospot (ELISPOT) assay
was performed essentially as previously described [22]
in nitrocellulose-backed microtiter plates (Millipore,
France). Anti-IFN-γ (1-D1K clone, 5 µg/mL) and biotinylated anti-IFN-γ (7-B6-1clone, 0.5 µg/mL), both from
Mabtech (Sweden), were used as capture and detection
monoclonal antibodies, respectively. Previously, cells had
undergone a 72-h stimulation period with proteins (8 µg/

Evaluation of neutralizing antibody response against
HCV
For the evaluation of the neutralizing capacity of HCVspecific antibodies, total immunoglobulins were purified
by Protein A-Sepharose 4 Fast flow (Amersham Biosciences, United Kingdom). Neutralization assays were
performed essentially as described before[21]. Briefly, cell
culture HCV (HCVcc, genotype 1a-2a chimera) and purified antibodies (50 μg/mL) were preincubated for 2 h at
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60000

RESULTS

2

R = 0.27
P = 0.01

Week 0 IgG vs NS3

50000

Humoral response generally diminishes in IFN-α plus
ribavirin treated patients, but the neutralizing activity
may be enhanced by CIGB-230
Antibody responses against core, E2 and NS3 are summarized in Table 2. No significant differences in terms
of response frequency or antibody titers were detected
among the different groups at any evaluation time point.
In all groups, more than 80% of patients showed a detectable IgG and IgM response against core and NS3 at
both evaluated time points (Table 2). Regarding antibody
titers against these antigens, statistically significant reductions were generally observed at week 48 in the majority
of the groups (Table 2). In the case of E2, a tendency to
a decrease in antibody titers was also often observed in
the case of IgG (Table 2).
The study of the associations between baseline humoral responses and the histological data showed that
taking all the patients as one group, the IgG response
specific to NS3 correlated positively with week 0 necroinflammation (R2 = 0.27; P = 0.01; Figure 2). It is worthwhile noting that both in the control group (Table 2), as
well as in the immunized patients as the only group, a
significant reduction in NS3-specific IgG was detected at
week 48 when compared with week 0 (NS3-specific IgG
titre for the immunized patients: 43335 vs 29243; P <
0.0001).
On the other hand, the analysis of the neutralizing
antibody response (Table 2) showed no differences with
respect to the percentage of individuals among groups
with a positive response, or in each group between both
time points. However, the L6 group showed a statistically
significant enhancement in the neutralizing antibody response, between week 0 and week 48, while the control
group did not (Table 2). In particular, the L6 group did
not show a decline in the virological response from week
12 to week 72 (Table 1), and the significant enhancement
in the neutralizing antibody response was observed in patients achieving the SVR (week 0 infectivity: 79.2 vs week
48 infectivity: 55.5; P = 0.024), in contrast to virological
non-responders (week 0 infectivity: 66.9 vs week 48 infectivity: 66.9; P = 0.99).

40000
30000
20000
10000
0

0

3

6
9
Week 0 necroinflammation

12

15

Figure 2 Baseline correlation between total IgG titer against NS3 and
necroinflammation in patients of the study. Data refer to all the patients
included in the study. Antibody titers are given in arbitrary units, necroinflammation was evaluated by liver biopsy according to the Ishak score[17]. Statistically significant differences were considered when P < 0.05 (Spearman’s rank
correlation).

mL in RPMI/5) at 37 ℃; 0.2 × 106 cells were transferred
to the ELISPOT plate, in duplicate for each condition.
Cells incubated with medium alone and concanavalin
A (5 µg/mL) were considered the negative and positive
controls, respectively. ELISPOT plates were incubated
for 24 h at 37 ℃. Spots were revealed with extravidinperoxidase (1:800; Sigma-Aldrich, United States) followed
by 0.5 mg/mL of AEC (Sigma-Aldrich, United States)
solution. Spot counting was performed in a stereomicroscope (Carl Zeiss, Germany). For each individual antigen
the cut-off value was established after the evaluation of
samples from 10 HCV RNA negative donors (UMELOSA, Center for Immunoassay, Cuba), with the average
spot number at least twice that obtained in the negativecontrol wells, and at least 50 spots/106 PBMC for E2.680
and NS3, and 180 spots/106 PBMC for Co.120. De novo
responses were defined as those responses that were not
detected on baseline evaluations and became detectable
after treatment.
Statistical analysis
SPSS 15.0.0 Software for Windows was used to carry out
statistical analysis. Normality was analyzed by the Shapiro-Wilk Test. The paired t test or Wilcoxon matched
pairs test were used to compare the magnitude of a given
response in a group between the two evaluated time
points. For comparison of the number of positive samples at the two evaluation time points, in a given group,
the McNemar test was used. Comparisons of the magnitude of the responses among all groups of patients in a
given time point were performed using one way analysis
of variance or the Kruskal-Wallis test. Frequency comparisons among the groups were performed by the Fisher
exact test. Correlations between variables were analyzed
by Spearman’s rank correlation coefficient. Relationships
between nominal variables were analyzed by correspondence analysis. Significant differences were considered at
P < 0.05.
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CIGB-230 generates de novo HCV core-specific cellmediated immune responses in an IFN-α plus ribavirin
induced leukopenic state
As expected, lymphoproliferative responses were scarcely
detected in treatment naïve patients (Table 3). A global
tendency for disappearance of the immune response was
observed towards week 48. At this time point the control group showed a complete absence of core-specific
lymphoproliferative responses (Figure 3). Nevertheless,
in the immunized groups all the responses against HCV
structural antigens were generated de novo after CIGB-230
treatment. In fact, on week 48 a statistically significant
difference was detected between CIGB-230 early add-
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ns
ns

ns
ns
ns
ns
ns
ns
ns
< 0.001
0.008
< 0.001
0.002

0.002
ns
0.020
< 0.001

P value
Week 48

E6 group

66.7
52.6 ± 24.7

58.3
51.0 ± 20.0

100.0
100.0
269.3 ± 313.5
107.4 ± 105.3
86.6
66.6
48.2 ± 76.9
23.6 ± 26.6
100.0
100.0
49443.7 ±
24135.7 ±
40431.0
23793.0
33.3
26.6
7.8 ± 4.7
7.8 ± 2.4
6.6
6.6
5.3 ± 1.3
5.3 ± 1.3
46.4
66.6
245.2 ± 355.0
176.5 ± 216
100.0
100.0
211.1 ± 300.6
62.18 ± 69.55
66.6
60.0
83.7 ± 240.4
16.3 ± 18.4
100.0
100.0
11881.0 ± 7195.0 6493.0 ± 5575.0

Week 0

Week 0

ns
ns

35.7
61.7 ± 25.1

100.0
0.003
210.8 ± 223.0
ns
86.6
0.010
38.3 ± 49.2
100.0
0.002 30604.8 ±
22036.0
ns
13.3
ns
5.9 ± 2.0
ns
6.6
ns
5.3 ± 1.3
ns
86.6
ns
611.8 ± 671.0
93.3
0.003
55.7 ± 85.7
ns
66.6
0.009
12.0 ± 7.7
100.0
0.001
10695.0 ±
10046.4

P value

14.3
76.1 ± 22.8

100.0
98.3 ± 104.2
86.6
29.3 ± 34.4
100.0
28932.5 ±
24813.0
13.3
5.9 ± 1.9
0.0
5.00 ± 0
86.6
468.1 ± 707
86.6
23.6 ± 14.2
26.6
8.2 ± 3.6
100.0
5166.0 ± 5304.0

Week 48

E9 group

ns
ns

ns
ns
ns
ns
ns
ns
0.040
0.030
0.005
0.020

0.008
ns
ns

P value
Week 48

L6 group

P value

23.1
73.5 ± 29.4

30.8
60.8 ± 23.8

ns
0.040

100.0
100.0
310.5 ± 338.4
273.8 ± 530.7
ns
92.8
85.7
ns
34.1 ± 38.5
24.8 ± 41.3
0.006
100.0
100.0
42400.4 ±
31502.8 ±
0.040
73634.0
62453.0
57.1
35.7
ns
8.7 ± 3.7
8.8 ± 5.5
ns
14.2
0.0
5.7 ± 1.8
5.0 ± 0
ns
71.4
71.4
ns
585.3 ± 1055.8 415.2 ± 644.8
ns
100.0
92.8
ns
94.7 ± 146.0
132.3 ± 334.7
ns
57.1
42.8
ns
20.3 ± 31.8
19.8 ± 41.4
ns
100.0
100.0
8135.0 ± 8076.2 4570.0 ± 5277.1 0.030

Week 0

Week 48

L9 group

P value

41.7
53.2 ± 26.5

41.7
53.2 ± 26.5

ns
ns

100.0
100.0
174.9 ± 182.5 170.7 ± 221.6
ns
100.0
91.6
ns
30.3 ± 25.6
22.9 ± 26.9
ns
91.6
91.6
52700.6 ±
33379.0 ±
0.010
69336.1
52006.1
25.0
33.3
ns
11.4 ± 19.1
9.4 ± 7.2
ns
0.0
0.0
5.0 ± 0.0
5.0 ± 0.0
ns
66.6
83.3
ns
214.5 ± 306.4 159.4 ± 205.0
ns
100.0
91.6
ns
214.3 ± 297.3 110.6 ± 192.2
ns
83.3
75.0
ns
47.8 ± 82.9
53.1 ± 100.2
ns
100.0
100.0
13893.1 ±
8806.2 ± 8510.0
ns
11677.0

Week 0

on groups (E6 + E9) and the control group regarding the frequency of core-specific responses (P = 0.04). Additionally, a statistically significant difference was evidenced in
core-specific lymphoproliferation between CIGB-230 early add-on groups (E6 + E9) and the control group on week 48 (1.04 vs 0.79, P = 0.018), as well as between virological
responders from CIGB-230 early add-on groups (E6 + E9) and virological responders from the control on week 48 (1.13 vs 0.65, P = 0.008). We also observed that in the E6
group, one of the de novo core-responders was also a de novo E2-responder. This patient, although a late virological responder, achieved a SVR.
The correspondence analysis showed that in the control group, the E2-specific proliferative response, at both evaluation time points, was associated with the presence of serum HCV RNA on week 48 (P < 0.05). Moreover, the study of the baseline associations between lymphoproliferative responses and the histological data showed that taking all
the patients as one group, the E2-specific response correlated positively with fibrosis (R2 = 0.24; P = 0.03; Figure 4). Remarkably, this immune response, which was associated
with a bad prognosis, regarding both virological and histological responses, was significantly reduced in immunized patients (week 0: 1.49 vs week 48: 1.01; P = 0.02), while the
control group did not show a significant change (week 0: 1.53 vs week 48: 1.65; P > 0.05; Table 3).
According to PBMC availability, IFN-γ secretion against HCV antigens was also assessed. A trend for the disappearance of the responses was observed on week 48 (Table 3).

Seroc: Seroconversion; ns: Not significant. Seroconversion data are presented as percent of samples with detectable antibody responses. Titer and infectivity data are presented as mean ± SD, except for IgA response against the
capsid in the control group, which is presented as median ± rank. Statistical values refer to time dependent (week 0 vs week 48) differences in one group (McNemar test and paired t test or Wilcoxon signed rank test). Significant
differences were considered for P < 0.05. Positive (%) refers to the percent of samples with detectable neutralizing antibody response. Infectivity (%) = (foci forming units in the presence of antibodies from a patient/foci forming
unit in the absence of antibodies) × 100.

46.7
58.7 ± 26.6

96.1
57.3 ± 81.9
73.1
10.0 ± 16.2
96.1
17913.7 ±
24413.0
19.2
9.7 ± 14.5
11.5
5.6 ± 1.6
80.7
222.8 ± 221.0
84.6
33.1 ± 43.9
50.0
24.1 ± 75.9
96.1
9684.0 ±
12663.0

Week 48

Control group

96.1
108.9 ± 96.4
84.6
12.0 ± 20.8
96.1
30056.0 ±
39875.0
E2
IgM Seroc
34.6
Titer
7.1 ± 3.5
IgA Seroc
15.3
Titer
5.8 ± 1.8
IgG Seroc
61.5
Titer 325.9 ± 380.0
NS3
IgM Seroc
92.3
Titer 171.0 ± 428.8
IgA Seroc
76.9
Titer
30.2 ± 87.6
IgG Seroc
96.1
Titer
15907.0 ±
15723.0
Neutralizing antibody response
Positive (%)
46.2
Infectivity (%)
71.0 ± 77.7

Humoral response
Capsid IgM Seroc
Titer
IgA Seroc
Titer
IgG Seroc
Titer

Antigen

Table 2 Humoral and neutralizing antibody response
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ns
0.030

ns
0.040

ns
0.003

ns
ns

ns
ns

ns
ns

P value

13
23.1
232.9 ± 466.2
10
10
96.8 ± 144.1
9
11.1
329.1 ± 452.3

14
7.1
1.1 ± 0.6
13
7.7
0.9 ± 0.7
13
7.7
1.2 ± 0.8

Week 0

9
0
49.8 ± 94.1
7
0
31.2 ± 54.8
4
0
2.5 ± 3.5

13
15.4
1.2 ± 0.9
9
11.1
1.2 ± 1.2
9
11.1
2.0 ± 3.5

Week 48

E6 group

ns

ns

ns
ns

ns
ns

ns
ns

ns
ns

P value

11
27.3
422.4 ± 731.7
5
0
245.7 ± 409.4
1
100
110.8 ± 0.0

15
20
1.8 ± 1.2
14
21.4
2.2 ± 2.2
13
7.7
1.7 ± 1.4

Week 0

7
12.5
50.5 ± 80.1
4
0
3.9 ± 1.7
4
0
7.92 ± 10.7

14
14.3
2.5 ± 3.4
10
0
0.6 ± 0.3
10
0
1.1 ± 0.4

Week 48

E9 group

ns
-

ns

ns
ns

ns
ns

ns
0.04

ns
ns

P value

12
8.3
120.9 ± 112.4
6
0
19.9 ± 14.4
7
100
31.3 ± 30.8

13
38.5
2.3 ± 2.0
13
23.1
2.3 ± 2.4
13
30.8
2.0 ± 1.3

Week 0

9
27.3
101.0 ± 89.5
4
20
30.0 ± 33.6
3
0
26.9 ± 23.5

14
7.1
1.5 ± 1.2
10
0
1.1 ± 0.6
10
0
0.9 ± 0.4

Week 48

L6 group

ns

ns
ns

ns
ns

ns
0.03

ns
ns

ns
ns

P value

9
33.3
330.0 ± 214.7
2
50
120.6 ± 73.9
4
25
260.7 ± 315.7

12
8.3
1.5 ± 0.8
12
13.3
1.4 ± 1.1
12
8.3
1.3 ± 0.8

Week 0

7
0
116.0 ± 125.3
4
0
23.3 ± 24.8
3
0
15.2 ± 8.4

11
18.2
1.7 ± 1.8
9
0
1.2 ± 0.8
8
0
1.1 ± 0.5

Week 48

L9 group

ns

ns

ns

ns
ns

ns
ns

ns
ns

P value

CIGB-230 induces differential courses of cell-mediated immunity in virological responder and non-responder patients under therapy with IFN-α plus ribavirin
We also determined whether there were any differences in HCV-specific immune responses associated with differing virological responses in immunized and non-immunized

However, significant decreases against all evaluated antigens were only observed in the control group; however, in the rest of the groups the small number of assayed samples
could be masking possible differences.
Notably, on week 48, the L6 group showed a greater frequency of de novo IFN-γ responders against core than the control group (P = 0.03; Figure 3). The correspondence
analysis showed that in this group, the positive association between an individual increase by at least a factor of 1.5 in this effector mechanism and the SVR was near statistical significance (P = 0.06). Moreover, taking into account patients showing an increase in the neutralizing antibody response and/or in the IFN-γ secretion in the L6 group, a
statistically significant correspondence was detected with the SVR (P = 0.02). In this group, none of the week 72 RNA positive patients showed any increase in these effector
mechanisms.
It is important to note that these changes in HCV-specific cell-mediated immune responses took place in the context of a significant leukopenia induced by IFN-α plus ribavirin treatment. The leukopenic state was already significant on week 12 of treatment in all groups of patients. Regarding lymphocyte counts, only the control group showed a
significant decline at week 48 (Table 4).

Data on number of positive samples are presented as percent of total evaluated samples. Stimulation index and spot forming cells data are presented as mean ± SD. Statistical values refer to time dependent differences in one
group (week 0 vs week 48; P < 0.05, Wilcoxon signed rank test). 1A statistically significant difference regarding core-specific lymphoproliferation was observed among the groups on week 0 (P = 0.04, Kruskal-Wallis test), but the
multiple comparison test was not potent enough to indicate which of the groups accounted for the difference. SI: Stimulation index; ns: Not significant; SFC: Sport forming cells/106 cells.

22
9.1
38.2 ± 67.3
16
12.5
42.0 ± 82.4
12
8.3
52.0 ± 97.4

25
0
0.8 ± 0.5
23
8.7
1.6 ± 3.1
21
0
1.0 ± 0.6

Week 48

Control group

Lymphoproliferative response
Capsid Total n
25
Positive (%)
4
SI1
1.2 ± 0.8
E2
Total n
25
Positive (%)
16
SI
1.5 ± 1.8
NS3
Total n
24
Positive (%)
8.3
SI
1.2 ± 0.9
IFN-γ ELISPOT response
Capsid Total n
24
Positive (%)
16.7
SFC
151.4 ± 228.4
E2
Total n
15
Positive (%)
20
SFC
84.6 ± 117.9
NS3
Total n
17
Positive (%)
15.4
SFC
132.1 ± 259.7

Antigen

Table 3 Cell-mediated immune responses
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Figure 3 Frequency of hepatitis C virus-specific cell-mediated immune responses induced by CIGB-230 in combination with interferon-α plus ribavirin on
week 48. A: Frequency of lymphoproliferative responses against hepatitis C virus (HCV) antigens. aDenotes a statistically significant difference between the CIGB-230
early add-on groups (E6 + E9) and the control group regarding the frequency of de novo core-specific responses (P = 0.04); B: Frequency of interferon-γ secretion
responses against HCV antigens. aDenotes a statistically significant difference between L6 group and the control group with respect to the frequency of de novo core
specific responses (P = 0.03). Significant differences were considered for P < 0.05; Fisher’s exact test. In the Figure “De novo positive” refers to responses that were
undetectable on week 0 and became detectable on week 48; “Positive” refers to detectable responses on week 48 that were also detectable on week 0, and “Negative”
refers to undetectable responses on week 48.

individuals. In fact, no differences in SVR rates were
detected among the different groups. Reductions in the
magnitude of several of the immune variables were detected (Table 5). Week 48 virological non-responders in
the control group and CIGB-230-immunized week 48
virological responders showed a significant decline in E2specific IgG; however, in the latter, the decline was exclusive of relapsers, as verified in a separate analysis (relapsers: P = 0.02; SVR: P = 0.10).
Regarding cell-mediated immune responses, a statistically significant reduction in IFN-γ secretion was only
noted in the week 72 virological non-responders against
core (Table 5). On the other hand, in the non-immunized
patients no significant changes were detected in the lym-
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phoproliferative response. However, in CIGB-230-treated
week 48 virological responders a significant decline was
verified against E2 (Table 5).
In the control group, no significant correlations were
found between cell-mediated immune responses and the
histological findings, when virological responders and
non responders were analyzed separately. In contrast, in
the CIGB-230-immunized virological non-responders,
the baseline proliferative response against all tested antigens showed a positive correlation with week 72 necroinflammation or fibrosis (Figure 5A-D), and week 48 corespecific IFN-γ secretion showed a positive correlation
with both histological parameters at week 72 (Figure 5E
and F).
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Table 4 Leukocyte and lymphocyte counts in hepatitis C virus chronically infected patients treated with interferon-α plus ribavirin
Groups
Total number of patients
Baseline leukocyte counts
Week 12 leukocyte counts
Week 48 leukocyte counts
Statistics (P value)1
Statistics (P value)2
Baseline lymphocyte counts
Week 12 lymphocyte counts
Week 48 lymphocyte counts
Statistics (P value)1
Statistics (P value)2

mean ± SD
(Min; Max)
mean ± SD
(Min; Max)
mean ± SD
(Min; Max)

mean ± SD
(Min; Max)
mean ± SD
(Min; Max)
mean ± SD
(Min; Max)

Control group

Group E6

Group E9

Group L6

Group L9

30
6.7 ± 2.1
(3.5; 12.1)
4.5 ± 1.5
(2.3; 9.0)
4.3 ± 1.3
(2.5; 7.6)
< 0.001
< 0.010
37.8 ± 8.6
(22.8; 58.8)
38.2 ± 9.7
(20.3; 52.9)
32.0 ± 8.9
(13.3; 57.8)
ns
0.004

16
7.0 ± 1.5
(4.2; 9.0)
4.4 ± 1.8
(2.3; 8.4)
3.6 ± 1.2
(1.6; 6.7)
0.001
0.001
35.7 ± 7.6
(21.8; 52.5)
34.6 ± 6.9
(22.0; 44.1)
37.1 ± 8.3
(19.5; 50.9)
ns
ns

16
7.7 ± 2.3
(3.8; 12.2)
5.0 ± 1.5
(3.1; 7.3)
4.4 ± 1.5
(2.3; 7.6)
< 0.001
0.001
33.7 ± 7.5
(19.8; 53.8)
30.5 ± 8.0
(15.8; 47.4)
31.2 ± 6.9
(21.3; 45.0)
ns
ns

15
6.4 ± 2.0
(4.0; 11.1)
3.7 ± 0.9
(2.7; 5.1)
3.7 ± 1.3
(2.5; 6.6)
0.001
0.001
36.7 ± 10.7
(18.3; 51.4)
36.1 ± 9.5
(22.5; 55.2)
34.9 ± 11.3
(19.8; 54.0)
ns
ns

15
7.0 ± 2.2
(2.0; 10.5)
4.7 ± 0.9
(3.4; 6.8)
4.9 ± 0.9
(2.9; 5.8)
0.013
0.023
37.6 ± 8.7
(25.4; 50.7)
36.5 ± 7.5
(25.3; 52.0)
33.1 ± 6.2
(23.5; 42.3)
ns
ns

1

Week 12 vs baseline in one group; 2Week 48 vs baseline in one group (Differences were considered significant when P < 0.05; Wilcoxon signed ranks test for
leukocyte counts, Paired t test for lymphocyte counts). Results are given as 109 cells/L in the case of leukocytes and as % in the case of lymphocytes. ns: Not
significant.

Week 0 E2 specific
lymphoproliferation

10

also been reported in IFN-α or IFN-α plus ribavirin
responders[28]. In our work, only individuals from the E9
group were able to sustain the IgG response to the capsid. Further analyses revealed a significant decline in E2specific IgG in control non-responders and immunized
relapsers, which could indicate that these antibodies are
pivotal for viral control. In fact, several E2 epitopes have
been identified as targets of neutralizing antibodies[29].
Interestingly, in this study we observed that the neutralizing antibody response was only enhanced in a CIGB230-treated group, while no significant reduction in this
effector mechanism was observed in any of the groups.
Modification of the neutralizing antibody response by
CIGB-230 was also detected in a previous clinical trial[16].
In the present study, it should be noted that in the L6
group, which showed a significant enhancement of the
neutralizing antibody response, the typical fall in the
percentage virological response that has been described
for pegIFN plus ribavirin therapy from week 12 to week
72[30] was not observed. Additionally, in this group we
detected significantly greater induction of de novo corespecific IFN-γ ELISPOT responders with respect to the
control. HCV-specific IFN-γ secretion has been previously associated with the clearance of HCV infection[31]
and our results support this fact, since patients with
detectable viral RNA on week 72, either immunized or
not with CIGB-230, showed a significant decrease in the
core-specific IFN-γ secretion.
The observed effect in the virological response in the
L6 group might be correlated with the enhancement of
both effector mechanisms, neutralizing antibodies and
core-specific IFN-γ ELISPOT response, because a positive association was found between the increase in at least
one of them and the achievement of a SVR. It is likely
that, in this case, the moment of vaccine administration
in relation to both the stage of antiviral therapy and the

2

R = 0.24

P = 0.03

8
6
4
2
0

0

1

2

3
4
Week 0 Fibrosis

5

6

Figure 4 Baseline correlation between E2-specific lymphoproliferation
and fibrosis in patients of the study. Data refer to all patients included in the
study. E2-specific lymphoproliferation is given as stimulation index, fibrosis was
evaluated by liver biopsy according to the Ishak score[17]. Statistically significant
differences were considered when P < 0.05 (Spearman’s rank correlation).

DISCUSSION
IFN-α has long been a cornerstone in the standard of
care for HCV chronic infection. Nevertheless, its administration at therapeutic doses leads to several adverse
events[23] which, together with those related to ribavirin,
provoke frequent dose adjustments, treatment interruptions or contraindication in certain patients[24,25]. Hematologic toxicity is one of IFN-α plus ribavirin’s common
adverse events[26,27]. Correspondingly, in our study from
week 12 to week 48, all groups of patients showed a significant reduction in mean leukocyte counts. Nonetheless,
mean lymphocyte counts were not significantly reduced
in any of the immunized groups, unlike the control. This
difference could support a possible immune stimulating
effect of the CIGB-230 vaccine candidate.
In this context, despite being diverse and numerous from baseline, the humoral responses against HCV
antigens tended to decline with treatment in all groups.
Significant drops in NS3-specific IgG observed here have
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Table 5 CIGB-230 administration induces differential courses of cell-mediated immunity in virological responder and non-responder
patients under therapy with interferon-α plus ribavirin
Immune response

HCV RNA (-) on week 48
Week 0

Week 48

CIGB-230 immunized patients
IgG
Core
32193.3
15486.7
E2
272.3
103.5
NS3
8277.2
2969.1
IFN-γ Core
69.2
15
E2
17.4
5.6
NS3
14.6
2.5
SI
Core
1.3
1
E2
1
0.9
NS3
1.2
1
Control patients
IgG
Core
26820.1
9096.3
E2
85.7
233.1
NS3
5150.3
2856.7
IFN-γ Core
78.7
19.1
E2
39.5
6.6
NS3
35.9
4.1
SI
Core
0.9
0.8
E2
0.8a
0.8
NS3
0.8
0.8

HCV RNA (+) on week 48

HCV RNA (-) on week 72

HCV RNA (+) on week 72

P value

Week 0

Week 48

P value

Week 0

Week 48

P value

Week 0

Week 48

P value

0.0001
0.0061
< 0.0001
ns
ns
ns
ns
0.0061
ns

22068.7
50
7177.4
88.8
10.8
38.8
1.4
0.9
0.9

15130.5
295.3
5555.5
57.5
5.8
16.3
1
1.2
0.9

ns
ns
0.006
ns
ns
ns
ns
ns
ns

32193.3
138.8
8013.1
68.8
22.5
15
1.3
1
1.2

15486.7
103.1
2900.1
18.3
5.2
0
1
0.8
1.1

0.003
ns
0.002
ns
ns
ns
0.04
ns
ns

22920.0
254.3
7263.8
76.3
10.8
26.3
1.4
0.9
1.1

15130.5
138.7
5555.5
43.5
5.8
15.1
1
1.2
0.9

0.0041
ns
0.0002
0.041
ns
ns
ns
ns
ns

0.0010
ns
0.0010
0.0410
ns
0.0310
ns
ns
ns

14778.9
339.3
15003.7
60.3
5
11.6
1.2
1.8a
1.5

10761.0
94.5
10833.1
15.6
0
ne
0.8
1.4
1.1

0.008
0.040
ns
ns
ns
ns
ns
ns

28066.9
85.7
5150.3
80.4
36.2
47.7
1
0.8c
0.8

12800.0
185
2856.7
35
7.5
13
0.7
0.7
0.7

0.002
ns
0.003
ns
ns
ns
ns
ns
ns

14778.9
339.3
15003.8
60.3
32.5
12.9
1.1
1.4c
1.2

8873.2
155
8577.9
14
2.5
4.2
1
1.4
1.1

0.0005
ns
ns
0.0200
ns
ns
ns
ns
ns

Median values are shown. SI: Stimulation index; ns: Not significant; ne: Not evaluated. Differences were considered statistically significant when P < 0.05
(Wilcoxon signed rank test). 1Not significant when virological relapsers and non-responders were separately analyzed. a,cIndicate differences between
virological responders and non responders, on both evaluation time points (week 48 and week 72) (P < 0.05, Unpaired t test). HCV: Hepatitis C virus.

typically associated viral kinetics might play a pivotal role
in the generation of effector and memory cells in a time,
quality and quantity able to favorably impact viral control
rates.
The HCV-specific cell-mediated immune response,
in accord with previous studies, was scarce before the
initiation of therapy[32,33] and showed a trend to disappear
during treatment. Similar results have been reported by
several[34-36], but not all studies[12,37]. This contradiction
makes it difficult to draw definitive conclusions regarding
the actual impact of IFN-based therapy on immune-mediated HCV clearance; however, the immune modulatory
and antiproliferative properties of IFN-α and ribavirin
have been clearly described[38-42]. Nonetheless, our results
indicate that the inclusion of CIGB-230 is capable of
changing the immune context of patients under IFN-α
plus ribavirin treatment.
In addition to the above-mentioned findings, despite
IFN- α -induced leukopenia, CIGB-230 administration was able to induce significantly greater numbers
of de novo core-specific lymphoproliferative and IFN-γ
responses than antiviral therapy alone. In a previous
clinical trial, CIGB-230 had already demonstrated its capacity to induce de novo cell-mediated immune responses
against the structural antigens in chronic patients, nonresponders to therapy[16]. Certainly, in the present study
conducted in treatment naïve patients, the percentage of
de novo responses was inferior to that expected according
to previous results, which might be most probably due to
the immune modulatory effects of the combined therapy.
In contrast, Wedemeyer and colleagues showed that the
immunogenicity of the IC41 peptide vaccine candidate

WJG|www.wjgnet.com

was not affected when administered as late add-on to
the standard treatment[33]. This discrepancy may be attributable to the differences in the mechanisms of action of both vaccine candidates: peptides, not requiring
extensive processing for presentation vs DNA, requiring
full expression and processing. Additionally, the samples
of selected patients also differ: treatment naïve vs early
virological responders. In particular, the characteristics
of the population sample may be critical determinants of
treatment outcome, since several host factors have been
found to be associated with therapy response[43-45]. In
fact, in our exploratory study, in which randomization by
single nucleotide polymorphisms, HLA, viral load or histological damage was not performed; differential predisposition to an IFN-α plus ribavirin therapy response was
observed in the different groups, the impact being evident in the cEVR rate. In this sense, comparison among
different groups of patients may be misleading and the
effect of therapeutic interventions should be analyzed
in an intra-group basis, comparing baseline with end of
treatment outcome.
The study of HCV-specific cell-mediated immune
responses in chronic patients has frequently shown that
specific proliferation and cytokine secretion are not commonly associated[33,46], and may be differentially affected
by IFN-α based therapy[47]. Our results suggest that the
early and late add-on schedules differ in their capacity to
induce de novo HCV-specific proliferative and IFN-γ responses. This phenomenon may be directly linked to the
timing of vaccine administration in relation to the antiviral therapy. In fact, it has been observed that a leukopenic
environment promotes changes in lymphocyte physiol-
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Figure 5 Correlations between hepatitis C virus-specific cell-mediated immune responses and histological parameters in patients of the study. Data refer
to CIGB-230 immunized patients who were not able to clear viral RNA after treatment (virological non-responders). Lymphoproliferation is given as stimulation index;
interferon-γ (IFN-γ) secretion is given as spot forming cells/106 cells; histological parameters were evaluated by liver biopsy according to the Ishak score[17]. Statistically significant differences were considered when P < 0.05 (Spearman’s rank correlation).

ogy and induces T-cell proliferation through homeostatic
peripheral expansion[48]. It has been suggested that the
immediate period of lymphopenia after cytoreduction
provides a unique therapeutic window for immunotherapy[49], but the intensity of this proliferation and the
characteristics of the resulting cells, in terms of proliferative and cytokine secretion capacity, will depend on the
degree and duration of lymphopenia[50-52]. In our study,
in the early add-on schedule, the specific antigen was administered at the initiation of the antiviral therapy, before
the stabilization of lymphopenia at its nadir. These conditions might be favorable to stimulate the development
of proliferating uncommitted cells, while in late add-on,
the more stable, chronic-like lymphopenic environment
could be suitable for the generation of proinflammatory
IFN-γ secreting cells.
Additionally, it cannot be ruled out that the profile of
the immune variables tested in this trial depends also on
the characteristics of each of the different immunization
schedules, regarding the number of inoculations, as well
as the moment in which they are evaluated. Further understanding of the mechanisms governing the differential
induction of HCV-specific proliferation and cytokine
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secretion in the context of triple therapy with CIGB-230
and IFN-α plus ribavirin is needed to finally achieve
the ultimate goal of generation of multifunctional cells,
which have been found to be associated with resolution
of the disease, while monofunctional cells have not[53].
Several data support the idea that the hepatic damage caused by HCV infection is mainly immune-mediated[54-56]. Our quest to find a relationship between immune
response and therapy outcome showed an association
between the E2-specific lymphoproliferative response
and hepatic injury. This result, together with the association between this type of immune response against E2
with the inability to clear the viral RNA in the control
group, might implicate the E2-specific lymphoproliferative response in the generation and/or maintenance of
the histological damage, and a poorer treatment outcome.
The causality of this relationship demands a more detailed study regarding epitopic specificity as well as the
characteristics of the cell populations involved.
In conclusion, our results are evidence of the depressive effects of IFN-α plus ribavirin therapy on the HCVspecific immune response. They show that CIGB-230,
in this unfavorable context, is capable of modifying the
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against HCV reinfection. Therefore, the development of vaccine strategies remains attractive although, so far, they have not demonstrated significant clinical
impacts.

immune response established in chronic patients, and
that the quality of the induced response will depend on
both the number of doses and the timing in which they
are administered in relation to the antiviral therapy. In
particular, the administration of six CIGB-230 doses as
late add-on to therapy increased the neutralizing antibody
activity and the de novo core-specific IFN-γ secretion, with
a positive impact on the virological response. Nevertheless, SVR rates observed with the triple therapy including CIGB-230 were lower than those reported for the
recently licensed direct acting antivirals[57]. This fact obviously calls for more research regarding the optimization
of CIGB-230 administration. The information obtained
in this work sheds light on the design of more effective
therapeutic vaccine interventions against HCV, given the
fact that any strategy must change the already established
immune response, which is usually the result of decades
of infection and failed attempts to control it. Future
studies must explore other immunization schedules with
CIGB-230, aiming at the generation of polyfunctional
cells, rather than monofunctional ones. Therefore, regardless of the potential of IFN-based therapy to reduce
the HCV viral load, the success of its combination with
therapeutic vaccination cannot be taken for granted,
given its antiproliferative properties; hence the optimal
immunization schedule is still to be defined.

Research frontiers

A critical obstacle facing any therapeutic vaccine candidate against HCV is the
already established immune response, which is characterized by impairment of
both the innate and adaptive responses. The combination of therapeutic vaccine candidates with antiviral treatments, allowing the vaccine to function in a
scenario of reduced viral load, seems a promising strategy.

Innovations and breakthroughs

In the present study we assayed, for the first time, the impact of the concomitant administration of CIGB-230, a DNA based vaccine candidate, and non-peginterferon (pegIFN)-α plus ribavirin antiviral therapy on HCV-specific immune
response in a cohort of chronic, treatment naïve, HCV genotype 1b infected
patients. The administration of six doses of CIGB-230 as late add-on to therapy
increased the neutralizing antibody activity and the de novo core-specific IFN-γ
secretion, both of which are associated with the sustained virological response
(SVR).

Applications

The demonstration that the quality of CIGB-230-induced immune response
depends on the number of doses and timing of administration in relation to the
antiviral therapy will allow design of more effective therapeutic vaccine interventions against HCV.

Terminology

SVR is the reduction in HCV viral RNA to undetectable levels up to 6 mo after
the end of therapy.

Peer review

The manuscript titled “HCV-specific immune responses induced by CIGB-230
in combination with IFN-α plus ribavirin “is an interesting phase II clinical study
evaluating the effects of triple therapy INF-α plus ribavirin and CIGB-230 in
treatment naive, HCV genotype 1b infected patients and found that CIGB-230
modifies immune response in chronic patients and immune response depends
on number of doses and time of administration in relation to antiviral therapy.
Overall, it is a well-structured and organized study, which provides new potential option for future treatment of HCV patients.
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Abstract
AIM: To evaluate the utility of serum and urine metabolomic analysis in diagnosing and monitoring of inflammatory bowel diseases (IBD).
METHODS: Serum and urine samples were collected
from 24 patients with ulcerative colitis (UC), 19 patients
with the Crohn’s disease (CD) and 17 healthy controls.
The activity of UC was assessed with the Simple Clinical
Colitis Activity Index, while the activity of CD was determined using the Harvey-Bradshaw Index. The analysis
of serum and urine samples was performed using proton nuclear magnetic resonance (NMR) spectroscopy.
All spectra were exported to Matlab for preprocessing
which resulted in two data matrixes for serum and
urine. Prior to the chemometric analysis, both data sets
were unit variance scaled. The differences in metabolite
fingerprints were assessed using partial least-squaresdiscriminant analysis (PLS-DA). Receiver operating
characteristic curves and area under curves were used
to evaluate the quality and prediction performance of
the obtained PLS-DA models. Metabolites responsible
for separation in models were tested using STATISTICA
10 with the Mann-Whitney-Wilcoxon test and the Student’s t test (α = 0.05).
RESULTS: The comparison between the group of
patients with active IBD and the group with IBD in remission provided good PLS-DA models (P value 0.002
for serum and 0.003 for urine). The metabolites that
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allowed to distinguish these groups were: N -acetylated
compounds and phenylalanine (up-regulated in serum),
low-density lipoproteins and very low-density lipoproteins (decreased in serum) as well as glycine (increased
in urine) and acetoacetate (decreased in urine). The
significant differences in metabolomic profiles were also
found between the group of patients with active IBD
and healthy control subjects providing the PLS-DA models with a very good separation (P value < 0.001 for
serum and 0.003 for urine). The metabolites that were
found to be the strongest biomarkers included in this
case: leucine, isoleucine, 3-hydroxybutyric acid, N -acetylated compounds, acetoacetate, glycine, phenylalanine
and lactate (increased in serum), creatine, dimethyl sulfone, histidine, choline and its derivatives (decreased in
serum), as well as citrate, hippurate, trigonelline, taurine, succinate and 2-hydroxyisobutyrate (decreased in
urine). No clear separation in PLS-DA models was found
between CD and UC patients based on the analysis of
serum and urine samples, although one metabolite
(formate) in univariate statistical analysis was significantly lower in serum of patients with active CD, and
two metabolites (alanine and N -acetylated compounds)
were significantly higher in serum of patients with CD
when comparing jointly patients in the remission and
active phase of the diseases. Contrary to the results
obtained from the serum samples, the analysis of urine
samples allowed to distinguish patients with IBD in remission from healthy control subjects. The metabolites
of importance included in this case up-regulated acetoacetate and down-regulated citrate, hippurate, taurine,
succinate, glycine, alanine and formate.

diagnostics of inflammatory bowel diseases. World J Gastroenterol 2014; 20(1): 163-174 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i1/163.htm DOI: http://dx.doi.
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INTRODUCTION
Ulcerative colitis (UC) and the Crohn’s disease (CD)
are the main well-characterized forms of inflammatory
bowel diseases (IBD). Although the etiology of IBD remains not fully explained, it is widely accepted that this
multifactorial condition is associated with an inadequate
immune response to environmental factors in genetically predisposed individuals[1,2]. The diagnosis of IBD is
based on the combination of clinical, endoscopic, histopathological, serological and radiological features but the
precise distinction between UC and CD still remains a
challenge in 5%-20% cases[3-6]. The diagnosis may be difficult due to the clinical overlapping between these two
conditions, an incomplete expression of IBD or deficiency in histological response of the intestinal mucosa[4].
Moreover, the serological markers like anti-Saccharomyces
cerevisiae antibodies and perinuclear antineutrophilic
cytoplasmic antibodies recently implemented in IBD
diagnostics have been found to have a high specificity in
some studies, but a relatively low sensitivity[5,7]. The differential diagnosis between UC and CD is also essential
regarding distinct approaches with respect to surgical
treatment, moreover the diseases differ from each other
in terms of prognosis, a tendency for recurrence and
risks of cancer[3,4]. This situation as well as the limited
number of IBD monitoring tools (the commonly used
erythrocyte sedimentation rate and C-reactive protein do
not always correlate with disease activity and are not specific to IBD inflammation) force researchers to look for
new approaches in IBD diagnostics[8].
The use of metabolomics in medical diagnostics has
recently become a very promising idea that is extensively
studied in oncological conditions, diabetes, cardiovascular
diseases, rheumatoid arthritis or multiple sclerosis[9-17].
Unlike the genomic and proteomic studies that examine
genes and more or less complex proteins, metabolomic analysis allows to assess the simplest low molecular
weight metabolites that are involved in disease processes
(the basic forms and various derivatives of amino acids,
ketones, fatty acids, amines, organic acids, nucleosides,
aromatic compounds, sterols, saccharides etc.)[3,18-20]. There
are several thousands of such metabolites in tissues and
fluids of living organisms like blood, urine, cerebrospinal
fluid or saliva, and most of those metabolites have a welldefined function. At the same time, the highly informative metabolic profiles as a potential source of biomarkers can be used not only for prognostic purposes, but also
as an input for discriminant analysis, even when there are
only premorphological biochemical changes that are not
evident on histopathological examination[4,21].
So far there are only a few research studies that evalu-

CONCLUSION: NMR-based metabolomic fingerprinting
of serum and urine has the potential to be a useful tool
in distinguishing patients with active IBD from those in
remission.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: This study demonstrates that proton nuclear
magnetic resonance -based metabolic fingerprinting
of human serum and urine combined with multivariate
data analysis could be a useful tool for differentiation
between the active and remission phase of the disease
that is of great importance in inflammatory bowel diseases (IBD) monitoring. At the same time, the results
indicate that this diagnostic method has rather a weak
potential in the differential diagnosis of IBD.
Dawiskiba T, Deja S, Mulak A, Ząbek A, Jawień E, Pawełka
D, Banasik M, Mastalerz-Migas A, Balcerzak W, Kaliszewski
K, Skóra J, Barć P, Korta K, Pormańczuk K, Szyber P, Litarski
A, Młynarz P. Serum and urine metabolomic fingerprinting in
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normalities of the gastrointestinal tract, diabetes mellitus,
renal failure, hepatic dysfunction, evidence of malignancy and other severe diseases were excluded from our
study. To avoid the dietary influence on the metabolic
fingerprints of serum and urine the samples were taken
after overnight fasting. Signals related to medications
(5-aminosalicylate, azathioprine and acetaminophen) were
eliminated from the statistical and chemometric evaluation. The characteristics of patients and healthy control
subjects are shown in Table 1.

Table 1 Demographic data and clinical profile of patients
Ulcerative colitis Crohn's disease Healthy controls
Number of patients
Sex (male/female)
Average age
(mean/range)
Mean activity score
SCCAI/HBI (range)
Number of patients
in active/remission
phase of disease
Average disease
duration (yr)

24
15/9
40.7 (18-70)

19
11/8
35.8 (18-61)

17
8/9
44.7 (24-62)

6.1 (0-13)

6.7 (1-18)

-

12/12

16/3

-

8.2 (0.1-32)

5.5 (0.3-21)

-

Sample handling and NMR spectroscopy
Serum samples were thawed in room temperature and
mixed using a vortex mixer. According to a well-established protocol[30], aliquots of 200 μL of serum were
transferred into a polypropylene Eppendorf tube and
400 μL of 0.9% saline solution in 15% D2O, containing 3 mmol/L 3-(trimethylsilyl)-2,2’,3,3’-tetradeuteropropionate sodium salt TSP-d4 (TSP) were added. The
samples were centrifuged for 10 min at 12000 × g and
550 μL of each sample supernatant was subsequently
moved into a 5 mm NMR tube. 1H NMR experiments
were performed with the following parameters: relaxation
delay, 3.5 s; acquisition time, 2.73 s; number of transients
(scans), 128; number of points, 65536; pulse program,
cpmgpr1d (Bruker notation); number of loops, 80; spin
echo delay, 400 ms; spectral width, 20 ppm; line-broadening factor, 0.3 Hz. The spectra were manually corrected
for phase and baseline distortions and were referenced to
α-glucose signal (δ = 5.225 ppm).
Urine exhibits high pH and ionic strength variability
which can dramatically affect NMR spectra quality by
introducing an unwanted variance in the chemical shifts
of resonances. In order to overcome this issue we used a
modified method of Jiang et al[31] utilizing the additional
step of precipitation of the most abundant urine salts:
Mg2+ and Ca2+. All urine samples were thawed in room
temperature and mixed using a vortex mixer. Aliquots
of 570 μL of urine were transferred into polypropylene
Eppendorf tubes and 30 μL of KF solution was added,
and samples were mixed again creating insoluble in water MgF2 and CaF2 salts. The samples were centrifuged
for 10 min at 12000 × g and 540 μL of supernatant
was transferred into a new Eppendorf tube. Next, the
samples were mixed with 60 μL of 2.5 mol/L phosphate
buffer solution with a pH of 7.00 in 99.8% D2O containing TSP as an internal standard. The final concentration
of TSP in the sample was 1 mmol/L. The samples were
mixed again and finally 550 μL was moved into a 5 mm
NMR tube. 1H NMR experiments were performed with
the following parameters: relaxation delay, 3.5 s; acquisition time, 1.36 s; number of transients, 64; number of
points, 32768; pulse program, noesypr1d (Bruker notation); spectral width, 20 ppm, line-broadening factor, 0.3
Hz. The spectra were manually corrected for phase and
baseline distortions and were referenced to the TSP resonance at δ = 0.0 ppm.
All NMR spectra were recorded at 300 K using a
Bruker Avance Ⅱ 600 spectrometer (Bruker GmBH,

SCCAI: Simple clinical colitis activity index; HBI: Harvey-bradshaw index.

ate the usefulness of metabolomics in IBD diagnostics in
humans. Fecal extracts[22], intestinal tissue biopsies[1,3,4,23],
urine[1,9,24,25] and blood[21,24,26,27] were assessed as the source
of potential biomarkers. It should be noted that the results of some investigations were contradictory, at the
same time, to date there has been no study in which proton
nuclear magnetic resonance (1H NMR)-based combined
serum and urine metabolomic analysis had been used to
differentiate patients in the active and remission phase of
IBD. The aim of our study was to answer the question if
the 1H NMR spectroscopy-based metabolic fingerprinting of human serum and urine combined with multivariate data analysis could be useful diagnostic tool in diagnosing and monitoring of IBD.

MATERIALS AND METHODS
Patient recruitment
Samples were collected from patients who were hospitalized at the three cooperating clinics of Wroclaw Medical
University: the Department of Gastroenterology and
Hepatology, the First Department and Clinic of General,
Gastroenterological and Endocrinological Surgery and
the Department of Vascular, General and Transplantation Surgery. The protocol of this study was approved
by the Commission of Bioethics at Wrocław Medical
University (Approval no. KB-597/2011) and written
informed consents were obtained from all the patients
before enrolment in the study.
Serum and urine samples were collected from adult
individuals with established diagnosis of UC (n = 24)
and CD (n = 19). Reference samples were taken from
healthy control individuals (n = 17). No patients with indeterminate colitis were included. The activity of UC was
assessed with the Simple Clinical Colitis Activity Index
(SCCAI)[28], while the activity of CD was determined using the Harvey-Bradshaw Index (HBI)[29]. Based on the
individual SCCAI/HBI scores the patients were classified
into the subgroup with the active or remission phase of
the disease (remission was defined as SCCAI < 5 for patients with UC and HBI < 5 for patients with CD).
Patients aged over 75 years or below 18 years, with
severe mental illness, infectious diseases, structural ab-
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ters of PLS-DA models obtained from 1H NMR analysis
of serum samples are shown in Table 2.
In total, 43 low molecular weight compounds were
assigned in serum spectra. The comparison between the
group of patients with active IBD and the group with
IBD in remission provided a good PLS-DA model. The
metabolites that allowed to distinguish these groups were
down-regulated low-density lipoproteins (LDL) and very
low-density lipoproteins (VLDL) as well as up-regulated
N-acetylated compounds, phenylalanine and the unknown metabolite with signal at δ 1.39 ppm. The significant differences were also found between the group
of patients with active IBD and healthy control subjects
providing the PLS-DA model with a very good separation that passed validation test (CV-ANOVA, P < 0.05).
In this case the following metabolites were increased in
IBD patients: leucine, isoleucine, 3-hydroxybutyric acid,
N-acetylated compounds, acetoacetate, glycine, phenylalanine, lactate and one unknown (Unk) metabolite with
signal at δ 1.39 ppm mentioned above. Simultaneously
lower levels of creatine, dimethyl sulfone, choline and its
derivatives glycerophosphocholine (GPC) and phosphocholine (PC) as well as histidine were observed (Table 3).
No clear separation in PLS-DA models was found
between CD and UC patients (all the patients as well as
only those in the active phase of the disease). Only one
metabolite (formate) in univariate statistical analysis was significantly lower in patients with active CD, and two metabolites (alanine and N-acetylated compounds) were significantly higher in patients with CD when comparing jointly
patients in the remission and active phase of the diseases.
It was also not possible to distinguish IBD patients in
remission from healthy control subjects, although there
were two statistically relevant differences in serum metabolic fingerprints between those cohorts of patients. The
IBD patients in remission were characterized by a significantly higher concentration of dimethylamine and a lower
level of dimethyl sulfone.

Germany) operating at proton frequency of 600.58 MHz.
Data processing and multivariate statistical data
analysis
All spectra were exported to Matlab (Matlab v. 8.1, Mathwork Inc.) for preprocessing which resulted in two data
matrixes for serum and urine, respectively. Regions affected by solvent suppression were excluded (4.645-5.100
ppm for serum and 4.660-5.055 ppm for urine) and alignment procedures involving correlation optimized warping (COW)[32] and interval correlation shifting (icoshift)
algorithms were applied[33].
Spectra of urine were aligned in two steps: first a
global correction was performed using COW algorithm,
while in the second step a custom interval approach was
applied to adjust peak positions in baseline separated regions defined by the researcher. Urine spectra consisted
of 24609 data points and were normalized using the
Probabilistic Quotient method (PQ) to overcome the issue of dilution[34].
Serum samples are much more stable compared with
urine and usually demonstrate only small variation in
resonance chemical shift. However, alignment may be
required especially for the fingerprinting approach where
even small errors could affect the multivariate analysis and
bilinear data are required. For that reason correction of
peak shifts was done using only the icoshift algorithm. Serum spectra consisted of 24446 data points and were normalized using the PQ to overcome the issue of dilution[34].
Prior to the chemometric analysis, both data sets were
unit variance (UV) scaled. The differences in metabolite
fingerprints were assessed using partial least-squaresdiscriminant analysis (PLS-DA). A default 7-fold cross
validation (CV) was applied to each PLS-DA model (1/7
of the samples being excluded from calculations in each
round).
Receiver Operating Characteristic (ROC) Curves and
Area Under Curves (AUC) were used to evaluate the prediction performance of the obtained PLS-DA models. A
performance curve algorithm from the Matlab statistics
toolbox (Matlab v. 8.1, Mathwork Inc.) was utilized for
calculations. Specificity and sensitivity were determined
based on sample class prediction: predicted values of
the fitted Y for observations (in SIMCA-P+ software:
Y-predcv computed based on the 7-fold cross validation
procedure).
Metabolites responsible for separation in models were
tested using STATISTICA 10 with the Mann-WhitneyWilcoxon test (MWW) and the Student’s t test. A 0.05
level of probability was used as the criterion for statistical
significance.

Metabolic fingerprinting of urine samples from IBD
patients
Median spectra of urine from IBD patients and healthy
control subjects are shown in Figure 2, while the parameters of PLS-DA models obtained from urine samples
based on 1H NMR analysis are shown in Table 4.
As in the case of the serum samples, the most significant differences in urine were found between the group
of patients with active IBD and the group with IBD in
remission, and between the group of patients with active
IBD and healthy control subjects. In the first case a lower
concentration of acetoacetate and a higher concentration
of glycine were detected, while in the second case citrate,
hippurate, trigonelline, taurine, succinate, 2-hydroxyisobutyrate (down-regulated) and an unknown metabolite
with 4-hydroxyphenyl group and signal at δ 6.85 ppm
(up-regulated) were found to be the strongest biomarker
candidates (Table 5).
Contrary to the results obtained from the serum sam-

RESULTS
Metabolic fingerprinting of serum samples from IBD
patients
Median spectra of serum from IBD patients and healthy
control subjects are shown in Figure 1, while the parame-
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Figure 1 Median 600 MHz proton nuclear magnetic resonance noesy spectra of serum samples. A: Healthy control subjects; B: Patients with inflammatory
bowel diseases. 1: Lipids LDL CH3-(CH2)n-; 2: Lipids VLDL CH3-(CH2)n-; 3: Leucine; 4: Isoleucine; 5: Valine; 6: 3-Methyl-2-oxovalerate; 7: Isobutyrate; 8: 3-Hydroxybutyrate; 9: Lipids LDL CH3-(CH2)n-; 10: Lipids VLDL CH3-(CH2)n-; 11: Lactate; 12: Threonine; 13: Alanine; 14: Lipids VLDL CH2-CH2-C=O; 15: Lysine; 16: Acetate; 17:
Lipids -CH2-CH=CH-; 18: N-acetylated compounds; 19: Glutamine; 20: Lipids -CH2-C=O; 21: Acetone; 22: Acetoacetate; 23: Pyruvate; 24: Citrate; 25: Dimethylamine;
26: Lipids =CH-CH2-CH=; 27: Trimethylamine; 28: Creatine; 29: Creatinine; 30: Dimethyl sulfone; 31: Choline; 32: Phosphocholine; 33: Glycerophosphocholine; 34: α
and β-Glucose; 35: Methanol; 36: Glycine; 37: β-Glucose; 38: α-Glucose; 39: Lipids -CH=CH-; 40: Urea; 41: Tyrosine; 42: 1-Methylhistidine; 43: Phenylalanine; 44:
Formate.

As in the case of serum samples, the PLS-DA models
between CD and UC patients did not pass the validation
test (all the patients as well as only those in the active
phase of the disease). There were no statistically relevant
differences in urine metabolic fingerprints between those
two cohorts of patients.

Table 2 The partial least-squares-discriminant analysis models
obtained from proton nuclear magnetic resonance-based
analysis of serum samples
2

Model P value Q (cum)

Comparison
CD vs UC
CD active vs UC active
IBD active vs Control
IBD remission vs Control
IBD active vs IBD remission

PLS-DA 0.069
PLS-DA 0.798
PLS-DA < 0.001
PLS-DA 0.372
PLS-DA 0.002

0.43
0.46
0.79
0.26
0.76

Number of
latent variables
2
2
4
2
2

DISCUSSION
In the present study we used a 1H NMR-based metabolomic approach to demonstrate metabolic differences
between patients with active IBD and those in remission.
Additionally, we investigated the differences between
CD and UC patients as well as IBD subjects and healthy
controls. The obtained results confirm the potential of
this method in IBD monitoring, simultaneously it may
provide the understanding of pathogenic mechanisms of
the diseases. Notably, to date there are only few research
studies that evaluated the metabolomic based diagnostic
tests of serum[21,24,26,27] and urine[1,9,24,25] in patients with
IBD. The earlier studies in animals (most often using a
model of acute colitis in interleukin-10 gene deficient
mouses or dextran sulfate sodium-induced colitis) provided only the comparison of the disease state vs healthy

CD: Crohn’s disease; UC: Ulcerative colitis; IBD: Inflammatory bowel diseases; PLS-DA: Partial least-squares-discriminant analysis.

ples, the analysis of urine samples allowed to distinguish
patients with IBD in remission from healthy control
subjects. The following metabolites were down-regulated
in IBD patients in remission: citrate, hippurate, taurine,
succinate, glycine, alanine and formate, and only acetoacetate was up-regulated (Table 5). It is worth noticing that
the first four metabolites listed above (citrate, hippurate,
taurine, succinate) significantly changed in the same direction in patients in both the active and remission phase
of IBD.
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Table 3 Significantly changed serum metabolites
Metabolite

Percentage difference

Relative Standard Deviation (%)

CD vs UC CD active vs IBD active vs IBD remission IBD active vs
UC active
control
vs control IBD remission
Lipids LDL
CH3-(CH2)nLipids VLDL
CH3-(CH2)nLeucine
Isoleucine
3-Hydroxybutyrate
Unk1 δ 1.39 ppm
Alanine
N-acetylated
compounds
Acetoacetate
Citrate
Dimethylamine
Creatine
Dimethyl sulfone
Choline + PC + GPC
Glycine
Phenylalanine
Histidine
Formate
Lactate

CD CD active UC

UC
active

IBD
IBD
Control
active remission

-7.2

-4.0

-11.6

0.4

-11.9a

20.7

20.5

20.4

18.1

19.2

20.9

24.8

-6.4

-6.0

-12.9

-2.2

-10.9c

18.3

18.9

20.9

26.0

22.2

13.7

24.0

1.2
6.2
-6.5
4.9
12.2c
8.9a,c

0.7
6.5
3.8
1.8
13.7
3.2

15.3a
23.6a,c
52.6a,c
9.3a,c
8.5
16.1a,c

11.6
12.4
45.9
-3.0
6.0
1.0

3.3
9.9
4.6
12.7a,c
2.4
15.0a,c

25.1
22.2
50.2
11.3
22.1
11.1

25.9
20.5
48.1
10.4
24.1
11.3

19.9
22.5
76.8
10.4
24.3
14.1

21.2
24.8
53.9
7.5
27.5
13.1

23.6
22.1
49.6
9.2
25.8
12.0

19.3
22.0
94.4
10.0
19.8
11.1

10.8
13.9
34.1
10.8
16.2
8.4

4.4
2.5
- 6.0
-4.1
4.0
-0.6
0.8
0.1
7.8
-22.7c
10.3

77.3a
-3.9
14.5
-14.7c
-31.0a,c
-15.0a
26.6a,c
19.8a,c
-16.4a,c
27.3
17.8c

50.7
-10.9
16.1a,c
-13.7
-22.9a
-2.2
13.7
-0.6
-6.7
32.4
13.2

17.7
7.9
-1.5
-1.1
-10.5
-13.0
11.3
20.5a,c
-10.4
-3.8
4.1

79.8
20.5
23.4
24.9
31.2
21.5
20.3
25.9
33.2
48.5
20.7

76.7
20.2
25.4
22.6
33.1
21.9
21.2
26.4
36.3
51.1
19.9

97.9
23.9
16.3
31.4
30.1
24.0
24.6
22.3
22.6
32.5
28.1

79.8
26.1
16.9
31.0
25.6
21.2
26.8
20.7
26.4
30.6
29.4

76.6
22.4
21.8
26.2
29.8
21.2
23.3
23.7
32.5
42.7
24.0

118.6
21.5
15.0
32.9
30.4
23.3
19.9
18.8
16.6
34.2
26.8

49.1
27.5
22.7
28.4
36.1
27.9
21.2
18.4
19.0
45.6
36.5

-2.8
2.6
-4.5
5.5
-0.9
-5.0
6.8
6.8
2.6
-10.1
4.1

Percentage difference was calculated based on the mean values of relative signal integrals in each group. The calculations were made from left to right, e.g.,
a positive value in IBD active vs Control means that a particular metabolite exhibits higher concentration in patients with active IBD compared to the Control group, aP < 0.05 using the Student's t test, cP < 0.05 using the Mann-Whitney-Wilcoxon test. CD: Crohn’s disease; UC: Ulcerative colitis; IBD: Inflammatory bowel diseases; LDL: Low-density lipoproteins; VLDL: Very low-density lipoproteins; PC: Phosphocholine; GPC: Glycerophosphocholine; Unk1:
Unknown metabolite.

the systemic activation of the inflammatory response
with an increase in secretory phospholipase A2 activity
that promotes hydrolysis of phospholipids in LDL and
VLDL[43]. Moreover, the effects of the proinflammatory
cytokines like tumor necrosis factor-α, interleukin-1 and
interferon-c, which affect the expression of lipoprotein
lipase that hydrolyzes triglycerides in lipoproteins, are
also considered[44,45]. In addition, it has been shown that
lipoproteins in IBD patients are synthesized with abnormal apolipoprotein structure[46,47]. The up-regulation of
serum N-acetylated compounds that was demonstrated
in the active phase of the disease could be mainly associated with α1-acid glycoprotein that is an acute-phase
protein[26,48,49], while the increase in the concentration of
serum phenylalanine is most likely caused by the impairment of phenylalanine-4-hydroxylase activity (a hepatic
enzyme that converts phenylalanine into tyrosine) associated with immune activation and inflammation[50]. The
increased glycine concentration in urine in patients in the
active phase of IBD observed in our study seems to be related with its anti-inflammatory and cytoprotective effects
including the inhibition of glycine-gated chloride channels, direct effects on target cells and/or inhibition of
neutrophils and macrophages activation[51,52]. At the same
time, the decrease in urine acetoacetate concentration was
rather unexpected. Acetoacetate as a ketone body reflects
the demand of the body for energy, so it is naturally
increased in the serum of patients with inflammatory
disorders (just as in our study when comparing the group

Table 4 The partial least-squares-discriminant analysis models
obtained from proton nuclear magnetic resonance-based
analysis of urine samples
2

Model P value Q (cum)

Comparison
CD vs UC
CD active vs UC active
IBD active vs control
IBD remission vs control
IBD active vs IBD remission

PLS-DA
PLS-DA
PLS-DA
PLS-DA
PLS-DA

0.388
1.000
0.003
0.037
0.003

0.1
-0.2
0.6
0.31
0.38

Number of
latent variables
2
2
4
2
3

CD: Crohn’s disease; UC: Ulcerative colitis; IBD: Inflammatory bowel diseases; PLS-DA: Partial least-squares-discriminant analysis.

controls and did not allow to evaluate CD vs UC or to
compare exacerbation vs remission[35-42].
To the best of our knowledge this is the first study in
which 1H NMR-based combined serum and urine metabolomic analysis is used to differentiate patients in the
active and remission phase of IBD. The obtained results
allowed to create very good cross-validated PLS-DA
models with a high predictability for both biofluids (Figures 3 and 4). The metabolites that were found to be the
strongest candidates for biomarkers were: phenylalanine
and N-acetylated compounds in serum as well as glycine
in urine (higher concentration), and LDL and VLDL in
serum as well as acetoacetate in urine (lower concentration). The postulated mechanism of serum LDL and
VLDL down-regulation demonstrated in our study is
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Figure 2 Median 600 MHz proton nuclear magnetic resonance noesy spectra of urine samples. A: Healthy control subjects; B: Patients with inflammatory bowel
diseases. 1: 3-hydroxyisovalerate; 2: 2-hydroxyisobutyrate; 3: Alanine; 4: Acetate; 5: Acetaminophen; 6: Acetone; 7: Acetoacetate; 8: Succinate; 9: Citrate; 10: Dimethylamine; 11: Creatinine; 12: Taurine; 13: Glycine; 14: Creatine; 15: Lactate; 16: Threonine; 17: Cis-aconitate; 18: Fumarate; 19: 5-aminosialicylate; 20: Hippurate; 21:
Formate; 22: Trigonelline.

of patients with active IBD and healthy controls). In only
two found in literature research studies that compared the
metabolomic profiles of patients in the active and remission phase of IBD no significant differences were found
in one case (only urine evaluation of UC patients)[1],
while in the other one based on the chromatography data
system and generation of a multivariate index using the
‘‘AminoIndex™ technology’’ (MIAI) a very good separation was achieved with a decrease in the concentration of
tryptophan and histidine (only serum analysis)[21].
Our results demonstrate that there are many metabolites that can be considered as potential biomarkers of
IBD. At the same time, it is worth noticing that no comparison between IBD patients in the remission phase of
the disease and healthy control subjects has been made
so far. The metabolomic serum analysis in IBD patients
in the active phase of the disease compared to healthy
controls revealed an increase in the concentration of leucine, isoleucine, 3-hydroxybutyric acid, N-acetylated compounds, acetoacetate, glycine, phenylalanine, lactate and
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a simultaneous decrease in the concentration of creatine,
dimethyl sulfone, choline compounds, and histidine. At
the same time, we found only two statistically relevant
differences in serum metabolomic profiles between IBD
patients with quiescent disease and healthy control subjects (a higher level of dimethylamine and a lower level
of dimethyl sulfone) and in this case it was not possible
to distinguish the cohorts by multivariate modeling. In
contrast to the serum analysis, urine metabolomic tests
proved that it is possible to distinguish IBD patients from
healthy controls both in the active and remission phase
of the disease. The active phase of IBD was associated
with a higher concentration of an unknown metabolite
with 4-hydroxyphenyl group and a lower concentration of citrate, hippurate, trigonelline, taurine, succinate,
2-hydroxyisobutyrate. Remission was characterized by a
higher concentration of acetoacetate and a lower concentration of citrate, hippurate, taurine, succinate, glycine,
alanine and formate. The obtained results reflect changes
in cellular energy metabolism that occur in patients with
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Table 5 Significantly changed urine metabolites
Metabolite

Percentage difference

Relative Standard Deviation (%)

CD vs UC CD active vs IBD active IBD remission IBD active vs
UC active vs control
vs control IBD remission
Citrate
Hippurate
Glycine
Alanine
Formate
Trigonelline
Acetoacetate
Taurine
Succinate
2-hydroxyisobutyrate
Unk2 with
4-hydroxyphenyl
group δ 6.85 ppm

6.9
7.2
23.3
-0.2
2.9
-10.2
-6.2
7.0
2.3
17.3
0.8

-4.0
29.7
11.4
-12.2
1.5
139.6
82.2
21.7
-11.4
30.2
-5.0

-32.7c
-53.3a,c
12.6
-9.1
-17.0
-73.5a,c
7.8
-28.1a,c
-63.7a,c
-68.1c
78.5a,c

-47.6a,c
-35.1c
-29.8a
-30.3a,c
-30.6a,c
-51.7
85.1c
-31.8a,c
-51.8a,c
-66.8
33.1

28.3
-28.1
60.3a,c
30.3
19.5
-45.1
-41.7c
5.5
-24.7
-3.9
34.1

CD

CD
active

UC

UC
active

IBD
IBD
Control
active remission

73.2
66.6
43.6
36.8
47.1
148.3
125.9
66.5
128.9
41.5
63.8

72.8
61.3
40.1
36.0
42.1
144.8
133.8
66.1
120.5
44.9
62.2

91.4
123.5
47.9
47.7
37.4
137.4
122.5
35.1
93.6
38.4
73.0

111.7
70.7
45.9
49.4
37.2
64.3
58.0
35.0
95.4
31.4
81.9

90.4
64.9
42.0
42.8
39.4
150.8
129.3
57.8
107.4
42.9
70.4

45.1
122.9
36.3
34.9
45.3
121.9
108.4
38.3
111.1
37.2
53.3

57.8
78.4
50.3
51.7
38.8
133.7
92.3
41.4
74.1
256.5
45.3

Percentage difference was calculated based on the mean values of relative signal integrals in each group. The calculations were made from left to right, e.g.,
a positive value in IBD active vs Control means that a particular metabolite exhibits higher concentration in patients with active IBD compared to the Control group, aP < 0.05 using the Student's t test, cP < 0.05 using the Mann-Whitney-Wilcoxon test. CD: Crohn’s disease; UC: Ulcerative colitis; IBD: Inflammatory bowel diseases; Unk2: Unknown metabolite.

IBD. The increase in serum concentration of ketone bodies (like acetoacetate and 3-hydroxybutyric acid) used as an
alternative source of energy when glucose level is insufficient[27,53], as well as the decrease in the concentration of
Krebs cycle intermediates (such as citrate and succinate)
and creatine (that serves as an energy reservoir[54]) indicate a high demand of the organism for energy and rapid
utilization of metabolites[9,24]. Similarly, the increased
concentration of lactate that is probably secreted from
inflamed colonic mucosa cells[36] indicates the up-regulation of glycolysis, which occurs in case of higher cellular
energy need and/or lack of energy sources under inflammatory conditions[42,55]. The decreased level of membrane
metabolites like choline and its derivatives (PC and GPC)
that was demonstrated in the study is most probably
caused by the increased use of choline in IBD patients[26]
associated with a change in mucosal membrane integrity[3,56], extensive apoptosis and turnover of intestinal
cell membranes under inflammatory conditions[26]. Additionally, choline is indirectly involved in the synthesis
of the platelet-activating factor, which is a major inflammatory mediator[54,57]. Finally, a lower urine concentration
of gut microbial-host cometabolites like hippurate (its
level positively correlates with the presence of Clostridia
spp.[25,58]) and formate (formed in the colonic lumen by
intestinal bacteria such as Enterobacteriaceae, in the process
of unabsorbed carbohydrates fermentation[3,24,59]) may be
associated with changes in gut microbiome that occur in
IBD patients[60].
Our observations concerning the discrimination of
IBD patients from healthy controls correlate well with
most of previously published results[9,21,24-27], although, as
it was mentioned before, the comparison between IBD
patients in the remission phase of the disease and healthy
control subjects was never made before. In the serum of
IBD patients as most prominently increased there were
reported: N-acetylated glycoprotein, lactate[26], methanol,
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mannose, formate, 3-methyl-2-oxovalerate, 2-hydroxybutyrate, lysine, creatine[24], 3-hydroxybutyrate, phenylalanine, α and β-glucose[27] while those decreased included:
lipids[26,27], urea, τ-methylhistidine, valine, tyrosine, citrate,
choline, creatinine, dimethyl sulfone[24], histidine, tryptophan[21] and alanine[26]. Concomitantly, as most prominently
increased metabolites in urine were characterized: mannitol, allantoin, xylose, carnitine, lactate, threonine[24] and
formate[25], whereas decreased hippurate[9,24,25], succinate,
citrate, 1-methylhistidine, methanol, formate, trigonelline, urea, taurine[9,24], asparagine, lysine, histidine, acetate,
methylamine, creatine, trans-aconitate[9], betaine[24] and
4-cresol sulfate[25]. It should be noted that an increase in the
concentration of leucine and acetoacetate in serum reported
in our study was earlier described only in animal models[35,36]
while a decrease in the concentration of 2-hydroxyisobutyrate in urine has never been demonstrated before. The
elevated concentration of isoleucine in serum (conflicting
results in the literature[24,26]) as well as a decrease in the concentration of creatine (once reported as elevated[24]) should
be also pointed out. There is only one study (applies only
to the urine of UC patients) in which the obtained results
did not allow to distinguish IBD patients from healthy
individuals[1].
The utility of metabolomics in the differential diagnosis
of IBD remains controversial. Our results indicate that no
chemometric model for distinction between CD and UC
could be constructed both for serum and urine samples,
although there are statisticaly significant differences between some metabolites in these diseases. Comparing the
combined group of CD patients with active disease and
remission to UC patients in the active and remission phase
of the disease we found a significantly increased serum
concentration of alanine and N-acetylated compounds.
Comparing the patients with active CD and active UC
we observed a significantly lower serum level of formate
in the first group (not reported before). There were no
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Figure 3 The partial least-squares-discriminant analysis score plots based on the metabolic fingerprints. A: IBD active vs control; B: IBD remission vs control; C:
IBD active vs IBD remission. Boxes: Serum samples; Circles: Urine samples; Red: IBD active; Blue: IBD remission; Black: Control; IBD: Inflammatory bowel diseases.

et al[26] revealed that on the basis of OSC-PLS-DA serum
analysis it is possible to distinguish CD and UC cohorts
with a significant predictive accuracy. The metabolites of
importance included up-regulated N-acetylglycoprotein
in CD patients, and down-regulated LDL and HDL
cholesterol, unsaturated lipids, choline, isoleucine and
alanine. Similarly, it has been shown that the differential
diagnosis of IBD is possible on the basis of the urinary
metabolic profile and the statistically significant differences concerned: hippurate, 4-cresol sulfate and citrate
(decreased in CD) as well as formate (increased in CD)[25].
Two other research groups estimated the usefulness of
metabolomics in the differential diagnosis of IBD, but in
these cases only one biofluid was evaluated. Stephens et
al[9] observed that CD could be differentiated from UC
using the urine metabolomic profile but only when IBD

statistically relevant differences in urine metabolic fingerprints between the cohorts of CD and UC patients.
Our findings are substantially consistent with the results
of Schicho et al[24] and differ from the results of Williams
et al[25,26]. The first study revealed poorly pronounced differences between serum of the CD and UC cohorts, that
allowed to create only a weak predictive chemometric
model (AUROC 0.655 with Q2Y 0.024 for serum, and
AUROC 0.7325 with Q2Y 0.115 for plasma), and no
possibilities to create such model based on urine metabolomic analysis. Regarding to blood analysis, increased
concentrations of arginine, 3-methyl-2-oxovalerate,
τ-methylhistidine, lysine, leucine, glycerol in CD and elevated glutamine, citrate, tyrosine, glucose, mannose, carnitine, 2-hydroxybutyrate, betaine, creatynine, isoleucine
in UC patients were reported[24]. The results of Williams
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Figure 4 Receiver operating characteristic curves based on partial least-squares-discriminant analysis models for nuclear magnetic resonance spectra. A:
Serum samples; B: Urine samples. Serum: Red - IBD active vs control (AUC = 0.992); Green - IBD active vs IBD remission (AUC = 0.883). Urine: Red - IBD active vs
control (AUC = 0.900); Green - IBD active vs IBD remission (AUC = 0.909); Violet - IBD remission vs Control (AUC = 0.871). IBD: Inflammatory bowel diseases; AUC:
Area under curves.
profiles were found between the group of patients with active IBD and the group
with IBD in remission providing a good partial least-squares-discriminant analysis (PLS-DA) model.

patients with intestinal resection were included in the cohorts (no differences were seen if the urine sample data
from individuals with intestinal resection were removed
from the analysis). Hisamatsu et al[21] using MIAI technology, demonstrated a potential for discrimination between
CD and UC patients with AUROC = 0.879 in the active
phase of the disease and 0.744 in remission. The authors
underlined the fact that although the alterations in amino
acid metabolism in IBD patients could be found, it is difficult to establish a single biomarker for a clinical use.
The results of our study demonstrate that 1H NMRbased metabolic fingerprinting of human serum and
urine combined with multivariate data analysis could be
a useful tool in distinguishing patients with active IBD
from those in remission that is of great importance in
IBD monitoring. At the same time, the results indicate
that this diagnostic method has rather a weak potential in
the differential diagnosis of IBD.

Applications

NMR-based metabolomic fingerprinting of serum and urine has the potential to
be a useful tool for differentiation between the active and remission phase of
the disease that is of great importance in IBD monitoring.

Terminology

Metabolomics is the systematic study allowing the simultaneous and relative
quantification of low molecular weight metabolites which form unique chemical
fingerprints associated with the specific condition of the living system. PLS-DA
was used to assess the differences in metabolite fingerprints. 1H-NMR denotes
proton nuclear magnetic resonance spectroscopy which allows to quantify the
concentration and determine the structure of chemical compounds.

Peer review

The study is well conducted from the methodological point of view and presents
interesting data concerning serum and urine metabolomic fingerprinting in the
diagnostics of IBD. A new finding that metabolomics may be also helpful in
differentiating between the active and remission phase of the disease is of particular importance in IBD monitoring.
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Bile acid increases expression of the histamine-producing
enzyme, histidine decarboxylase, in gastric cells
Hye Jin Ku, Hye Young Kim, Hyeong Hoe Kim, Hee Ju Park, Jae Hun Cheong
mer partner (SHP), and caudal-type homeodomain
transcription factor (CDX)1 expression plasmids. The
effects of various transcription factors on HDC expression were monitored by luciferase-reporter promoter
assay.
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RESULTS: Histamine production and secretion in the
stomach play critical roles in gastric acid secretion and
in the pathogenesis of gastric diseases. Here, we show
that bile acid increased the expression of HDC, which
is a rate-limiting enzyme of the histamine production
pathway. FXR was found to be a primary regulatory
transcription factor for bile acid-induced HDC expression. In addition, the transcription factors CDX1 and
SHP synergistically enhanced bile acid-induced elevation of HDC gene expression. We confirmed similar
expression patterns for HDC, CDX1, and SHP in patient
tissues.
CONCLUSION: HDC production in the stomach is associated with bile acid exposure and its related transcriptional regulation network of FXR, SHP, and CDX1.

Abstract

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

AIM: To investigate the effect of bile acid on the expression of histidine decarboxylase (HDC), which is a
major enzyme involved in histamine production, and
gene expression of gastric transcription factors upon
cooperative activation.

Key words: Histamine; Histidine decarboxylase; Bile
acid; Farnesoid X receptor
Core tip: Histamine production and secretion in the
stomach play critical roles in gastric acid secretion and
in the pathogenesis of gastric diseases. Bile acids are
tumor promoters, and higher levels of bile acids are
found in patients with atrophic chronic gastritis and
intestinal metaplasia. Increased histidine decarboxylase (HDC), which is a histamine producing enzyme,
has been detected in intestinal-type gastric carcinoma.
In this study, we provide new evidence that bile acids
induce HDC expression in gastric cells and a series
of specific transcription factors (farnesoid X receptor,
small heterodimer partner, and caudal-type homeodo-

METHODS: HDC expression was examined by immunohistochemistry, reverse transcriptase polymerase
chain reaction, and promoter assay in human gastric
precancerous tissues, normal stomach tissue, and gastric cancer cell lines. The relationship between gastric
precancerous state and HDC expression induced by
bile acid was determined. The association between the
expression of HDC and various specific transcription
factors in gastric cells was also evaluated. MKN45 and
AGS human gastric carcinoma cell lines were transfected with farnesoid X receptor (FXR), small heterodi-
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main transcription factor 1) play critical roles in bile
acid-mediated HDC induction.

MATERIALS AND METHODS
Endoscopy and histological examination
We reviewed the upper gastrointestinal endoscopy records in our institution from June 2006 to December
2007. During this period, two biopsy specimens were taken from each of 33 patients for the evaluation of gastric
mucosal inflammation status. Experienced endoscopists
performed gastrointestinal endoscopy. Biopsy specimens
were taken from the antrum and greater curvature of
the middle corpus of all patients to evaluate the gastric
mucosal status, including intestinal metaplasia. All endoscopic procedures were performed without sedation.
Biopsy specimens were examined with hematoxylin and
eosin staining. The specimens from the antrum and corpus were assessed for the presence of intestinal metaplasia, which was recognized morphologically by the presence of goblet cells, absorptive cells, and cells resembling
colonocytes.

Ku HJ, Kim HY, Kim HH, Park HJ, Cheong JH. Bile acid
increases expression of the histamine-producing enzyme, histidine decarboxylase, in gastric cells. World J Gastroenterol
2014; 20(1): 175-182 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i1/175.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i1.175

INTRODUCTION
Histidine decarboxylase (HDC) is the only known enzyme
that converts histidine to histamine[1], a bioamine that plays
important roles in many physiological processes, including allergies, inflammation, neurotransmission, and gastric
acid secretion[2-4]. In stomach cells, HDC promoter activity
is upregulated by a variety of stimuli, including gastrin[5],
phorbol 12-myristate 13-acetate[6], oxidative stress[7], thrombopoietin[8], Helicobacter pylori (H. pylori) infection[9], and
pituitary adenylate cyclase-activating polypeptide[10].
HDC expression and histamine production play important roles in a number of physiological processes in
many tissues; however, the functional regulation of these
processes in the stomach is not yet defined. Gastric disease pathogenesis results from a combination of genetic
alterations and various environmental factors, such as
H. pylori infection, excessive salt intake, and low intake
of vegetables and fruits[11,12]. Intestinal metaplasia is a
premalignant condition of the stomach and is associated
with chronic atrophic gastritis and gastric carcinoma[13].
In addition, an association between histamine production and intestinal metaplasia has been reported, and
histamine deregulation is considered to be a risk factor
for intestinal metaplasia of the stomach as well as an initiator of gastric carcinogenesis[14,15].
Caudal-related homeobox family (CDX1), is essential
for the control of normal intestine differentiation and
maintenance of the intestinal phenotype[16]. Although
CDX1 is not expressed in normal stomach tissue, aberrant expression of these proteins causes gastric inflammation and intestinal metaplasia of the stomach, which
induces gastric carcinoma[17-19]. Hence, CDX1 is the most
likely candidate to be involved in the induction of intestinal metaplasia in the stomach.
Bile acids, such as deoxycholic acid (DCA) and chenodeoxycholic acid (CDCA), are tumor promoters, and
higher levels of bile acids are found in patients with atrophic chronic gastritis and intestinal metaplasia in gastric
carcinoma. Increased HDC expression has been detected
in intestinal-type gastric carcinoma and dysplastic precursor lesions in the sequence of gastric carcinogenesis,
suggesting a role for HDC in the early events associated
with gastric carcinogenesis[20]. Here, we provide the first
evidence that bile acids induce HDC expression by activating farnesoid X receptor (FXR), small heterodimer
partner (SHP), and CDX1.

WJG|www.wjgnet.com

Cell culture and reagents
The MKN45 and AGS human gastric carcinoma cell lines
were maintained in RPMI 1640 supplemented with 10%
heat inactivated fetal bovine serum (FBS; Gibco BRL,
Grand Island, NY, United States) and 1% (v/v) penicillinstreptomycin (Gibco) at 37 ℃ in a humidified atmosphere
containing 5% CO2 and fed every 2 d. DCA and CDCA
were purchased from Sigma (St Louis, MO, United States).
The cells were treated with 5 to 100 μmol/L DCA and
CDCA in medium containing 20% FBS and 0.2% lactoalbumin hydrolysate for 24 h to avoid the confounding variable of serum-induced signaling.
Transient transfection assay and luciferase assay
MKN45 and AGS cells were seeded in a 24-well culture plate
and transfected with reporter vector and β-galactosidase
expression plasmids, along with each indicated expression
plasmid using the Polyfect reagent (Qiagen, Valencia, CA,
United States) and JetPEI (Polyplus-transfection, Illkirch,
France), according to the manufacturer’s instructions.
The total amount of plasmids was maintained by adding
100 ng of pcDNA3.1/His C. The cells were incubated
with DNA precipitates for 18-24 h, washed or recovered in fresh media before treatment with bile acids, and
maintained for 48 h before harvest. The basal luciferase
reporter promoter activity in the presence of an empty
expression vector was normalized to 1.0, and the activities
of the remaining transfection reactions were expressed as
fold activation of the basal promoter.
RNA isolation and reverse transcription-polymerase
chain reaction
Total RNA from MKN45 and AGS cells was prepared
using TRIzol reagent (Invitrogen, Carlsbad, CA, United
States), according to the manufacturer’s recommendation. Total RNA was converted into single-strand cDNA
by Moloney murine leukemia virus reverse transcriptase
(Promega) with random hexamer primers. A one-tenth
aliquot of cDNA was subjected to polymerase chain re-
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Figure 1 Relative expression levels of histidine decarboxylase in gastritis patients with or without intestinal metaplasia and bile acid-treated cells. A:
mRNA expression patterns of cyclooxygenase 2 (COX-2), caudal-related homeobox family (CDX1), small heterodimer partner (SHP), and histidine decarboxylase
(HDC) in 11 patients. Tissue samples for molecular analysis were collected from patients undergoing gastritis surgery or endoscopy for diagnosis of gastric disease.
Numbers represent patient numbers showing the same intensity of mRNA expression; B: Total RNA was prepared from four gastric mucosa samples representing gastritis and intestinal metaplasia, after which CDX1, HDC, and mucin (MUC)2 mRNA levels were measured by reverse transcription-polymerase chain reaction (RT-PCR)
with β-actin as a loading control; C: MKN45 cells were maintained either under control conditions (DMSO) or in the presence of various concentrations of bile acids
(deoxycholic acid, DCA) for 24 h. Total RNA was prepared from the cells, after which mRNA levels of CDX, HDC, SHP, and peroxisome proliferator-activated receptor
(PPAR)γ2 were assessed by RT-PCR; D: Human gastric adenocarcinoma (AGS) cells were transfected with the 2.3 kb HDC-luc promoter construct and maintained
either under control conditions (DMSO) or in the presence of various concentrations (10, 20, 50, and 100 μmol/L) of bile acids (DCA; chenodeoxycholic acid, CDCA)
for 24 h. Cells were harvested and analyzed for luciferase activity. The experiment was repeated three times in triplicate.

action (PCR) amplification using gene-specific primers.
The reverse transcription (RT)-PCR bands were quantified and normalized relative to the β-actin mRNA control band with ImageJ, version 1.35d (National Institutes
of Health, Bethesda, MD, United States).

clooxygenase 2 (COX-2), CDX1, SHP, and mucin (MUC)2
in mucosal tissues with or without intestinal metaplasia.
Figure 1A shows that the mRNA expression levels of
HDC, COX-2, CDX1, and SHP were significantly higher
in intestinal metaplasia than in gastritis mucosa. As shown
in Figure 1B, CDX1 and HDC were abundantly expressed
in the intestinal metaplasia region. MUC2 expression,
which is detected in goblet cells and considered to be an
intestinal differentiation marker, was evaluated in cells
displaying intestinal metaplasia. These results indicate that
the concomitant expression of CDX1, SHP, and HDC
may actually induce intestinal metaplasia via transcriptional
regulation of precancerous target genes in addition to being a diagnostic marker.

Statistical analysis
Statistical analyses were conducted with unpaired or
paired t tests, as appropriate. All data are reported as mean
± SD. A P value of < 0.05 was considered significant.

RESULTS
Relative mRNA expression levels of HDC,
cyclooxygenase 2, CDX1, SHP, and mucin 2 in gastritis
patients with or without intestinal metaplasia
To compare the in vivo expression levels of intestinal
metaplasia markers and transcription factors with that
of HDC, human gastritis tissues were collected via endoscopic resection from each of 33 patients following
informed consent. Patients were defined by an aberrant
high level of bile acid in the bottom of their stomachs.
The intestinal metaplasia region and gastritis mucosa were
extracted via endoscopy, and pathological identities were
verified via tissue examination. RT-PCR was conducted
to determine the mRNA expression levels of HDC, cy-
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Bile acids increase histidine decarboxylase gene
expression in gastric cells
To confirm bile acid-mediated HDC induction, we used
RT-PCR to examine mRNA expression of HDC in the
presence of increasing doses of DCA in MKN45 gastric
cells. As shown in Figure 1C, DCA increased mRNA expression of HDC in a dose-dependent manner together
with CDX1, SHP, and peroxisome proliferator-activated
receptor (PPAR)-2. The results in Figure 1A-C show
that a high level of bile acid induced HDC expression in
gastric cells of intestinal metaplasia lesions as well as in
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Figure 2 Farnesoid X receptor mediates bile acid-induced increase in histidine decarboxylase in gastric cancer cells. A: Human gastric adenocarcinoma
(AGS) cells were cotransfected with the 2.3 kb histidine decarboxylase (HDC)-luc promoter construct and the indicated plasmids and then maintained either under
control conditions or in the presence of chenodeoxycholic acid (CDCA). Cells were harvested and analyzed for luciferase activity; B: AGS cells were transfected with
farnesoid X receptor (FXR)α1/2 expression plasmid and maintained either under control conditions or in the presence of CDCA. Total RNA was prepared from the
cells, after which HDC mRNA levels were evaluated by reverse transcription-polymerase chain reaction (RT-PCR); C: AGS cells were cotransfected with the 2.3 kb
HDC-luc construct and FXRα1/2 expression plasmid or in the presence of CDCA. Cells were then maintained either under control conditions or in the presence of
z-guggulsterone. Cells were harvested and analyzed for luciferase activity. bP < 0.01 vs mock transfectants; D: AGS cells were treated with deoxycholic acid (DCA) or
CDCA. Cells were maintained either under control conditions or in the presence of z-guggulsterone. Total RNA was prepared from the cells, after which HDC mRNA
levels were determined by RT-PCR.

FXR mediates bile acid-induced HDC expression
Bile acids are known to act as a potent ligand for FXR. To
confirm whether FXR plays a critical role as a transcriptional activator in the elevation of HDC gene transcription by bile acids, FXR-1 and FXR-2 were transfected into
gastric cells along with a native hHDC promoter reporter.
As shown in Figure 2A, both FXRs significantly increased
transactivation of hHDC promoter activity. CDCA treatment with ectopic FXRα expression synergistically enhanced promoter activity as well as mRNA expression (Figure
2B). To further determine whether FXRα is involved in bile
acid-mediated hHDC expression, we used the FXRα inhibitor z-guggulsterone. As predicted, z-guggulsterone inhibited

the bile acid-treated gastric cell line.
To evaluate the effects of bile acids on HDC gene
transcription in gastric cells, we compared human HDC
gene promoter activity in the absence or presence of bile
acids (DCA and CDCA) in AGS cells. Both bile acids significantly increased HDC promoter activation in a dosedependent manner (Figure 1D). We observed the same
results in MKN45 cells, another gastric cell line (data not
shown). The effect of bile acids on HDC gene transcription was further verified by measuring mRNA expression
via RT-PCR (data not shown). These results suggest that
bile acids, which can induce intestinal metaplasia in the
stomach, elevate HDC gene expression in gastric cells.
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Figure 3 Small heterodimer partner is associated with bile acid-induced histidine decarboxylase transactivation. A: Human gastric adenocarcinoma (AGS)
cells were cotransfected with the 2.3 kb histidine decarboxylase (HDC)-luc promoter construct and small heterodimer partner (SHP) expression plasmid in the presence of deoxycholic acid (DCA) or chenodeoxycholic acid (CDCA). Cells were analyzed for luciferase activity; B: AGS cells were cotransfected with the 2.3 kb HDCluc promoter construct and expression plasmids for farnesoid X receptor (FXR)α1/2 and SHP. Cells were analyzed for luciferase activity; C: AGS cells were cotransfected with the 2.3 kb HDC-luc promoter construct and FXRα1/2 expression plasmid in the presence of CDCA. Cells were analyzed for luciferase activity; D: AGS
cells were transfected with SHP expression plasmid in the presence of DCA or CDCA. Total RNA was prepared from the cells, after which HDC mRNA levels were
determined by reverse transcription-polymerase chain reaction (RT-PCR); E: AGS cells were transfected with expression plasmids for FXRα1/2 and SHP. Total RNA
was prepared from the cells, after which HDC mRNA levels were determined by RT-PCR; F: AGS cells were transfected with SHP siRNA construct in the presence of
DCA or CDCA. Total RNA was prepared from the cells, after which HDC mRNA levels were determined by RT-PCR.

FXRα and bile acid-enhanced transactivation of hHDC
promoter activity (Figure 2C). The specific effects of the bile
acids and z-gugglusterone were confirmed via RT-PCR as-
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say (Figure 2D). These results suggest that FXRα is a major
transcriptional regulator of bile acid-mediated hHDC gene
induction.
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SHP is associated with bile acid-induced HDC
expression
FXRα regulates transcriptional activation of SHP, which
is indirectly dependent on ligand-binding of bile acids.
To assess whether SHP increases HDC gene expression
induced by bile acids, we examined hHDC promoter
transactivation induced by ectopic expression of SHP in
the absence and presence of DCA and CDCA. According to the results, higher expression of SHP significantly
increased hHDC promoter activity both with and without bile acids (Figure 3A). DCA and CDCA treatment
synergistically enhanced SHP-mediated HDC gene transactivation and mRNA expression (Figure 3B). Additional
transfection of FXRα 1/2 with SHP also dramatically
increased transactivation (Figure 3C) and mRNA expression (Figure 3D). A knock-down experiment using SHP
siRNA confirmed that SHP increased bile acid- or FXRα
1/2-mediated transactivation of the hHDC gene promoter (Figure 3E) and mRNA expression (Figure 3F). These
results suggest that SHP plays a critical role as a major
transcriptional regulator of bile acid/FXRα-stimulated

WJG|www.wjgnet.com

hHDC gene expression.
Bile acids induce HDC expression by CDX1/2, which is
involved in the induction of intestinal metaplasia
In our previous report, SHP increased mRNA and protein expression of the CDX1 transcriptional regulator in
gastric cells[21]. As bile acids increased SHP and HDC
gene expression, we examined whether bile acids regulate CDX1/2 expression and transactivation activity.
As shown in Figure 4A, ectopic expression of CDX1
and CDX2 significantly increased transactivation of the
hHDC promoter induced by bile acid (DCA and CDCA)
treatment. In particular, CDX1 was more responsible for
bile acid-mediated hHDC gene transactivation. We further
confirmed the CDX1/2 effect on hHDC mRNA induction via RT-PCR assay (Figure 4B). Additionally, knockdown of endogenous CDX1/2 expression by siRNA verified that CDX1/2 affected bile acid-mediated hHDC gene
expression (Figure 4C and D). Furthermore, CDX1/2mediated HDC induction was attenuated by expression of
SHP siRNA, as shown in Figure 4E. These results suggest
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acid secretion and in the pathogenesis of gastric diseases. Histidine decarboxylase (HDC) is the only known enzyme that converts histidine to histamine. Increased HDC expression has been detected in intestinal-type gastric carcinoma.
Bile acids are tumor promoters, and higher levels of bile acid occur in patients
with atrophic chronic gastritis and intestinal metaplasia in gastric carcinoma.

that CDX1/2 regulates bile acid-induced HDC expression
in gastric cells.

DISCUSSION

Research frontiers

Increased expression of HDC has been observed in adults
during growth or regeneration, including in rat liver tissue
after partial hepatectomy[22], healing skin wound tissue[23],
the small intestine after ischemia-reperfusion injury[24], and
the gastric tissues surrounding restraint and cold-induced
stress ulcerations[25]. Given the importance of histamine
in normal physiology, it is not surprising that HDC gene
expression is under tight regulatory control.
Histamine has been postulated as an autocrine growth
factor for tumors. HDC is expressed in a number of
cancers and tumor cell lines, and high concentrations
of histamine can be detected in primary tumors such
as colorectal[26] and breast cancers[27]. Elucidation of the
steps leading to metaplasia is important for identifying
early prognostic or diagnostic markers of tumor development. Chronic gastritis and associated intestinal metaplasia are common precancerous conditions of gastric
carcinoma[28], and intestinal metaplasia of the stomach
is a risk factor for developing intestinal-type gastric cancer. The most commonly recognized gut metaplasia is
characterized by transdifferentiation of gastric epithelial
cells to an intestinal phenotype. The intestinal metaplasia phenotype is also associated with expression of
intestine-specific genes, including MUC2, villin, sucrase/
isomaltase, carbonic anhydrase Ⅰ, intestinal trefoil factor, and intestinal fatty acid-binding protein, within the
gastric mucosa. Several other transcription factors, such
as CDX1, CDX2, PDX1, and OCT1 have been detected
in tissues with intestinal metaplasia.
Bile reflux into the stomach is significantly associated
with intestinal metaplasia. Furthermore, bile reflux has
been shown to directly induce intestinal metaplasia and
progression to neoplasia in the gastrointestinal tract in
animal models. Other studies have shown that bile reflux
is the most important causative factor and initiator of
gastric carcinogenesis. The presence of the nuclear bile
acid receptor, FXR, has recently been reported in gastric cancer. Bile acids activate this receptor and increase
SHP gene expression, resulting in the activation of a variety of signaling cascades along with promotion of cell
proliferation. Previous studies on SHP expression have
demonstrated that FXR acts as a nuclear factor-κB (NFκB) transcription coactivator and is essential for NF-κB
transactivation[28]. By altering the chemical environment
of the mucosal surface, bile acids and histamine affect the
pathogenic patterns of other damage-causing factors such
as gastric acid and H. pylori, thereby potentiating their activities. Consequently, bile reflux and abnormal histamine
production exert harmful effects on gastric mucosa.

In this study, the authors identified a series of specific transcription factors for
bile acid-mediated HDC induction. The activation of these transcription factors
can be used as molecular markers for early diagnosis and evaluation of prognosis in histamine-related gastric diseases.

Innovations and breakthroughs

HDC expression and histamine production play important roles in a number
of physiological processes in many tissues; however, the functional regulation
in the stomach is not yet defined. Here, the authors provide the first evidence
that bile acids induce HDC expression by activating farnesoid X receptor, small
heterodimer partner, and caudal-type homeodomain transcription factor 1.

Applications

Histamine has been postulated to be an autocrine growth factor for some
tumors. HDC is expressed in a number of cancers and tumor cell lines, and
high concentrations of histamine can be detected in primary tumors such as
colorectal and breast cancers. Understanding the steps leading to metaplasia is
important for identifying early prognostic or diagnostic markers of gastric tumor
development.

Terminology

Intestinal metaplasia is the transformation (metaplasia) of epithelium, usually of
the stomach or the esophagus, to a type that bears some resemblance to the
intestine as seen in Barrett’s esophagus.

Peer review

This paper describes the effect of bile acid on HDC gene expression (and other
important genes involved in bile acid action) in biopsy specimens taken from
antrum and corpus of normal stomach and gastric precancerous state as well
as in gastric cell lines. The main thrust of the paper is that the authors claim to
have demonstrated the positive association between HDC gene expression in
the stomach and bile acid exposure. This paper well written and reports a potentially interesting and an important study.
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RESULTS: ALK gene translocation was not observed
in any of the HCC cases included in the present study.
ALK gene copy number gain (ALK/CNG) (≥ 4 copies/cell) was detected in 28 (13.15%) of the 213 HCC
patients. The 3-year progression-free-survival (PFS)
rate for ALK/CNG-positive HCC patients was significantly poorer than ALK/CNG-negative patients (27.3%
vs 42.5%, P = 0.048), especially for patients with advanced stage Ⅲ/Ⅳ (0% vs 33.5%, P = 0.007), and
patients with grade Ⅲ disease (24.8% vs 49.9%, P
= 0.023). ALK/CNG-positive HCC patients had a significantly poorer prognosis than ALK/CNG-negative
patients in the subgroup that was negative for serum
hepatitis B virus DNA, with significantly different 3-year
overall survival rates (18.2% vs 63.6%, P = 0.021)
and PFS rates (18.2% vs 46.9%, P = 0.019). Multivariate Cox proportional hazards regression analysis suggested that ALK/CNG prevalence can predict death in
HCC (HR = 1.596; 95%CI: 1.008-2.526, P = 0.046).

Abstract

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

CONCLUSION: ALK/CNG, but not translocation of ALK,
is present in HCC and may be an unfavorable prognostic predictor.

AIM: To examine the status and clinical significance of
anaplastic lymphoma kinase (ALK) gene alterations in
hepatocellular carcinoma (HCC) patients.

Key words: Anaplastic lymphoma kinase gene; Hepatocellular carcinoma; Prognostic predictor

METHODS: A total of 213 cases of HCC were examined by fluorescent in situ hybridization using dual color
break-apart ALK probes for the detection of chromosomal translocation and gene copy number gain. HCC
tissue microarrays were constructed, and the correlation between the ALK status and clinicopathological
2
variables was assessed by χ test or Fisher’s exact test.
Survival analysis was estimated using the Kaplan-Meier
approach with a Log-rank test. Univariate and multivariate analyses of clinical variables were performed using
the Cox proportional hazards regression model.
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Core tip: This study retrospectively analyzed the status
and clinical significance of anaplastic lymphoma kinase
(ALK ) gene alterations in a relatively large number
of hepatocellular carcinoma (HCC) patients. We used
HCC tissue microarrays to detect ALK transcripts by
fluorescent in situ hybridization. No positive cases of
ALK gene rearrangements and ALK amplification were
observed. However, we found that ALK gene copy
number gain (ALK/CNG) was common in HCC (13.15%,
28/213). Our findings suggest that ALK/CNG may serve
as a prognostic marker for HCC, especially in patients
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cation are the underlying mechanisms in sporadic tumors
mainly of metastatic stages, and are associated with a
subgroup of high-risk neuroblastoma[19,20].
In this retrospective study, in order to provide information for the first time on the association between
ALK alterations and HCC, we examined the status of
the ALK gene in 213 clinical samples using fluorescent in
situ hybridization (FISH). The relationship between ALK
status and HCC prognosis was investigated. Overall, our
findings indicate that ALK gene copy number gain (ALK/
CNG) may serve as an independent prognostic marker
for predicting poor prognosis in HCC patients.

with advanced stage, grade Ⅲ pathology.
Jia SW, Fu S, Wang F, Shao Q, Huang HB, Shao JY. ALK gene
copy number gain and its clinical significance in hepatocellular
carcinoma. World J Gastroenterol 2014; 20(1): 183-192 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i1/183.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i1.183

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common human cancers and is the third leading cause
of cancer-related death worldwide[1]. Only 30%-40% of
patients who present with early-stage tumors are deemed
eligible for curative intervention[2]. Although a combination of surgical resection, liver transplantation, and
chemoembolization can be used to treat this disease, latestage HCC is almost uniformly fatal[3,4]. With growing
knowledge of the molecular pathways of carcinogenesis,
several molecular-targeting drugs have been developed.
Sorafenib, which is approved for renal cell carcinoma, is
a multikinase inhibitor that targets vascular endothelial
growth factor receptor (VEGFR)-2/3, platelet-derived
growth factor receptor (PDGFR)-β, Raf, Flt-3 and c-Kit[4].
Phase Ⅱ and Ⅲ data have revealed improved overall
survival (OS) in patients with advanced HCC following sorafenib treatment, establishing a new standard of
care. The United States Food and Drug Administration
has approved sorafenib for advanced HCC[4-6]. However,
sorafenib has some limitations: the responses are not durable and its safety is questionable. Several potential novel
anticancer agents are currently under investigation for the
treatment of HCC, including bevacizumab, ramucirumab,
sunitinib, everolimus and linifanib[6].
In 2007, Soda reported another type of tyrosine
kinase with accelerated activity in a subset of patients
with non-small cell lung cancer (NSCLC) resulting from
a small inversion in chromosome 2p that created a fusion gene between echinoderm microtubule-associated
protein-like 4 (EML4) and anaplastic lymphoma kinase
(ALK)[7]. However, the prevalence of the fusion is low,
and is present in approximately 5% of all NSCLC cases,
depending on the population studied and screening methods used[8-10]. Simultaneous with the discovery of ALK
translocation in NSCLC, crizotinib (PF-02341066, Pfizer,
New York, NY, United States), originally in development
as a Met inhibitor, was shown to have significant activity
against EML4-ALK[11,12]. Therefore, efficient screening
for the EML4-ALK fusion gene is a crucial issue in clinical practice.
In addition to NSCLC, ALK gene translocations are
associated with other tumor types, including anaplastic
large-cell lymphoma, neuroblastoma, and inflammatory
myofibroblastic tumor[13-15]. The ALK gene copy number
is also increased in NSCLC, neuroblastoma, and esophageal cancer[16-18]. Activating mutations and ALK amplifi-
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MATERIALS AND METHODS
Patients and sample collection
Two hundred and thirteen HCC patients who underwent
surgical resection from 1999 to 2004 at Sun Yat-Sen University Cancer Center (Guangzhou, China) were enrolled.
All patient data were from inpatient and outpatient medical records. All samples were pathologically confirmed
by two pathologists. The cancer TNM stage was defined
according to the 1997 American Joint Committee on
Cancer staging system. Cancer histopathological classification was defined according to World Health Organization classification criteria. The study was approved by the
Institutional Research Ethics Committee of the Sun YatSen University Cancer Center.
Tissue microarray construction
We collected tissues from all 213 HCC cases which were
then formalin-fixed and paraffin-embedded. Using hematoxylin and eosin-stained slides, a representative tumor
site was chosen for tissue microarray (TMA). Details on
TMA design and the staining procedure have been reported previously[21,22].
ALK FISH assay
Currently, there are three methods to detect ALK rearrangements: immunohistochemistry, FISH and reversetranscriptase polymerase chain reaction (RT-PCR)[23,24].
FISH can be applied to formalin-fixed paraffin-embedded tissues[25] and was considered the gold standard for
confirmation of ALK status in recent clinical trials of
crizotinib[8].
The ALK gene copy number per cell was investigated
by FISH using the Vysis ALK Break Apart FISH Probe
Kit (Abbott Laboratories, Abbott Park, IL, United States)
according to a published protocol with minor modifications[26]. Sections (4 μm thick) from the recipient blocks
were mounted onto glass slides and stored at 4 ℃ for
FISH staining. Signals for each locus-specific FISH probe
were assessed under an Olympus BX51 TRF microscope
(Olympus, Tokyo, Japan) equipped with a triple-pass filter
(DAPI/Green/Orange; Vysis). FISH analysis was independently performed by pathologists who were blinded
to the clinical characteristics and molecular variables of
the patients.
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Patient follow-up and classification of the cause of
death
Clinical follow-up information was obtained from the
medical records of inpatients or outpatients, as well as
telephone interviews. Clinical follow-up visits with each
patient were scheduled on a semi-annual basis. Follow-up
information was complete for approximately 69% of all
treated HCC patients. For deceased patients, we classified the underlying cause of death according to the death
certificate. Local relapse was defined as the recurrence of
HCC as determined by biopsy, and distant metastasis was
defined by evidence on chest X-ray, computed tomography, abdominal ultrasound, or bone scan. The endpoints
were OS and progression-free-survival (PFS). We calculated OS from the date of diagnosis (for non-randomized
patients) or from randomization until death, or up to the
last date of follow-up. For PFS, we recorded the time
from diagnosis or randomization to the first locoregional
or distant metastasis failure. The last follow-up date was
December 6, 2012, and the median follow-up for the entire series was 42.47 mo (range, 0.87-164.93 mo). In total,
147 (69.0%) deaths had occurred at the end of the last
follow-up.

Table 1 Clinicopathological characteristics of hepatocellular
carcinoma patients n (%)
Characteristics

Patients

Total
Age (yr)a
< 49
≥ 49
Sex
Female
Male
Grade
Ⅰ
Ⅱ
Ⅲ
Ⅳ
Stage
Ⅰ+ Ⅱ
Ⅲ+Ⅳ
Relapse
No
Yes
AFP (ng/mL)
< 400
≥ 400
Child-Pugh classification
A
B
C
HBV DNA
Positive
Negative
Postoperative platelet count
< 100 × 109/L
9
≥ 100 × 10 /L

213 (100)
105 (49.3)
108 (50.7)
17 (8.0)
196 (92.0)
19 (8.9)
97 (45.5)
91 (42.7)
6 (2.8)
174 (81.7)
39 (18.3)
83 (39.0)
130 (61.0)
125 (58.7)
88 (41.3)
195 (91.5)
16 (7.5)
2 (0.9)

Statistical analysis
The probabilities of OS and PFS were estimated using
the Kaplan-Meier method, with a Log-rank test to detect
differences. The correlation between ALK status and
clinicopathological variables was assessed by χ 2 test or
Fisher’s exact test. The simultaneous prognostic effect of
various factors was estimated using multivariate Cox proportional hazards regression models. The proportional
hazards assumption for each covariate was tested by
graphical methods, with no significant violations found.
The relationships between histological classification and
OS and PFS were estimated by hazard ratio with 95%CI.
All statistical tests were two-sided, and P < 0.05 was considered statistically significant. All statistical analyses were
performed with SPSS version 13.0 (SPSS, Chicago, IL,
United States).

113 (53.1)
100 (46.9)
35 (16.4)
178 (83.6)

a

Median: 49, range: 25-75 years. AFP: Alpha fetoprotein; HBV: Hepatitis B
virus.

Break-apart FISH uses a green centromeric probe
and an orange telomeric probe on loci in chromosome
2. A fluorescence microscope equipped with appropriate excitation and emission filters allows visualization of
the probes contained in the kit. Thus, if the ALK gene
is split, the orange and green signals are separated; if the
orange and green signals are adjacent or fused, yellow signals are seen under the filter. According to the manufacturer’s protocol, positivity consists of separation of these
orange and green signals by two or more signal diameters,
or a single orange signal without a corresponding green
signal. A minimum of 50 nuclei was scored.
The criteria for ALK/CNG have not been established. A receiver operating characteristic (ROC) curve
based on the detection of ALK/CNG in 213 HCC patients was used. The cutoff value was determined by optimal Youden’s index through analyzing the survivin ROC
among patients. When ALK/CNG was 4, the sensitivity,
specificity and Youden’s index were 35.6%, 97.1% and
0.327, respectively. The survival outcome of patients with
ALK/CNG ≥ 4 was worse than in the other groups.
Therefore, we defined ALK/CNG positivity as the presence of ≥ 4 copies of ALK per cell in ≥ 40 of the 100
analyzed cells.
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RESULTS
Patient characteristics
We retrospectively enrolled 213 patients with newly diagnosed, histologically confirmed, previously untreated
HCC at Sun Yat-Sen University Cancer Center in Guangzhou, China, between January 1999 and December 2004.
Of the 213 patients, 196 (92.0%) were male and 17 (8.0%)
were female, with a median age of 49 years (range, 25-75
years). The clinicopathological characteristics of the 213
HCC cases are summarized in Table 1.
Detection of ALK gene rearrangements and lack of
association with patient characteristics
Among the 213 HCC patients, no positive cases of ALK
gene rearrangements as detected by break-apart FISH
were observed. Therefore, FISH signals were used to cal-
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A

B

C

D

Figure 1 Representative fluorescent in situ hybridization images of tumors negative for anaplastic lymphoma kinase translocation. The two tumors varied
in copy number, but both were negative for anaplastic lymphoma kinase (ALK) translocation, as indicated by the signals that neither had green and orange in close
proximity or were fused to form a yellow locus. A: ALK/copy number gain (CNG)-positive cells (≥ 4 copies/cell); B: ALK/CNG-negative cells (< 4 copies/cell); C and D:
HE staining of hepatocellular carcinoma cells from A and B (× 200).

culate the copy number for determination of ALK/CNG
positivity. The criterion for ALK/CNG positivity was ≥
4 copies per cell in ≥ 40 of 100 analyzed cells. Using this
cutoff, 28 cases (13.15%) showed ALK/CNG positivity (Figure 1). No statistically significant association was
observed between ALK/CNG and age, sex, grade, stage,
relapse, α-fetoprotein (AFP) level, Child-Pugh classification, hepatitis B virus (HBV) status, or postoperative
platelet count in the HCC patients (Table 2).

0.054) (Figure 3A). The 3-year PFS rates for ALK/CNGpositive patients was significantly poorer than that of
the ALK/CNG-negative HCC patients (0% vs 33.5%,
P = 0.007) (Figure 3B). However, in early stage (Ⅰ and
Ⅱ) cancers, the 3-year OS (56.7% vs 61.8%, P = 0.394)
and PFS rates (36.9% vs 44.4%, P = 0.314) were not significantly different between subgroups of ALK/CNGpositive and ALK/CNG-negative HCC patients (Figure
3C and D). These results suggest that ALK/CNG may
serve as a reliable predictor for advanced, but not early
stage disease.
We also assessed the prognostic ability of ALK/CNG
for different pathological grades. In grade Ⅲ, the 3-year
OS and PFS rates for patients were 46.9% and 29.9%,
respectively. The 3-year OS rates for ALK/CNG-positive
patients was significantly poorer than that of ALK/
CNG-negative patients (24.8% vs 49.9%, P = 0.023) (Figure 4A). The 3-year PFS rates did not differ significantly
between subgroups of ALK/CNG-positive and ALK/
CNG-negative HCC patients (0% vs 31.4%, P = 0.174)
(Figure 4B). However, the 3-year OS (45.5% vs 58.8%, P
= 0.440) and PFS rates (0% vs 43.6%, P = 0.109) did not
differ significantly between subgroups of ALK/CNGpositive and ALK/CNG-negative HCC patients with
grade Ⅱ pathology (Figure 4C and D), suggesting that
ALK/CNG status has greater prognostic ability for more
advanced histological grades.
After stratification by HBV status, ALK/CNG remained a significant predictor of OS and PFS in HCC

ALK/CNG and HCC patient survival analyses and
prognostic determinants
To determine the potential impact on survival of ALK
aberrations, we compared the ALK/CNG with the OS
and PFS rates. Among the 213 patients, the 3-year OS and
PFS rates were 53.0% and 40.8%, respectively. The 3-year
OS rates did not differ significantly between subgroups
of ALK/CNG-positive and ALK/CNG-negative HCC
patients (38.1% vs 57.6%, P = 0.089) (Figure 2A). However, the 3-year PFS rates showed a significant difference
between ALK/CNG-positive and ALK/CNG-negative
HCC patients (27.3% vs 42.5%, P = 0.048) (Figure 2B).
To assess the prognostic ability of ALK/CNG at
different stages of disease, we stratified the patients by
clinical stage. In advanced stage (Ⅲ and Ⅳ), the 3-year
OS and PFS rates for patients were 33.3% and 27.4%,
respectively. The 3-year OS rates did not differ significantly between subgroups of ALK/CNG-positive and
ALK/CNG-negative HCC patients (0% vs 40.6%, P =
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Figure 2 Kaplan-Meier survival curves
of hepatocellular carcinoma patients. A:
Overall survival of hepatocellular carcinoma
(HCC) patients with ≥ 4 anaplastic lymphoma
kinase (ALK) gene copies/cell did not differ
significantly compared to patients with < 4 ALK
gene copies/cell; B: Progression-free survival
of HCC patients with ≥ 4 ALK gene copies/cell
was significantly different from patients with < 4
ALK gene copies/cell.
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(22.8% vs 36.3%, P = 0.813) did not differ significantly between subgroups of ALK/CNG-positive and ALK/CNGnegative HCC patients with HBV DNA (Figure 5C and D).
When stratified by AFP level, Child-Pugh classification and postoperative platelet count, ALK/CNG was
not related to HCC patient survival.
Univariate and multivariate Cox proportional hazard
regression analysis for OS and PFS were conducted using age, sex, AFP, grade, stage, Child-Pugh classification,
HBV status, postoperative platelet count and ALK/CNG
as variables. Univariate analysis for OS suggested that
ALK/CNG was not a significant predictive factor for
HCC (HR = 1.479, 95%CI: 0.939-2.329, P = 0.091)
(data not shown). However, in the univariate analysis for
PFS, ALK/CNG (HR = 1.598, 95%CI: 1.001-2.552, P
= 0.049), Child-Pugh classification (HR = 2.165, 95%CI:
1.300-3.608, P = 0.002) and stage (HR = 1.926, 95%CI:
1.304-2.845, P = 0.001) were predictive factors for HCC
patients. Furthermore, multivariate analysis supported a
role for ALK/CNG (HR = 1.596, 95%CI: 1.008-2.526, P
= 0.046), Child-Pugh classification (HR = 1.744, 95%CI:
1.021-2.979, P = 0.042) and stage (HR = 1.775, 95%CI:
1.179-2.673, P = 0.006) as independent predictors for
PFS in HCC patients (Table 3).

Table 2 Association between anaplastic lymphoma kinase
copy number gain and clinicopathological characteristics of
hepatocellular carcinoma patients n (%)
Characteristics Total
ALK/CNG
P value
cases Positive (28 cases) Negative (185 cases)
Age (yr)
< 49
≥ 49
Sex
Female
Male
Grade
Ⅰ+ Ⅱ
Ⅲ+Ⅳ
Stage
Ⅰ+ Ⅱ
Ⅲ+Ⅳ
Relapse
No
Yes
AFP (ng/mL)
< 400
≥ 400
Child-Pughclassification
A
B+C
HBV DNA
Positive
Negative
Postoperative
platelet count
< 100 × 109/L
9
≥ 100 × 10 /L

105
108

12 (11.4)
16 (14.8)

93 (88.6)
92 (85.2)

0.465

17
196

3 (17.6)
25 (12.8)

14 (82.4)
171 (87.2)

0.843

116
97

12 (10.3)
16 (16.5)

104 (89.7)
81 (83.5)

0.186

174
39

21 (12.1)
7 (17.9)

153 (87.9)
32 (82.1)

0.326

83
130

13 (15.7)
15 (11.5)

70 (84.3)
115 (88.5)

0.385

125
88

19 (15.2)
9 (10.2)

106 (84.8)
79 (89.8)

0.290

195
18

25 (12.8)
3 (16.7)

170 (87.2)
15 (83.3)

0.922

113
100

17 (15.0)
11 (11.0)

96 (85.0)
89 (89.0)

0.383

35
178

2 (5.7)
26 (14.6)

33 (94.3)
152 (85.4)

0.250

DISCUSSION
HCC has a high therapeutic failure rate and a low median survival rate due to the aggressive nature of the
disease[27]. To improve patient survival, it is important to
seek new therapeutic methods. Targeted therapies provide hope for the future of cancer therapy. The key signaling pathways that have been found in the pathogenesis
of HCC include those mediated by epidermal growth
factor receptor, VEGFR, PDGFR, insulin-like growth
factor receptor, and the Ras/Raf/MEK/PTEN/mTOR
pathways[4]. Therefore, it is important to select targeted
therapy strategies according to the specific clinicopathological features of the tumors[28,29]. In the present study,
we investigated, for the first time, ALK gene aberrations
in a large series of HCC tissue samples.
ALK belongs to the insulin receptor superfamily of

ALK/CNG: Anaplastic lymphoma kinase copy number gain; AFP: Alpha
fetoprotein; HBV: Hepatitis B virus.

patients who were negative for HBV DNA. In the HBVDNA-negative group, 3-year OS and PFS rates were
58.5% and 43.6%, respectively. The 3-year OS and PFS
rates for ALK/CNG-positive patients was significantly
poorer than that of the ALK/CNG-negative HCC patients (18.2% vs 63.6%, P = 0.021 and 18.2% vs 46.9%, P
= 0.019, respectively) (Figure 5A and B). However, the
3-year OS (52.3% vs 51.0%, P = 0.977) and PFS rates
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Figure 3 Kaplan-Meier survival curves of hepatocellular carcinoma patients classified according to stage stratum. A and B: In the advanced stage stratum (
Ⅲand Ⅳ), overall survival (OS) (A) and progression-free survival (PFS) (B) of hepatocellular carcinoma (HCC) patients with anaplastic lymphoma kinase copy
number gain (ALK/CNG)-positivity and ALK/CNG-negativity; C and D: In the early stage stratum (Ⅰ and Ⅱ), OS (C) and PFS (D) of HCC patients with ALK/CNGpositivity and ALK/CNG-negativity.
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Figure 4 Kaplan-Meier survival curves of hepatocellular carcinoma patients classified according to pathological grade. A and B: In grade Ⅲ disease, overall
survival (OS) (A) and progression-free survival (PFS) (B) of hepatocellular carcinoma (HCC) patients with anaplastic lymphoma kinase copy number gain (ALK/CNG)positivity and ALK/CNG-negativity; C and D: In grade Ⅱ disease, the OS (C) and PFS (D) of HCC patients with ALK/CNG-positivity and ALK/CNG-negativity.

tyrosine kinase receptors and is activated by fusion with a
variety of other genes, such as NPM, EML4, TMP2 and
KIF5B[30]. In our study, we used TMAs to detect ALK
transcripts in a large number of clinical samples by FISH.
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Figure 5 Kaplan-Meier survival curves of hepatocellular carcinoma patients classified according to hepatitis B virus status. A and B: In hepatocellular
carcinoma (HCC) patients negative for serum hepatitis B virus (HBV) DNA, the overall survival (OS) (A) and progression-free survival (PFS) (B) of HCC patients with
anaplastic lymphoma kinase copy number gain (ALK/CNG)-positivity and ALK/CNG-negativity; C and D: The OS (C) and PFS (D) in HCC patients positive for serum
HBV DNA.

We did not detect ALK rearrangement in HCC patients. It has been reported that the EML4-ALK fusion
transcript is not detected in liver and gastrointestinal
cancer by RT-PCR[32]. Therefore, the target proportion
may be limited. However, we found that ALK/CNG was
common in HCC. This is believed to be the first study
to detect ALK/CNG using FISH in a large number of
HCC tissue samples. We used ≥ 4 copies per cell in ≥
40 of 100 cells analyzed as a cut-off for ALK/CNG
positivity. Our findings showed that the survival rate
of ALK/CNG-positive patients was lower than that
of ALK/CNG-negative patients (27.3% vs 42.5%, P
= 0.048). In the present study, ALK/CNG was significantly associated with tumor progression of HCC. After
stratification by clinical stage, ALK/CNG remained a
significant predictor of HCC prognosis in the advanced
stage (Ⅲ and Ⅳ) (0% vs 33.5%, P = 0.007), but not a significant predictor in the early stage (Ⅰ and Ⅱ). Univariate
and multivariate Cox proportional hazards survival analysis suggested that ALK/CNG had a significantly worse
prognostic impact on PFS in HCC patients (HR = 1.596,
95%CI: 1.008-2.526, P = 0.046). These results indicate
that ALK/CNG may serve as a prognostic marker for
survival of HCC patients.
ALK amplification as an oncogenic event was reported first in neuroblastoma in 2002[33,34], and subsequent investigations suggested that neuroblastoma may
benefit from ALK inhibitors[14,35,36]. Recently, ALK was
also reported to be amplified in esophageal cancer (11.1%)

Table 3 Cox regression analysis of progression-free-survival
in hepatocellular carcinoma patients
Variables

Subset

Univariate analysis (n = 213)
Age (yr)
< 49 vs ≥ 49
Sex
Female vs male
AFP (ng/mL)
< 400 vs ≥ 400
Grade
Ⅰ + Ⅱ vs Ⅲ + Ⅳ
Stage
Ⅰ + Ⅱ vs Ⅲ + Ⅳ
ALK/CNG
Yes vs no
Child-Pugh
A vs B + C
classification
HBV DNA
Positive vs
negative
Postoperative
< 100 × 109/L vs
9
≥ 100 × 10 /L
plateletcount
Multivariate analysis (n = 213)
Stage
Ⅰ + Ⅱ vs Ⅲ + Ⅳ
ALK/CNG
Yes vs no
Child-Pugh
A vs B + C
classification

HR (95%CI)

P value

1.153 (0.834-1.596)
1.464 (0.770-2.783)
1.219 (0.879-1.690)
1.335 (0.966-1.847)
1.926 (1.304-2.845)
1.598 (1.001 -2.552)
2.165 (1.300-3.608)

0.389
0.245
0.236
0.080
0.001
0.049
0.002

1.067 (0.771-1.476)

0.696

1.267 (0.839-1.914)

0.260

1.775 (1.179-2.673)
1.596 (1.008-2.526)
1.744 (1.021-2.979)

0.006
0.046
0.042

ALK/CNG: Anaplastic lymphoma kinase copy number gain; AFP: Alpha
fetoprotein; HBV: Hepatitis B virus.

decrease the time and cost involved[31]. As a disadvantage,
TMA may be limited to tumor materials of sufficient size
and quality, and therefore, genetic aberrations may be
missed. In addition, samples in which the cells harboring
increased gene copy numbers are scattered on TMA sections may be difficult to detect.
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and brain metastases of NSCLC (11.0%)[18,37]. Additionally, ALK gene amplification was recently demonstrated
in inflammatory breast cancer, and low doses of the
ALK inhibitor, crizotinib, were shown to promote tumor
shrinkage in mouse xenograft models[38]. Compared with
mutation or amplification, ALK/CNG appears to be
more common, and in fact may occur in 15%-20% of
cases of neuroblastoma[32,39]. ALK gene amplifications
and copy number gains were initially reported at frequencies as high as 74% in NSCLC, but there was no associated prognostic relevance[17], and the influence on the
levels of ALK protein expression for NSCLC remains
to be elucidated. Shao et al[40] reported that expression of
ALK gene was examined in two cases of HCC by immunohistochemistry, and that ALK gene may be involved in
the origin and development of HCC. Future studies will
be needed to investigate ALK expression level and correlate it to ALK gene copy number in HCC. Therefore,
although this report is believed to be the first to describe
ALK/CNG in HCC, there is a basis for the prominence
and role of ALK/CNG in other cancers, which further supports the potential use of ALK/CNG as both
a prognostic marker and therapeutic target for HCC.
Recent findings on neuroblastoma suggest that aberrant
activation of the ALK gene may contribute to tumor development through copy number alterations, and specific
ALK-targeting drugs inhibit cell proliferation and induce
apoptosis[14,41]. We speculated that the mechanism of
ALK/CNG that affect prognosis may be associated with
tumor cell proliferation and apoptosis in HCC. Hopefully, this hypothesis will be studied in the future.
In conclusion, ALK/CNG, but not ALK translocation, was frequently detected in HCC patients. ALK/
CNG may be a potential prognostic marker for HCC
patients with advanced stage, grade Ⅲ, tumors or serum
HBV DNA negativity. We will continue to investigate
whether patients with ALK/CNG can be candidates for
ALK inhibitor therapy in the future.

with advanced stage, grade Ⅲ, tumors.

Applications

The results suggested that ALK gene copy number gain, but not ALK translocation, was frequently detected in HCC patients, and may serve as an independent prognostic marker for predicting poor prognosis in HCC patients.

Terminology

ALK gene copy number gain (ALK/CNG): The criteria for ALK/CNG have not
been established, and a receiver operating characteristic curve based on the
detection of ALK/CNG in HCC patients was analyzed. Therefore, authors defined ALK/CNG positivity as the presence of ≥ 4 copies of ALK per cell in ≥ 40
of the 100 analyzed cells.

Peer review

The authors examined the status and clinical significance of ALK gene alterations in HCC patients. Unfortunately, there were no positive cases for ALK gene
rearrangements as detected by break-apart FISH. However, ALK/CNG had a
significantly worse prognostic impact on progression-free survival of HCC patients. The findings may be relevant to clinical practice. Overall, this manuscript
is highly relevant and interesting.
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Apoptotic pathway induced by diallyl trisulfide in pancreatic
cancer cells
Hong-Bing Ma, Shan Huang, Xiao-Ran Yin, Yang Zhang, Zheng-Li Di
the proportion of cells in the G2/M phase and induced
apoptotic cell death. Western blot analysis indicated
that DATS enhanced the expression of Fas, p21, p53
and cyclin B1, but downregulated the expression of
Akt, cyclin D1, MDM2 and Bcl-2. DATS induced cell cycle inhibition which was correlated with elevated levels
of cyclin B1 and p21, and reduced levels of cyclin D1 in
Capan-2 cells and H6C7 cells. DATS-induced apoptosis
was markedly elevated in Capan-2 cells compared with
H6C7 cells, and this was correlated with elevated levels of cyclin B1 and p53, and reduced levels of Bcl-2.
DATS-induced apoptosis was correlated with downregulation of Bcl-2, Akt and cyclin D1 protein levels,
and up-regulation of Bax, Fas, p53 and cyclin B protein
levels in Capan-2 cells.
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CONCLUSION: DATS induces apoptosis of pancreatic
cancer cells (Capan-2) and non-tumorigenic pancreatic
ductal epithelial cells (H6C7).
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Abstract
AIM: To investigate the effects of diallyl trisulfide
(DATS), a garlic-derived organosulfur compound, in
pancreatic cancer cells.

Key words: Diallyl trisulfide; Apoptosis; Pancreatic cancer; Cell cycle; p53
Core tip: We investigated the effect of diallyl trisulfide
(DATS), a promising cancer chemopreventive constituent of processed garlic, in human pancreatic cancer
cells (Capan-2) and non-tumorigenic pancreatic ductal
epithelial cells (H6C7), and explored the possible mechanism involved. We found that DATS can induce apoptosis in both cell lines. We also investigated the role of
p53, Bcl-2 and the cell cycle in apoptosis of Capan-2
and H6C7 cells.

METHODS: Human pancreatic cancer cells with wildtype p53 gene (Capan-2) and normal pancreatic epithelial cells (H6C7) were cultured in RPMI1640. DATS was
prepared at a concentration of 100 μmol/L. Cell viability
was determined via the methyl thiazolyl tetrazolium
assay. Apoptotic cells were detected by TUNEL assay.
Cell cycle analysis was performed using flow cytometry.
Protein expression was determined by Western blot.
Bax and Bcl-2 expression was detected by immunofluorescence. Apoptosis genes and cell cycle were assessed
by quantitative real-time polymerase chain reaction.

Ma HB, Huang S, Yin XR, Zhang Y, Di ZL. Apoptotic pathway
induced by diallyl trisulfide in pancreatic cancer cells. World J
Gastroenterol 2014; 20(1): 193-203 Available from: URL: http://
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RESULTS: DATS suppressed the viability of cultured
human pancreatic cancer cells (Capan-2) by increasing
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cancers[12].
These compounds are known to inhibit cell proliferation, cause cell cycle arrest and increase apoptosis in
various cancer cell lines[13]. However, the cellular and molecular mechanisms underlying these activities have not
yet been completely elucidated.
In the present study, we investigated the effects of
the garlic constituent, DATS, in human pancreatic cancer
cells (Capan-2) and non-tumorigenic pancreatic ductal
epithelial cells (H6C7).

dx.doi.org/10.3748/wjg.v20.i1.193

INTRODUCTION
The treatment of patients with pancreatic cancer mainly
depends on surgery, radiation therapy, chemotherapy or
combined therapeutic methods. Due to aggressive tumor
biology and lack of specific symptoms during the early
stages, pancreatic cancer frequently presents as an incurable disease with approximately two-thirds of patients
showing radiographically detectable metastasis at the time
of diagnosis. Pancreatic ductal adenocarcinomas carry a
dismal prognosis, with fewer than 5% of patients surviving 5 years or more[1].
For patients without metastasis, the only potentially
curative treatment is surgery. However, even among the
10% of patients with resectable disease, only about 20%
survive for 5 years or more, indicating a need for good
adjuvant therapies. Approximately 40% of patients diagnosed have locally advanced, unresectable, non-metastatic disease known as locally advanced pancreatic cancer.
These patients are treated with chemoradiation therapy
in the United States[2]. However, advanced pancreatic
cancer is often resistant to conventional chemotherapy
or radiotherapy[3].
The dismal prognosis of pancreatic cancer is further
accentuated by its poor response to chemotherapy and to
radiation therapy[4]. Thus, therapies are needed to increase
the efficiency of radiation and chemotherapy. The discovery of new therapeutic agents and approaches in patients
with pancreatic cancer is of paramount importance.
Genetic changes in apoptotic regulatory mechanisms
may result in an increase in cell numbers, as well as the
preservation of genetically altered cells, which initiate the
process of tumorigenesis[5]. Disordered apoptosis and
abnormal proliferation have been linked to the development of malignancy and treatment resistance[6]. Apoptosis, also termed programmed cell death, occurs via extrinsic or intrinsic signal transduction pathways[7]. Therefore,
further understanding of the molecular mechanisms of
apoptosis and the relationship between pancreatic cancer
chemoresistance and disordered apoptosis and abnormal
proliferation is needed. Furthermore, apoptosis contributes to cell death in tumors treated with various anticancer agents. Chemotherapy, radiation therapy and immunotherapy all rely heavily on the induction of apoptosis
to kill pancreatic cancer cells.
Many recent studies have revealed that certain garlicderived organosulfur compounds can suppress the proliferation of cultured cancer cells by causing apoptosis
and/or cell cycle arrest[8-10].
Garlic (Allium sativum) is a common plant used mainly
as food and has recently been reported to have medicinal
properties[11]. Garlic-derived organosulfur compounds
including diallyl sulfide, diallyl disulfide (DADS) and/or
diallyl trisulfide (DATS), which are major components of
garlic, may be associated with a reduced risk of certain

WJG|www.wjgnet.com

MATERIALS AND METHODS
Cell culture and drug treatment
The human pancreatic cancer cell line Capan-2, with
wild-type p53 gene, and the normal pancreatic epithelial
cell line H6C7 were obtained from ATCC (United States)
and cultured in RPMI1640 (Gibco, CA, United States)
containing 10% heat-inactivated fetal bovine serum (FBS),
benzylpenicillin (100 KU/L), streptomycin (100 mg/L),
transferrin (0.001 mg/mL), EGF (20 ng/μL) and hydrocortisone (500 ng/mL) at 37 ℃ in a humidified incubator
containing 5% CO2 in air (Gibco). The cells were cultured in plastic culture dishes with a non-adhesive surface
and digested with 0.25% trypsin for subculture.
DATS (99% purity) was purchased from Chia-Tai
Tianqing Pharmaceutical Co., Ltd. (China). DATS was
prepared at a concentration of 100 μmol/L and dissolved in suitable medium.
Methyl thiazolyl tetrazolium assay
Cell viability was detected using the methyl thiazolyl tetrazolium (MTT) (Sigma, St. Louis, MO, United States)
assay. Briefly, cells in the logarithmic growth phase at a
density of 1 × 104 cells/well in 100 μL of medium were
seeded in a 96-well plate and cultured for 24 h prior to
drug treatment. The medium was then changed to medium containing (100 μmol/L) DATS. After 24 h, 10 μL
of 5 mg/mL MTT reagent was added to each well and
incubated for 4 h. After incubation, 100 μL of detergent
reagent was added to each well to dissolve the formazan
crystals. The absorbance of the solution was determined
at 570 nm (A570 nm) and the cell inhibition ratio was calculated as follows: cell inhibition ratio = [(A570 nm value
of the control group - A570 nm value of the experimental
group)/A570 nm value of the control group] × 100%.
Cells treated with irradiation only were used as controls.
Each assay was performed in triplicate and the standard
deviation was determined.
TUNEL and DAPI staining
Apoptotic cells were determined by TUNEL assay using
the In Situ Cell Death Detection kit (Roche, Mannheim,
Germany) according to the manufacturer’s instructions.
Cells were cultured on 4-chamber slides (VWR, United
States) at a density of 2 × 104 cells/chamber. After treatment with 100 μmol/L of DATS, the cells were washed
with PBS and fixed with 4% paraformaldehyde (Sigma-
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Immunofluorescence
Capan-2 cells in 5% CS and 1% penicillin streptomycincontaining Dulbecco’s modification of Eagle’s medium
Dulbecco (DMEM) were cultured in two-well chambers
and then mounted on glass slides with plastic covers. At
70% confluence, the cells were switched to fresh 5% CS
and 1% penicillin streptomycin-containing DMEM medium supplemented with or without 100 μmol/L DATS.
After fixation and washing, the cells were incubated with
the primary antibody Bp53-12 (Santa Cruz Biotechnology). Following overnight incubation, the cells were incubated with the secondary antibody (donkey anti-mouse
IgG) (Santa Cruz Biotechnology). Finally, the cells were
visualized and photographed at × 400 magnification using an immunofluorescence microscope (Nikon Inc., Tokyo, Japan). The images were merged using the advanced
SPOT software (Diagnostic Instruments Inc., Sterling
Heights, MI, United States). For the detection of Bax, the
primary antibody which was diluted at 1:400 in 2% chicken serum/PBS was added. Cells were then washed three
times with PBS and incubated with Texas Red-conjugated
secondary antibody (Santa Cruz Biotechnology).

Aldrich Corp., United States) for 20 min at 4 ℃. The
fixed cells were incubated with digoxigenin-conjugated
dUTP in a terminal deoxynucleotide transferase recombinant (rTdT)-catalyzed reaction and nucleotide mixture
for 1 h at 37 ℃ in a humidified atmosphere, and then
immersed in stop/wash buffer for 15 min at room temperature. Cells were then washed with PBS to remove
unincorporated fluorescein-12-dUTP. After washing with
PBS, cells were incubated with 1 mg/mL DAPI (Sigma)
solution for 30 min at 37 ℃ in the dark. Apoptotic cells
were photographed under a fluorescence microscope
(Nikon Inc., Tokyo, Japan).
Flow cytometric analysis
Cells were seeded at a density of 3-5 × 105/plate and
incubated for 24 h before irradiation. The medium was
changed to medium containing DATS (100 μmol/L) 30
min before irradiation. Cells were harvested by trypsinization after 24 h. The cells were washed with PBS and
then fixed with ice-cold 70% ethanol while vortexing.
Finally, the cells were washed and resuspended in PBS
containing 5 μg/mL RNase A (Sigma) and 50 μg/mL
propidium iodide (Sigma) for analysis. Cell cycle analysis
was performed using a FACScan Flow Cytometer (Becton
Dickson, United States) according to the manufacturer’s
protocol.

Quantitative real-time polymerase chain reaction
Capan-2 cells were cultured in 5% CS and 1% penicillin
streptomycin-containing DMEM to 70% confluence and
then switched to new culture medium supplemented with
100 μmol/L DATS. After 48 h, RNA was extracted using
the RNAeasy kit according to the manufacturer’s protocol. The extracted total RNA was subjected to cDNA
synthesis using the Biorad iScriptTM Select cDNA
Synthesis kit (Biorad, Hercules, CA, United States) containing random and oligo (dT) primer mix. The cDNA
produced was used to specifically quantify the transcript
of interest using RT-PCR. Quantitative RT-PCR was
performed using SYBR Green chemistry (SYBR Green
PCR Master Mix (Applied Biosystems, Foster City, CA,
United States). The increase in fluorescence of the SYBR
Green dye was monitored using a 7500 Real-Time PCR
System (Applied Biosystems). The primers were: forward,
5’-ACC ACA GTC CAT GCC ATC AC-3’ and reverse,
5’-TCC ACC ACC CTG TTG CTG TA-3’ for the housekeeping gene GAPDH; forward, 5’-AAG CTG TGC
ATC TAC ACC GA-3’ and reverse, 5’-CTT GAG CTT
GTT CAC CAG GA-3’ for cyclin D1; forward, 5’-AAC
ACC ATG GAC AGG GAG AG -3’ and reverse, 5’-CCC
AGC AGC TTC AGG TAC TC -3’ for Akt; forward,
5’-GGC TCA GCA TGG TCG CTT-3’ and reverse,
5’-CTC CCG CCA GCT GTC ATT-3’ for Fas; forward,
5’-TTG AGT TCG GTG GGG TCA TG-3’ and reverse,
5’-GAT CCA GGT GTG CAG ATG CC-3’ for BcL-2;
forward, 5’-CTG AGC TGA CCT TGG AGC-3’ and reverse, 5’-GAC TCC AGC CAC AAA GAT G-3’ for Bax.
The SyBr green dye intercalates with the double-stranded
cDNA formed during PCR, allowing easy quantification
of cDNA to indirectly quantify the original RNA transcripts. Thermal cycling conditions were designed as follows: reverse transcription at 50 ℃ for 10 min followed

Western blot analysis
The samples were normalized to monitor protein concentrations and the loading dye (50 mmol/L Tris-Cl pH
6.8, 100 mmol/L β-mercaptoethanol, 2% sodium dodecyl sulfate (SDS), 0.1% bromophenol blue, 10% glycerol)
was added. The proteins were separated by 12.5% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis and
transferred to a polyvinylidene fluoride membrane (Millipore, United States). After transferring and blocking, the
membrane was incubated with an appropriate primary
antibody (Santa Cruz Biotechnology) at a 1:1000 dilution
in PBS-T containing 5% milk overnight at 4 ℃. Before
the transfer, the membrane was activated by incubation in
methanol for 30 s, water for 2 min and then transfer buffer (48 mmol/L Tris base, 20% methanol, 0.04% SDS,
30 mmol/L glycine) until ready for transfer. A semi-dry
transfer apparatus (Owl Separation Systems, Portsmouth,
NH, United States) was used to transfer the proteins
onto the membrane. The membrane was quickly washed
three times, then two 5 min washes and incubated with
the appropriate secondary antibody conjugated to horseradish peroxidase (goat anti-mouse antibody, Santa Cruz
Biotechnology).
For Western blot analysis, mouse anti-human cyclin
D1, p21, cyclin B1, caspase-3, caspase-8, Bcl-2, Bax, and
Fas monoclonal antibodies (1:1000 for all) were used.
Anti-glyceraldehyde phosphate dehydrogenase (GAPDH)
and anti-β-actin antibodies (1:1000; Santa Cruz Biotechnology) were used to detect internal controls. All experiments were performed in triplicate.
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Figure 1 TUNEL assay to determine diallyl trisulfide-induced apoptosis of Capan-2 and H6C7 cells. TUNEL assay was used to confirm induction of apoptosis
in treated and untreated cells. Both Capan-2 and H6C7 cells were treated with 100 μmol/L diallyl trisulfide for 24 h and induction of apoptosis was confirmed by the
appearance of TUNEL-positive cells; DATS: Diallyl trisulfide; DAPI: 4',6-diamidino-2-phenylindole.

by an initial denaturation at 95 ℃ for 5 min and 35 cycles
of 95 ℃ for 15 s and 60 ℃ for 30 s. The comparative CT
method (ΔΔCt) was used to study the relative quantification of gene expression. Each evaluation was performed
in triplicate in three independent experiments.

addition, the viability of H6C7 cells was significantly decreased by about 5 folds (P < 0.05) (Figure 2C).
Impact of DATS on cell cycle progression
Flow cytometry was performed to study the effects of
DATS on cell cycle progression. Treatment of both cell
lines was carried out in three independent experiments
and is represented in a histogram. The percentages of
cells in G1/G0 and G2/S were determined after treatment with 100 μmol/L DATS for 24 h. Both Capan-2
and H6C7 cells treated with DATS and harvested after 24
h showed an decrease in the percentage of G1/G0 cells
compared with control cells (P < 0.05), and the reduced
value in Capan-2 cells was about 35% (Figure 3A). No
significant difference was found in the percentage of cells
in the G2/S phase in both Capan-2 and H6C7 cells compared with control cells (Figure 3B). The expression of
cyclin D1, p21 and cyclin B1 was determined by Western
blot in Capan-2 and H6C7 cells. The results showed that
DATS decreased the level of cyclin D1 and increased the
levels of cyclin B1 and p21 in both Capan-2 and H6C7
cells (Figure 3C).

Statistical analyses
All the assays described above were repeated more than
once. The quantification assays were performed at least
twice and data were calculated and presented as mean ±
SD. Data were either analyzed by unpaired Student’s t test
or one-way ANOVA. Differences were considered significant at P < 0.05.

RESULTS
DATS affects cell viability and induces cell apoptosis
In Capan-2 cells and H6C7 cells, TUNEL assay were
performed to ascertain the induction of apoptosis by 100
μmol/L DATS. Fewer TUNEL-positive cells were found
in H6C7 cells that in Capan-2 cells after treatment with
100 μmol/L of DATS (Figure 1).
The effect of DATS on cell viability and cell apoptosis induction in Capan-2 cells was examined by MTT
assay. A dose-response curve was constructed from
which we chose 100 μmol/L for subsequent experiments
(Figure 2A). The analysis revealed that 100 μmol/L of
DATS decreased the viability of both Capan-2 cells (55%)
and H6C7 cells (30%) compared with untreated control
cells (P < 0.05) (Figure 2B). ELISA indicated that 100
μmol/L of DATS induced apoptosis of Capan-2 cells
(about an 8-fold increase) compared with controls. In
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DATS induced the expression of Bax and Bcl-2 in
Capan-2 cells
Capan-2 cells were treated with 100 μmol/L DATS for
24 h. Using RT-PCR and Western blot analyses, it was
found that DATS significantly increased Bax expression
at the mRNA level by 3 folds and decreased Bcl-2 expression at the mRNA level by 0.5 folds as indicated in
Figure 4A and C (P < 0.05). These results were further
confirmed by immunofluorescence (Figure 4B and D).

196

January 7, 2014|Volume 20|Issue 1|

Ma HB et al . DATS induces apoptosis in pancreatic cancer

A 100

B

Capan-2

90

Control
100 μmol/L diallyl
trisulfide

100
80

70
Cell viability (%)

Viable cell (%)

80
60
50
40
30
20

60
a
40
20

10
0

0
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00
Log concentrations (μmol/L)

C

4.0

a

H6C7

Control
100 μmol/L diallyl trisulfide

3.5
Induction of apoptosis
(Abs at 405 nm)

Capan-2

3.0
2.5
2.0
1.5
1.0
0.5
0.0

Capan-2

H6C7

Figure 2 Diallyl trisulfide induces apoptosis of Capan-2 cells and H6C7 cells. A: Capan-2 cells were exposed to different concentrations of diallyl trisulfide (DATS)
and the percentage of viable cells was determined by methyl thiazolyl tetrazolium (MTT) assay. Capan-2 and H6C7 cells were exposed to 100 μmol/L DATS for 24 h.
Cells without DATS treatment were used as controls. Living cells was detected by MTT assay. Data points = mean ± SD of quadruplicate values for each independent
experiment; B: The percentage survival of Capan-2 and H6C7 cells was significantly different (aP < 0.05); C: ELISA was used to determine apoptotic cells. Each condition was performed in quadruplicate. Data are presented as mean ± SD.
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Figure 3 Diallyl trisulfide modulates cell cycle progression in Capan-2 and H6C7 cells. Diallyl trisulfide (DATS) (100 μmol/L) arrested Capan-2 and H6C7 cells in
G1/G0 phase and G2/S phase. The percentage of cells in different phases was determined in Capan-2 and H6C7 cells after treatment with 100 μmol/L DATS for 24 h.
A: DATS (100 μmol/L) arrested more Capan-2 cells in G1/G0 phase (aP < 0.05 vs H6C7 cells); B: No significant difference was found in the percentage of cells in the
G2/S phase in both Capan-2 and H6C7 cells compared with control cells; C: DATS upregulated p21 and cyclin B1 expression and downregulated cyclin D1 expression
in Capan-2 and H6C7 cells. Each data point is the mean of three independent experiments and expressed as mean ± SD.
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Figure 4 Diallyl trisulfide treatment induces Bax and bcl-2 expression in Capan-2 cells. Capan-2 cells were treated with 100 μmol/L diallyl trisulfide (DATS) for
24 h. Untreated cells were used as controls. A, C: Total RNA was extracted and reversely transcribed to cDNA for RT-PCR analysis of Bax and Bcl-2 mRNA levels (aP
< 0.05 vs H6C7 cells); B, D: Bax and Bcl-2 in Capan-2 cells were immunostained using anti-Bax and anti-Bcl-2 antibodies as the primary antibody and Texas Red-conjugated IgG as the secondary antibody. The individual images for Bax and Bcl-2 were taken at a magnification of × 200, under an immunofluorescence microscope.
Representative data from three independent experiments are shown.

WJG|www.wjgnet.com

198

January 7, 2014|Volume 20|Issue 1|

Ma HB et al . DATS induces apoptosis in pancreatic cancer

A 4.0
3.5
3.0
RAN transcript level

B

Control (Capan-2)
DATS (Capan-2)
Control (H6C7)
DATS (H6C7)

a

2.5

Control

a

DATS

Bax

p53

1.5
1.0

β-actin

0.5

C

Control

Bcl-2

2.0

0.0

DATS

H6C7

Capan-2

p53
DAPI

p53

Merge

Control

DATS-treated

Figure 5 Diallyl trisulfide upregulates Bax expression and deregulates Bcl-2 expression and p53 translocation to the nucleus in Capan-2 cells. A and B:
Cells were treated with 100 μmol/L of diallyl trisulfide (DATS) for 24 h (aP < 0.05 vs control). Cells were lysed and total protein was collected and subjected to Western
blot analysis to determine p53, Bax and Bcl-2 protein expression levels in treated and untreated control cells. β-actin was used as a loading control; C: The subcellular localization of p53 was indicated by the green FITC, while the position of the nucleus was shown by the blue DAPI staining. Individual images for p53 localization
in the nucleus were taken at a magnification of × 400. Images were merged to display the subcellular localization of p53, using ECLIPSE. Representative data from
three independent experiments are shown. DAPI: 4',6-diamidino-2-phenylindole.

DATS induced p53 expression in Capan-2 cells
The p53 expression was up-regulated in Capan-2 cells
compared with that in H6C7 cells after treatment with
100 μmol/L DATS. Bax expression was also elevated in
Capan-2 cells by approximately 3 folds compared with
the untreated control group (P < 0.05); however, Bcl-2
expression was reduced in Capan-2 cells (Figure 5A and
B). Immunofluorescence showed that treatment with
100 μmol/L DATS induced p53 translocation from the
cytoplasm (indicated in green) to the nucleus (indicated
in blue) compared with the untreated control group
(Figure 5C).
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DATS affects apoptotic and survival signals
Akt inhibits molecular events that precede cytochrome C
release, while Bcl-2 prevents its initial release. Treatment
with 100 μmol/L DATS for 24 h significantly decreased
the expression level of Akt by 40% compared with the
control group (Figure 6B, P < 0.055). FAS expression level was increased after DATS treatment for 24 h by 4 folds
compared with the control group (Figure 6, P < 0.05).
Figure 6B also shows a 2-fold increase in the expression
level of cyclin D1 (P < 0.05) and a 50% decrease in Bcl-2
expression level in response to 100 μmol/L DATS treatment for 24 h (P < 0.05) in Capan-2 cells. The results
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Figure 6 Diallyl trisulfide modulates survival and apoptotic signals in Capan-2 cells. Capan-2 cells were treated with 100 μmol/L of diallyl trisulfide (DATS) for
24 h. A: Western blot was performed to determine the protein expression level of p53, Bcl-2, Fas, Akt, cyclin D1 and MDM2 in Capan-2 cells. Untreated cells were
used as controls; B: mRNA was extracted and reversed transcribed to cDNA for real-time polymerase chain reaction analysis of mRNA levels. Each data point is an
average of three independent experiments and expressed as mean ± SD (aP < 0.05 vs control).

of RT-PCR also confirmed the above findings with a
decrease in MDM2 level and an increase in p53 level as
previously described (Figure 6A).

The tumor suppressor p53 is a key regulator of apoptosis and has pro-apoptotic activity. Under stress conditions, p53 is stabilized and acts as a transcription factor
which may increase the expression of pro-apoptotic
target genes, such as Puma, Noxa, Bax and Bid[35]. On the
other hand, cytoplasmic p53 interacts with Bcl-2 family members, Bcl-2 or Bcl-xL, which results in activation
and translocation of Bax and Bid to the mitochondrial
outer membrane. Moreover, p53 also translocates to the
mitochondria to activate the mitochondrial apoptosis
pathway[35-37]. It was reported that DATS-induced apoptosis was attributed to the induction of Bax, downregulation of Bcl-xL and activation of caspase 3[8,38]. In addition, activated Akt can phosphorylate several apoptosisregulating proteins including pro-apoptotic Bcl-2 family
member, BAD[39,40]. BAD promotes cell death by interacting with anti-apoptotic Bcl-2 members such as Bcl-xL,
which allows the multidomain pro-apoptotic Bcl-2 family
members, Bax and Bak, to aggregate and cause release of
apoptogenic molecules (e.g., cytochrome C) from mitochondria to the cytosol, culminating in caspase activation
and cell death[41]. Our results support the conclusion that
a significant decrease in the levels of survival signals is
generated by both Bcl-2 and Akt (Figure 6).
It is well documented that inappropriate expression
of cell-cycle regulatory proteins can contribute to human
tumorigenesis[42]. Numerous studies have reported the
relationship between carcinogenesis and cell cycle-related
genes[43-47]. In experimental animals, DATS was capable
of suppressing the growth of cancer cells in culture[43].
The DATS-mediated inhibition of cancer cell proliferation correlated with cell cycle arrest and apoptosis induction[42]. The mechanism of G2 phase arrest remains
elusive. It was demonstrated that the DATS-mediated
G2/M phase cell cycle arrest in the human prostate cancer cell line DU145 was transient and caused by differential kinetics of nuclear localization of CDK1 and cyclin
B1[44]. The DATS-treated prostate cancer cells were arrested in G2 as well as the prometaphase[45]. This DATSmediated prometaphase arrest was caused by checkpoint

DISCUSSION
Allium vegetables have been used in traditional medicine for centuries[14]. Recent scientific investigations have
shown that allium vegetables and their constituents,
garlic-derived organosulfur compounds (OSCs), including diallyl sulfide, diallyl disulfide and DATS, reduce the
risk of cardiovascular disease and diabetes, stimulate the
immune system, protect against infections, and have antiaging as well as anti-cancer effects[13]. The anticancer effects of allium vegetables, especially garlic, are supported
by epidemiological data[15-17]. It has been proved that garlic-derived OSCs, including diallyl sulfide, diallyl disulfide
and DATS, show significant protection against different
types of malignancies in animal models[18-24].
Numerous publications indicate that the suppression
of cancer cell growth by OSCs correlates with apoptosis
induction. Elucidation of the mechanism(s) of apoptosis
induction by OSCs has been the topic of intense research
in the last few years. Most studies indicate the involvement of Bcl-2 family proteins and p53 in the regulation
of OSC-mediated apoptosis[9,24-27]. Our data showed that
DATS treatment could induce apoptosis of Capan-2
cells via activation of p53. p53 is a tumor suppressor,
is mutated in 50% of human cancers and regulates cell
growth and sensitivity to irradiation and multiple anticancer agents[28-30]. Functional p53 can downregulate Bcl-2,
which allows cells to survive a variety of fatal cellular
events and protects cells from apoptosis[31]. p53 can also
induce p21, and an increased level of p21 can in turn decrease the activity of cyclin-dependent kinases (CDKs),
resulting in growth arrest[32-34]. Our results indicated that
DATS increased the expression and translocation of p53
from the cytoplasm to the nucleus in Capan-2 cells following exposure to DATS, which was correlated with
increased induction of apoptosis.
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kinase 1-mediated inactivation of anaphase promoting
complex/cyclosome characterized by accumulation of
its substrates (e.g., securin)[42,46]. A fraction of cells arrested in prometaphase following treatment with DATS
are ultimately driven to apoptotic cell death[46]. However,
the mechanism underlying DATS-mediated G2 arrest is
unclear.
The present study aimed to introduce DATS as an
inducer of apoptosis in human pancreatic cancer cells
(Capan-2) via a decrease in the percentage of cells in G2/
M phase. DATS also increased the sensitivity of Capan-2
cells to radiation as indicated by the clonogenic survival
assay and confirmed by flow cytometric analysis. Our data
indicated that DATS increased the level of cyclin B1 in
both Capan-2 and H6C7 cells, which was correlated with
G2/M arrest, shown by a decrease in the percentage of
cells in G2/M phase compared with the control group.
Consistent with our data, it was recently reported that
DATS suppresses the viability of cultured human lung
cancer cells and normal human bronchial epithelial cells
(BEAS-2B) by causing G2-M phase arrest and apoptotic
cell death[47]. It is possible that the G2-M arrest is a priming mechanism for initiation of the cell death process
in Capan-2 and H6C7 cells. A checkpoint kinase 1-dependent mechanism for DATS-induced mitotic arrest in
human prostate cancer cells was previously reported[45].
Among the possible mechanisms for increased sensitivity
to apoptosis in Capan-2 cells, overexpression of cyclin
B1 may decrease the percentage of cells in G2/M phase.
Our results also showed that elevated levels of cyclin B1
protein in Capan-2 and H6C7 cells due to DATS treatment increased apoptosis (Figure 4).
Cell cycle progression and cell division are driven by
the sequential activation of a group of serine-threonine
kinases called cyclin-dependent kinases (Cdks). Multiple
Cdks control the cell cycle in mammals and have long
been considered essential for normal proliferation, development and homeostasis[48]. Cyclin B1 is the regulatory
subunit of the M-phase promoting factor, and correct
regulation of cyclin B1 is essential for the initiation of
mitosis. The deregulation of cyclin B1 is involved in neoplastic transformation, and the suppression of cyclin B1
could be an attractive strategy in antiproliferative therapy[49]. Our results also showed that elevated levels of cyclin B1 protein in Capan-2 and H6C7 cells due to DATS
treatment increased apoptosis (Figure 4). Conversely,
downregulation of cyclin B1 consequently reduced the
activity of CDK1/cyclin B1 and blocked the aggressive
proliferation of tumor cells[50].
There may be distinct differences in cyclin B1 signaling between cancer cell types, as a decrease in cyclin B1
protein signal pathways leads to apoptosis of cervical
carcinoma cells, but not prostate cancer cells. Therefore,
gene therapy strategies that reduce cyclin B1 protein are
not likely to be effective in all types of cancer.
Cyclin D1 accumulates and activates its cognate CDK
(CDK4/6) in response to mitogenic growth factors in
early to mid G1 phase[51]. Perturbations in this step, which
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result in reduced growth factor requirements for cyclin
D1/CDK activation, will provide cells with a distinct
growth advantage over their normal counterparts, and
thus likely represents an early event in neoplasia. Our
data showed an increase in the expression level of cyclin
D1, which was correlated with the percentage decrease in
cells in the G2/M phase and an increase in the induction
of apoptosis.
The enhanced induction of apoptosis after ionizing
radiation was related to the induction of p53 and p21 by
cyclin D1[52]. In the present study, cyclin D1-associated
overexpression of p53 may facilitate DATS-induced
death of Capan-2 cells. The mechanism for DATSinduced apoptosis has been studied in various cellular
systems, and it is unclear if the DATS-induced apoptosis
signaling in Capan-2 cancer cells resembles that in other
cellular systems. The results of the present study point
to noticeable differences in apoptosis signaling between
Capan-2 cells and other cancer cells.
In conclusion, the present study indicated that DATS
treatment inhibited the growth of human pancreatic
cancer cells (Capan-2) by inducing apoptosis. In addition,
non-tumorigenic pancreatic ductal epithelial cells (H6C7)
were significantly more resistant to DATS-mediated
growth suppression and apoptosis induction compared
with pancreatic cancer cells (Capan-2). Also, our data
showed that DATS increased the expression of p53
and induced its translocation to the nucleus in Capan-2
cells. DATS also increased the expression of Bax as a
downstream target of p53. We also provided evidence to
indicate the involvement of Fas, cyclin B1, cyclin D, Akt
and Bcl-2 as possible critical mediators of DATS-induced
apoptosis signaling in Capan-2 cells.

COMMENTS
COMMENTS
Background

Many recent studies have revealed that certain garlic-derived organosulfur compounds can suppress proliferation of cultured cancer cells by causing apoptosis
and/or cell cycle arrest. Garlic (Allium sativum) is a common plant used mainly
as food and has recently been reported to have medicinal properties. Garlicderived organosulfur compounds including diallyl sulfide, diallyl disulfide (DADS)
and/or diallyl trisulfide (DATS), which are major components of garlic, may be
associated with a reduced risk of certain cancers. These compounds are known
to inhibit cell proliferation, cause cell cycle arrest and increase apoptosis in various cancer cell lines. However, the cellular and molecular mechanisms underlying these activities have not yet been completely elucidated.

Research frontiers

The dismal prognosis of pancreatic cancer is further accentuated by its poor response to chemotherapy and to radiation therapy. Thus, therapies are needed
to increase the efficiency of radiation and chemotherapy. The discovery of new
therapeutic agents and approaches in patients with pancreatic cancer is of
paramount importance. DATS may be a novel strategy for the treatment of human pancreatic cancer through radio- or chemo-sensitization.

Innovations and breakthroughs

The present study indicates that DATS treatment inhibits the growth of human
pancreatic cancer cells (Capan-2) by inducing apoptosis. In addition, nontumorigenic pancreatic ductal epithelial cells (H6C7) are significantly more
resistant to DATS-mediated growth suppression and apoptosis induction than
Capan-2 cells. The data also showed that DATS increased the expression of
p53 and induced its translocation to the nucleus in human Capan-2 cells. DATS
also increased the expression of Bax as a downstream target of p53. This study
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provided evidence to indicate the involvement of Fas, cyclin B1, cyclin D, Akt
and Bcl-2 as possible critical mediators of DATS-induced apoptosis signaling in
Capan-2 cells.

12

Applications

This study demonstrates that DATS, a promising cancer chemopreventive
constituent of processed garlic, induces apoptosis in human pancreatic cancer
cells (Capan-2) and non-tumorigenic pancreatic ductal epithelial cells (H6C7).
The results show, for the first time, that DATS administration might be a novel
strategy for the treatment of human pancreatic cancer.

13

14

Terminology

Garlic-derived organosulfur compounds including diallyl sulfide, DADS and/or
DATS, which are major components of garlic, may be associated with a reduced risk of certain cancers.

15

Peer review

In this report, the authors present data demonstrating a pattern of cell survival
and gene expression changes suggesting that diallyl disulfide may provide
therapeutic benefit against pancreatic ductal adenocarcinoma. The data are
presented nicely and the findings merit publication.
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forms as well as patients with sporadic CRCs. In a first
time, we analyzed exon 11 of the UNC5C gene in 120
unrelated patients with suspected hereditary CRC, 58
patients with suspected Lynch-associated cancer or polyposis, and 132 index cases of Lynch syndrome families
with a characterized mutation in a DNA mismatch repair (MMR). Next, 1023 patients with sporadic CRC and
1121 healthy individuals were screened for the variants
identified in patients with familial cancer.
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RESULTS: Of 120 patients with familial CRC of unknown etiology, one carried the previously reported
mis-sense mutation p.Arg603Cys (R603C) and another
exhibited the unreported variant of unknown significance p.Thr617Ile (T617I). The p.Ala628Lys (A628K)
mutation previously described as the main UNC5C risk
variant for familial CRC was not detected in any cases
of familial CRC of unknown etiology, but was present in
a patient with familial gastric cancer and in two Lynch
syndrome patients in co-occurrence with MMR mutations. A statistically non-significant increase in cancer
risk was identified in familial CRC and/or other Lynchassociated cancers (1/178 patients vs 2/1121 healthy
controls, OR = 3.2, 95%CI: 0.29-35.05, P = 0.348) and
in sporadic CRCs (4/1023 patients vs 2/1121 healthy
controls, OR = 2.2, 95%CI: 0.40-12.02, P = 0.364).
CONCLUSION: We confirm that UNC5C mutations
are very rare in familial and sporadic CRCs, but further
investigations are needed to justify routine UNC5C testing for diagnostic purposes.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Abstract

Key words: Colorectal cancer; UNC5C ; Genetic predisposition; Familial study; Association study; Low risk

AIM: To evaluate the risk associated with variants of
the UNC5C gene recently suspected to predispose to
familial colorectal cancer (CRC).

Core tip: UNC5C was recently described as a new gene
potentially predisposing to familial forms of colorectal

METHODS: We screened patients with familial CRC
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totypical netrin-1 receptor DCC (deleted in colorectal
cancer), the expression of UNC5C is lost or markedly
reduced in a large proportion of cancers[9-11], especially
in colorectal cancer, because of a loss of heterozygosity
or promoter methylation occurring within the UNC5C
gene[12-16]. Inactivation of UNC5C would not only contribute to tumor progression, but also to the initiation
of CRC formation. This suggests that UNC5C is likely
to be a tumor suppressor[13,14], and consequently, that its
inactivation could be considered as a selective advantage
for tumor cells.
Using a candidate gene strategy, Coissieux et al[5] identified putative high-penetrance risk alleles that almost
completely co-segregated with disease phenotype in several families with forms of colorectal cancers of hitherto
unknown etiology. Moreover, by screening individuals
with a form of CRC distinct from Lynch syndrome,
familial polyposis or hamartomatous syndromes, Mehlen’s
team identified four putative pathogenic substitutions
in UNC5C (NCBI accession number NM_003728),
including one in exon 7 c.1057G>A/p.Asp353Asn
(D353N) and three in exon 11 [c.1807C>T / p.Arg603Cys
(R603C), c.1882_1883GC>AA/p.Ala628Lys (A628K),
and c.1888C>G/p.Gln630Glu (Q630E)][5]. No statistically significant differences in frequencies were observed
between probands and controls for D353N, R603C, and
Q630E, and the effects on CRC risk were even discordant for exon 7 variant D353N between the French and
American sub-populations of the study[5]. For this reason,
the authors focused the majority of their study on variant A628K, which is located in the region coding for an
intracellular ZU-5 domain that is essential for the proapoptotic activity of UNC5C[17,18]. They based their demonstration of a genetic predisposition essentially on two
points: (1) the co-segregation of the variant with cancerous phenotypes in families with CRC, thus postulating an
autosomal dominant mode of inheritance; and (2) the in
vitro alteration of the pro-apoptotic function of UNC5C
in the absence of netrin-1. In addition, the authors noted
a higher frequency of the A628K variant in the patient
population than in a control population. From these observations, Coisseux et al[5] inferred a major role of the
UNC5C gene in the predisposition to familial forms of
CRC. Given the small number of patients concerned by
this potentially novel clinical parameter, which resulted
in a lack of statistical significance, the authors recommended that other teams replicate their study in samples
from independent patient populations.
In order to address the question of the diagnostic
potential of UNC5C suggested by Coissieux et al[5], we
implemented a two-stage study to evaluate the role of
UNC5C in the predisposition to CRC. More specifically, we focused on exon 11 of the UNC5C gene, which
codes for the ZU-5 domain and contains A628K, the
only variant found to significantly increase CRC risk in
the French population studied by Coissieux et al[5]. We
started by examining familial forms of cancer; we sought
to find UNC5C variants in patients who had undergone

cancer (CRC). In order to evaluate the risk of CRC associated with the variants of UNC5C exon 11 suggested
to underlie this predisposition, we screened both patients with familial CRC forms of hitherto unknown
etiology, and patients with sporadic CRCs. Overall, we
confirm that UNC5C mutations are very rare in familial
and sporadic forms of CRC. Further identifications of
families with UNC5C mutations are needed to justify
routine UNC5C testing in patients with CRC or gastric
cancer for potential genetic counseling purposes.
Küry S, Garrec C, Airaud F, Breheret F, Guibert V, Frenard C,
Jiao S, Bonneau D, Berthet P, Bossard C, Ingster O, Cauchin E,
Bezieau S. Evaluation of the colorectal cancer risk conferred by
rare UNC5C alleles. World J Gastroenterol 2014; 20(1): 204-213
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i1/204.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i1.204

INTRODUCTION
Among the common cancerous diseases, colorectal cancer (CRC) is the second most frequently diagnosed and
the second leading cause of death in developed countries,
after breast cancer[1]. Approximately 70% of colorectal
cancers are sporadic cases caused by additive/multiplicative effects of numerous genetic and environmental lowrisk factors. The remaining 30% of cases are inherited
forms of the disease caused by highly penetrant germline
mutations in single genes[2]. So far, very few clinically
well-characterized familial forms of CRC have been associated with highly penetrant germline mutations, accounting for less than 6% of overall CRC cases such as Lynch
syndrome with mutations in MMR genes (MLH1, MSH2,
MSH6 and PMS2), Familial adenomatous polyposis (FAP)
and attenuated FAP associated with mutations in APC,
the MUTYH-associated polyposis with biallelic mutations
in MUTYH, Peutz-Jegher syndrome with mutations in
STK11, and juvenile polyposis syndrome with mutations
in SMAD4 or BMPR1A[3,4]. Thus, most inherited CRCs,
i.e., about 20%-30% of overall CRCs, are of unknown
etiology, suggesting that multiple cancer loci with high
penetrance variants may not yet have been discovered.
The finding reported recently by Coissieux et al[5] fits
well with this scheme of missing heritability[6]. In their
article, the authors highlighted UNC5C as a new gene
potentially predisposing to familial forms of CRC [5].
UNC5C is a member of the UNC5H family of transmembrane receptors and functions as a dependence
receptor. UNC5C induces apoptosis when unbound to
its specific ligand, the laminin-related secreted protein
netrin-1, whereas its pro-apoptotic properties are conversely inhibited when it is bound to netrin-1, in which
case UNC5C transmits positive signals of proliferation and migration[7]. This activity is the hallmark of all
known netrin-1 receptors (UNC5A, UNC5B, UNC5C,
UNC5D and DCC) and is thought to be a safeguard
mechanism against tumor development[8]. Like the pro-
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Table 1 Patients with familial colorectal or Lynch-associated cancers included in the study

Total number of patients
MSI
MSS
Unknown
Revised Bethesda criteria
MSI
MSS
Unknown
Amsterdam Ⅱ criteria
MSI
MSS
Unknown
First-degree relatives with CRC
MSI
MSS
Unknown
Polyps (> 10 polyps)
Polyps (≤ 10 polyps) at age < 50 +/- firstdegree relatives with polyps, MUTYH-negative
MSI
MSS
Unknown

Patients with CRC
(fulfilling Amsterdam
Ⅱ and/or Bethesda
criteria)

Patients with family history of CRC and
personal history of colorectal polyposis
or of cancer in the Lynch syndrome
tumor spectrum

Patients with Lynch syndrome (with
identified MMR mutation or variant
of unknown significance)

120
50
37
33
97
38
31
28
41
14
14
13
23
12
6
5
0
0

581
13
16
29
17
4
3
10
15
4
3
8
13
3
3
7
0
41

132
132
0
0
132
132
0
0
ND

ND

0
ND

9
13
19

1

Including 35 patients with personal history of colorectal polyposis and 23 patients with personal history of cancers included in the Lynch syndrome tumor
spectrum (peritoneal carcinomatosis, oligoastrocytoma, endometrial carcinoma, gastric adenocarcinoma, or duodenal adenocarcinoma). CRC: Colorectal
cancer; MSI: Microsatellite instability; MSS: Microsatellite stable; ND: Not data; MMR: Mismatch repair.

prior routine screening for Lynch syndrome predisposition. One third of the patients exclusively presented a
familial CRC of unknown etiology, thereby meeting the
clinical criteria used by Coissieux et al[5]. The remaining
two thirds consisted of two subgroups of patients; one
that presented with cancer that fell within the spectrum
of Lynch syndrome, albeit with no mutation in MMR
genes, and the other that presented with Lynch syndrome
with a known germline mutation in an MMR gene. We
decided to extend our investigation to these two subgroups because we were intrigued by the number of different cases of cancer other than CRC displayed by the
families reported by Coissieux et al[5], with several patients
affected by at least two types of cancer. In the second
stage of our study, we tested patients and healthy controls from the ASTERISK population[19,20] to evaluate the
possible role of UNC5C in the susceptibility to sporadic
CRC. Taken together, the results we report here tend to
challenge the hypothesis put forward by Mehlen’s team
concerning the pivotal role of UNC5C in the predisposition to familial forms of CRC.

the Nantes University Hospital (CHU de Nantes). They
had all been recruited upon suspicion of a familial form
of cancer, as they belong to families that meet either the
criteria of the revised Bethesda guidelines (for patients
included after 2007) or the criteria of Amsterdam Ⅰ or Ⅱ
(for a few families of patients included before 2007)[21-23].
All probands were of Caucasian origin and had given
informed consent for the genetic investigation of their
predisposition to cancer. They provided a peripheral
blood sample that was used for genomic DNA extraction with either the Nucleon BACC2 GE Healthcare® kit
(GE Healthcare Bio-Sciences AB, Uppsala, Sweden), or
the QuickGene DNA Whole Blood kit L (FujiFilm Life
Sciences®, Tokyo, Japan). Whenever the patient’s tumor
was available, MMR deficiency was screened by immunohistochemistry (IHC) and replication error (RER) phenotype analyses of MLH1, MSH2 and MSH6. Every time
an MMR deficiency was suspected, the exons and intron/
exon boundaries of the MLH1, MSH2, MSH6 and/or
PMS2 genes were sequenced by Sanger technology and
checked for large rearrangements by Multiplex ligationdependent probe amplification.
According to clinical features, IHC, RER and sequencing results, patients were classified into three subgroups detailed in Table 1, from which familial polyposis
and hamartomatous polyposis syndromes were excluded.

MATERIALS AND METHODS
Patients with familial colorectal or Lynch-associated
cancers
The 310 unrelated patients included in the first stage of
our study had all been previously screened and/or tested
for Lynch syndrome predisposition by the Oncogenetic
Laboratory within the Medical Genetics Department of
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Patients with sporadic CRC and controls
A total of 1023 patients and 1121 healthy controls were
tested. All patients had originally been recruited from
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Coissieux et al[5]. Each DNA with a variant HRM profile
was sequenced for confirmation following the above protocol. Detailed PCR conditions are available upon request.

the Pays de la Loire region in France between December
2002 and March 2006 as part of the French Association
Study Evaluating RISK for sporadic colorectal cancer
(ASTERISK)[19,20]. Ethics approval was granted for this
study by the local (Comité Consultatif de Protection
des Personnes dans la Recherche Biomédicale) and national (Commission Nationale de l’Informatique et des
Libertés) ethics committees. After a clear explanation of
the research protocol by a physician, a written informed
consent was obtained from each participant, who thereafter provided a blood sample that was used for genomic
DNA extraction with the Nucleon BACC2 GE Healthcare® kit (GE Healthcare Bio-Sciences AB, Uppsala,
Sweden). Eligibility criteria were: Caucasian origin, age at
diagnosis ≥ 40 years and absence of family history of
colorectal cancer or polyps. Cases were patients who had
their first primary colorectal cancer diagnosed in one of
the six public hospitals and five clinics located in the Pays
de la Loire region that participated in the study. Cases
were confirmed based on medical and pathology reports.
Age- and sex-matched controls were recruited at two
Health Examination Centers within the Pays de la Loire
region, and the recruitment of controls ≥ 70 years of
age was completed in the Departments of Internal Medicine and Hepatogastroenterology of the Nantes University Hospital, located in the same region. Controls were
eligible to participate if they were Caucasian, ≥ 40 years
of age, and had no family history of colorectal cancer or
polyps. Each participant filled out a standardized questionnaire on family information, medical history, lifestyle
and dietary intake.

Statistical analysis
The associations between UNC5C variants and risk for
colorectal cancer were determined by calculating OR,
95%CI, and P values using the conditional maximum
likelihood estimation (Fisher).

RESULTS
None of the 120 familial CRC patients included in our
study who strictly matched Coissieux et al[5]’s clinical criteria were found to carry the main variant A628K, i.e.,
the variant with the most conclusive anti-apoptotic effect
described by the authors (Figure 1). On the other hand,
A628K was encountered in one of our patients who presented a gastric adenocarcinoma (Figure 1 and Family 1
in Figure 2). Oddly enough, this patient had three firstdegree relatives with a gastric cancer, but no reported
family member with colorectal polyps or adenocarcinoma. The only relative who could be tested here was the
propositus’s sister, who was also found to be heterozygous for the variant. However, the gastric linitis plastica
she had developed was a histologically different type of
cancer compared to that of her brother, in whom CDH1
had been ruled out by molecular analysis.
The two cases of familial CRC from our study that
presented the A628K variant were Lynch syndrome with
characterized variants in MMR genes (Figure 1; Families 2
and 3 in Figure 2). In patient Ⅱ.3 from family 2, UNC5C
A628K co-occurred with a deleterious non-sense mutation of MSH2 c.1861C>T (p.Arg621*), which has been
reported several times in the national UMD-MSH2 mutations database (http://www.umd.be/MSH2/) and in
the International Society for Gastrointestinal Hereditary
Tumours database (http://www.insight-group.org/mutations/). In patient Ⅱ.2 from family 3, UNC5C A628K
was found in co-occurrence with the variant of unknown
significance (VUS) MLH1 c.1754T>G (p.Leu585Arg)
that has also been reported in specific MMR databases.
Despite its almost perfect co-segregation with the cancer phenotype in this particular family, this MLH1 variant could not be classified as likely pathogenic or even
definitely pathogenic because the endometrial tumor in
patient Ⅱ.2’s sister was found to be microsatellite stable
(MSS).
While the segregation study was not very informative in family 2, an absence of a co-segregation of the
UNC5C A628K variant with cancer phenotype was
observed in family 3 (Figure 2). On one hand, the propositus’s three siblings Ⅱ.12, Ⅱ.11 and Ⅱ.6, who were
57, 59 and 68 years of age, were heterozygous for variant
A628K and were all asymptomatic. On the other hand,
the two siblings who were non-carriers of the UNC5C
variant, Ⅱ .13 and Ⅱ .3, developed respectively two
colorectal cancers at 41 and 55 years of age, and an en-

UNC5C exon 11 genotyping
Genotyping was performed by automated Sanger sequencing in the 310 familial cases of cancer. The same
strategy was also used in 300 healthy controls randomly
chosen from the ASTERISK population. Genomic
DNAs were amplified by Polymerase Chain Reaction
(PCR with Platinum® Taq DNA Polymerase (Life Technologies, Saint Aubin, France), using forward primer
5’-GAAGCCATTCTCTGCTCTCC-3’ and reverse
primer 5’-CATGGATTATTCTTGCATAGC-3’. PCR
products were sequenced using ABIPRISM BigDye Terminator 1.1 Cycle Sequencing Ready Reaction (Applied
Biosystems®, Courtaboeuf, France), and data were analyzed with the ABI PRISM 3130XL Genetic Analyzer and
SeqScape® Software v2.5 (PE Applied Biosystems®, Foster City, CA). In the remaining individuals from the ASTERISK population, i.e., 1,023 patients and 821 healthy
controls, genotyping of exon 11 was performed by High
Resolution Melting (HRM), using the LightCycler® 480
High Resolution Melting Master (Roche Diagnostics,
Meylan, France). The primers utilized (5’-GTCGTCCTCACTATGCATCAC-3’ and 5’-CTTTATCCCGACAGCAGCTC-3’) detected only the two variants of exon 11
found by sequencing (A628K and Q630E). In order to
enable optimum variant detection, variant R603C was not
tested, given its absence in the French patients studied by
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Sub-group 1
120 patients with familial
CRC of unknown etiology

Sub-group 2

Sub-group 3

58 patients with Lynch
syndrome-associated
cancers (35) or polyposis
(23) of unknown etiology

132 patients with Lynch
syndrome with mutation
or VUS in a MMR gene

Stage 1
(familial cancers - 310 patients)

0/120 A628K
1/120 R603C
1/120 T617I

1/58 A628K
(stomach cancer)

2/132 A628K

1023 patients with sporadic CRC

1121 healthy controls

4/1023 A628K

2/1121 A628K

Stage 2
(sporadic cancers)

Figure 1 Flowchart of search strategy and results. The numbers of exon 11 UNC5C variants found are reported for each sub-group of individuals included in the
study. CRC: Colorectal cancer; MMR: Mismatch repair; VUS: Variant of unknown significance.

dometrial cancer at 41 years of age.
Since no patients with a hitherto molecularly unexplained CRC were found to carry the A628K variant
alone, risk calculation for CRC only was not possible.
Nonetheless, by comparing A628K distribution between
ASTERISK healthy controls and patients with familial
colorectal or other Lynch-associated forms of cancer,
we observed a non-significant increase in risk for cancer
of the Lynch syndrome spectrum (OR = 3.2, 95%CI:
0.29-35.05, P = 0.348; Table 2). Even when considering
molecularly unexplained cancer cases in combination with
familial CRC cases with a known MMR mutation, the
association of A628K with cancer risk did not achieve
statistical significance (OR = 5.5, 95%CI: 0.91-32.87, P
= 0.063). Further investigations in sporadic CRC cases
from ASTERISK indicated a non-significant increase in
risk of A628K for CRC (OR = 2.2, 95%CI: 0.40-12.02, P
= 0.364; Table 2), which is very similar to the risk calculated in the US cohort included in Coissieux et al[5]’s study,
with the difference that patients from this cohort had a
familial form of CRC.
Two UNC5C variants were found in patients with
CRC of hitherto unknown etiology: D353N in patient
Ⅲ.3 of family 4 and c.1850C>T/p.Thr617Ile (T617I) in
patient Ⅱ.1 of family 5 (Figure 2). No segregation study
could be done in their respective families, in the absence
of available samples and/or compliant relatives. To date,
variant T617I has never be reported in any of the known
mutations, neither in the dbSNP (http://www.ncbi.nlm.
nih.gov/projects/SNP/) nor in the Exome Variant Server (http://evs.gs.washington.edu/EVS/). According to
the bioinformatic programs embedded in Alamut® software (Interactive Biosoftware, Rouen, France), including
Align GVGD, Polyphen-2, SIFT and MutationTaster,
amino acid 617 of UNC5C is conserved across mammalian species and a change in the protein would be benign.
Because a study limited to the A628K variant might
be too restrictive, we estimated the risk for cancer as-
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sociated with heterozygosity for any of the four variants
R603C, T617I, A628K, and Q630E, i.e., the UNC5C
exon 11 variants described by Coissieux et al[5] plus the
novel T617I variant identified in our study. Specifically,
we compared distribution of these variants in the familial
cases of our study with that of the individuals from the
NHLBI Exome Sequencing Project (ESP), assuming that
Caucasian ESP individuals are genetically similar to our
ASTERISK healthy control individuals. Even though we
observed an increase in the risk of familial CRC without
MMR mutations for subjects with any of the four variants (OR = 2.0, 95%CI: 0.47-8.20, P = 0.361; Table 2),
the association was not statistically significant.

DISCUSSION
The present study was conducted to replicate recent publication findings of a major role for the UNC5C gene in
the predisposition to familial forms of colorectal cancer
of hitherto unknown etiology[5]. In the first stage of our
study, we attempted to determine if the high CRC risk
conferred by UNC5C variants could be confirmed in
familial forms of CRC in our study. We focused on exon
11 of the gene, which codes for the intracellular ZU-5
domain, because this exon contains three of the four
variants shown by Coissieux et al[5] to significantly alter
the pro-apoptotic activity of UNC5C.
At least four of our observations diverge from those
made by Coissieux et al[5], which weakens the hypothesis
of a familial CRC predisposition due to UNC5C: (1)
A628K was found in a family with gastric cancer (family
1); (2) A628K co-occurred with mutations in MMR genes
(families 2 and 3); (3) A628K did not co-segregate with
cancer phenotypes (family 3); and (4) no exon 11 variant
was significantly associated with CRC risk.
Of interest, we found A628K mutation in a family
with history of gastric carcinoma. This possible association between the new tissue location and A628K concurs
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Family 1
Ⅰ

Family 2
1
Stomach 48

1

2

3

4

5

2

6

7

76

8
1

Ⅱ
Stomach Stomach 64
39 UNC5C A628K

Stomach 63
UNC5C A628K

1

3

4

5

6

Ⅰ
89

51

2

3

55
4

Endometrial
50

Ⅱ

Breast 52

CRC 72

2

Ⅲ

1

2

72
CRC 70
Polyps 60
MSH2 R621X
UNC5C A628K

3

56
MSH2 WT
UNC5C WT

4

Ⅲ
CRC 36

CRC 27

32 MSH2 WT
UNC5C A628K

Family 3
1

2

3

4

5

Prostate

Stomach

6,7

Ⅰ

x2
98
1

2

3

Stomach
4

5

6

7

8

9

10

11

12

13

14

15

Ⅱ
76
74
CRC 32 Endometrial
MLH1 L585A
41
UNC5C MLH1 L585A
A628K UNC5C WT

68
MLH1 WT
UNC5C
A628K

CRC 36

1

63
CRC 44
MLH1 WT
UNC5C WT

2

Breast

59
57 CRC 41, 55
MLH1 WT MLH1 WT MLH1
UNC5C
UNC5C L585A
A628K
A628K UNC5C WT

3

Ⅲ
Thyroid
Family 4

Family 5
1

2

3

4

Ⅰ
Ear, nose,
throat
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Figure 2 Pedigrees of the French families the proband of which was found to carry exon 11 UNC5C variant A628K (families 1-3), R603C (family 4) or T617I
(family 5). A black filled-in circle or square shows that the individual developed a colorectal cancer, whereas a grey filled-in symbol indicates that the individual presented a cancer encompassed by the Lynch syndrome tumor spectrum. The type of cancer is precised below the affected individuals; the age at diagnosis is noted by
figures next to the cancer type. Other figures below symbols indicate either the current age or the age of death of the individual. The variants carried by the individuals
are noted below their respective symbols. The absence of any genotype means that no DNA sample was available for testing. CRC: Colorectal cancer; WT: Wild-type
genotype.

with Coissieux et al[5]’s observation of several forms of
cancer in the index cases or their relatives in their study,
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which can be explained by the extended inclusion criteria
used in our study. We indeed followed the Amsterdam Ⅰ,

209

January 7, 2014|Volume 20|Issue 1|

Küry S et al . UNC5C and colorectal cancer risk
Table 2 Conditional maximum likelihood estimation of the associations between UNC5C variants and risk for colorectal cancer n (%)
Type of cancer
Variant A628K1
Familial CRCs without MMR mutations
Familial CRCs or Lynch-associated cancers without MMR mutations
Familial CRCs or Lynch-associated cancers with or without MMR mutations
Sporadic CRCs (ASTERISK)
Familial and sporadic CRCs
Variants R603C, T617I, A628K, or Q630E2
Familial CRCs without MMR mutations
Familial CRCs or Lynch-associated cancers without MMR mutations
Familial CRCs or Lynch-associated cancers with or without MMR mutations

Patients mut/total

Controls mut/total

OR (95%CI)

P value

0/120 (0.00)
1/178 (0.56)
3/310 (0.97)
4/1023 (0.39)
7/1333 (0.53)

2/1121 (0.18)
2/1121 (0.18)
2/1121 (0.18)
2/1121 (0.18)
2/1121 (0.18)

NA
3.2 (0.29-35.05)
5.5 (0.91-32.87)
2.2 (0.40-12.02)
3.0 (0.61-14.25)

NA
0.348
0.063
0.364
0.177

2/120 (1.67)
3/178 (1.69)
5/310 (1.61)

37/4300 (0.86)
37/4300 (0.86)
37/4300 (0.86)

2.0 (0.47-8.20)
2.0 (0.60-6.47)
1.9 (0.74-4.84)

0.3613
0.2613
0.1853

1

Estimates of the risk associated with variant A628K inferred from genotyping data obtained in patients with familial colorectal or Lynch-associated forms
of cancer and in patients with sporadic colorectal cancers (CRCs) and healthy controls from the ASTERISK population; 2Estimates of the risk associated
with heterozygosity for variants R603C, T617I, A628K, or Q630E by comparison of the present study familial cancer cases with Caucasian individuals
from the NHLBI GO Exome Sequencing Project used as controls Exome Variant Server, NHLBI Exome Sequencing Project (ESP), Seattle, WA [http://evs.
gs.washington.edu/EVS/(date 08/2013 accessed)]; 3Applying Bonferroni correction, significance threshold was lowered to 0.05/4 = 0.0125. NA: Not available; MMR: Mismatch repair.

Ⅱ or Bethesda guidelines

[21-23]

for Lynch syndrome
screening, which include tumor sites encompassed by the
clinical spectrum of Lynch syndrome (stomach, endometrium, etc.). Moreover, a down-regulation of UNC5C
expression has already been reported in multiple forms
of cancer, e.g., breast, ovary, uterus, stomach, lung and
kidney cancers[12] and UNC5C methylation has been reported in gastric carcinomas[24].
Surprisingly, A628K was identified only in two Lynch
syndrome cases with mutations previously identified
in MMR genes. This fortuitous finding in two different families further complicates the interpretation of a
possible association between UNC5C variants and risk
of CRC, i.e., the co-segregation study is informative in
only one family and no genotype-phenotype correlation
was observed. Of course, the lack of co-segregation between A628K and cancer phenotype is not sufficient to
definitively invalidate the hypothesis of a genetic predisposition according to a dominant mode of inheritance,
considering likely phenocopies and low penetrance. It is
also possible that carriers of the variant may have not yet
developed any cancer. In fact, a heterozygous mutation in
a predisposition gene greatly increases the probability of
developing a cancer at an early age, but it does not mean
that carriers of this mutation will necessarily develop
a malignancy before 50-60 years of age. In contrast, as
regard to the already known high-penetrance CRC predisposition genes, the likelihood of finding three asymptomatic carriers as well as two non-carriers affected with
early onset cancer in the same family is relatively small.
For instance, in Lynch syndrome, the cumulative risk of
developing a CRC is 30%-80% in MMR mutations carriers and the mean age at CRC onset is 45 years[25]. It is
also worth noting that co-segregation between A628K
and CRC was not perfect in the families studied by Coissieux et al[5]. For example, at least one non-carrier, albeit
with CRC, was found in each family, whereas a 64-year
old carrier was reported as asymptomatic, underlining the
aforementioned problem of phenocopies and suggesting
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that the penetrance of the variant may not be as high as
originally thought.
In our study, we were not able to replicate the marginally significant association for an increase in CRC risk
with UNC5C exon 11 variants reported by Coissieux
et al[5] (OR = 8.8, 95%CI: 1.47-52.93, P = 0.0315). The
divergence in the results observed between the two studies is in fact slighter than it may appear, as the groups of
A628K carriers are very small in both cases. The power
of association studies is indeed relatively limited for
investigating rare variants, and achieving strong statistical significance would either require a very large sample
size or necessitate more powerful methodologies such as
burden tests. Thus, Genome-Wide Associations studies
(GWAS) have failed to highlight loci already known in
familial forms of cancer and other complex traits, due to
their inability to detect highly-penetrant, rare variants[4,6].
On the contrary, by adopting a candidate gene strategy,
Coissieux et al[5] were able to detect associations for some
of these rare variants. However, the associations between
the identified variants with CRC risk are somewhat fragile. This illustrates the difficulties to identify new high
penetrance genetic variants involved in predisposition
to CRC because of the high locus heterogeneity. The
estimated 20%-30% of missing heritability for CRC can
therefore be explained by a possible mosaic of rare familial variants, with an accumulation of private mutations.
UNC5C could be one of the genes involved, but the
identification of additional families is needed to confirm
this. This could be facilitated by a more precise clinical
definition of UNC5C-associated CRC cases.
It is quite tempting to draw parallels between UNC5C
and DCC. In fact, a possible tumor suppressor role
was postulated for both netrin receptors for several
years[7,13,18,26]. However, no conclusive proof was produced until recently. With the development of murine
models, it has been shown that, beside their role in tumor
progression, UNC5C and DCC could also participate in
the early events of colorectal carcinogenesis[1,2,13,27]. The
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simple presence of UNC5C variants in the families included in our study does not seem sufficient to confer
a high risk for CRC. One may hypothesize that, in the
families included in Coissieux et al[5]’s study, either A628K
is in complete linkage disequilibrium with a causative mutation located outside UNC5C, or UNC5C participates in
an oligogenic mechanism of carcinogenesis. In any case,
it is probably too preliminary to apply Coissieux et al[5]’
s finding to genetic counseling and routine genetic CRCpredisposition testing. The presence of variant UNC5C
A628K in patients with gastric cancer in family 2 (Figure
2) also suggests that further investigations should be performed to address the impact of UNC5C on digestive
cancers.

hypothesis of tumor suppressor gene function is also
supported by the fact that the UNC5C and DCC genes
are located in frequently rearranged chromosomal regions
and also the frequent hypermethylation of their promoters in colorectal tumors[15]. Nevertheless, for DCC, this
putative role is considered as very controversial, notably
because of its much rarer somatic mutations in colorectal
cancers reported in literature or in specific databases (e.g.,
COSMIC), as compared to the nearby SMAD4 gene for
example[28-34]. In addition, DCC has never been related
to a familial form of colorectal malignancy, in contrast
to SMAD4 - the mutations of which can cause Juvenile Polyposis Syndrome[28-34]. A query in the COSMIC
database[28] showed that somatic UNC5C mutations are
as infrequent in colorectal adenocarcinomas as DCC.
Moreover, no clearly deleterious germline mutations,
such as nonsense or frameshift mutations, were reported
in UNC5C in patients with CRC, whereas these types of
mutations are quite frequent in familial forms of cancers
caused by tumor suppressor genes.
This raises the issue of whether UNC5C is the right
candidate gene to explain colorectal cancer in the five
families described by Coissieux et al[5]. In fact, the good
co-segregation of the A628K variant with cancer phenotype is puzzling. In Coissieux’s study, all carriers of
this variant shared a 108 kilo-base-pair minimum critical
region within 4q22.3 determined by 34 SNPs. Genotyping a subset of these SNPs (rs65322545, rs6846193,
rs17023311, rs1434534, rs3775048, rs11737434 and
rs2289043) in our study patients was sufficient to discriminate carriers of variant A628K from carriers of
other UNC5C exon 11 variants (data not shown). However, the power displayed in linkage analysis by 34 SNPs
is quite low, because of a limited heterozygosity. Consequently, the minimum critical region defined by Coissieux
et al[5] could not be as specific and significant as expected,
leading us to postulate that UNC5C may not be the right
susceptibility gene. The rare variants identified by Mehlen’s team may instead be markers that are in linkage
disequilibrium with a real deleterious variant located, for
example, within any other gene in the neighborhood of
UNC5C. When considering the DCC/SMAD4 example,
that other gene could be the nearby BMPR1B gene, which
is centromeric to UNC5C. The risk for CRC conferred
by variants of BMP genes has already been highlighted
by GWAS[32,33], and a recent study pointed to a significant
increase in CRC risk associated with genetic variation in
BMPR1A, BMPR1B, BMPR2, BMP2 and BMP4[34].
In conclusion, our study shows that UNC5C is not a
major CRC-predisposing gene that could compare for instance with MMR genes or APC. UNC5C exon 11 allelic
variants were rare, with an incomplete penetrance in the
families of our study. However, we were able to confirm
a tendency towards an increase in cancer risk, not only
for familial but also for sporadic CRC, which means that
UNC5C alleles can be classified at least as low-moderate
penetrance alleles. Previous studies have highlighted
UNC5C as a potential tumor suppressor gene, but the
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Background

Colorectal cancer (CRC) is the second leading cause of cancer death in developed countries. Approximately 30% of CRCs are inherited forms of the disease
caused by highly penetrant germline mutations in single genes. Yet, so far, very
few CRC-predisposing genes have been identified which explain only a small
proportion of the familial CRC cases.

Research frontiers

In the area of cancer genetics, the finding of new CRC-predisposing genes
represents a research hotspot, as it offers perspective on genetic testing and
counseling for 20%-30% of overall CRC cases. In this context, variants of the
UNC5C gene were recently reported to increase risk of familial CRC. If verified,
this finding would have a significant impact for gastroenterologists, patients,
genetic counselors, and for molecular diagnostic laboratories involved in the
genetics of colorectal cancer. It would indeed make UNC5C a new gene to be
tested in familial forms of cancer different from the ones routinely tested in diagnostic laboratories. In this study, the authors attempted to evaluate and clarify
the risk of CRC associated with UNC5C candidate variants.

Innovations and breakthroughs

The possible role of UNC5C variants in the predisposition to CRC was assessed by a single study. Replication was therefore mandatory. Although they
did not confirm the strong effect of UNC5C exon 11 variants on CRC risk, the
authors showed however that UNC5C rare alleles could be considered at least
as low-moderate penetrance alleles increasing overall CRC risk, regarding both
familial and sporadic forms of CRC. Besides, the authors suggest a possible
additional involvement of UNC5C in the predisposition to other digestive cancers, more especially gastric cancer.

Applications

The authors stressed that there is currently insufficient evidence to reliably propose routine UNC5C testing in patients with CRC of hitherto unknown etiology.

Terminology

The penetrance of a gene allele corresponds to the proportion of symptomatic
individuals carrying the allele. A genetic predisposition to a cancer is the influence of a genetic factor on the occurrence of this cancer in an individual. In the
study, the odds ratio is a statistical measure of the odds that a cancer will occur
in presence of a genetic variant, compared to the odds of the cancer occurring
in the absence of that variant. A genetic variant can be either a mutation or a
polymorphism, according to its pathogenicity.

Peer review

The study presented interesting and seemingly controversial results, concern-
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ing role of A628K substitution in UNC5C receptor gene that has been studied
before from Coissieux et al, 2012. These results imply medical and technical
implication. The work is good and I recommend its publication.
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Time of infliximab therapy initiation and dose escalation in
Crohn’s disease
Mindy CW Lam, Terry Lee, Kenneth Atkinson, Brian Bressler
34.8 ± 14.8 years. Of the 68 patients, 19% initiated
inflixiamb within 2 years of diagnosis, and 51% had
concurrent immunosuppressant therapy at the time
of therapy initiation. Fifty percent of patients required
dose escalation and the median time from therapy
initiation to dose escalation was 10 mo (interquartile
range: 5.3-14.8). There was a statistically significant
higher probability of requiring dose esclataion in patients who initiated biologic therapy within 2 years of
diagnosis, without concurrent immunosuppressant
therapy (P < 0.01).
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CONCLUSION: Those who receive infliximab within 2
years of CD diagnosis require more intense immunosuppressant therapy than those who received infliximab
later.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Abstract

Key words: Crohn’s disease; Infliximab; Dose escalation

AIM: To determine if early initiation of anti-tumor necrosis factor therapy affects the need for dose escalation.

Core tip: Crohn’s disease patients who required infliximab therapy earlier (< 2 years) probably have a
higher inflammatory burden of disease than those who
require infliximab therapy later. Our results show that
those who receive infliximab within 2 years of diagnosis
require more intense immunosuppressant therapy to
avoid dose escalation. This finding supports the importance of concurrent immunosuppressant therapy while
on infliximab, as previously described by the SONIC
trial.

METHODS: This was a retrospective review of patients
receiving infliximab therapy for Crohn’s disease (CD)
at two outpatient gastroenterology clinics during July
2009 to October 2010. All patients included in the study
were biologic agent naïve and had moderate to severe
CD (Harvey Bradshaw index > 8). Patients were divided
into groups based on length of time between diagnosis
to therapy initiation and concurrent immunosuppressant therapy. Kaplan-Meier survival analysis was used
to compare the time to dose escalation for the four
groups.

Lam MCW, Lee T, Atkinson K, Bressler B. Time of infliximab
therapy initiation and dose escalation in Crohn’s disease. World J
Gastroenterol 2014; 20(1): 214-218 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v20/i1/214.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i1.214

RESULTS: There were 68 patients, 51% female and
49% male, with an average age at diagnosis of 24.7 ±
11.9 years. The average age at infliximab initiation was
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between diagnosis and infliximab initiation (< or ≥ 2
years), behavior of disease, and concurrent immunosuppressant therapy (azathioprine, 6-mercaptopurine or
methotrexate). Disease behavior was described using the
Montreal classification[19]. Fisher’s exact test and logistic
regression were used to examine the impact of these
variables on the proportion of patients requiring dose escalation within 12 mo. Patients who discontinued therapy
before 12 mo or who were followed for < 12 mo without dose escalation were treated as unknown in terms
of dose escalation for this analysis. The impact of these
variables on the timing of dose escalation was further
examined through Kaplan-Meier survival curve and Cox
proportional hazards model. Patients who discontinued
therapy before dose escalation were censored in the survival analysis.

INTRODUCTION
Tumor necrosis factor (TNF)-α is a proinflammatory
cytokine that has an important role in the pathogenesis
of Crohn’s disease (CD)[1-4]. Serum and intestinal mucosa
TNF-α levels are increased in CD, and disease activity
is reduced by TNF-α-blocking agents[5,6]. Several metaanalyses have shown that anti-TNF-α agents are effective
in induction and maintainence therapy, as well as in the
treatment of fistulizing CD[7-13]. Moreover, the SONIC
trial demonstrated that combination of azathioprine and
infliximab is the most potent therapy to achieve steroidfree remission in CD patients[14].
Unfortunately, about 50% of patients receiving antiTNF agents lose some or all of their initial therapeutic
response, requiring dose escalation by increasing dosage
or by shortening interval between infusions. Factors that
influence dose escalation for anti-TNF therapy in CD
are largely unknown. Gisbert et al[15] showed in a systematic review that CD treated with infliximab results in a
37% loss of response rate, requiring dose intensification, equivalent to an annual risk for loss of infliximab
response at 13% per patient-year. The etiology for this
loss of response is unclear because immunogenicity data
do not suggest a correlation with clinical response[16,17].
Several studies have demonstrated that dose escalation by
increasing dosage of infliximab (from 5 to 10 mg/kg), or
shortening the interval between infusions from 8 to 6 wk
is effective in reacquiring disease remission[16].
The factors that influence infliximab response duration are largely unknown. Our hypothesis is that early
initiation of infliximab when disease is more likely to be
inflammatory in its phenotype incurs a longer duration
of response and requires less need for dose escalation.
The aim of the present study was to determine the
relationship between time of infliximab initiation from
disease diagnosis to the time of infliximab initiation to
dose escalation.

RESULTS
Ninety patients were receiving infliximab during July
2009 to July 2010. Sixty-eight patients met the inclusion
criteria. The following were excluded: seven patients with
prior exposure to biologics; 13 with ulcerative colitis; and
two with missing essential historical data. Forty-nine percent of patients were male, with an average age at diagnosis of 24.7 ± 11.9 years, and average age at infliximab
initiation of 34.8 ± 14.8 years. Of the 68 patients, 19%
initiated infliximab within 2 years of diagnosis, and 51%
had concurrent immunosuppressant therapy at the time
of therapy initiation. Fifty percent of patients required
dose escalation and the median time from therapy initiation to dose escalation was 10 mo (interquartile range:
5.3-14.8) (Table 1). Four patients discontinued therapy
before 12 mo without dose escalation (2 were due to poor
response, 1 was concerned with side-effect profile, and
1 had emergency colectomy), and 10 patients were followed up for < 12 mo; these patients were excluded from
analysis. Seven patients discontinued therapy between 12
and 24 mo after therapy initiation: four were due to poor
or loss of response to therapy (as defined by persistent
symptoms based on assessment by a gastroenterologist);
one had emergency colectomy secondary to obstruction;
one had elective colectomy; and one discontinued due to
concerns regarding side effects.
In the multivariate analysis (Table 2), only the variables “years between diagnosis and infliximab initiation”
and “concurrent immunosuppressant therapy” were suggestive of possible impact on the probability of dose escalation within 12 mo or on the timing of dose escalation
(P = 0.11 and P = 0.09, respectively). The four groups
being compared were: “< 2 years between diagnosis and
infliximab initiation with concurrent immunosuppressant
therapy”; “< 2 years between diagnosis and infliximab
initiation without concurrent immunosuppressant therapy”; “≥ 2 years between diagnosis and infliximab initiation with concurrent immunosuppressant therapy”; and
“≥ 2 years between diagnosis and infliximab initiation
without concurrent immunosuppressant therapy”.

MATERIALS AND METHODS
This was a retrospective review of patients treated with
infliximab for CD at two outpatient tertiary inflammatory
bowel disease gastroenterology clinics from July 2009 to
July 2010. Inclusion criteria were anti-TNF-naïve patients
with moderate to severe CD as determined by Harvey
Bradshaw Index (HBI) > 8 at the time of infliximab initiation, as assessed by individual gastroenterologists[18].
Patients receiving infliximab for treatment of fistulizing
disease were excluded. Infliximab induction protocol was
5 mg/kg at 0, 2 and 6 wk, and every 8 wk thereafter. The
decision for dose escalation was based on persistent HBI
> 8 at three infusions or later in therapy to treat disease
exacerbation.
Univariate and multivariate analyses were performed
on five predetermined variables that were thought to
have the most impact on infliximab response. These were
sex, age at diagnosis (< 17, 17-40 and > 40 years), years
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Table 2 Univariate and multivariate analysis of clinical variables on infliximab

Table 1 Baseline clinical characteristics of cohort n (%)
All patients (n = 68)

Variable
Male
Age at diagnosis1 (yr)
< 17
17-40
> 40
Age at diagnosisa (yr)
Past and current smoking2
Age at first infliximab infusion (yr)
Disease behavior3
Non-stricturing, non-penetrating
Stricturing
Penetrating
Penetrating (perianal)
Years between diagnosis and therapy initiation1
Years between diagnosis and therapy initiation1
< 2 yr
≥ 2 yr
Concurrent immunosuppressant therapy1
Concurrent prednisone therapy3
< 20 mg/d
≥ 20 mg/d
Dose escalation
Mean time to dose escalation (mo)

Variable

33 (49)
18 (27)
43 (64)
6 (9)

escalation
within 12 mo

Sex
Male
24
41.7%
Female
30
33.3%
Age at diagnosis
< 17 yr
11
36.4%
17-40 yr
36
36.1%
> 40 yr
6
33.3%
Disease behavior
Non-stricturing,
24
37.5%
non-penetrating
Stricturing
9
44.4%
Penetrating
9
33.3%
Penetrating (perianal)
11
27.3%
Years between diagnosis and therapy initiation
< 2 yr
12
50.0%
≥ 2 yr
41
31.7%
Concurrent immunosuppressant therapy
No
27
48.1%
Yes
26
26.9%

24.7 ± 11.9
17 (25)
34.8 ± 14.8
29 (44)
12 (18)
12 (18)
13 (20)
7.0 (2.0-14.5)
13 (19)
54 (81)
34 (51)
8 (12)
10 (15)
34 (50)
10.0 (5.3-4.8)

Continuous data are reported as mean ± SD, or median and IQR when
not normally distributed. 1Data for one patient are missing; 2Data for two
patients are missing; 3Data unknown for 12 patients. Past smokers defined
as those who had quit smoking at least 6 mo prior to first infliximab dose
or those who smoked < 5 cigarettes/d. Current smokers defined as those
who smoke at least 5 cigarettes/d for at least 6 mo prior to the first dose of
infliximab.

Fisher’s
exact test
P value

Log-rank
test
P value

0.58

0.91

1.00

0.72

0.91

1.00

0.31

0.11

0.16

0.09

Table 3 Patients requiring dose escalation within 12 mo of
therapy initiation
≥ 2 yr
Years between diagnosis
< 2 yr
and therapy initiation
On concurrent
No
Yes
No
Yes
immunosuppressant
therapy
Proportion of subjects
4/5 = 0.80 2/7 = 0.29 8/21 = 0.38 5/19 = 0.26
needed dose escalation
within 12 mo

Fisher’s exact test was conducted on the four groups
depending on the time from diagnosis to initiation of infliximab and exposure to immunosuppressants (Table 3).
Although there were no significant differences between
these groups individually (P = 0.19), the proportion of
patients that needed dose escalation within 12 mo was
substantially higher for those starting infliximab within 2
years of diagnosis and not on concurrent immunosuppressant therapy than the other three groups combined (P
= 0.05). Kaplan-Meier survival curves in Figure 1 showed
a similar result (P = 0.01). The median time to dose escalation was 5 mo for those who started infliximab within
2 years of diagnosis and not on concurrent immunosuppressant, and 19 mo for the other three groups combined
(Log rank, P < 0.01).

is a significant benefit in steroid-free remission and mucosal healing in early combination immunosuppression
and biologic therapy compared to immunosuppression
alone[22-24]. Support for the immunogenicity phenomenon
was also observed in this study cohort.
All patients had moderate to severe CD (HBI > 8).
Five factors were preselected for analysis: concurrent immunosuppressant therapy; years between diagnosis and
infliximab initiation; disease behavior; age at diagnosis;
and sex. There was a significantly higher probability of
requiring dose escalation in the group of patients in
whom therapy was initiated within < 2 years and not
on immunosuppressant therapy (P < 0.01) than in the
other three groups combined. Trough levels of serum
infliximab were not available at our center. Despite the
small sample size, these data support the importance of
concurrent immunosuppressant therapy while on infliximab as previously described by the SONIC trial[14]. Being
a retrospective cohort study, we were not able to collect
all the variables necessary to prove our hypothesis, however, our suspicion is that those who required infliximab
therapy earlier (< 2 years) than the rest of the cohort had
a higher inflammatory burden of disease. If this assumption is true, it would explain why concomitant immuno-

DISCUSSION
Several associations have been postulated to explain infliximab dose escalation requirements, including development of neutralizing antibodies, augmented clearance,
concomitant drug interactions, and genetic factors[20].
Although several studies have shown poor correlation of
clinical response and immunogenicity, more recent data
suggest that immunosuppression with infliximab increases efficacy, and the pathophysiology likely stems at least
in part from a reduction in anti-infliximab antibody formation[14,21]. Several studies have demonstrated that there
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Proportion not requiring dose escalation
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determined by gene-gene interactions
Patricia Sarlos, Dalma Varszegi, Veronika Csongei, Lili Magyari, Luca Jaromi, Lajos Nagy, Bela Melegh
used for genotyping, the SLC22A4 rs1050152 genotypes
were determined by direct sequencing. Interactions and
specific genotype combinations of the seven variants
were tested by binary logistic regression analysis. The
IL23R genotypes were stratified by IBD5 genotypes for
further interaction analyses.
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RESULTS: For the IL23R rs1004819 A allele we found
significantly higher allele frequency (P = 0.032) in
UC patients compared to control subjects. The SNP
rs1004819 showed significant association with UC
risk for carriers (P = 0.004, OR = 1.606; 95%CI:
1.160-2.223) and the SNP rs2201841 for homozygotes
(P = 0.030, OR = 1.983; 95%CI: 1.069-3.678). Individually none of the IBD5 markers conferred risk to
UC development. There was no evidence for statistical interaction either between IBD5 loci and IL23R
genes using logistic regression analysis. After genotype
stratification, we could detect a positive association on
the background of rs1004819 A allele for SLC22A4 T,
SLC22A5 C, IGR2198a_1 C or IGR2096a_1 T allele, the
highest OR was calculated in the presence of SLC22A4
T allele (P = 0.005, OR = 2.015; 95%CI: 1.230-3.300).
There was no association with UC for any combinations
of rs1004819 and IGR2230a_1. The IL23R rs2201841
homozygous genotype and IBD5 carrier status together
did not confer susceptibility for UC.

Abstract

CONCLUSION: The present study has shown that UC
susceptibility genes are likely to act in a complex interactive manner similar to CD.

AIM: To study the inflammatory bowel disease-5 locus
(IBD5) and interleukin-23 receptor (IL23R ) gene variants in UC patients and test for gene-gene interaction.

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

METHODS: The study population (n = 625) was
comprised of 320 unrelated ulcerative colitis (UC) patients with Caucasian origin and 316 age- and gendermatched, healthy controls. Five variants in the IBD5 locus (IGR2198a_1 rs11739135, IGR2096a_1 rs12521868,
IGR2230a_1 rs17622208, SLC22A4 rs1050152 and
SLC22A5 rs2631367) and two of the IL23R gene
(rs1004819, rs2201841) were analysed. PCR and restriction fragment length polymorphism methods were
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Key words: Gene-gene interaction; Interleukin-23 receptor gene; Inflammatory bowel disease-5 locus; Ulcerative colitis; Inflammatory bowel disease
Core tip: Most of the identified inflammatory bowel
disease genes individually have only modest effects on
inflammatory bowel disease susceptibility, suggesting
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to study the IL23R rs2201841 and rs1004819 SNPs in
Hungarian UC population and to test for possible statistical interaction, stratifying the IL23R genotypes by
IBD5 genotypes.

that complex interactions are more important. The authors investigated the gene-gene interactions of the inflammatory bowel disease-5 loci and IL23R susceptibility alleles in a Hungarian ulcerative colitis cohort. The
exploration of high risk genotype combinations could
further add to our knowledge about the development
of ulcerative colitis and could facilitate the diagnosis of
high-risk patients.

MATERIALS AND METHODS
Study subjects
The study population (n = 625) was comprised of 320
UC patients (men 42.8%, women 57.2%, age: 41.9 ±
14.3 years) and 316 healthy, unrelated controls (men
53.5%, women 46.5%, age: 46.52 ± 16.02 years). All
patients and controls were Caucasian and of Hungarian
origin. Sample collection started in 2003 in collaboration
of the following participating Hungarian centers: 1st
and 3rd Department of Internal Medicine, University
of Pecs; Department of Medicine and Gastroenterology, Markusovszky Hospital, Szombathely; Department
of Medicine and Gastroenterology, Rethy Pal Hospital,
Bekescsaba; 2nd Department of Medicine, Semmelweis
University, Budapest. The diagnosis of UC was determined according to established guidelines based on clinical, endoscopic, radiological and histopathological criteria[28]. Patients with indeterminate colitis were excluded
from the study.
The control subjects were healthy blood donors and
did not have any gastrointestinal or other autoimmune
disorders. The origin of DNA samples was the central
Biobank governed by the University of Pecs, as part
of the National Biobank Network of Hungary (www.
biobank.hu), which belongs also to the pan-European
Biobanking and Biomolecular Resources Research Infrastructure (BBMRI) preparatory phase project (http://
bbmri.eu/bbmri/).

Sarlos P, Varszegi D, Csongei V, Magyari L, Jaromi L, Nagy
L, Melegh B. Susceptibility to ulcerative colitis in Hungarian
patients determined by gene-gene interactions. World J Gastroenterol 2014; 20(1): 219-227 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v20/i1/219.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i1.219

INTRODUCTION
Inflammatory bowel disease (IBD)-clinically classified as
Crohn’s disease (CD; MIM 26600) or ulcerative colitis (UC;
MIM 191390)-is a common chronic, relapsing inflammatory disorder of the gastrointestinal tract[1]. According
to the consensus hypothesis, in genetically predisposed
individuals the commensal luminal flora trigger an inappropriate, overactive mucosal immune response causing
intestinal tissue damage that is further modified by specific environmental factors (e.g., smoking)[2]. Interestingly,
the heritability of CD may be higher than that of UC[3].
Genome-wide association studies (GWAS) have resulted in the identification of many novel loci for CD
initially and latterly for UC[4,5] which is thought to be more
genetically heterogeneous than CD. To date, the number of
known risk loci has expanded to 163[6]. The IBD-associated
loci encode for genes involved in innate pattern recognition
(NOD2/CARD15), autophagy (ATG16L1, IRGM), differentiation of Th17- T lymphocytes (IL23R), maintenance of
epithelial barrier integrity (IBD5 locus), and coordination
of adaptive immune responses (HLA-region)[7].
The most studied SNPs (SLC22A4, SLC22A5,
IGR2096_a, IGR2198_a, IGR2230_a) on inflammatory
bowel disease-5 (IBD5) locus (chromosome 5q31) have
been reported to confer susceptibility to CD[8-11]. In some
studies, including a GWAS meta-analysis[12], association
with UC has also been established [13-16]. The interleukin-23 receptor (IL23R) gene was originally described as
a CD susceptibility gene[17], but recently the association
with UC has been also confirmed in three separate GWA
studies[18-20].
Most of the identified genes individually have only
modest effects on IBD susceptibility, suggesting that
complex interactions are more important[21,22]. Epistasis,
defined generally as gene-gene interactions, has become a
hot topic in complex disease genetics in recent years[23] and
can explain the lack of replication of single-locus results.
In previous single-locus association studies, the IBD5
loci[24,25] and IL23R[26,27] SNPs were examined in Hungarian IBD patients. The aim of our current work was
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Ethics statement
The study design was approved by the National Ethics
Committee (ETT TUKEB) and adhered to the Ethical Principles for Medical Research Involving Human
Subjects of the Helsinki Declaration (1975). Written,
informed consent was obtained from all participants.
Genotyping
Genomic DNA was isolated from peripheral blood leukocytes with routine salting out method. For genotyping
the variants of IBD5 locus [IGR2198a_1 (rs11739135),
IGR2096a_1 (rs12521868), IGR2230a_1 (rs17622208)
and SLC22A5 (rs2631367)] and IL23R (rs1004819,
rs2201841) gene PCR-RFLP (restriction fragment length
polymorphism) methods were applied, for the SLC22A4
(rs1050152) direct DNA sequencing was used by BigDye
Terminator labeling with ABI 3100 automatic sequencer
(Foster City, CA, United States). The primers designed
and used are given in Table 1.
The PCR amplifications were performed on MJ Research PTC-200 thermal cyclers (Bio-Rad, Hercules, CA,
United States). Amplification included an initial denaturation step (96 ℃ for 2 min) followed by 35 cycles of
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Table 1 Primer sequences for the analysed variants
Gene

SNP

IL23R

rs1004819

IL23R

rs2201841

SLC22A4

rs1050152

SLC22A5

rs2631367

IGR2230a_1

rs17622208

IGR2198a_1

rs11739135

IGR2096a_1

rs12521868

Primers (5’-3’)
Forward: GCATTCTAGGACCGTTTTGG
Reverse: ATCTGGTGGAAATATGTGAAACCTA
Forward: GGCAAAAGGGAATTGAGAGG
Reverse: GGCCTATGATTATGCTTTTTCCTG1
Forward: AGAGAGTCCTCCTATCTGATTG
Reverse: TCCTAGCTATTCTTCCATGC
Forward: GCCGCTCTGCCTGCCAGC
Reverse: GGTCGCTATCAGGAACACGGAGGA
Forward: CAGAAGAATGCCCTTGATGTG
Reverse: TCAGAAGCTGTCCATCCCAC
Forward: AGACACTGGGACATCATCTGTCTG
Reverse: GGGCAATTCTATGAGGACATTTAGA
Forward: CAAGATTTCTGCCATAGCCTCCT
Reverse: GGAGGGTGGTGTAGCCAGAGTAG

1

Mismatch base is underlined.

denaturation (95 ℃ for 30 s), annealing for 45 s at 54 ℃
(rs1004819, rs17622208, rs1050152), 55 ℃ (rs2201841),
58 ℃ (rs11739135, rs12521868, rs2631367), primer extension at 72 ℃ for 45 s and final extension at 72 ℃ for
5 min. Each polymerase chain reaction contained 200
μmol/L of each dNTP, 1 unit of Taq polymerase, 5 μL
of reaction buffer (100 mmol/L Tris HCl, pH = 9.0;
containing 500 mmol/L KCl, 15 mM MgCl2), 0.2 μmol/L
of each primer and 1 μL DNA to be amplified in a final
volume of 50 μL. The amplicons were digested by allelespecific restriction endonucleases Hin1Ⅱ (rs11739135),
TrulⅠ (rs12521868), Ddel (rs17622208), HpaⅡ (rs2631367),
TaaⅠ (rs1004819) and HpyF3Ⅰ (rs2201841). The amplicon contained an obligate cleavage site of the restriction
enzyme for the suitable visual control of the efficacy of
the digestion. The restriction fragments were separated by
electrophoresis on 3% agarose gels containing ethidium
bromide and visualized by UV transillumination.

RESULTS
Single SNP marker association analysis of IBD5 and
IL23R
We genotyped 5 candidate SNP variants for the IBD5
locus including the reported functional variants in the
SLC22A4 and SLC22A5 transporter genes present on the
risk haplotype and two SNP variants for IL23R. All of the
investigated SNPs were in Hardy-Weinberg equilibrium in
controls. Genotype distributions are shown in Table 2. For
the IL23R rs1004819 A allele we found significantly higher allele frequency (P = 0.032) in UC patients compared to
control subjects. The SNP rs1004819 showed significant
association with UC risk for carriers (heterozygotes and
homozygotes together, P = 0.004, OR = 1.606; 95%CI:
1.160-2.223) and the SNP rs2201841 for homozygotes (P
= 0.030, OR = 1.983; 95%CI: 1.069-3.678). No significant
association for any variants of IBD5 region and UC was
observed.

Statistical analysis
Each genetic marker was tested for Hardy-Weinberg
equilibrium in the control population. Statistical analysis
was carried out using SPSS 19.0 package for Windows
(SPSS Inc, Chicago, IL, United States). Genotype and
allele frequency differences between cases and controls
were evaluated using Pearson’s χ 2-test. Haploview 4.1
was used to test linkage disequilibrium. The r2 values
for the tested IBD5 loci (IGR2198a_1, IGR2096a_1,
IGR2230a_1, SCL22A4, SCL22A5) and for IL23R
(rs1004819 and rs2201841) were below 0.8, for SCL22A4
and IGR2096a_1 the r² value was 0.9.
Binary logistic regression analysis was applied to observe the individual contributions of IBD5 and IL23R,
and to test for pairwise statistical interaction. An association was considered significant if a P value of < 0.05
was attained. The IL23R genotypes were stratified by
IBD5 genotypes. The odds ratios and confidence intervals for these specific combinations of IBD5 and IL23R
were derived from χ 2 in 2 × 2 contingency tables.
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Gene-gene interaction analysis
We analyzed the possible statistical interactions by pairs of
IL23R variants and IBD5 with binary logistic regression.
No evidence of interactions between these seven markers
was found. None of the P values was significant; the lowest P value was 0.084 (Table 3).
Next, we stratified the IL23R genotypes by IBD5
genotypes and observed these specific genotype combinations of single markers by pairs, the combined odds ratios are shown in Table 4. The IL23R rs1004819 A variant did not show significant association with UC on the
background of all wild type IBD5 genotypes, respectively.
We could detect significantly elevated high odds ratios for
rs1004819 A variant only in carriers of SLC22A4 T allele, SLC22A5 C, IGR2198a_1 C or IGR2096_a T allele.
The combined OR seen in rs1004819 A and SLC22A5
C carriers (P = 0.048, OR = 1.691; 95%CI: 1.003-2.821)
and the odds ratio for rs1004819 A in single gene analysis
(P = 0.004, OR = 1.606; 95%CI: 1.160-2.223) were nearly
equal while in combination with IGR2198a_1 C (P =
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Table 2 Case-control genotypes and allele frequencies of variants in IL23R and inflammatory bowel disease-5 locus n (%)

IL23R (rs1004819)
GG
GA
GA + AA
AA
RAF
IL23R (rs2201841)
TT
TC
TC + CC
CC
RAF
SLC22A4 (rs1050152)
CC
CT
CT + TT
TT
RAF
SLC22A5 (rs2631367)
GG
GC
GC + CC
CC
RAF
IGR2230a_1 (rs17622208)
GG
AG
AG + AA
AA
RAF
IGR2198a_1 (rs11739135)
GG
GC
GC + CC
CC
RAF
IGR2096a_1 (rs12521868)
GG
GT
GT + TT
TT
RAF

UC (n = 320)

Controls (n = 316)

126 (39.4)
168 (52.5)
194 (60.6)
26 (8.1)
0.343

158 (50.0)
134 (42.4)
158 (50.0)
24 (7.6)
0.287

140 (43.8)
150 (46.9)
180 (56.3)
30 (9.4)
0.328

155 (49.1)
143 (45.3)
161 (51.0)
18 (5.7)
0.283

93 (29.1)
159 (49.7)
227 (71.0)
68 (21.3)
0.46

110 (34.8)
148 (46.8)
206 (65.2)
58 (18.4)
0.417

83 (25.9)
163 (50.9)
237 (74.0)
74 (23.1)
0.485

89 (28.2)
156 (49.4)
227 (71.9)
71 (22.5)
0.471

87 (27.2)
160 (50.0)
233 (72.8)
73 (22.8)
0.478

90 (28.5)
157 (49.7)
226 (71.5)
69 (21.8)
0.466

105 (32.8)
159 (49.7)
215 (67.2)
56 (17.5)
0.423

117 (37.0)
150 (47.5)
199 (63.0)
49 (15.5)
0.392

101 (31.6)
164 (51.3)
219 (68.5)
55 (17.2)
0.428

117 (37.0)
147 (46.5)
199 (63.0)
52 (16.5)
0.397

1

OR (95%CI)

P value

1.606 (1.160-2.223)a
1.254 (0.696-2.261)

0.004a
0.452
0.032a

1.268 (0.920-1.749)
1.983 (1.069-3.678)a

0.147
0.030a
0.242

1.319 (0.935-1.86)
1.150 (0.768-1.723)

0.115
0.498
0.120

1.138 (0.794-1.631)
0.982 (0.669-1.440)

0.481
0.925
0.607

1.073 (0.751-1.532)
0.990 (0.673-1.457)

0.698
0.960
0.685

1.260 (0.900-1.763)
1.169 (0.760-1.797)

0.179
0.477
0.260

1.256 (0.897-1.760)
1.045 (0.680-1.608)

0.185
0.840
0.262

1

Adjusted for age and gender. aAssociations significant at P < 0.05 vs controls. RAF: Risk allele frequency; UC: Ulcerative colitis.

0.020, OR = 1.803; 95%CI: 1.096-2.966) and IGR2096_a
T (P = 0.010, OR = 1.911; 95%CI: 1.162-3.143) the
rs1004819 A variant showed higher disease risk. The
highest OR value was calculated in the presence of
SLC22A4 T allele (P = 0.005, OR = 2.015; 95%CI:
1.230-3.300). There was no association with UC for any
combinations of rs1004819 and IGR2230a_1.
For the combinations of IBD5 loci and IL23R
rs2201841 we could detect significantly elevated high
odds ratios only in carriers of rs2201841 homozygotes
and wild type IBD5 genotypes (P = 0.018, OR = 3.413;
95%CI: 1.169-9.965 for SLC22A4; P = 0.014, OR =
3.946; 95%CI: 1.232-12.645 for SLC22A5; P = 0.018,
OR = 3.777; 95%CI: 1.181-12.084 for IGR2230a_1; P =
0.027, OR = 3.165; 95%CI: 1-088-9.206 for IGR2198a_1;
P = 0.026, OR = 2.977; 95%CI: 1.099-8.066 for IGR2096a_1 background). The IL23R rs2201841 homozygous genotype and IBD5 carrier status together did not
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confer susceptibility for UC.

DISCUSSION
Genetic components play an important role in the pathogenesis of IBD. GWAS have shown disease-associated
loci on several chromosomes[4-6]. Some loci seem to be
specific to either CD or UC, whereas others confer common susceptibility to IBD; approximately 30% of IBDrelated genetic loci are shared[29,30]. Both the IBD5 and the
IL23R genes have been identified originally as CD susceptibility genes, but their association with UC has also been
confirmed[12-14,16,18-20].
Most of the identified IBD genes individually have
only modest effects on IBD susceptibility, suggesting that
gene-gene interactions as well as gene-environmental interactions play a key role in IBD pathogenesis[21]. Gene-gene
interactions often referred to as epistasis, are ubiquitous
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genes either in CD in pediatric and adult patients[45] or in
UC[24]. The TC haplotype was not associated with a higher
risk of CD[46] and UC[24] in the Hungarian population.
IGR2096_a and IGR2198_a on IBD5 locus were found
to confer susceptibility to CD but not for UC[25]. The
distribution of IGR2230_a was not significantly different in the CD or the UC group compared with the controls[47]. We observed an increased prevalence of the IL23R
rs2201841 and rs1004819 in CD in previous Hungarian
studies[43,48]. In our recent work, besides confirming the
negative association for IBD5 loci in UC[24,25,47] we could
detect significantly higher allele frequency for the IL23R
rs1004819 and increased prevalence of the homozygous
rs2201841 CC genotypes in UC patients compared to
controls in Hungarian population.
In the next step, we analyzed the possible statistical
interactions by pairs of risk-conferring IL23R variants
and IBD5 using binary logistic regression. No evidence
of interaction was found between these seven markers,
suggesting that all the examined loci are independent
factors.
Since the IBD5 loci were not found to confer risk for
UC in the Hungarian population, we performed a combined genetic analysis, stratifying two other UC susceptibility gene variants, IL23R rs2201841 and rs10004819 by
the IBD5 markers (SLC22A4, SLC22A5, IGR 2096_a,
IGR2198_a, IGR2230_a). The IBD5 carrier status itself did
not confer risk for UC in the presence of IL23R rs1004819
wild type but we could detect a positive association on
the background of rs1004819 A allele for SLC22A4 T allele, SLC22A5 C, IGR2198a_1 C or IGR2096_a T allele.
There was no association with UC for any combinations
of rs1004819 and IGR2230a_1. The IL23R rs1004819 A
variant did not show significant association with UC on the
background of all wild type IBD5 genotypes, respectively.
The IBD5 carrier status did not confer susceptibility for
UC either in the presence of IL23R rs2201841 TT + TC
or CC genotypes. For the combinations of IBD5 loci and
IL23R rs2201841 we could detect significant association
only in carriers of rs2201841 CC homozygote alleles and
wild type IBD5 genotypes.
In summary, we identified the IL23R rs1004819 as
susceptibility factor for UC in Hungarian patients and
could detect increased prevalence of the homozygous
rs2201841 CC genotypes in UC patients compared to
controls in Hungarian population. The combined genegene analysis reveals that the IL23R rs2201841 CC variant confers risk for UC only on a wild-type IBD5 background and the rs1004819 A allele in combination with
IBD5 carrier status except of IGR2230_a. We found
no statistical evidence of interaction with the UC susceptibility genes IL23R and IBD5. However, this study
has shown that UC susceptibility genes are likely to act
in a complex interactive manner similar to CD. Our results play an important role in the understanding of the
pathogenesis of UC and areas of overlap with CD but
further studies are needed to confirm them.

Table 3 Pairwise analysis of interactions of IBD5 and IL23R
to risk of ulcerative colitis
Model

OR (95%CI)

IL23R rs1004819 * IGR2230a_1
IL23R rs1004819 * IGR2198a_1
IL23R rs1004819 * IGR2096a_1
IL23R rs1004819 * SLC22A4
IL23R rs1004819 * SLC22A5
IL23R rs2201841 Ho* IGR2230a_1
IL23R rs2201841 Ho* IGR2198a_1
IL23R rs2201841 Ho* IGR2096a_1
IL23R rs2201841 Ho* SLC22A4
IL23R rs2201841 Ho* SLC22A5

1.266 (0.627-2.553)
1.383 (0.711-2.690)
0.942 (0.625-1.420)
1.017 (0.516-2.002)
1.116 (0.549-2.270)
0.316 (0.080-1.247)
0.388 (0.105-1.430)
0.413 (0.117-1.458)
0.118 (0.095-1.301)
0.298 (0.075-1.179)

P value
0.51
0.340
0.776
0.962
0.761
0.100
0.155
0.169
0.352
0.084

Ho: Homozygotes.

among common human diseases and that complex interactions are more important than the independent main
effects of any single susceptibility gene[21,31]. Therefore,
attention of recent studies has focused on multi-locus
analysis, especially involving the CARD15[32-34] , IL23R[35-39],
ATG16L1[40-42], DLG5 genes and IBD5 locus[43, 44].
In CD the interactions between the main susceptibility genes are better characterized, than in UC. Multidimensionality reduction analysis suggested an interaction
between IBD5, ATG16L1, and IL23R risk alleles in
CD patients from Manitoba IBD Research Registry[32].
Weersma et al[38] observed multiple gene combinations.
According to their results an association between the increase in the number of risk alleles (ATG16L1, IL23R,
CARD15, IBD5 and DLG5) and an increase risk for
the development of CD and a more severe disease
course was found. Csongei et al[43] investigated the IL23R,
ATG16L1, CARD15 and IBD5 locus interactions. In
almost all cases, the combined risk of susceptibility
pairs was higher in patients carrying two different riskassociated gene variants together than individuals with
just one polymorphism. In contrast with the single gene
effects, after genotype stratification, the IGR2198a_1
C and IGR2096a_1 T variants were found to confer
susceptibility only in subjects with CTLA4 + 49 AA
genotype[44]. The epistasis of the IL23R rs1004819 risk
variant with IBD5 (and CARD15) was examined in a
German CD population, but no gene-gene interaction
was found[36]. In the study of Cummings et al[35] with the
exception of rs11209026, IL23R risk polymorphisms
showed significant CD association only in the subgroup
of persons positive for the IGR2060 variant in IBD5.
This result may suggest that the IL23R gene influences
CD in tandem with effects of the IBD5 haplotype. Two
protective variations of the IL23R gene, the rs7517847
and rs11209026 were also weakly associated with UC,
however the gene interaction test related to UC risk were
not implied in these analyses[35].
In previous Hungarian single-locus association studies our research group found no significant differences
in the allele frequencies of SLC22A4 and SLC22A5

WJG|www.wjgnet.com

223

January 7, 2014|Volume 20|Issue 1|

Sarlos P et al . Gene interactions in Hungarian UC patients
Table 4 Genotype-specific ulcerative colitis odds ratios (with 95%CI) for combinations of variants in IL23R and IBD5
SLC22A4
CC
IL23R rs1004819
GG

GA + AA

IL23R rs2201841
TT + TC

CC

CT + TT

1

IGR2230a_1

SLC22A5
GG

1.298
1
(0.782-2.156)
P = 0.313
1
1.527
2.015
1.424
(0.872-2.673) (1.230-3.300) (0.776-2.614)
P = 0.138
P = 0.005
P = 0.253

GC + CC

GG

AG + AA

IGR2198a_1
GG

GC + CC

IGR2096a_1
GG

GT + TT

1.064
1
0.941
1
1.033
1
1.104
(0.623-1.815)
(0.556-1.593)
(0.623-1.711)
(0.666-1.831)
P = 0.821
P = 0.822
P = 0.900
P = 0.702
1
1
1
1.691
1.300
1.549
1.263
1.803
1.281
1.911
(1.003-2.821) (0.716-2.359) (0.927-2.588) (0.736-2.166) (1.096-2.966) (0.744-2.206) (1.162-3.143)
P = 0.048
P = 0.388
P = 0.093
P = 0.396
P = 0.020
P = 0.372
P = 0.010

1

1.328
1
1.254
1
1.184
1
1.296
1
1.385
(0.989-1.927)
(0.868-1.812
(0.823-1.704)
(0.922-1.822)
(0.982-1.953)
P = 0.058
P = 0.228
P = 0.363
P = 0.136
P = 0.063
1
1
1
1
1
1
3.413
1.716
3.946
1.474
3.777
1.411
3.165
1.592
2.977
1.701
(1.169-9.965) (0.788-3.739 (1.232-12.645) (0.679-3.200) (1.181-12.084) (0.652-3.056) (1.088-9.206) (0.735-3.449) (1.099-8.066) (0.765-3.784)
P = 0.018
P = 0.171
P = 0.014
P = 0.324
P = 0.018
P = 0.381
P = 0.027
P = 0.236
P = 0.026
P = 0.189

1

Associations significant at P < 0.05 vs controls.

great importance as well.
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Background

This study addresses the possible interactions between very popular genes associated with IBD in determining an increased risk ratio for ulcerative colitis in a
relatively large of population of ulcerative colitis patients and controls from Hungary. The study is reasonably sized to possibly give some hints for the complex
study of genetics in IBD.

Crohn’s disease (CD) and ulcerative colitis (UC) are the two main types of
inflammatory bowel diseases (IBD). Their precise etiology is still unknown but
genetic factors play an important role in their pathogenesis. Genome-wide association studies have resulted in the identification of many novel susceptibility
loci on several chromosomes for CD initially and latterly for UC, including the
inflammatory bowel disease-5 (IBD5) locus and interleukin-23 receptor (IL23R)
gene.
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1

An increasing number of studies suggested the association between UC susceptibility and the IBD5 SNPs and IL23R gene variants, individually. The lack
of replication of single-locus results in IBD studies is presumed to be related to
epistasic gene effects. Therefore multiple SNPs are required to be investigated
simultaneously in UC patients to understand both the individual effect of single
genes and gene-gene interactions. In the present study two SNPs of the IL23R
gene and five variants in the IBD5 locus were genotyped and involved in interaction analysis in Hungarian UC population.

2

3

Innovations and breakthroughs

In the recent work, we could detect significantly higher allele frequency for
the IL23R rs1004819 A variant and increased prevalence of the homozygous
rs2201841 CC genotype in Hungarian UC patients relative to controls. All the
analysed IBD5 variants were found to have neutral effect on UC pathogenesis.
The statistical analysis of pairwise interactions between IL23R and IBD5 loci
confirmed the independence of these genes, while specific combinations by
pair showed further correlations. The IL23R rs1004819 A variant increased
the risk of disease development only in the presence of IBD5 polymorphisms.
Although the IL23R rs2201841 CC genotype conferred risk on wild type IBD5
background, in the presence of IBD5 polymorphisms lack of association was
detected. The present study has shown that UC susceptibility genes are likely
to act in a complex interactive manner.

4

Applications

The results play an important role in the understanding of the pathogenesis of
UC but further studies investigating gene-gene and gene-environmental interactions are necessary as well. These studies are of high importance since the
clarification of interactions between specific IBD genetic polymorphisms could
facilitate the differential diagnosis and optimize treatment efficacy of high-risk
patients.

Terminology

IBD is a common chronic, remitting-relapsing inflammatory disease of the
gastrointestinal tract. UC causes continuous mucosal inflammation of the colon
without granulomas, affecting the rectum and a variable extent of the colon,
while CD can affect discontinuously and transmurally any part of the gastrointestinal tract. Gene-gene interactions often referred to as epistasis, may play
role in the mechanisms of complex diseases such as IBD. Besides the independent main effects of any single susceptibility gene, complex interactions are of
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RESULTS: The thallium scan shunt index was significantly higher in the decompensated liver cirrhosis group
than in the compensated liver cirrhosis group (0.91 ±
0.39 vs 0.39 ± 0.32, P < 0.001). It was also higher in
the varices group, the hepatic encephalopathy group,
and the variceal bleeding group than in the control
group (P < 0.001). Multivariate analysis showed that
the index was an independent risk factor for predicting
decompensated liver cirrhosis. When the cut-off value
was 0.75, the shunt index had a sensitivity of 82.6%, a
specificity of 84%, a positive predictive value of 61.5%,
and a negative predictive value of 94.4% in diagnosing
decompensated cirrhosis. When the shunt index was
greater than 0.75, there was a significant increase in
the number of decompensated events.
CONCLUSION: The thallium shunt index is a good
predictor of cirrhosis-related complications.

Abstract

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

AIM: To investigate the usefulness of a novel thallium
scan shunt index for assessing portosystemic shuntrelated cirrhotic complications.

Key words: Liver cirrhosis; Portosystemic shunt; Decompensation
Core tip: After rectal thallium instillation, radioactive
isotope activity in the heart and liver was measured
(the shunt index). It was higher in the varices group,
the hepatic encephalopathy group, and the variceal
bleeding group than in the control group (P < 0.001).
Multivariate analysis showed that the index was an
independent risk factor for predicting decompensated
liver cirrhosis. When the shunt index was greater than
0.75, there was a significant increase in the number of
decompensated events. The thallium shunt index is a
good predictor of cirrhosis-related complications.

METHODS: We enrolled 209 chronic hepatitis B-related
cirrhosis patients. After rectal thallium instillation, radioactive isotope activity in the heart and liver was measured. The ratio of radiation uptake between the heart
and the liver was calculated (the shunt index). This
value indicates the degree of portosystemic circulation
shunting. Blood tests, serum biochemistry tests, abdominal ultrasonography, gastroscopy and examination
of clinical features such as the occurrence of varices,
bleeding and hepatic encephalopathy were performed.
Multivariate analysis was used to identify independent
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cirrhosis patients had a higher thallium scan shunt index
than healthy people and chronic hepatitis patients. The
thallium scan shunt index was shown not only to assist
in diagnosing liver cirrhosis, but also to strongly correlate
with the severity of liver disease[15-17]. However, these
were all case-control studies, and their subjects were patients with alcoholic liver disease and viral liver disease.
We wished to examine the correlation between the
thallium scan shunt index and the incidence of decompensated liver cirrhosis in patients with hepatitis B-associated cirrhosis. We also aimed to test whether measuring
changes in the thallium scan shunt index was useful for
predicting esophageal varices, ascites, hepatic encephalopathy and variceal bleeding.

Tae HJ, Jun DW, Choi YY, Kwak MJ, Lee MH. Assessment of
risk of complications in cirrhosis using portal thallium scans.
World J Gastroenterol 2014; 20(1): 228-234 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i1/228.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i1.228

INTRODUCTION
Increased intrahepatic vascular resistance and the occurrence of portosystemic shunts play central roles in the
development of decompensation in cirrhotic patients.
Collateral circulation and the formation of portosystemic
shunts produce serious complications such as gastroesophageal varices, bleeding, ascites and hepatic encephalopathy, which are known to be some of the leading
causes of death among liver cirrhosis patients[1,2]. For this
reason, measuring the amount of portosystemic shunting
is important in predicting the incidence and prognosis
of complications from liver cirrhosis. Measurement of
the hepatic vein pressure gradient (HVPG) and cardiac
output and systemic vascular resistance by cardiac catheterization are currently the best methods for assessing
hyperdynamic states caused by liver cirrhosis. However,
they are invasive and difficult to use in clinical practice[3].
Various studies have investigated the prognostic factors of chronic liver disease, but most have focused on
predicting intrahepatic fibrosis[4-6]. Although measuring
liver stiffness is very useful in diagnosing F4 hepatic fibrosis and liver cirrhosis, it has limited use in evaluating
the severity of portosystemic shunting and hyperdynamic
circulation. Furthermore, very few studies report on
the effectiveness of elastographies in predicting complications such as variceal bleeding, ascites and hepatic
encephalopathy. There are some studies of prediction
of esophageal varices using the platelet count/spleen
diameter ratio[7-10], but their findings are restricted to
esophageal varices and thus are difficult to apply to other
complications. Structural changes in the liver, including
hepatic fibrosis, do play an important part in the portosystemic shunt. However, the degree of hemodynamic
changes or the amount of portosystemic shunting is not
always correlated with the degree of intrahepatic fibrosis;
changes in hemodynamic features and collateral systems
in patients with advanced liver cirrhosis have other causes
besides hepatic fibrosis[5].
When thallium, an analogue of potassium, is administered to a healthy subject rectally, it is absorbed through
the rectum and taken up mainly by the liver via the portal
circulation. However, when a portosystemic shunt exists,
thallium is taken up not only by the liver but by the heart,
spleen and other organs via the portosystemic shunt or
collateral circulation. When the heart’s uptake capacity
is normal, portal venous blood flow and liver cell viability affect thallium uptake by the liver; calculation of the
thallium heart/liver ratio (the shunt index) can then be
used to quantify the degree of portosystemic circulation
shunting[11-13]. Urbain et al[13,14] demonstrated that liver
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MATERIALS AND METHODS
Patients
We enrolled 209 patients with chronic liver disease caused
by hepatitis B and hospitalized in our Department of
Gastroenterology. The diagnosis of cirrhosis was confirmed by liver biopsy, by abdominal ultrasonography
or abdominal computed tomography findings such as
blunt liver edge or nodular liver surface, or by a history of overt complications of cirrhosis such as ascites,
variceal bleeding or hepatic encephalopathy. All patients
were aged 18 or older. We did not include patients with
chronic hepatitis C, alcoholic liver disease, acute esophageal variceal bleeding, current systemic infection or acute
kidney injury. Patients were followed up by thallium portal scans every 6-12 mo. Blood tests, serum biochemistry
tests, abdominal ultrasonography, gastroscopy and examination of clinical features such as the occurrence of
varices, bleeding and hepatic encephalopathy were carried
out every 3-6 mo.
Thallium portal scan
Patients were told to fast from the evening before the
test. To increase the accuracy of the results, an enema
was administered on the morning of the test, using a
YAL solution® (Bukwang, Seoul, South Korea) to expel
all residual stools. Afterward, a Nelaton tube was inserted into the anus to a depth of 10-15 cm, and 20 cc
of TI-201 20 MBq (0.5 mCi) was injected. Radiation in
the liver and heart areas was measured for 20 min using a
radioisotope camera (Siemens Orbiter 7500, Germany).
When the radioisotope activity reached a plateau, the
ratio of radiation uptake between the heart and the liver
was calculated. This value, which indirectly indicates the
degree of portosystemic circulation shunting, was adopted as the shunt index (normal: 0.24 ± 0.07)[18,19].
Endoscopy
We used criteria from the Baveno Consensus Conference
to assess the size of varices: thin, straight varices were
categorized as small varices (F1), nodular varices as medium varices (F2), and thick, tumorous, coil-shaped varices
as large varices (F3)[20].
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Table 1 Thallium shunt index for each cirrhosis complication
Thallium shunt index
Varix
Ascites
Hepatic encephalopathy
Variceal bleeding
Decompensation

Shunt index

1.00

0.50

0.00

Presence

Abscence

0.76 ± 0.41
0.91 ± 0.40
1.11 ± 0.70
1.04 ± 0.09
0.91 ± 0.39

0.41 ± 0.34
0.40 ± 0.32
0.48 ± 0.36
0.47 ± 0.38
0.39 ± 0.32

b

P value
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

Mean ± SD (%), bP < 0.01 by the t test.

Child A

Child B

were identified using ROC curves. The Kaplan-Meier
method was used to compare the cumulative incidence
rates of the various complications during the follow-up
period, with P < 0.05 as the standard for determining
statistical significance. For survival analysis, we included
89 patients without associated varices, ascites or hepatic
encephalopathy among the 209 cirrhosis patients.

Child C

Figure 1 Correlation between Shunt index and Child-Pugh class. Among
Child-Pugh class a patients, the median thallium scan shunt index was 0.31 ±
0.24, among class B patients was 0.82 ± 0.39, and among class C patients was
1.19 ± 0.30. The thallium scan shunt index tended to increase as the ChildPugh score became higher (P < 0.01). Shunt index: Transrectal thallium portal
scan shunt index; Child: Child-Pugh class P < 0.001

RESULTS
Patients
A total of 209 chronic hepatitis B-related cirrhosis patients were enrolled: 101 (48.3%) were diagnosed with
liver cirrhosis by liver biopsy. The remaining 108 (51.7%)
were diagnosed with liver cirrhosis based on image diagnosis, laboratory findings and clinical features; 61 (29.1%)
were found to have varices, two of them with previous
variceal bleeding; 46 (22%) had ascites; and 49 (23.4%)
were diagnosed with decompensated liver cirrhosis. The
mean follow-up time was 49.6 mo.

Biochemical study
Liver biopsy was performed percutaneously guided by
ultrasonography. The samples were fixed with formaldehyde, embedded in paraffin, and stained with hematoxylin-eosin and Masson’s trichrome. The stages of hepatic
fibrosis were defined as: no fibrosis (F0), portal fibrosis
without septa (F1), portal fibrosis with a few septa (F2),
numerous septa without cirrhosis (F3), and liver cirrhosis
(F4), according to the technical guidelines for liver tissue
provided by the Gastrointestinal Pathology Study Group
of the Korean Society of Pathologists[21].
We defined decompensated liver cirrhosis as follows:
variceal bleeding, ascites due to portal hypertension (serum ascites albumin gradient > 1.1 g/dL), and hepatic
encephalopathy[22,23]. Compensated liver cirrhosis was
diagnosed either by the existence of chronic liver disease
with esophageal or gastric varices, or stage 4 fibrosis confirmed by liver biopsy.

Correlation between thallium scan shunt index and liver
cirrhosis complications
As the thallium scan shunt index increased, platelet count
(r = -0.67, P < 0.001), albumin (r = -0.67, P < 0.001)
and prothrombin time (r = -0.69, P < 0.001) decreased.
Those in the decompensated liver cirrhosis group were
older, and had lower platelet counts and albumin, but
higher bilirubin, ALT, prothrombin times and thallium
scan shunt indexes (P < 0.05). The median thallium scan
shunt index was 0.31 ± 0.24 for the Child-Pugh A group,
0.82 ± 0.39 for the Child-Pugh B group, and 1.19 ± 0.30
for the Child-Pugh C group. The index increased as the
Child-Pugh score increased (P < 0.01) (Figure 1). At the
same time, the thallium scan shunt index was found to be
high in the varices group (0.76 ± 0.41 vs 0.41 ± 0.4, P <
0.001), as well as in the ascites group (0.91 ± 0.40 vs 0.40
± 0.32, P < 0.001), hepatic encephalopathy group (1.11 ±
0.7 vs 0.48 ± 0.36, P < 0.001), and variceal bleeding group
(1.04 ± 0.09 vs 0.47 ± 0.38, P < 0.001) (Table 1). Logistic
regression on factors that demonstrated significance in
univariate analysis revealed that when the thallium scan
shunt index increased by one unit, the risk of developing ascites increased by 9.5-fold [EXP (B) = 9.49, 95%
confidence interval (CI): 1.90-47.34, P = 0.006], and of
developing varices by 5.1-fold [EXP (B) = 5.10, 95%CI:
1.36-19.12, P = 0.015]. In multivariate analysis, only the

Statistical analysis
The decompensated liver cirrhosis group and the compensated liver cirrhosis group were treated as dependent
variables; the subject’s age, platelets, aspartate aminotransferase, alanine aminotransferase (ALT), albumin, bilirubin, prothrombin time, and thallium scan shunt index
were independent variables. Statistical significance was
ascertained by t test. Logistic regression was used in multivariate analysis. For the predictive factors identified on
the basis of logistic regression, receiver operating characteristic (ROC) curves were used to find the appropriate
cut-off values for predicting exacerbation of decompensated liver cirrhosis. Pearson’s correlation coefficient and
logistic regression were also used to identify the correlations between the complications of liver cirrhosis (ascites, hepatic encephalopathy, varices, variceal bleeding),
and also between blood test results and the shunt index.
Again, appropriate cut-off values for each complication
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Table 2 Multivariate analysis of independent risk factors for liver decompensation
Decompensation
Shunt index
AST/ALT
Bil (mg/dL)
PLT (× 103)
Alb (g/dL)
PT (%)

Exp(B)

95%CI

8.55
1.14
0.96
0.99
0.37
0.96

2.24-54.97
0.66-1.93
0.84-1.09
0.97-1.00
0.13-1.07
0.93-1.00

Varices
a

P value

Exp(B)

95%CI

0.003
0.64
0.54
0.19
0.06
0.07

5.10
0.93
1.02
0.98
0.31
0.95

1.36-19.12
0.59-1.45
0.91-1.16
0.97-1.00
0.12-0.75
0.97-1.03

Ascites
a

P value

Exp(B)

95%CI

0.015
0.75
0.64
0.04
0.01
0.95

9.49
1.19
0.96
0.98
0.48
0.95

1.90-47.34
0.69-2.06
0.83-1.10
0.97-1.00
0.17-1.35
0.92-0.99

a

P value
0.006
0.51
0.55
0.14
0.16
0.03

Odds ratios with 95%CI from logistic regression analysis, aP < 0.05. AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; PLT: Platelet count;
Alb: Albumin; PT: Prothrombin time.

thallium scan shunt index was an independent predictor
of decompensation [EXP (B) = 8.55, 95%CI: 2.24-54.97,
P = 0.003] (Table 2).

independent risk factor for hepatic decompensation. As
the shunt index increased by one point, the risk of ascites
and varices increased by factors of 9.5 and 5.1, respectively. In multivariate analysis, the thallium shunt index
was seen to be a useful predictor of decompensated liver
cirrhosis. These results suggest that the transrectal thallium scan shunt index is useful for predicting complications in patients with cirrhosis.
HVPG is used as an indirect method for evaluating
portal pressure. When HVPG is 10 mmHg or higher,
varices and ascites occur due to clinically significant
portal hypertension[24,25]. When HVPG is 12 mmHg or
more, the risk of variceal bleeding increases. Accordingly,
HVPG has been adopted for monitoring patients undergoing pharmacological treatment to prevent variceal
bleeding, and is also useful as a prognostic factor[25-27]. Although HVPG is one of the best methods of assessing
portal pressure and hemodynamic circulation, there are
problems with using it in clinical practice. First, since it is
an invasive procedure, repeat measurements may not be
possible. Second, there has been inadequate cost-benefit
analysis[3,28]. Thirdly, the measuring procedure and protocol need to be standardized. Unlike HVPG, a transrectal
thallium scan is non-invasive and is the chief method of
evaluating a portosystemic shunt. The shunt index can be
measured every 3 or 6 mo according to the patient’s clinical setting. We used the thallium scan index to estimate
the amount of portosystemic shunt. Our results showed
that patients with portal hypertension have a significantly
higher heart/liver ratio than compensated cirrhosis patients. The thallium scan heart/liver index was reproducible with low inter- and intra-observer variation. It involves a patient-friendly technique that can be performed
in an outpatient setting, and takes under 30 min in the
clinic or at the bedside, with immediate results and high
acceptance by patients.
In recent years, numerous studies have investigated
biochemical markers of hepatic fibrosis and radiologic
diagnosis as non-invasive approaches to evaluate the
progression of hepatic fibrosis[29]. Direct hepatic fibrosisspecific markers that measure changes in the extracellular
matrix (laminin, procollagen Ⅲ, N-peptide, hyaluronic
acid, tissue inhibitors of metalloproteinase, collagen
type Ⅳ) are useful in diagnosing severe hepatic fibrosis
and liver cirrhosis. However, there is no consensus as to
the optimal combination of markers and cut-off values

Predictive value of the thallium scan shunt index for
liver cirrhosis complications
ROC curves were constructed to identify the diagnostic
capacity of decompensation. The area under the ROC
curve (AUROC) of the thallium scan shunt index was
0.911. When the cut-off value was set at 0.75, the sensitivity of diagnosis was 82.6%, the specificity was 84%,
the positive predictive value was 61.5%, and the negative
predictive value was 94.4%. In diagnosing esophageal
varices, the AUROC of the thallium scan shunt index
was 0.854. When the cut-off value was set at 0.854, the
sensitivity of diagnosis was 80.4%, the specificity 79.7%,
the positive predictive value 56.1%, and the negative predictive value 80.9%. With the cut-off value for ascites set
at 0.75, the sensitivity of diagnosis was 80.4%, the specificity was 80%, the positive predictive value was 60%,
and the negative predictive value was 95.1%. When the
thallium scan shunt index was divided into quartiles, the
rates of decompensated liver cirrhosis, varices and ascites
increased with increased shunt index.
Cumulative incidence of liver cirrhosis complications
The 89 patients without associated varices, ascites or hepatic encephalopathy among the 208 cirrhosis patients
were followed up by regular thallium scan. During followup, 7 patients developed variceal bleeding, 4 developed
hepatic encephalopathy, 20 developed varices, and 13
developed ascites. Eight (3.8%) died as a result of their
complications. The mean shunt index value was 0.56 for
the patients who developed any cirrhotic decompensation, and 0.54 for those who developed esophageal varix.
For those who developed ascites, it was 0.57. The cumulative rates of complications due to liver cirrhosis were
compared using a thallium scan shunt index of 0.75 as
the reference value. The rates of cirrhotic complications
(P < 0.001), varices (P < 0.001), ascites (P = 0.001) and
hepatic encephalopathy (P < 0.001) were higher in cases
with shunt indexes of 0.75 or more (Figure 2).

DISCUSSION
This study showed that the thallium shunt index was an
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Figure 2 Cumulative incident rate for decompensation, esophageal varix, ascites, hepatic encephalopathy according to shunt index. Reference value of
shunt index was 0.75. Shunt index: Transrectal thallium portal scan shunt index

for the various liver diseases, and their measurement is
overly expensive for clinical use. Moreover, there are
few studies using such tests to predict complications in
liver cirrhosis patients[29-32]. Transient elastography is a
recently developed diagnostic method that measures liver
stiffness in a quick, non-invasive way, enabling a simple
assessment of the severity of hepatic fibrosis. However,
it cannot be used on patients with ascites[33], nor does it
adequately reflect increases in portal pressure[5]. Vizzutti
et al[34] reported that liver stiffness measurements (LSM)
using transient elastography were closely correlated with
portal pressure in hepatitis C patients (r = 0.81, P < 0.001),
but the correlation between LSM and HVPG was low in
patients whose HVPG was 12 mmHg or higher[35,36]. Castéra et al[4] reported that the cut off value for the presence
of esophageal varices stage 2/3 was 27.5 kPa, for a past
history of ascites it was 49.1 kPa, for hepatocellular carcinoma it was 53.7 kPa, and for esophageal bleeding it was
62.7 kPa. However, most of the tools were designed to
determine the extent of fibrosis, and there have been few
longitudinal studies of the prediction of decompensation
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in cirrhotic patients.
There are some limitations to our study. Although
none of the patients took antiviral medication, the dosages of, and compliance with, diuretics and beta-blockers
were not considered. Secondly, 101 (48.3%) were diagnosed from a liver biopsy, but the remaining 108 (51.7%)
were diagnosed by clinical judgment. The study included
some advanced cirrhotic patients, and 47 (22%) had
ascites or a history of cirrhotic complications. We investigated the usefulness of the shunt index in predicting
the risk of new hepatic complications. We included only
hepatitis B-associated cirrhotic patients, but the severity
of liver disease was very variable. Thus, further validation
of the shunt index cutoff for predicting decompensation
is required.
In conclusion, the portosystemic shunt index is highly
correlated with hepatic decompensation and complications caused by portal hypertension. The shunt index
score is a non-invasive technique for estimate liver fibrosis, and a useful predictor of complications of portal
hypertension in hepatitis B-associated cirrhosis.
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death among liver cirrhosis patients. For this reason, measuring the amount of
portosystemic shunting is important in predicting the incidence and prognosis of
complications from liver cirrhosis.
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Research frontiers

When thallium, an analogue of potassium, is administered rectally to a healthy
subject, it is absorbed through the rectum and taken up mainly by the liver via
the portal circulation. However, when a portosystemic shunt exists, thallium is
taken up not only by the liver but by the heart, spleen and other organs via the
portosystemic shunt or collateral circulation.
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The thallium scan shunt index was shown not only to assist in diagnosing liver
cirrhosis, but also to strongly correlate with the severity of liver disease. However, these were all case-control studies, and their subjects were patients with
alcoholic liver disease and viral liver disease. The authors wished to examine
the correlation between the thallium scan shunt index and the incidence of
decompensated liver cirrhosis in patients with hepatitis B-associated cirrhosis.
They also aimed to test whether measuring changes in the thallium scan shunt
index was useful for predicting esophageal varices, ascites, hepatic encephalopathy and variceal bleeding.
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Applications

The study results suggest that the portosystemic shunt index is highly correlated with hepatic decompensation and complications caused by portal hypertension. The shunt index score is a non-invasive technique for estimate liver
fibrosis, and a useful predictor of complications of portal hypertension in HBVassociated cirrhosis.
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Thallium: an analogue of potassium; Shunt index: when the heart’s uptake
capacity is normal, portal venous blood flow and liver cell viability affect thallium
uptake by the liver; calculation of the heart/liver ratio (the shunt index) can then
be used to quantify the degree of portosystemic circulation shunting[
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This study is a good prospective study in which the shunt index is correlated
with hepatic decompensation and complication due to portal hypertension.
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Epirubicin, Cisplatin, 5-FU combination chemotherapy in
sorafenib-refractory metastatic hepatocellular carcinoma
Ji Eun Lee, Si Hyun Bae, Jong Young Choi, Seung Kew Yoon, Young Kyoung You, Myung Ah Lee
2

RESULTS: The overall response rate was 12.9%. Patients who responded to ECF chemotherapy showed
a longer overall survival (OS) and time to progression
(TTP) relative to those in the non-responder group (OS:
20.4 mo vs 4.9 mo, P < 0.001, TTP: 9.4 mo vs 2.2 mo,
P < 0.001). Patients with a stable primary liver mass
also exhibited a longer OS and TTP relative to those
with progressive disease (OS: 13.4 mo vs 5.3 mo, P =
0.003; TTP: 9.4 mo vs 2.3 mo, P = 0.003). The most
common hematologic toxicity was thrombocytopenia
(87.2%), and the incidence of grade 3-4 neutropenia
was 53.9%. Age older than 60, a stable primary mass,
and a good response to chemotherapy were prognostic
factors for OS and TTP.
CONCLUSION: This combination cytotoxic chemotherapy can serve as another treatment option after
sorafenib failure for the subset of patients with advanced metastatic HCC.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Hepatocellular carcinoma; Sorafenib; Epirubicin; Cisplatin; 5-FU
Core tip: For advanced and metastatic hepatocellular
carcinoma (HCC), sorafenib has been used as the standard systemic treatment. However, after failure to treat
with sorafenib, no effective therapy is available. In the
present study, we suggested that cytotoxic combination chemotherapy might be the another option for
the treatment of progressive HCC. The patients with
the age over 60 and a stable primary liver mass were
benefit from the chemotherapy, leading to survival prolongation. Most clinical trials are currently focused on
target agent because HCC is considered to be chemo-

Abstract
AIM: To evaluate the clinical efficacy and safety of epirubicin, cisplatin, and 5-FU combination chemotherapy
for the sorafenib-refractory metastatic hepatocellular
carcinoma (HCC).
METHODS: From April 2009 to June 2012, 31 patients
who were diagnosed with metastatic and progressive
HCC after sorafenib treatment were retrospectively reviewed. Patients were treated with the combination of
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epirubicin (50 mg/m Ⅳ; day 1), cisplatin (60 mg/m Ⅳ;
2
day 1), and 5-FU (1000 mg/m Ⅳ; day 1-3) [Epirubicin,
cisplatin, 5-FU combination (ECF)], repeated every 4 wk.
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patients who presented advanced HCC in Seoul St. Mary’s
Hospital were retrospectively reviewed. All patients had
metastatic, progressive HCC after receiving treatment
with sorafenib. The other eligible criteria included the
following: (1) measurable lesions based on the response
evaluation criteria in solid tumor (RECIST) criteria, ver.
1.0; (2) ECOG status 0 or 1; (3) Child-Pugh class A; (4)
adequate bone marrow function, including platelet count
3
≥ 50000/mm , absolute neutrophil count ≥ 1500/μL,
and hemoglobin ≥ 8.0 g/dL; (5) adequate hepatic function, including aspartate aminotransferase and alanine
aminotransferase ≤ 5 × upper normal limit and bilirubin
≤ 2.0 mg/dL; and (6) adequate renal function, serum
creatinine ≤ 2 × upper normal limit. All procedures followed were in accordance with the ethical standards of
the responsible committee on human experiments and
the Helsinki Declaration of 1975, as revised in 2008. Informed consent was obtained from all patients for their
inclusion in the study. This study was also approved by
the Institutional Review Board of Seoul St. Mary’s Hospital, Catholic Medical Center.

resistant cancer. Based on our data, new clinical trials
using chemotherapy should be tried beyond sorafenib.
Lee JE, Bae SH, Choi JY, Yoon SK, You YK, Lee MA. Epirubicin, Cisplatin, 5-FU combination chemotherapy in sorafenibrefractory metastatic hepatocellular carcinoma. World J Gastroenterol 2014; 20(1): 235-241 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i1/235.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i1.235

INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most common cancer globally and the fifth in Korea[1,2]. The incidence of HCC is higher in Asia, and it is often associated
with chronic liver disease or chronic alcoholic hepatitis[3].
Although several surveillance programs are actively
ongoing in Asian countries including Korea, many patients visit the clinic when they have already reached the
intermediate to advanced stage of HCC. Based on the
Barcelona-Clinical Liver Cancer (BCLC) staging system,
the intermediate stage group can benefit from chemoembolization or radiofrequency ablation[4]. For advanced
metastatic HCC, systemic therapy is needed, but an effective cytotoxic chemotherapy regimen has not yet been
identified[5]. Recently, sorafenib has been reported as a
standard therapy because it produced a significant survival benefit comparing to placebo in two randomized
trials[4,6,7]. Furthermore, no more effective target agent is
currently available to treat the progressive disease after
sorafenib therapy, despite many clinical trials of new target agents[8].
For a long time, doxorubicin has served as the backbone of cytotoxic chemotherapy for HCC[5], yielding
approximately a showing about 16% response rate [9].
Epirubicin is a doxorubicin derivative with a better therapeutic index[10], and a response rate of 17%[11]. As a single
agent, cisplatin has also shown a 17% response rate for
advanced HCC[12], and when this agent was combined
with epirubicin and 5-FU, a higher response rate was
achieved[13]. Although this combination chemotherapy
was suggested a potential systemic therapy to treat for
metastatic HCC in the past, only few trials for cytotoxic
chemotherapy have been attempted due to the toxicity of
the treatment and the underlying hepatic dysfunction of
the patients.
In the present study, we retrospectively analyzed the
clinical efficacy and safety of epirubicin, cisplatin, and
5-FU (ECF) combination chemotherapy in patients who
presented progressive disease after sorafenib therapy to
evaluate the potential benefit of these cytotoxic agents
for advanced HCC.

Treatment schedule and response evaluation
Patients were treated with the combination of epirubicin
(50 mg/m2 Ⅳ; day 1), cisplatin (60 mg/m2 Ⅳ; day 1), and
5-FU (1000 mg/m2 Ⅳ continuous; day 1-3) (ECF) every
4 wk. One liter of half saline was administered before
and after the cisplatin. Echocardiography was performed
in all patients to monitor their basic heart function before
epirubicin treatment. Response evaluation was performed
with CT scans every 2 cycles of chemotherapy using
the RECIST criteria, ver. 1.0. Toxicity monitoring was
assessed using the National Cancer Institute Common
Terminology Criteria for Adverse Events, ver. 3.0, during
each cycle of chemotherapy. The treatment was continued until progressive disease or unacceptable toxicity was
observed. If the patient failed to tolerate the chemotherapy, treatment was also stopped.
Statistical analysis
Overall survival (OS) was calculated from the start of the
first day of ECF therapy to the death of the patient or
the last follow-up date. Time to progression (TTP) was
measured from the first day of the ECF chemotherapy to
the date of disease progression, confirmed by CT scans.
The disease control rate was defined as the partial response (PR) and the stable disease (SD), persisting at least
24 wk. OS and TTP were analyzed using Kaplan-Meier
method. Cox regression models were used to analyze the
statistical relationships between the prognostic factors
and OS and TTP. All statistical analyses were carried out
using SPSS, ver. 18.0.

RESULTS
Patient characteristics
A total 31 patients were retrospectively analyzed between
April 1, 2009 and June 31, 2012. Baseline characteristics
of the patients are described in Table 1. The median age

MATERIALS AND METHODS
Patients
From April 2009 to June 2012, the medical records of
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Table 1 Patients’ general characteristics n (%)

Table 3 Analysis of prognostic factors
Characteristics

Numbers
Age (range), yr
Sex
Male
Female
Etiology
HBV
HCV
Others
Status of primary liver mass
Stable
Progressive
Metastatic sites
Lung
Lymph node
Bone
Peritoneum
Previous treatment before sorafenib
TACE
Surgery
Radiation
Hepatic arterial infusion
Radiofrequency ablation

OS
HR

531 (36-71)

Univariate analysis
Gender
Male vs female
Age, yr
< 60 vs ≥ 60
Primary liver mass control
Yes vs no
Disease control
PR + SD vs PD
Multivariate analysis
Age, yr
< 60 vs ≥ 60
Primary liver mass control
Yes vs no
Disease control
PR + SD vs PD

25 (81)
6 (19)
26 (83.9)
1 (3.2)
4 (12.9)
13 (41.9)
18 (58.1)
28 (90.3)
10 (32.3)
8 (25.1)
3 (9.7)
29 (93.5)
17 (54.8)
12 (38.7)
9 (29.0)
5 (16.1)

TTP

P value

HR

P value

0.870

0.804

0.87

0.793

0.090

0.023

0.46

0.143

4.220

0.006

3.56

0.006

5.960

< 0.001

0.074

0.017

0.91

0.800

3.660

0.026

1.38

0.540

4.310

0.011

36.69

0.001

45.3

< 0.001

In univariate and multivariate analysis, patients with age over than 60 or
stable primary liver mass showed the better OS and TTP. The patients with
partial response or stable disease also had better survival outcome but not
in time to progression in multivariate analysis. PR: Partial response; PD:
Progressive disease. OS: Overall survival: TTP: Time to progression.

1

Median. TACE: Transarterial chemoembolization; HBV: Hepatitis B virus;
HCV: Hepatitis C virus.

(range: 10.0-14.8 mo).
In the survival analysis, patients who achieved PR or
SD showed a better OS than the progressive disease (PD)
group (median OS 20.4 mo vs 4.9 mo, 95%CI: 11.2-29.6,
P < 0.001). The PR or SD group also showed a better
TTP than the PD group (median TTP 9.4 mo vs 2.2 mo,
95%CI: 4.1-14.7, P < 0.001) (Figure 1). There was a significant association between the status of the primary
liver mass at the start of treatment and the clinical outcome. Patients who presented a stable primary liver mass
showed a better response than those who presented with
a progressive primary liver mass (P = 0.004). The patients
with a stable primary liver mass also showed a better OS
and TTP than patients with a progressive primary liver
mass (median OS 13.4 mo vs 5.3 mo, 95%CI: 14.4-16.8, P
= 0.003; median TTP 9.4 mo vs 2.3 mo, 95%CI: 1.5-17.3,
P = 0.003) (Figure 2).
In the univariate analysis, the presence of disease
control was significantly associated with the OS and TTP
(OS HR = 5.96, P < 0.001; TTP HR = 45.3, P < 0.001).
There was also a correlation between presenting with a
stable primary liver mass and OS and or TTP (OS HR =
4.22, P = 0.006; TTP HR = 3.56, P = 0.006). In addition,
patients over 60 years of age achieved a better OS (HR =
0.09, P = 0.023) but not a better TTP (P = 0.143) (Table
3). These parameters also showed significant associations
with OS and TTP in the multivariate analysis (Table 3).

Table 2 Clinical outcomes
n (%)

Response
PR
SD
Disease control (PR + SD)
Progressive disease
Survival outcome
Median TTP
Median OS

4 (12.9)
10 (32.3)
14 (45.2)
17 (54.8)
median (range)
2.7 mo (1.0-14.8)
7.8 mo (2.2-40.2)

PR: Partial response, 30% or more decrease in the sum of diameters of target lesions; SD: Stable disease, neither sufficient shrinkage to qualify as PR
nor sufficient to qualify as disease progression; TTP: Time to progression;
OS: Overall survival; PD: Progressive disease.

was 53 years (range 36-71 years), and the majority of
the patients were male (81%). Most of the patients (26
patients, 83.9%) presented as hepatitis B virus (HBV)
positive and 4 patients presented with non-virus associated disease. A total of 13 patients (41.9%) presented
with a stable primary liver mass at the start of ECF
chemotherapy. Most of the patients presented with lung
metastasis (90.3%), and other common metastatic sites
included the lymph node (32.3%), bone (25.1%) and peritoneum (9.7%). All patients were previously treated with
sorafenib and other local therapies.

Toxicity profiles
The hematologic and non-hematologic toxicities are
summarized in Table 4. There were no treatment-related
deaths. Grade 3-4 neutropenia was the most common
hematologic toxicity (53.9%); however, no febrile neutropenia developed. Among the non-hematologic toxicities,
the most common toxicity was asthenia (26.4%). All of
the toxicities were manageable.

Clinical outcome and prognostic factors
A total of 102 cycles of ECF chemotherapy were administered to the 31 patients. The median number of cycles
per patient was 2 cycles. PR was achieved in 4 patients,
yielding a 12.9% response rate, and the disease control
rate was 45.2% (Table 2). The median OS was 7.8 mo
(range: 2.2-40.2 mo), and the median TTP was 2.7 mo
WJG|www.wjgnet.com
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A

B

PR + SD
PD

1.0

PR + SD
PD

1.0

PR + SD: censored

PR + SD: censored
PD: censored

PD: censored

0.8
Survival probability

Survival probability

0.8

0.6

P < 0.001
0.4

0.2

0.6

P < 0.001
0.4

0.2

0.0

0.0
0

5

10

15
20 25
OS (mo)

30

0

35

2
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6
8 10
TTP (mo)

12

14

Figure 1 Survival analysis according to response to chemotherapy. A: The group with controlled disease (PR + SD) showed longer overall survival (OS) outcome
than those with progressive disease (PD): median 20.4 mo (full line) vs 4.9 mo (imaginary line); B: In time to progression (TTP), the group with controlled disease
groups showed better outcome than those with progressive disease: median 9.4 mo (full line) vs 2.2 mo (imaginary line).

A

B

Stable
Progressive

1.0

Stable
Progressive

1.0

Stable: censored

0.6

P = 0.003

0.4

Progressive: censored

0.8
Survival probability

Survival probability

Stable: censored

Progressive: censored

0.8

0.6

P = 0.003

0.4

0.2
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0.0
0

5

10

15
20
OS (mo)

25

30

0

35

2

4

6
8 10
TTP (mo)

12

14

Figure 2 Survival outcomes according to status of primary liver mass. A: The group with stable primary mass showed longer overall survival than those with progressive primary liver mass: median 13.4 mo (full line) vs 5.3 mo (imaginary line); B: In TTP, the group with stable primary mass showed better outcome than those with progressive primary liver mass: median 9.4 mo (full line) vs 2.3 mo (imaginary line). TTP: Time to progression; OS: Overall survival.

DISCUSSION

Table 4 Toxicity profiles n (%)
Grade 1/2
Hematologic
Anemia
Neutropenia
Thrombocytopenia
Non-Hematologic
Nausea
Vomiting
Asthenia
Anorexia
Microsites

Grade 3/4

HCC is known to be a chemo-resistant cancer due to
its high expression of the multidrug resistance (MDR)
gene[14]. Based on the BCLC staging, patients presenting
with early stage or intermediate stage disease can benefit
from surgery, liver transplantation, or localized treatments such as TACE or radiofrequency ablation[4]. However, few treatment options are available for advanced
HCC because most patients also suffer from chronic
liver disease, such as chronic hepatitis and cirrhosis, leading to hepatic dysfunction. This underlying liver disease
narrows the spectrum of the treatment options available
for advanced HCC[14]. Although systemic therapy has

Total

72 (70.6)
15 (14.7)
61 (59.8)

10 (9.8)
55 (53.9)
28 (27.4)

82 (80.4)
70 (68.6)
89 (87.2)

4 (3.9)
2 (1.9)
24 (23.5)
2 (1.9)
6 (5.8)

0
0
3 (2.9)
0
0

4 (3.9)
2 (1.9)
27 (26.4)
2 (1.9)
6 (5.8)

Number: Each episodes of all cycles/Percent: Number of episode/total
102 cycles.
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played only a limited role over the past 30 years, newly
developed novel agents that target signaling pathways
have been attempted as treatments for advanced HCC[3].
Recently, sorafenib, an oral target agent, has been used as
the standard treatment for advanced HCC because two
large randomized phase Ⅲ trials demonstrated that it was
able to achieve a survival benefit compared with a placebo control[6,7]. However, sorafenib resulted in only 2-3 mo
of benefit in the OS or TTP, so most patients eventually
develop progressive disease after undergoing sorafenib
treatment.
The Epirubicin, cisplatin, and 5-FU (ECF) combination regimen has shown some clinical benefits in
advanced gastric cancer, biliary cancer and pancreatic
cancer[15-17]. However, it had a poor response and survival
outcome as first-line treatment for advanced HCC[18].
Another cytotoxic chemotherapy, the PIAF regimen
(cisplatin, interferon alpha, doxorubicin, 5-fluorouracil)
showed a better response, but it is too toxic to be tolerated by patients with advanced HCC[19]. In the present
study, ECF chemotherapy showed modest activity in
selected patients as second-line treatment. It achieved a
promising clinical outcome in selected patients even if
we treated the patients who had progressive disease after
sorafenib treatment and other local therapy. In addition,
all toxicities were manageable, and the patients tolerated
the regimen well throughout the treatment cycles. In the
trials of target agents, sorafenib prolonged the survival by
only 2-3 mo[6,7], and the other target agents under investigation achieved only an additional 10% response rate[20].
Considering these data, our outcome was quite favorable,
especially for patients with a PR or stable primary liver
mass.
In the univariate and multivariate analyses of the survival outcome, age older than 60 years, a stable primary
liver mass, and good disease control status were associated with a longer OS. Elderly patients over 60 years of
age showed hazard ratios of 0.09 in the univariate analysis and 0.074 in the multivariate analysis, all of which
indicated significant effects. These results are consistent
with those of an Italian liver cancer group[21]. The status
of the primary liver mass also could serve as a predictive
and prognostic marker. Patients with a stable primary
liver mass at the start of ECF chemotherapy had a better
disease control rate, leading to a significantly longer OS
and TTP, relative to patients with a progressive primary
liver mass.
Although some selected patients showed a survival
benefit in the present study, the overall survival increase
was minimal across all patients. However, the change in
the pain score according to 10-step numeric rating scale
was 0.5 (range: -6 to 3, data not shown). Most patients
had minimal pain that required a dosage increase in pain
killers throughout the treatment period. We were unable to evaluate the quality of life improvement because
this was a retrospective analysis. However, the minimal
change of pain score suggested that ECF treatment
might have a positive effect on pain control in advanced
HCC.
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Based on all these results, we suggest that ECF chemotherapy might offer another option a subset patient,
i.e., those who have a stable primary liver lesion or are
over 60 years of age. These patients might expect to
achieve a survival benefit after failing to respond to
sorafenib. There are some limitations in the present study.
First, this is retrospective analysis with a small sample
size, so the conclusions must be interpreted cautiously.
Second, all patients enrolled in the study showed a good
performance status with tolerable liver function (ChildPugh score A). In practice, most of the patients who
show progressive disease after sorafenib usually present
with decreased liver function or poor performance status,
so these patients could be cautiously selected to receive
the second-line treatment.
After the sorafenib era, most clinical trials for
advanced HCC have focused on new target agents
compared to sorafenib being used to treat the control
group[4,5]. The NCCN guideline recommends providing
supportive care or a clinical trial as the treatment options
after sorafenib failure[22]. However, patients who show
good performance and liver function can be good candidates for active cytotoxic chemotherapy as a second-line
treatment. It would be worthwhile to develop a clinical
trial with less toxic cytotoxic combination chemotherapy.
The inhibition of MDR1 has been reported to enhance
the sensitivity of chemotherapy in vitro or in animal
model systems[23-25]. These data suggest that combining a
MDR1 inhibitor with chemotherapy can be another direction for the treatment of HCC, besides the new agent
targeting signal pathway or tumor angiogenesis. Unfortunately, there have been few human clinical trials using this
approach, so more preclinical or clinical trials are needed.
In conclusion, we have suggested that a cytotoxic combination regimen could offer an alternative treatment
option after progression to sorafenib following careful
patient selection. Patients who present with good ECOG,
good liver function and a stable primary liver mass could
be good candidates for systemic chemotherapy, and
might expect to receive a survival benefit. To confirm
our results, a prospective, randomized trial with a large
sample size is warranted.
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In the previous trials, combination chemotherapy regimen showed poor response rate and was too toxic to tolerate for HCC patients with poor liver function. On the contrary, target agents are tolerable even for the patients with hepatic dysfunction, so new clinical trials for the treatment of advanced HCC are
focused on target agents. However, these trials currently fail to show survival
benefit. For the advanced patients with progressive disease after sorafenib
therapy, more effective treatment is absolutely required. In the present study,
authors tried with cytotoxic combination chemotherapy to treat patients with
progressive, advanced, and metastatic HCC. In analysis of the clinical outcome, cytotoxic combination therapy demonstrated good response with survival
benefit for some patients. Authors suggests that cytotoxic combination regimen
should be worthwhile to try for the treatment of the progressive metastatic HCC
patients
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Endoscopic diagnosis of cervical esophageal heterotopic
gastric mucosa with conventional and narrow-band images
Chi-Liang Cheng, Cheng-Hui Lin, Nai-Jen Liu, Jui-Hsiang Tang, Yen-Lin Kuo, Yi-Ning Tsui
RESULTS: Cervical esophageal HGM was found in 36
of 760 (4.7%) and 63 of 760 (8.3%) patients in the
CI and NBI groups, respectively (P = 0.007). The NBI
mode discovered significantly more small-sized HGM
than CI (55% vs 17%; P < 0.0001). For the 99 patients
with cervical esophageal HGM, biopsies were performed
in 56 patients; 37 (66%) had fundic-type gastric mucosa, and 19 had antral-type mucosa. For the clinicopathological classification, 77 patients (78%) were classified as HGM Ⅰ (asymptomatic carriers); 21 as HGM Ⅱ
(symptomatic without morphologic changes); and one
as HGM Ⅲ (symptomatic with morphologic change). No
intraepithelial neoplasia or adenocarcinoma was found.
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CONCLUSION: NBI endoscopy detects more cervical
esophageal HGM than CI does. Fundic-type gastric mucosa constitutes the most common histology. One-fifth
of patients have throat or dysphagic symptoms.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Abstract
AIM: To compare the diagnostic yield of heterotopic
gastric mucosa (HGM) in the cervical esophagus with
conventional imaging (CI) and narrow-band imaging
(NBI).

Key words: Cervical esophagus; Heterotopic gastric
mucosa; Endoscopic diagnosis; Narrow-band imaging;
Conventional imaging
Core tip: This prospective study demonstrated the diagnostic yield of narrow-band illumination in the evaluation of cervical esophageal heterotopic gastric mucosa
and provided clinicopathological data indicating that
most heterotopic gastric mucosa had fundic-type gastric mucosa, with 22% of patients being symptomatic.

METHODS: A prospective study with a total of 760
patients receiving a CI examination (mean age 51.6
years; 47.8% male) and 760 patients undergoing NBI
examination (mean age 51.2 years; 45.9% male). The
size of HGM was classified as small (1-5 mm), medium
(6-10 mm), or large (> 1 cm). A standardized questionnaire was used to obtain demographic characteristics,
social habits, and symptoms likely to be related to
cervical esophageal HGM, including throat symptoms
(globus sensation, hoarseness, sore throat, and cough)
and upper esophageal symptoms (dysphagia and odynophagia) at least 3 mo in duration. The clinicopathological classification of cervical esophageal HGM was
performed using the proposal by von Rahden et al .
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ceration, and the inability to provide informed consent.
All endoscopies were performed by a single experienced
endoscopist (CL Cheng). Endoscopies with NBI contrast
were performed between April 2011 and March 2012,
and endoscopies with CI mode were performed between
April 2012 and December 2012. The rationale of this
study design was to provide the best detection rate of CI
endoscopy, as we believed that the experience obtained
during NBI endoscopy could help to improve the endoscopist’s diagnostic ability with CI mode. A standardized questionnaire was used to obtain the demographic
characteristics, social habits, medications, and symptoms
for each patient. Symptoms likely to be related to cervical HGM, including throat symptoms (globus sensation,
hoarseness, sore throat, and cough) and upper esophageal
symptoms (dysphagia, odynophagia) at least 3 mo in duration, were noted prior to endoscopy. Gastroesophageal
reflux disease (GERD) was diagnosed using the Montreal
definition[15]. Patients who smoked cigarettes or drank alcohol regularly during the 12 mo preceding the interview
were considered active smokers or drinkers. All patients
signed an informed consent form prior to their inclusion
in the study. The data from the questionnaire and the endoscopy were stored in a computerized database. All authors had full access to the study data and had reviewed
and approved the final manuscript.

INTRODUCTION
Heterotopic gastric mucosa (HGM) in the cervical esophagus is a macroscopically pink lesion of congenital origin
characterized by the presence of gastric epithelium in
the upper esophagus. The clinical significance of these
lesions remains unknown. At endoscopy, these HGM
areas are typically small, distinct patches in the proximal
3 cm of the esophagus. The reported prevalence of endoscopically diagnosed cervical esophageal HGM using
conventional illumination (CI) varies from 1% to 10%
in adults[1-7] and 5.9% in children[8]. The wide variation in
this frequency appears to be related to anatomical location and inadequate examinations by the endoscopists.
Increased awareness of the presence of HGM by the
examiner has been shown to increase the endoscopic detection rate[9]. Narrow-band imaging (NBI) is an innovative optical technique that modifies the center wavelength
and bandwidth of an endoscope’s light into a narrow
band illumination of 415 ± 30 nm. By utilizing this narrow spectrum, the contrast in the capillary pattern of the
superficial layer is markedly improved compared to CI[10].
This system is highly applicable in the detection of premalignant lesions of the hypo-pharynx, esophagus, stomach, and colon[11,12]. With the NBI contrast, a significant
number of patients initially diagnosed with nonerosive
reflux disease may be re-categorized as having erosive
esophagitis[13]. Furthermore, Hori et al[14] reported that
cervical HGM was found in 13.8% of their patients with
NBI endoscopy. However, the diagnostic yield of NBI
endoscopy over CI endoscopy has not yet been validated.
Because NBI enhances the contrast between the
esophageal and gastric mucosa, we hypothesized that the
use of this optical technique may increase the detection
of cervical esophageal HGM. The primary aim of this
study was to evaluate the clinical usefulness of an NBI
endoscopy system, compared to the standard CI system,
in the diagnosis of cervical esophageal HGM. The secondary aim was to assess the histological and clinical significance of patients with cervical esophageal HGM.

Endoscopic technique
After adequate fasting, a routine EGD was performed
with a standard upper endoscopy (GIF-Q260; Olympus
Optical Co, Ltd, Tokyo, Japan) using topical anesthesia,
with or without conscious sedation, depending on the
patient’s preference. Conscious sedation was performed
with midazolam (2-5 mg). During all procedures, the
esophagus was carefully surveyed, and special attention
was paid to the area of the cervical esophagus. A cervical
esophageal HGM was diagnosed as well-circumscribed
salmon-red (in CI mode) or brownish (in NBI mode)
mucosa with a distinct border (Figure 1). The size of the
HGM was determined by the top span of the fully open
biopsy forceps and was classified as small size (1-5 mm),
medium size (6-10 mm), or large size (> 1 cm). One or
two biopsies were obtained from the cervical esophageal HGM whenever possible. Pathological examination
was performed to determine the type of gastric mucosa
and to evaluate the presence of intestinal metaplasia,
dysplasia, and Helicobacter pylori (H. pylori). Fundic-type
HGM was defined by the presence of both parietal cells
and chief cells, and antral-type HGM was defined by
the absence of chief cells and only a few parietal cells.
Dysplasia was defined as neoplastic epithelium that remained confined within the basement membrane of the
epithelial surface from which it arose. The presence of H.
pylori in the HGM was identified using hematoxylin-eosin
stain. Reflux esophagitis was graded with the Los Angeles classification[16]. Barrett’s esophagus was considered
when the maximal extent of the columnar-lined mucosa
in the distal esophagus was 10 mm or more of the length

MATERIALS AND METHODS
Ethics
This work was conducted in accordance with the Declaration of Helsinki of the World Medical Association.
This study was ethically approved by the Institutional Review Board of Evergreen hospital, Taoyuan, Taiwan. All
patients provided written informed consent.
Patient enrollment
This was a prospective study, and the study population
consisted of patients seen in the gastroenterology clinics
of Evergreen Hospital in Taoyuan. Patients undergoing
an esophagogastroduodenoscopy (EGD) for all possible
indications, such as symptoms or history suggestive of
upper gastrointestinal (GI) disease, were included. Exclusion criteria included an age younger than 18 years, incar-
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Figure 1 Endoscopic images of cervical esophageal heterotopic gastric mucosa. A: Conventional imaging (CI) image of a typical heterotopic gastric mucosa
(HGM) patch; B: Narrow-band imaging (NBI) appears to increase contrast and enhance the mucosal details between the columnar and squamous epithelia; C: Single
HGM was found by CI image; D: In NBI contrast, additional small HGM was noted superior to the medium HGM; E: CI image in a patient with circumferential HGM
and esophageal stenosis; F: With NBI, the columnar mucosa appears dark brown, and the squamous epithelia, light green. This sharp contrast of coloration aids in
the detection of circumferential lesions.

from the gastroesophageal junction; it was diagnosed
when the specialized intestinal metaplasia was confirmed
histologically. A hiatal hernia was considered present if
the maximal length of the gastric folds above the diaphragm was 20 mm or more during quiet respiration.
Gastric and duodenal ulcers were defined as breaks in
the epithelium with an appreciable depth and a diameter
of at least 5 mm.

the demographics, social habits, or clinical symptoms before the procedure.
Table 2 presents the endoscopic findings in the 2
arms of the study. The detection rate of cervical esophageal HGM in the NBI arm was 8.3% and that in the CI
arm was 4.7% (P = 0.007). There were no differences between the 2 arms in the other endoscopic findings, except
for gastric ulcers, which were found in 9.9% and 14.3%
of the NBI and CI arms, respectively (P = 0.009).
Table 3 shows the clinicopathological and endoscopic
characteristics of cervical esophageal HGM in the 2 arms
of the study. The NBI arm had significantly more smallsized cervical HGM than the CI (54% vs 17%, P < 0.0001).
Clinicopathological classification was performed based
on the procedure of von Rahden et al[17] There were no
differences between the 2 cervical esophageal HGM
groups in the clinicopathological or other endoscopic
characteristics.
When we combined the data from both arms of the
study, 99 patients had cervical esophageal HGM, and 77
patients were classified as HGM type Ⅰ (asymptomatic
carrier); 21 as HGM type Ⅱ (symptomatic individuals
without morphologic change); and one as HGM type Ⅲ
(symptomatic due to morphologic change). The patient
with circumferential cervical HGM and upper esophageal
stenosis (HGM type Ⅲ) had presented with chronic dysphagia for many years. Ambulatory esophageal pH monitoring using a dual-electrode catheter revealed abnormal

Statistical analysis
All statistical analyses were performed using the Statistical Package for Social Sciences (SPSS) 13.0 software for
Windows XP. Categorical variables were compared using
the χ 2 test or Fisher’s exact test, and continuous variables
were compared using Student’s t test and univariate analysis. A P value of less than 0.05 was considered to be statistically significant. In a multivariate logistic regression,
the presence of throat or upper esophageal symptoms
was chosen as the outcome variable. The odds ratios
and their corresponding 95%CI served to describe the
strength of the influence exerted by the retained predictor variable of the multivariate model.

RESULTS
Table 1 presents the demographics of the 2 study arms
by age, sex, social habits, and clinical symptoms. There
were no differences between the 2 arms with respect to
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Table 1 Demographics, social habits, and clinical symptoms
in the 2 arms of the study n (%)
NBI (n = 760) CI (n = 760)
Men
Age (yr), mean ± SD
Social habits
Alcohol use
Smoking
Clinical symptoms
Reflux symptoms
Throat symptoms
Dysphagia

Table 3 Clinicopathological and endoscopic characteristics of
cervical esophageal heterotopic gastric mucosa in the 2 study
arms n (%)

P value

349 (46)
51.2 ± 15.3

363 (48)
51.6 ± 13.7

0.50
0.58

75 (10)
161 (21)

56 (7)
176 (23)

0.10
0.92

260 (34)
61 (8)
16 (2.1)

240 (32)
64 (8)
12 (1.6)

0.30
0.85
0.57

Clinical characteristics
HGM type Ⅰ
HGM type Ⅱ
HGM type Ⅲ
Number of cervical HGM
Single
Two
Three or more
Circumferential
Smallest size of cervical HGM1
0-5 mm
6-10 mm
> 1 cm
Biopsy of cervical HGM
Fundic type gastric mucosa
Antral type gastric mucosa
Intestinal metaplasia
Presence of H. pylori
Associated with GERD
Erosive esophagitis
Barrett’s esophagus
Associated with hiatus hernia
Associated with peptic ulcers

CI: Conventional imaging; NBI: Narrow-band imaging.

Table 2 Endoscopic findings in the 2 study arms n (%)
NBI (n = 760) CI (n = 760) P value
Conscious sedation for EGD
Cervical HGM
Reflux esophagitis
Los Angeles grade A-B
Los Angeles grade C-D
Barrett’s esophagus
Peptic ulcers
Gastric ulcer
Duodenal ulcer
Hiatus hernia

400 (53)
63 (8.3)
158 (21)
147 (19)
11 (1.5)
3 (0.4)
209 (28)
75 (9.9)
161 (21)
33 (4.3)

397 (52)
36 (4.7)
138 (18)
128 (17)
10 (1.3)
4 (0.5)
238 (31)
109 (14.3)
183 (24)
37 (4.9)

0.570
0.007
0.220

1.000
0.110
0.009
0.200
0.710

HGM in CI
(n = 36)

47 (75)
15 (24)
1 (1.6)

30 (83)
6 (17)
0 (0)

43 (68)
12 (19)
7 (11.1)
1 (1.6)

28 (78)
7 (19)
1 (2.8)
0 (0)

34 (55)
24 (39)
4 (6.5)
34 (54)
22 (65)
12 (35)
0
2 (5.9)
30 (48)
17 (27)
0 (0)
4 (6.4)
16 (25)

6 (17)
19 (53)
11 (30)
22 (61)
15 (68)
7 (32)
0
1 (4.6)
16 (44)
10 (28)
1 (2.8)
3 (8.3)
11 (31)

P value
0.65

0.25

< 0.0001

0.84
0.65
0.37
0.70
0.64

1

Patients with circumferential lesion were excluded from the calculations.
CI: Conventional imaging; NBI: Narrow-band imaging; HGM: Heterotopic
gastric mucosa; EGD: Esophagogastroduodenoscopy; GERD: Gastroesophageal reflux disease; H. pylori: Helicobacter pylori.

CI: Conventional imaging; NBI: Narrow-band imaging; HGM: Heterotopic
gastric mucosa; EGD: Esophagogastroduodenoscopy.

proximal acid reflux, with a percentage of esophageal
total acid exposure (pH < 4) of 1.4% and a normal distal
acid exposure, with a DeMeester score of 2.7. After excluding the possibility of malignancy by biopsy, the dysphagia was well managed with daily esomeprazole 40 mg.
Biopsy specimens were obtained from 56 of the 99
patients with cervical esophageal HGM. Fundic-type
gastric mucosa constituted 66% of the cases, and antraltype mucosa comprised the remaining 34%. We did not
observe intestinal metaplasia or dysplasia in any of the
cases. Infection with H. pylori in the cervical esophageal
HGM was identified in 3 patients, and gastric H. pylori
infection was positive in all of these patients.
Table 4 presents the difference between patients with
and without a cervical esophageal HGM. There were
no differences between the 2 groups in demographics or social habits. Throat symptoms were significantly
more frequently observed in patients with cervical HGM
than in those who did not have cervical HGM (20.2% vs
7.4%, P < 0.0001). There were no differences between
the 2 groups in the other clinical manifestations. Erosive
esophagitis was also more frequently observed in patients
with cervical HGM (27.3% vs 18.9%, P = 0.0488). No
significant differences were found with respect to Barrett’s
esophagus, hiatal hernias, or peptic ulcers.
Multiple logistic regression analysis was performed to
evaluate the risk factors for the development of throat
symptoms and dysphagia in patients with cervical HGM.

WJG|www.wjgnet.com

HGM in NBI
(n = 63)

No independent risk factor was identified by the multivariate model.

DISCUSSION
In this report, we describe an observational study comparing the use of NBI with CI for the purpose of finding
cervical esophageal HGM. Using NBI endoscopy, there
was an increase in the detection of the cervical esophageal HGM, especially in the detection of small-sized
lesions. Our results suggest that NBI is useful for evaluating cervical esophageal HGM and improving the detection of small lesions. We also demonstrated that patients
with cervical esophageal HGM have a predisposition for
throat symptoms. Moreover, reflux esophagitis was present more frequently in patients with cervical esophageal
HGM.
Endoscopic prevalence
Conventional endoscopic studies reveal a prevalence
of 1%-10%[1-7], but this frequency tends to be clinically
underestimated. The latter is due to the predominant
localization in the region upon or immediately distal to
the upper esophageal sphincter. The upper esophagus is
the most neglected area in a routine EGD. This region is
quickly passed, extending the endoscope over the sphincter’s resistance; only by gently withdrawing the instrument can an HGM patch be detected. In this study, we
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Pathology
The size of cervical esophageal HGM varies from 1 mm
× 2 mm to 30 mm × 40 mm[1-7]. They can be unique or
multiple and are capable of extending circumferentially.
Circumferential cervical HGM is rare and usually manifests as dysphagia[22]. In our study, the size of the cervical
esophageal HGM varied between 2 mm and 30 mm. The
smallest observed cervical esophageal HGM sizes were
classified as small, medium, and large in 40, 43 and 15
patients, respectively (Table 3). The NBI mode detected
significantly more small-sized HGM lesions than the CI
mode. The detected number of cervical HGMs varied
according to different studies. According to our findings,
71 patients had single lesions; 19 had two patches; and 8
had three or more HGMs.
Microscopically, most cervical esophageal HGM is of
the fundic-type gastric mucosa and contains both parietal
and chief cells. Less frequently, cervical HGM is of the
antral-type mucosa[1,2,5,8,23,24]. Repeated contractions of
the sphincter make biopsying this area very difficult. In
our study, biopsy was possible in 56 patients; fundic-type
mucosa was found in 37 patients (66%) and antral-type
mucosa in 19 patients.
Areas of intestinal metaplasia have been reported to
occur within the cervical HGM[3,7,8,25]. The cervical HGM
is generally regarded as a benign lesion with stable clinical
and histopathological presentation during follow up[26].
However, malignant progression has been reported[27,28].
There have been 43 cases of adenocarcinoma in association with cervical esophageal HGM reported in the
literature to date[19]. In our report, intestinal metaplasia
or dysplasia was not observed in any of these cases. This
lack of intestinal metaplasia was consistent with other
reports[1,4-6,23]. Endoscopic surveillance is suggested for
cases with intestinal metaplasia and dysplasia[19]. However, the best follow-up strategy for cases without such
changes remains controversial.
In contrast to cervical esophageal HGM, Barrett’s
esophagus is generally accepted as an acquired metaplastic
change due to chronic GERD and is thought of as a premalignant lesion. Repeated attempts have been undertaken to identify an association between Barrett’s esophagus
and cervical HGM, but the results have been conflicting.
Based on their findings in a large case control study, Avidan et al[3] reported that the coincidence of the cervical
HGM and Barrett’s esophagus could suggest a shared
embryonic etiology. The link between these two entities
was further supported by other studies[6,7,29]. Malhi-Chowla
et al[30] reported that, based on their research in selected
patients with high-grade dysplastic Barrett’s esophagus or
adenocarcinoma, patients with cervical HGM might be at
a higher risk for developing malignant Barrett’s esophagus and might share similar pathogenetic mechanisms.
Nevertheless, other studies disagreed with the proposed
association[1,4,5,23-25]. Distinct embryonic origins of HGM
and Barrett’s esophagus were revealed by an immunohistochemical study. Feurle et al[31] demonstrated that the cervical esophageal HGM originates from embryonic gastric
mucosa but that Barrett’s esophagus is derived from a

Table 4 Clinical and endoscopic characteristics between
patients with and without cervical esophageal heterotopic
gastric mucosa n (%)
Cases with HGM Cases without HGM P value
(n = 99)
(n = 1421)
Demographics
Men
Mean (SD) age (yr)
Social habits
Alcohol use
Smoking
Clinical symptoms
Reflux symptoms
Throat symptoms
Dysphagia
Conscious sedation
GERD
Reflux esophagitis
Los Angeles A-B
Los Angeles C-D
Barrett’s esophagus
Peptic ulcers
Hiatus hernia

55 (56)
51.9 (13.2)

657 (46)
51.4 (14.6)

0.08
0.74

10 (10.1)
25 (25)

121 (8.5)
312 (22)

0.58
0.45

38 (38)
20 (20)
2 (2.0)
50 (51)
46 (47)
27 (27.3)
23 (23.2)
4 (4.0)
1 (1.0)
27 (27)
7 (7.1)

462 (33)
105 (7.4)
26 (1.8)
747 (53)
541 (38)
269 (18.9)
252 (17.7)
18 (1.3)
6 (0.4)
420 (30)
63 (4.4)

0.23
< 0.0001
0.70
0.76
0.11
0.0488

0.38
0.73
0.21

CI: Conventional imaging; NBI: Narrow-band imaging; HGM: Heterotopic
gastric mucosa; EGD: Esophagogastroduodenoscopy; GERD: Gastroesophageal reflux disease.

demonstrated that the detection rate of cervical esophageal HGM could be improved from 4.7% to 8.3% with
the help of NBI contrast. NBI should be considered as
the standard illumination for the upper esophagus.
Embryology
The aberrant gastric mucosa that forms the cervical
esophageal HGM appears to have an embryological
derivation. During development, the region destined
to be the stomach descends from the region where the
lung bud has begun to develop. With this, the columnar
epithelial lining of the embryo’s esophagus undergoes
several epithelization changes, which begin in the middle
esophagus and progress in both directions. Cervical
esophageal HGM is generally regarded as a congenital
condition that results from an incomplete squamous
epithelization, and the persisting columnar-lined mucosa
differentiates into cervical HGM[18,19].
The largest autopsy series to date revealed that cervical esophageal HGM prevalence was 7.8% in 1000 autopsies of children[20]. Another necropsy study reported that
the cervical esophageal HGM prevalence detected by the
naked eye was 10% in 300 children[21]. These autopsy data
were consistent with the highest values in reports from
the endoscopic series[2,14]. In our study, the prevalence of
cervical esophageal HGM, 8.3% in the NBI group, was
also close to that of the autopsy series. The agreement
between the endoscopically observed prevalence in adults
and the postmortem prevalence of grossly detected lesions in children indicates that the cervical esophageal
HGM most likely maintains itself throughout life, without regression or replacement by more typical esophageal
lining.
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very immature multipotent GI stem cell. Our findings
also suggested no significant association between the two.
However, erosive esophagitis has been reported to be
associated with cervical esophageal HGM[3,5,6,14,29]. In our
study, we demonstrated that patients with cervical esophageal HGM were more likely to have erosive esophagitis
than controls. This discrepancy in the association of
Barrett’s esophagus and erosive esophagitis with cervical
esophageal HGM is poorly understood.

chronic inflammation may be responsible for their clinical symptoms. Whether H. pylori eradication therapy will
improve clinical symptoms, as well as the nature of its
long-term impacts on cervical HGM, remain subjects for
further research.
Limitations
There are several limitations in this study. There may be
a detection bias because the endoscopist was not blind
to the clinical symptoms, and it is possible that patients
with dysphagia and throat symptoms were more carefully
observed. A second issue is acid measurement. Because
our study design did not include routine ambulatory dualelectrode pH monitoring, we were unable to determine
how our observations would be affected by this factor.
Larger cervical esophageal HGM patches theoretically
produce more acid, but the threshold of patch size and
the capacity of acid production to induce clinical symptoms were not determined. Thus, further evaluation
of HGM’s acid production may contribute to a richer
knowledge of this entity.
In summary, this study has several significant implications for the understanding of cervical esophageal HGM.
It highlights the diagnostic yield of NBI illumination,
which should be considered as the endoscopic diagnosis
of choice for these lesions. This study also provided clinicopathological data indicating that most cervical esophageal HGM have fundic-type gastric mucosa and that 22%
of patients could be symptomatic. Additional studies are
needed to evaluate the acid production within the lesions
and the longitudinal outcomes of patients with cervical
esophageal HGM.

Clinical significance and treatments
Some investigators have identified cervical esophageal
HGM as a risk factor for throat and upper esophageal
symptoms[5,8,14], while others have denied such an association[1,4,9]. In this study, we found that throat symptoms
were observed significantly more frequently in those patients with cervical esophageal HGM than in those who
lacked cervical esophageal HGM (20.2% vs 7.4%; P <
0.0001). Gastric parietal cells of the large cervical HGM
have been proven to be able to secrete a pathophysiologically effective amount of acid[1,5,32]. Moreover, Korkut et
al[33] demonstrated that acid-independent episodes could
be produced from small cervical HGM (sizes as small as
1-5 mm). The clinical symptoms of cervical HGM may
be acid-related, and thus, a larger patch is theoretically
more likely to cause symptoms. However, in our multiple
logistic regression analysis, neither an increased number
of patches nor a larger size of the patches was associated
with the development of clinical symptoms in patients
with HGM.
Symptomatic HGM type Ⅱ patients require medical
therapy as their primary mode of treatment. Complete
symptom resolution has been reported by means of complete acid suppression with proton pump inhibition[32].
Alternatively, endoscopic ablation therapy with argon
plasma coagulation has been shown to alleviate a chronic
globus sensation in the patients with cervical HGM in
two small prospective studies[34,35].
Acid production in the cervical esophageal HGM
can induce chronic inflammation and ulceration. The
subsequent healing process can lead to the formation of
esophageal strictures. One of our patients was classified
as HGM type Ⅲ and suffered from acid-related peptic
stenosis and dysphagia. Dysphagia and stenosis can be
treated with proton pump inhibitors and/or endoscopic
dilatation[22,32]. Our patient was treated with a proton
pump inhibitor alone with good clinical response.
Cervical esophageal HGM has been shown to be
colonized with H. pylori only when the bacteria were also
present in the stomach[4,6,7,9,23]. Consistent with previous studies, our research revealed H. pylori colonization
in 3 patients with HGM who also had H. pylori-positive
gastritis. Gutierrez et al[25] reported that the H. pylori colonization of the cervical HGM was common and closely
related to the H. pylori density in the stomach. Alagozlu et
al[7] found that all patients who had active H. pylori infections in the cervical esophageal HGM suffered a globus
sensation and speculated that H. pylori infection related to

WJG|www.wjgnet.com

ACKNOWLEDGMENTS
We thank Chih-Cheng Hsieh, MD, from the Taipei Veteran General Hospital for his contributions to ambulatory
esophageal pH monitoring study.

COMMENTS
COMMENTS
Background

Heterotopic gastric mucosa (HGM) in the cervical esophagus is a pink lesion
of congenital origin characterized by the presence of gastric epithelium in the
upper esophagus, although the clinical significance of such lesions remains
unclear. Conventional endoscopic studies reveal a prevalence of 1%-10%, but
this frequency tends to be underestimated because the lesion is located in the
region upon or immediately distal to the upper esophageal sphincter.

Research frontiers

The clinical significance of cervical esophageal HGM is closely related to its
endoscopic detection rate. Apart from the increased awareness of the presence
of such lesions by the examiner, a better diagnostic endoscopic tool should
increase the diagnostic yield of HGM.

Innovations and breakthroughs

Narrow-band imaging (NBI) is an innovative optical technique that better contrasts the capillary pattern of the superficial layer than conventional imaging
does. In this study, the authors demonstrated that the detection rate of the cervical esophageal HGM could be improved from 4.7% to 8.3% with the help of
NBI contrast. Microscopically, mostly HGM is of the fundic-type gastric mucosa,
containing both parietal and chief cells. Their data also showed that patients
with HGM have a predisposition for throat symptoms that are often associated
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with reflux esophagitis.

Applications
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NBI illumination should be considered the endoscopic diagnosis of choice for
cervical esophageal HGM. In patients with laryngopharyngeal reflux symptoms
or dysphagia, HGM should be evaluated.

Peer review
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This is a well-designed and well-presented paper in which the authors provide
data as to the clinical usefulness of NBI endoscopy over conventional imaging
in the identification of cervical esophageal HGM.
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Epithelial-mesenchymal transition in colorectal cancer
tissue of patients with Lynch syndrome
Guo-Li Gu, Xiao-Quan Zhu, Xue-Ming Wei, Li Ren, De-Chang Li, Shi-Lin Wang
RESULTS: The positive expression rates of hMSH2,
hMLH1, TGFβRⅡ, E-cadherin, β-catenin, MMP-7 and
TIMP-2 were significantly related to the depth of invasion and lymph node metastasis, but not to sex or
tumour size or location. The differences in the positive expression rates of hMSH2, hMLH1, TGFβRⅡ,
E-cadherin, cytomembrane β-catenin, cytoplasmic
β-catenin, MMP-7 and TIMP-2 were significant between
sporadic CRC and Lynch syndrome. The expression of
hMSH2 had a positive correlation with that of hMLH1 in
Lynch syndrome and sporadic CRC. The expression of
TGFβRⅡ had a positive correlation with that of hMSH2,
hMLH1 and MMP-7, and a negative correlation with that
of TIMP-2. The expression of MMP-7 had a negative
correlation with that of TIMP-2 in Lynch syndrome and
sporadic CRC. The expression of E-cadherin was positively correlated with that of cytomembrane β-catenin.
However, the expression of cytomembrane β-catenin
was negatively correlated with that of cytoplasmic
β-catenin, and the expression of cytoplasmic β-catenin
was positively correlated with that of MMP-7.
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CONCLUSION: EMT may play an important role in
the development and progression of Lynch syndrome.
Lynch syndrome was caused by the mutations of mismatch repair genes, mainly hMSH2 and hMLH1, which
also beget the mutational inactivation of TGFβRⅡ.
Therefore, the colorectal cancer of Lynch syndrome
can escape the inhibitory effect of TGFβ1. However,
TGFβ1 can up-regulate the expression of MMP-7 and
down-regulate the expression of TIMP-2 in tumors by
disassembling the E-cadherin/β-catenin complex in the
cytomembrane.

Abstract
AIM: To explore the epithelial-mesenchymal transition
(EMT) in tissue from patients with Lynch syndrome, and
to interpret biological behaviour of Lynch syndrome.
METHODS: Sixty-eight formalin-fixed and paraffin
embedded tissue blocks were analyzed in this study,
including tissues from Lynch syndrome (n = 30), sporadic colorectal carcinoma (CRC) (n = 30), and tumoradjacent tissues (n = 8). Tissue sections were stained
for human mutS homolog 2 (hMSH2), human mutL
homolog 1 (hMLH1), transforming growth factor-β type
Ⅱ receptor (TGFβRⅡ), E-cadherin, β-catenin, matrix
metalloproteinase-7 (MMP-7) and tissue inhibitor of
metalloproteinase-2 (TIMP-2) by immunohistochemical
staining. Furthermore, clinical data such as age, gender
and tumor-node-metastasis stage were also collected
retrospectively.
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Core tip: As a subgroup of colorectal carcinoma (CRC),
Lynch syndrome presents better prognosis than spo-
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plex to accelerate accumulation of β-catenin in the cytoplasm, resulting in cell proliferation, tumour invasion and
metastasis[15,16]. As an endogenous inhibitor of MMP-7,
tissue inhibitor of metalloproteinase (TIMP) can induce
expression of the developmental EMT transcription factors and lead to down-regulation of epithelial markers
and up-regulation of mesenchymal markers[17,18].
We performed this study to investigate whether a different mechanism for regulation of EMT exists in CRC
tissues of patients with Lynch syndrome. Moreover, the
correlation between EMT and biological behaviour of
Lynch syndrome was also our target.

radic CRC for less invasion and metastasis. Our study
found epithelial-mesenchymal transition may play an
important role in the development and progression of
Lynch syndrome. Lynch syndrome was caused by the
mutations of mismatch repair genes, which also beget the mutational inactivation of transforming growth
factor-β type Ⅱ receptor. Therefore, the colorectal cancer of Lynch syndrome can escape the inhibitory effect
of transforming growth factor-β type 1 (TGFβ1). However TGFβ1 can up-regulate the expression of matrix
metalloproteinase-7 and down-regulate the expression
of tissue inhibitor of metalloproteinase-2 in tumors by
disassembling the E-cadherin/β-catenin complex in the
cytomembrane.

MATERIALS AND METHODS
Ethics
This work has been carried out in accordance with the
Declaration of Helsinki (2000) of the World Medical
Association. This study was approved ethically by Ethics
Committee of the Air Force General Hospital, PLA. All
patients provided informed written consent.

Gu GL, Zhu XQ, Wei XM, Ren L, Li DC, Wang SL. Epithelialmesenchymal transition in colorectal cancer tissue of patients with
Lynch syndrome. World J Gastroenterol 2014; 20(1): 250-257
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i1/250.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i1.250

Patient tissue
Thirty resected specimens of sporadic CRC, 30 CRC
specimens of Lynch syndrome and 8 tumor-adjacent
tissues were collected from patients that had undergone
operations from May 2007 to June 2012 at the Department of General Surgery, General Hospital of Air Force.
Clinical data (including age, gender, and tumor-nodemetastasis stage) were collected retrospectively. None
of the patients received radiotherapy or chemotherapy
before surgery. The clinical diagnosis of Lynch syndrome
were established using AmsterdamⅡ criteria. Informed
consent was obtained from patients prior to investigation. After surgical resection, all tissue samples were fixed
in 4% formalin for 24 h, and then embedded routinely
into paraffin for hematoxylin and eosin (H and E) and
immunohistochemistry (IHC) staining. Sections were cut
from paraffin blocks at 4 µm. H and E-stained samples
were individually examined microscopically by two independent pathologists. Clinicopathological characteristics
of tumors are provided in Table 1.

INTRODUCTION
Lynch syndrome is a dominant inherited disease characterized by vertical transmission and familial aggregation
of colorectal cancer (CRC)[1-3]. As a subgroup of CRC,
Lynch syndrome presents intriguing clinicopathological
features[4-7], such as early onset, frequent localization in
proximal colon, tendency to develop multiple primary
carcinomas, and excessively mucinous and poor differentiation. Nevertheless, the prognosis of Lynch syndrome is
known to be better than sporadic CRC. One of the possible explanations depends on the fact that patients with
Lynch syndrome are less likely to suffer from metastasis[8].
Many factors have been raised to interpret oncogenesis, tumour invasion, and distant metastasis of CRC.
Among these, epithelial-mesenchymal transition (EMT)
might play an important role[9-11]. Recent studies have
revealed that EMT is not only correlated with tumor
growth and differentiation, but also influences tumor invasion and metastasis. Further investigation suggests that
EMT might be the downstream of E-cadherin/β-catenin
and Transforming growth factor (TGF)β receptor type Ⅱ
(TGFβRⅡ) in the cytomembrane[12]. As a multifunctional
cytoplasmic protein β-catenin associates with E-cadherin
and cytoskeleton, constituting an E-cadherin/β-catenin
complex to maintain normal epithelial polarity and intercellular adhesion; besides, β-catenin also regulates cellular
differentiation and proliferation[13]. When the degradation
of β-catenin is interfered in the cytoplasm, β-catenin will
accumulate in the cytoplasm, resulting in its translocation
into the nucleus to promote the transcription of downstream genes involved in the Wnt/β-catenin signaling
pathway. Matrix metalloproteinase-7 (MMP-7) is a target
gene product of the Wnt/β-catenin signaling pathway[14].
MMP-7 can disassemble the E-cadherin/β-catenin com-
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IHC for hMSH2, hMLH1, TGFβ RⅡ , E-cadherin, β -catenin,
MMP-7 and TIMP-2 proteins
Mouse monoclonal antihuman antibodies were used for
the detection of the hMSH2 (clone FE11; 1:50 dilution;
Zhongshan Golden Bridge Biotechnology Inc.; Beijing,
China), hMLH1 (clone 14; 1:50 dilution; Zhongshan
Golden Bridge Biotechnology Inc.), E-cadherin (clone
4A2C7; 1:50 dilution; Zhongshan Golden Bridge Biotechnology Inc.), β-catenin (clone CAT-5H10; 1:50 dilution; Zhongshan Golden Bridge Biotechnology Inc.),
MMP-7 (clone 1D2; 1:50 dilution; Zhongshan Golden
Bridge Biotechnology Inc.) and TIMP-2 (clone 3A4;
1:50 dilution; Zhongshan Golden Bridge Biotechnology Inc.), and rabbit polyclonal antihuman antibody was
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Table 1 Clinical data of patients
n

Group
Lynch syndrome
Sporadic CRC
Adjacent tissues

Male

30
30
8

2

Age (χ ± SD, yr)

Female

23
20
6

18-68 (46.0 ± 10.6)1
60-89 (70.3 ± 7.2)2
45-70 (57.8 ± 8.1)3

7
10
2

Lesions

Dukes stage

Colon

Rectum

A

B

C

D

21
19
6

9
11
2

2
1

19
11

7
15

2
3

1

Lynch syndrome vs sporadic CRC (u = -6.637, P = 0.000); 2Sporadic CRC vs adjacent tissues (u = -3.447, P = 0.000); 3Lynch syndrome vs adjacent tissues (u =
-2.238, P = 0.026). CRC: Colorectal carcinoma.

Table 2 The expression of hMSH2, hMLH1, TGFβRⅡ, E-cadherin, β-catenin, matrix metalloproteinase-7 and tissue inhibitor of
metalloproteinase-2 in three groups
Group

n

Lynch syndrome
Sporadic CRC
Adjacent tissues

30
30
8

23a
11c
0

hMSH2

hMLH1

+
7
19
1

+
9
11
0

++ 0
14a
0
5c
7e
0

TGFβRⅡ

++ 7 18a
14
8c
8e
0

E-cadherin Cytomembrane
β-catenin

+ ++ 8
4
4
14
8
12c
1
7e
0

+
26a
18
8

5
15c
0

+
25a
15
8

Cytoplasmic
β-catenin
16a
6
8e

+
14
24c
0

MMP-7
16a
4
8e

+
11
16
0

++
3
10c
0

TIMP-2
11
24
8e

+
15a
6
0

++
4
0
0

a

Lynch syndrome vs sporadic CRC; cSporadic CRC vs adjacent tissues; eLynch syndrome vs adjacent tissues, P < 0.05. CRC: Colorectal carcinoma.

used for the detection of the TGFβRⅡ(sc-400, 1:100
dilution; Santa Cruz Biotechnology, California, United
States). Heat-induced epitope retrieval (microwave prewarmed for 5 min in 1 mmol/L EDTA buffer, pH 8)
was employed prior to hMSH2, hMLH1, TGFβRⅡ,
E-cadherin, β -catenin and TIMP-2 staining. MMP-7
did not need epitope retrieval. Primary antibodies were
then added and slides incubated for 2 h at 37 ℃. Slides
were then processed on an immunostainer (LabVision
Autostainer 360, Fujian, China). The primary antibody
was replaced by phosphate-buffered saline as a negative control to assess the specificity of the antibodies.
Haematoxylin-counterstained sections were mounted in
aqueous mounting medium and observed under a light
microscope.
The IHC staining scores (percentage of stained cells
+ staining intensity) for hMSH2, hMLH1, TGFβRⅡ,
E-cadherin, β-catenin, MMP-7 and TIMP-2 are given for
each case after semi-quantitative evaluation by two independent pathologists. The following scores have been
used. Percentage of stained cells was 0, < 10% (1), <
50% (2), < 80% (3), or ≥ 80% (4). Staining intensity was
negative (0), weak (1), moderate (2), or strong (3).

herin, β-catenin, MMP-7 and TIMP-2 in the three groups
is presented in Table 2. We obtained the following findings.
Expression features of hMSH2, hMLH1, TGFβ RⅡ ,
E-cadherin, β -catenin, MMP-7 and TIMP-2 in three groups
The proteins of hMLH1, TGF β R Ⅱ , MMP-7 and
TIMP-2 were dispersedly expressed as brown granules
in the cytoplasm, hMSH2 protein was expressed in the
nucleolus, E-cadherin and β-catenin proteins were expressed in the cytomembrane, and β-catenin and TGFβR
Ⅱ proteins also can be expressed in the cytoplasm (Figure 1). The positive expression of hMSH2, hMLH1, and
TGFβRⅡ declined from adjacent tissues, sporadic CRC
to Lynch syndrome (P < 0.05). The positive expression
of E-cadherin and cytomembrane β-catenin declined
from adjacent tissues, Lynch syndrome to sporadic
CRC (P < 0.05). The positive expression of cytoplasmic
β-catenin and MMP-7 increased significantly from adjacent tissues, Lynch syndrome to sporadic CRC (P < 0.05).
The positive expression of TIMP-2 was significantly
higher in Lynch syndrome than in adjacent tissues and
sporadic CRC (P < 0.05).
Correlation between hMSH2, hMLH1, TGFβ RⅡ ,
E-cadherin, β -catenin, MMP-7, TIMP-2 expression levels
and clinicopathological characteristics of tumors
The correlation between protein expression and clinicopathological factors is shown in Table 3. The positive expression rates of hMSH2, hMLH1, TGFβRⅡ,
E-cadherin, β-catenin, MMP-7 and TIMP-2 were significantly related to the depth of invasion and lymph node
metastasis, but not to gender or tumour size or location.
Positive expression rates of hMSH2, hMLH1, TGFβRⅡ,
E-cadherin, β-catenin, MMP-7 and TIMP-2 were significantly different between samples from sporadic CRC and
those from Lynch syndrome.

Statistical analysis
The results of IHC are expressed as mean ± SD and examined by the χ 2 test. The age between the three groups
was examined by the Mann-Whitney rank test. Correlations between the expression levels of hMSH2, hMLH1,
TGFβRⅡ, E-cadherin, β-catenin, MMP-7 and TIMP-2
were evaluated by Spearman bivariate correlation test. In
all statistical analyses, P < 0.05 was considered significant.

RESULTS
The expression of hMSH2, hMLH1, TGFβRⅡ, E-cad-
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A

B

C

D

E

F

G

H

Figure 1 Immunophenotypes of the investigated antigens in Lynch syndrome (× 400 magnification). A: hMSH2 (Positive staining located in the nucleolus);
B: hMLH1 (Positive staining located in the cytoplasm); C: TGFβRⅡ (Positive staining located in the cytomembrane and cytoplasm); D: E-cadherin (Positive staining
located in the cytomembrane); E: Cytomembrane β-catenin (Positive staining located in the cytomembrane); F: Cytoplasmic β-catenin (Positive staining located in the
cytoplasm); G: MMP-7 (Positive staining located in the cytoplasm); H: TIMP-2 (Positive staining located in the cytoplasm).

Expression rates of hMSH2, hMLH1, TGFβ RⅡ ,
E-cadherin, β -catenin, MMP-7 and TIMP-2 between
Lynch syndrome and sporadic CRC
The correlation between expression of hMSH2, hMLH1,

WJG|www.wjgnet.com

TGFβRⅡ, E-cadherin, β-catenin, MMP-7 and TIMP-2
is shown in Tables 4 and 5. The expression of hMSH2
had a positive correlation with that of hMLH1 in Lynch
syndrome and sporadic CRC (rLynch syndrome = 0.835, P = 0.000;
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Table 3 The relation of expression of hMSH2, hMLH1, TβRⅡ, E-cadherin, β-catenin, matrix metalloproteinase-7 and tissue
inhibitor of metalloproteinase-2 with clinicopathological characteristics of Lynch syndrome and sporadic colorectal carcinoma
Clinicopathological parameter

n

hMSH2

hMLH1

TGFβRⅡ

E-cadherin

Cytomembrane
β-catenin

Cytoplasmic
β-catenin

MMP-7

TIMP-2

Lynch syndrome
Male
Female
Tumor size
< 4 cm
≥ 4 cm
Position
Right half of colon
Left half of colon
Rectum
Invasion
Inner chorion
Outer chorion
Metastasis
No
Yes
Sporadic CRC
Male
Female
Tumor size
< 4 cm
≥ 4 cm
Position
Right half of colon
Left half of colon
Rectum
Invasion
Inner chorion
Outer chorion
Metastasis
No
Yes

30
23
7

7
4
3

16
10
6

12
10
2

26
21
5

25
20
5

14
9
5

14
12
2

19
14
5

16
14

4
3

8
8

7
5

14
12

13
12

8
6

8
6

10
9

18
3
9

4
1
1

9
2
5

7
1
4

16
3
7

16
2
7

9
1
4

10
1
3

11
2
6

21
9

5
2

10
6

11a
1

21a
5

20a
5

7
7a

7
7a

17a,c
2c

21
9
30
20
10

4
3
19
12c
7

11
5
25
17c
8

11a
1
22
14
8

21a
5
18
11
7

20a
5
15
10
5

7
7a
24
17
7

6
8a
26
18
8

18a,c
1
6
4
2

13
17

9c
10c

11c
14

9
13

8
10

7
8

11
13

10
16

4
2

14
5
11

8c
4
7c

11
4
10

12
3
7

9
3
6

9
2
4

12
3
9

13
4
9

3
1
2

14
16

7
12c

11
14

13a,c
9b

12a
6

10a
5

9
15a

10c
16a

5a
1

12
18

7c
12

10
15

12a,c
10c

10a
8

9a
6

7
17a

8c
18a

5a
1

a

Compared within the group; cCompared between groups, P < 0.05. CRC: Colorectal carcinoma; TGFβRⅡ: Transforming growth factor-β type Ⅱ receptor;
MMP-7: Matrix metalloproteinase-7.

rsporadic CRC = 0.549, P = 0.002). The expression of TGFβR
Ⅱ had a positive correlation with that of hMSH2 (rLynch
syndrome = 0.592, P = 0.001; rsporadic CRC = 0.444, P = 0.014),
hMLH1 (rLynch syndrome = 0.472, P = 0.009. rsporadic CRC = 0.682,
P = 0.000) and MMP-7 (rLynch syndrome = 0.735, P = 0.000. rsporadic CRC = 0.792, P = 0.000), and a negative correlation with
that of TIMP-2 (rLynch syndrome = - 0.582, P = 0.001; rsporadic CRC
= -0.394, P = 0.031). The expression of MMP-7 had a
negative correlation with that of TIMP-2 in Lynch syndrome and sporadic CRC (rLynch syndrome = -0.421, P = 0.008;
rsporadic CRC = -0.545, P = 0.034). The expression of E-cadherin was positively correlated with that of cytomembrane
β-catenin (rLynch syndrome = 0.438, P = 0.015; rsporadic CRC = 0.516,
P = 0.004). However, the expression of cytomembrane
β-catenin was negatively correlated with that of cytoplasmic β-catenin (rLynch syndrome = -0.449, P = 0.013; rsporadic CRC
= -0.389, P = 0.034), and the expression of cytoplasmic
β-catenin was positively correlated with that of MMP-7
(rLynch syndrome = 0.393, P=0.031; rsporadic CRC = 0.367, P = 0.046).

tients with Lynch syndrome have better prognosis due to
less metastases compared with sporadic CRC. However,
specimens from Lynch syndrome patients are reported to
be less differentiated than sporadic CRC, and the survival
benefits of Lynch syndrome remain unexplained. Immunological response of intraepithelial cytotoxic T lymphocytes against tumor cells in Lynch syndrome has been
proposed as a possible explanation. Studies also demonstrated that EMT might also be an important regulator
in tumorigenesis[22]. The EMT status in Lynch syndrome
was investigated in the present study, and we demonstrated significantly lower expression levels of hMSH2,
hMLH1, cytoplasmic β-catenin, TGFβRⅡ and MMP-7,
and higher expression levels of E-cadherin, cytomembrane β-catenin and TIMP-2 in Lynch syndrome. The
mutations of hMSH2 and hMLH1 in Lynch syndrome
are in accordance with AmsterdamⅡ criteria. So ICH
might be an easy and cheap way to detect hMLH1 and
hMSH2 expression for the diagnosis of Lynch syndrome.
Many alterations of structural or functional genes may
exist in tumorigenesis. TGFβRⅡ is a downstream gene
of MMR[23]. When the mutations of hMSH2 and hMLH1
results in Lynch syndrome tumorigenesis, mutations of
TGFβRⅡ often occur. This may make the tumors escape

DISCUSSION
Lynch syndrome is caused by germline mutations in mismatch repair genes, mainly hMSH2 and hMLH1[19-21]. Pa-
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Table 4 The correlation of hMSH2, hMLH1, TGFβRⅡ, E-cadherin, β-catenin, matrix metalloproteinase-7 and tissue inhibitor of
metalloproteinase-2 expression in Lynch syndrome
Lynch syndrome

hMSH2
(++) (+)

hMLH1

TGFβRⅡ

E-cadherin
Cytomembrane
β-catenin
Cytoplasmic
β-catenin
MMP-7

TIMP-2

(++)
(+)
(-)
(++)
(+)
(-)
(+)
(-)
(+)
(-)
(+)
(-)
(++)
(+)
(-)
(++)
(+)
(-)

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

7
0
0
2
4
1
7
0
5
2
3
4
2
4
1
2
2
3

hMLH1
(-)
0
9
14
2
4
17
19
4
20
3
11
12
1
7
15
2
13
8

(++) (+)

0
0
7
6
1
4
3
2
5
2
4
1
2
2
3

0
0
9
7
2
8
1
6
3
0
1
8
1
8
0

TGFβRⅡ
(-)

4
8
2
13
1
13
1
6
8
1
6
7
1
5
8

(++) (+)

3
1
3
1
1
3
1
3
0
0
0
4

7
1
6
2
2
6
2
2
4
0
4
4

E-cadherin Cytomembrane
β-catenin

Cytoplasmic
β-catenin

(-)

(+)

(-)

(+)

(-)

(+)

(-)

16
2
16
2
11
7
0
6
12
4
11
3

21
5
14
12
1
10
15
3
13
10

4
0
0
4
2
1
1
1
2
1

10
15
1
9
15
3
13
9

4
1
2
2
1
1
2
2

2
9
3
2
8
4

1
2
13
2
7
7

MMP-7
(++) (+)

1
1
1

1
6
4

(-)

2
8
6

Table 5 The correlation of hMSH2, hMLH1, TGFβRⅡ, E-cadherin, β-catenin, matrix metalloproteinase-7 and tissue inhibitor of
metalloproteinase-2 expression in sporadic colorectal carcinoma
Sporadic CRC

hMSH2
(++) (+)

hMLH1

(++)
(+)
(-)
TGFβRⅡ
(++)
(+)
(-)
E-cadherin
(+)
(-)
Cytomembrane (+)
(-)
β-catenin
Cytoplasmic
(+)
(-)
β-catenin
MMP-7
(++)
(+)
(-)
TIMP-2
(++)
(+)
(-)

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

14
5
0
4
10
5
12
7
13
6
14
5
6
12
1
0
4
15

hMLH1
(-)
0
6
5
4
4
3
6
5
2
9
10
1
4
4
3
0
2
9

(++) (+)

7
7
0
12
2
9
5
13
1
6
6
2
0
4
10

0
5
6
4
7
5
6
8
3
2
9
0
0
0
11

TGFβRⅡ
(-)

1
2
2
2
3
1
4
3
2
2
1
2
0
2
3

(++) (+)

6
2
6
2
7
1
7
1
0
0
2
6

9
5
8
6
11
3
3
11
0
0
2
12

the inhibition by TGF-β and promote the development
of tumors[24]. The anti-mitogenic and pro-metastatic effects of TGF-β can co-exist simultaneously with TGF-β
to accelerate metastatic tumour progression[25]. According to this theory, the onset age of Lynch syndrome will
be earlier than sporadic CRC, and the developing speed
of Lynch syndrome tumours will be faster than sporadic
CRC. This may be a reason why Lynch syndrome has an
early onset, tendency to develop multiple primary carcinomas, and excessively mucinous and poor differentiation. Our study showed that the abnormal expression
of TGFβRⅡ is significantly correlated to the depth of
invasion and lymph node metastasis. This indicates that

WJG|www.wjgnet.com

E-cadherin

Cytomembrane Cytoplasmic
β-catenin
β-catenin

(-)

(+)

(-)

(+)

(-)

(+)

(-)

3
5
1
7
6
2
0
4
4
0
2
6

12
6
15
3
8
10
0
0
5
13

3
9
9
3
2
6
4
0
1
11

10
5
5
10
0
0
4
11

14
1
5
6
4
0
2
13

7
14
3
0
1
23

3
2
1
0
5
1

MMP-7
(++) (+)

0
4
6

0
2
14

(-)

0
0
4

mutation of TGFβRⅡ not only associates with carcinogenesis of colorectal cancer, but also affects the invasion
and metastasis of the tumors.
E-cadherin, β -catenin, MMP-7 and TIMP-2 are
proteins correlating with EMT in CRC[26-29]. Our study
showed that as tumour invasion became deeper and
lymph node metastasis occurred, the expression of
E-cadherin and plasmamembrane β-catenin markedly decreased, and the expression of MMP-7 and cytoplasmic
β-catenin markedly increased. Moreover, there have been
significant differences in the expression of E-cadherin,
β-catenin, MMP-7 and TIMP-2 between Lynch syndrome and sporadic CRC. The proportional unbalance
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Terminology

of MMP-7(+)/TIMP-2(-) and cytoplasmic β-catenin/cytomembrane β-catenin was obviously heightened. This
may explain why Lynch syndrome has less invasive/metastasis and better prognosis than sporadic CRC. First,
sporadic CRC is mainly caused by the mutation of the
APC gene[30,31], and the inactive APC protein cannot disassemble the cytoplasmic β-catenin complex. As a consequence, β-catenin will accumulate in the cytoplasm and
promote the expression of MMP-7, and this will accelerate the invasion and metastasis of tumours. Second, there
is crosstalk between TGF-β/Smad and Wnt/β-catenin
signalling pathways[32-34], and TGF-β can make use of
Smad2 to disassemble the E-cadherin/β-catenin complex. But in Lynch syndrome, the mutations of MMR
lead to mutational inactivation of TGFβRⅡ. This will
reduce the function of TGF-β to disassemble the E-cadherin/β-catenin complex, so the expression of E-cadherin
and plasmamembrane β-catenin will increase in Lynch
syndrome than in sporadic CRC. Recently there is a study
reporting that exon 3 of the β-catenin gene in Lynch syndrome is more likely to be mutated than in sporadic CRC
without functional inhibition[35].
The chemosynthetic inhibitors of MMP and β-cat
enin[36-40], such as batimastat and marimastat, have been
used in clinical treatment for the invasion and metastasis of
tumours. But this kind of drug is very expensive now. Our
study shows that MMP-7 and cytoplasmic β-catenin were
not expressed in all CRC specimens, and their expression
levels are not similar in different stages of tumogenesis. So
it is worthy to optimize the timing to use the inhibitors of
MMP and β-catenin to cure patients with CRC. We think it
is feasible to examine the levels of MMP-7 and β-catenin
in tumour tissue and (or) serum before the prescription of
inhibitors of MMP-7 and β-catenin to patients. In a word,
our study suggests that MMP-7 and β-catenin inhibitors
might be tomorrow agents for the treatment of tumour
invasion and metastasis.

Lynch syndrome is a dominant inherited disease with vertical transmission and
aggregation of cancers. Lynch syndrome presents several particular clinicopathological features, such as early onset, frequent localization in proximal colon, proclivity of synchronous and metachronous tumours, excessive mucinous
and poorly differentiated tumours, and high incidence of extra-colonic malignancies. But the prognosis of Lynch syndrome is better than that of sporadic CRC.

Peer review

The manuscript entitled “Epithelial-mesenchymal transition in cancerous tissue
of hereditary nonpolyposis colorectal carcinoma” was carefully reviewed. The
authors conducted an IHC analysis of seven proteins between HNPCC and
sporadic CRC patients. The study is very interesting.
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helpful in understanding the biological behaviour of Lynch syndrome.
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Innovations and breakthroughs

In this study, the authors explored the expression of seven molecules during
Lynch syndrome carcinogenesis, development, invasion and metastasis, and
the expression of these molecules was previously seldom simultaneously detected in Lynch syndrome. The results can help explain the biological behavior
of Lynch syndrome.
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Applications

IHC staining of hMSH2 and hMLH1 for diagnosing Lynch syndrome can facilitate rapid translation of molecular discoveries to clinical applications. IHC staining of hMSH2 and hMLH1 for diagnosing Lynch syndrome is fast, convenient
and economical.
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Transumbilical single-incision endoscopic splenectomy:
Report of ten cases
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splenectomies were performed successfully with mean
operative time of 80 ± 5 min and mean blood loss of
150 ± 20 mL. Conversion to laparotomy or multi-port
laparoscopic surgery was not required in all cases. All
patients were discharged on postoperative days 4-6.
During the postoperative hospitalization period, no
painkillers were required. No intra-abdominal complications such as infection, ascites, gastric leakage, pancreatic leakage, or wound infection occurred in any case
during the 6-mo follow-up.
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CONCLUSION: Transumbilical single-incision endoscopic splenectomy using conventional laparoscopic
instruments is technically feasible and safe in selected
patients.
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Abstract
AIM: To investigate the feasibility and clinical application of transumbilical single-incision endoscopic splenectomy using conventional laparoscopic instruments.

Core tip: Laparoscopic splenectomy has been recognized worldwide and has gradually replaced conventional laparotomy. It is the first choice of splenectomy
for diseased spleens < 20 cm in diameter, especially for
spleens with hematological diseases. Minimally invasive
surgery has developed with the increasing demand for
better cosmetic outcomes. For this reason, single-incision endoscopic techniques have emerged and become
the latest research focus of minimally invasive surgery.
In this report, we demonstrated our successful performance of transumbilical single-incision endoscopic cholecystectomy in 10 patients with benign lesions using
conventional laparoscopic instruments.

METHODS: Between 2010 and 2012, transumbilical
single-incision endoscopic splenectomy was performed
in 10 patients in our department, of whom 4 had refractory idiopathic thrombocytopenic purpura, 4 had
enlarged splenic cyst and 2 had splenic hematoma. A
2.5-cm curved incision was made at the lower umbilicus
edge, and a 10 mm laparoscope was inserted into the
middle of the incision. A 5-mm harmonic scalpel was
placed on the right side, and a 5-mm auxiliary instrument on the left side of the laparoscope. Splenic ligaments were incised with a harmonic scalpel, and the
splenic pedicle was cut with an Endo-gastrointestinal
anastomosis. The spleen was dissected and placed in a
large retrieval bag, blended, and then removed.

Liang ZW, Cheng Y, Jiang ZS, Liu HY, Gao Y, Pan MX. Transumbilical single-incision endoscopic splenectomy: Report of
ten cases. World J Gastroenterol 2014; 20(1): 258-263 Available

RESULTS: All transumbilical single-incision endoscopic
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neum to establish pneumoperitoneum and the pressure
was maintained at 14 mmHg.
A 10-mm trocar was inserted in the middle of the
incision and a 30° 10 mm laparoscope was inserted. Two
5-mm trocars were placed to both sides of the laparoscope and used to insert a grasper and a 5-mm ultrasound
scalpel. The 3 trocars were arranged in an inverted triangle
shape, and a small amount of muscle and fascia was kept
between each port to prevent the leakage (Figure 2).
Next, the splenocolic, splenorenal, splenophrenic,
and phrenicosplenic ligaments were all dissected with a
harmonic scalpel. When approaching the splenic pedicle,
one 5-mm trocar was exchanged for a 12-mm one to permit insertion of the endoscopic stapler to cut the splenic
pedicle off (Figure 2). The spleen was dissected and
placed in a retrieval bag, morcellated, and then removed
through the operating port. The pneumoperitoneum was
re-established and the surgical site examined for active
bleeding. Once hemostasis was confirmed, an abdominal
drainage tube was placed on the splenic bed through the
operating port, all instruments were removed, the incision was sutured, and the drainage tube was fixed.

from: URL: http://www.wjgnet.com/1007-9327/full/v20/i1/258.
htm DOI: http://dx.doi.org/10.3748/wjg.v20.i1.258

INTRODUCTION
Since the first laparoscopic splenectomy was performed
by Delaitre et al[1], this innovative technique has been
recognized worldwide and has gradually replaced conventional laparotomy[2]. However, minimally invasive surgery
has developed with the increasing demand for better
cosmetic outcomes. For this reason, single-incision endoscopic surgery (SIES) has emerged and become the latest
research focus of minimally invasive surgery. Ma et al[3]
confirmed the feasibility of SIES in an animal model.
Barbaros et al[4] and Targarona et al[5] each reported cases
of transumbilical SIES, which ushered in its clinical application. In this report, we demonstrated our successful
performance of SIES in 10 patients with benign lesions
using conventional laparoscopic instruments. (Table 1)

MATERIALS AND METHODS
Clinical information
In this retrospective study, we included the patients who
underwent SIES in our department between June 2010
and February 2012. Patient inclusion criteria were: (1) refractory ITP; (2) splenic cyst or hematoma diagnosed by
computed tomography scan (Figure 1); (3) no symptoms
of hemorrhagic shock; (4) no significant complications in
other organs or systems; and (5) no contraindications for
laparoscopy.

RESULTS
Transumbilical single-incision endoscopic splenectomies
were accomplished successfully in all cases. The mean
surgical time was 86 ± 5 min, and mean blood loss was
150 ± 20 mL. The mean weight of the resected spleens
was 206 ± 16 g, as measured after being retracted from
the abdomen. Conversion to laparotomy or conventional
multi-port laparoscopic surgery was not required in all
cases. All patients ambulated on the day of surgery, and
the drainage tubes were removed on postoperative day
(POD) 2. All 10 patients were discharged on PODs 4-6.
During the hospitalization, no painkillers were required.
No intra-abdominal infection, ascites, gastric leakage,
pancreatic leakage, or wound infection or hematoma
occurred in any case. At the follow-up 6 mo postoperatively, abdominal ultrasound examination did not reveal
splenic venous thrombosis, splenic arteriovenous fistula,
or ascites in the splenic fossa. Finally, the wounds healed
without occurrence of hernia and the cosmetic result was
excellent. (Figure 2)

Major equipment
Major surgical equipment included: (1) a 10 mm 30°
laparoscope and matching acquisition system (Olympus,
Japan); (2) a linear cutting stapler (Ethicon60 EndoSurgery, United States) and matching stapler reloads
(ECR60W, stapler length 60 mm, 2.5 mm); (3) a 5-mm
harmonic scalpel (Johnson and Johnson, United States);
(4) ordinary laparoscopic instruments (5 mm and 12 mm
trocars, separating pliers, atraumatic grasping forceps,
coagulation rods, and suction device); and (5) 5-mm and
10-mm titanium clamps and matching titanium clips
(Hem-o-lock: Kangji Medical Appliance Co. Ltd. China).
No purpose-built instruments for SIES, such as Tri-Port,
R-Port, Gel-Port, flexible laparoscope and graspers with
articulation, were used.

DISCUSSION
In transumbilical SIES, the incision is hidden in the natural umbilical skin fold so that the postoperative scar is almost invisible. This surgical technique is therefore called a
“no scar surgery”. It has advantages of less traumatic and
better cosmetic outcomes than multi-port laparoscopy[6,7].
At present, SIES has been applied in all areas of abdominal surgery, including general surgery, hepatobiliary surgery, urology, and obstetrics and gynecology. Since August
2009, we have performed more than 500 cases of singleincision laparoscopic cholecystectomy and 15 cases of
single-incision laparoscopic liver surgery, which has pro-

Surgical procedure
After induction of general anesthesia and endotracheal
intubation, the patients were placed in a 30° right lateral
supine position with the head slightly tilted and the legs
apart. The operating surgeon stood between the parted
legs, while the camera operator stood at the patient’s right
side. A 2.5-cm curved incision penetrating only the skin
was made along the lower border of the umbilicus, and
then a Veress needle was punctured through the perito-
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A

B

Figure 1 Abdominal computed tomography. A: Abdominal computed tomography of one case revealed a splenic cyst; B: Abdominal computed tomography of another case revealed a splenic hematoma.

Table 1 Patient characteristics and operation related data
No.
1
2
3
4
5
6
7
8
9
10

Age

Sex

Cause

16
19
17
17
19
13
14
15
14
16

Male
Female
Male
Male
Female
Male
Female
Male
Male
Female

Refractory ITP
enlarged splenic cyst
Refractory ITP
Refractory ITP
Splenic hematoma
Enlarged splenic cyst
Refractory ITP
Enlarged splenic cyst
Splenic hematoma
Refractory ITP

Blood loss (mL) Specimen weight (g) Time (min) Transfer to OS or MLS Complications
150
80
210
190
120
130
120
190
180
160

195
181
223
230
215
185
212
225
210
190

92
88
90
81
80
84
90
86
85
84

No
No
No
No
No
No
No
No
No
No

No
No
No
No
No
No
No
No
No
No

ITP: Immune thrombocytopenic purpura; OS: Operating system; MLS: Multiple levels of security.

vided a solid foundation for the implementation of SIES.
Because of the operating difficulties and high surgical
risks, SIES remains in the preliminary exploration stage.
Less than 50 cases of SIES have been completed worldwide to date, and most were reported as case reports[7-9].
We believe that the dissection of the splenic ligaments, especially the splenophrenic and phrenicosplenic
ligaments, is fundamental to the success of the operation. Dissection of splenic ligaments in SIES is similar
to that in conventional laparoscopy. The ligaments are
normally dissected in the order of splenocolic, splenorenal, splenophrenic, and phrenicosplenic ligaments, although this order can be adjusted according to the actual
intraoperative conditions. The splenophrenic ligament is
very short, and the phrenicosplenic ligament is usually
located at a higher position. In addition, the left lobe of
the liver often covers these ligaments and because of
the limited operating devices and mutual interference
between devices, the exposure of splenophrenic and
phrenicosplenic ligaments is very difficult. Srikanth et
al[10] used a 2-0 polypropylene suture through the muscle
of the fundus of the stomach for pulling the stomach
from externally to expose the phrenicosplenic ligament.
However, this suture may increase the risk of gastric
perforation and its clinical value needs to be verified. In
addition, the short gastric vessels run within the phrenicosplenic ligament, which are easily damaged by an

WJG|www.wjgnet.com

inappropriate maneuver. During our surgical procedure
for first patient, the phrenicosplenic ligament was overstretched due to a lack of experience, which resulted in
a slight tear of the ligament near the upper pole of the
spleen (Figure 2). Although the bleeding was not severe
and stopped with a titanium clamp, it still contaminated
the operative field and caused certain troubles and risks
for the subsequent procedures. This is the primary reason why the blood loss was greater and the operative
time longer for the first case. In the other cases, we used
atraumatic grasping forceps to hold the gastric end of
the phrenicosplenic ligament and tilted the left lobe of
the liver gently, and then incised the phrenicosplenic ligament near the splenic end with an ultrasonic scalpel. The
results were satisfactory, and the damage to the stomach
was effectively prevented.
A proper transection of the splenic pedicle is also
the key to surgical success. There are many blood vessels
within the splenic pedicle. If the pedicle is damaged, it
is extremely difficult to stop bleeding and an emergency
laparotomy is often required. Therefore, intraoperative
exposure of the splenic pedicle is very important. As the
spleen is easily damaged, pulling the spleen directly with a
clamp to expose the splenic pedicle is clearly undesirable.
Misawa et al[11] used a “tug-exposure technique” to expose
the splenic pedicle, and have successfully performed 10
cases of SIES. We used a traumatic grasper to slowly
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Figure 2 Surgical procedure. A: The entry ports at the single umbilical incision; B: Resection of the gastrolienal ligament (case 1); C: Resection of the gastrolienal
ligament (case 2); D: Cutting of the splenic pedicle with the linear cutting stapler; E: Resection of the phrenicosplenic ligament; F: Measurement of the spleen length; G:
Specimen placed into retrieval bag; H: Appearance of wound 1 mo postoperatively.

probe from the lower pole to the bottom of the spleen,
and then gently tilted the spleen upwards to expose the
splenic pedicle. The entire procedure should be very
gentle in order to avoid tearing the spleen or the pedicle.
Currently, there are 2 primary ways available to incise the

WJG|www.wjgnet.com

splenic pedicle. One is to use a linear cutting stapler to
cut and ligate the pedicle, and the other is to use titanium
or bio-absorbable clips to clamp the vessels or use a silk
string to ligate the blood vessels, and then cut the splenic
pedicle. The former method significantly simplifies the
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ments in selected patients.

isolation and ligation of the splenic pedicle. We used this
method in our cases (Figure 2), which did not encounter
bleeding or complications.
Because the spleen is easily damaged and splenomegaly may be present, in order to easily place it into the
specimen bag, we recommend first to change the operating table angle and the patient’s position (Figure 2) and
subsequently, cut the tissues between the ports to make a
single large port so that the specimen can be easily taken
out. In our 10 patients, the spleens had major diameters
of 12 to 14 cm (Figure 2) and because the lesions were
benign, the specimens were removed after being blended.
If malignancy is suspected, the specimen should be removed intact after the incision is appropriately extended.
SIES has some well-recognized advantages such as
good cosmetic results, less pain, and faster recovery.
However, it also has some drawbacks such as equipment
crowding, mutual interference between devices, a linear
perspective view due to the coaxial parallel between equipment and the endoscope, and therefore the lack of an “operation triangle”[12,13]. Recently, Monclova et al[8] concluded
that reduced port splenectomy( RPAS) was a good alternative to traditional laparoscopic splenectomy and SIES.
They thought that RPAS improved the cosmetic results
as compared to laparoscopic splenectomy but reduced
the technical challenges of SIES. However, we thought
that SIES and RPAS will both be alternatives to conventional laparoscopic splenectomy in the future. As SIES
has an amazing cosmetic result[14-16], we thought SIES will
finally be a feasible technique with the improvement of
surgical instruments and the accumulation of experience.
In summary, we believe that SIES will definitely take
a certain position in splenic surgery with the improvement of equipment and technology. Large randomized
controlled studies are required to confirm whether it can
eventually replace conventional multi-port laparoscopy to
become the gold standard for splenectomy.

Terminology

SIES is a complementary approach to laparoscopic splenectomy, in which all
operating procedures are completed through a single incision in the navel. However, unlike the traditional multi-port laparoscopic approach, laparo-endoscopic
single-site surgery leaves only a single small scar.

Peer review

This manuscript is focused in an interesting topic, the single-incision-splenectomy. The authors can talk about the feasibility and reproducibility of the technique.
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therapy, and 117 patients received surgery alone. Tumor expression of p53 and CEA proteins in all patients
was evaluated immunohistochemically and correlated
with clinicopathological parameters. The Kaplan-Meier
curves for overall survival (OS) and disease-free survival (DFS) with log-rank testing were used to compare
the survival difference. A Cox proportional hazard regression model was used for multivariate analysis.
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RESULTS: Patients with adjuvant chemotherapy had a
significantly better median OS (50.87 mo vs 30.73 mo,
P = 0.000) and median DFS (36.30 mo vs 25.60 mo, P
= 0.001) than patients with surgery alone in the entire
cohort. Consistent results with the entire cohort were
found in stage Ⅱ (P = 0.006 and P = 0.047), stage Ⅲ (P
= 0.005 and P = 0.030), and stage ⅢB/ⅢC patients (P
= 0.000 and P = 0.001). The median OS and DFS advantages were confirmed by multivariate analysis (P =
0.000 and P = 0.008) and maintained when the analyses were restricted to fluoropyrimidine monotherapy
(P = 0.003 and P = 0.001) and fluoropyrimidine plus
platinum regimen (P = 0.001 and P = 0.007), however,
not the fluoropyrimidine plus taxane (P = 0.198 and P
= 0.777) or platinum plus taxane (P = 0.666 and P =
0.687) regimens. Median OS and median DFS did not
differ significantly between the patients with p53(+)
and p53(-) tumors (P = 0.608 and P = 0.064), or between patients with CEA(+) and CEA(-) tumors (P =
0.052 and P = 0.989), which were maintained when
the analyses were restricted to surgery alone (p53: P =
0.864 and P = 0.431; CEA: P = 0.142 and P = 0.948),
adjuvant chemotherapy (p53: P = 0.802 and P = 0.091;
CEA: P = 0.223 and P = 0.946) and even different chemotherapy regimens (P > 0.05).

Abstract
AIM: To investigate adjuvant chemotherapy, p53 and
carcinoembryonic antigen (CEA) expression and prognosis after D2 gastrectomy for stage Ⅱ/Ⅲ gastric adenocarcinoma.
METHODS: A total of 286 patients with stage Ⅱ or Ⅲ
gastric adenocarcinoma who underwent D2 radical gastrectomy between May 2007 and December 2010 were
enrolled into this study. One hundred and sixty-nine of
these patients received surgery plus adjuvant chemo-
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CONCLUSION: Patients after D2 gastrectomy for
stage Ⅱ/Ⅲ gastric adenocarcinoma had significantly
better survival after fluoropyrimidine monotherapy and
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postoperative XP regimen with XP plus radiotherapy, but
did not compare postoperative XP regimen with surgery
alone. Meanwhile, the Japanese recommendation after
D2 gastrectomy is based on the Adjuvant Chemotherapy
Trial of TS-1 for Gastric Cancer (ACTS-GC) study,
which showed a survival benefit for stages Ⅱ and ⅢA
patients[6]. Thus, more in-depth investigations are needed
about the adjuvant chemotherapy including other regimens after D2 radical gastrectomy for stage Ⅱ/Ⅲ gastric
adenocarcinoma.
Better understanding of the prognostic parameters is
required. The tumor protein p53, which represents the
product of the tumor suppressor gene p53, has been investigated in various cancers[10-13], and allelic loss of p53
occurs in > 60% of gastric carcinomas with tumor progression, however, there are still conflicting results about
the clinical and prognostic significance of p53 mutations
in gastric cancer[14-17]. Although carcinoembryonic antigen
(CEA) immunoassay has found acceptance as a diagnostic adjunct in clinical diagnosis of gastrointestinal tumors,
the prognostic value of CEA tissue status and its correlation with clinical parameters in gastric cancer remain
to be explored[18-20]. Especially with the development of
adjuvant chemotherapy, it is important to study the interaction of chemotherapy with p53 and CEA tumor status,
which may help highlight biological behavior and potential individualized treatment[15,21].
This current study was deemed necessary to investigate the role of adjuvant chemotherapy, p53 and CEA
immunohistochemical expression, their potential interactions, and prognosis after D2 radical gastrectomy for
stage Ⅱ/Ⅲ gastric adenocarcinoma.

fluoropyrimidine plus platinum. p53 and CEA were not
prognostic.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Gastric adenocarcinoma; Adjuvant chemotherapy; p53; Carcinoembryonic antigen; Immunohistochemistry
Core tip: Patients after D2 gastrectomy for stage Ⅱ/Ⅲ
gastric adenocarcinoma had a significant survival benefit after adjuvant chemotherapy compared with surgery alone, which was maintained when restricted to
stage Ⅱ, Ⅲ or ⅢB/ⅢC patients. The survival did not
differ significantly between the patients with p53(+)
and p53(-) tumors, or between patients with carcinoembryonic antigen (CEA)(+) and CEA(-) tumors, which
were maintained when the analyses were restricted to
surgery alone, adjuvant chemotherapy and even different chemotherapy regimens. p53 and CEA immunohistochemical expression is not prognostic for survival
after D2 gastrectomy.
He MM, Zhang DS, Wang F, Wang ZQ, Luo HY, Ren C, Jin Y,
Chen DL, Xu RH. Adjuvant chemotherapy, p53, carcinoembryonic antigen expression and prognosis after D2 gastrectomy for gastric adenocarcinoma. World J Gastroenterol 2014; 20(1): 264-273
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i1/264.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i1.264

INTRODUCTION

MATERIALS AND METHODS

Gastric cancer ranks second among the most common
causes of cancer-related deaths worldwide, with a high
incidence of recurrence and metastasis even after radical surgery, which is the main curative treatment for
resectable gastric cancer[1]. Adjuvant chemotherapy is a
standard component of treatment of resectable gastric
cancer, however, the preferred treatment differs by geographical region and there is no extensive census on the
regimens[2-6]. D2 gastrectomy is the standard treatment in
Asia, and now recommended in Europe and the United
States for resectable tumors[3,7]. So far, the National
Comprehensive Cancer Network (NCCN) only recommends the capecitabine plus oxaliplatin (XELOX) and
capecitabine plus cisplatin (XP) adjuvant regimens for D2
gastrectomy based on the Capecitabine and Oxaliplatin
Adjuvant Study in Stomach Cancer (CLASSIC) in 2012
and the Adjuvant Chemoradiation Therapy in Stomach
Cancer (ARTIST) trial in 2013, respectively[8,9]. Of note,
according to the American Joint Committee on Cancer
(AJCC, seventh edition), the CLASSIC study included
stage Ⅱ/Ⅲ gastric cancers, but no T4bN+ or N3b (also
meant as stage Ⅳ (M0) according to AJCC, sixth edition)
was included. Thus, more evidence for stage ⅢB and
ⅢC patients is warranted. The ARTIST trial compared

WJG|www.wjgnet.com

Patients
We retrospectively analyzed the medical records of 286
patients who were pathologically proved and diagnosed
with stage Ⅱ or Ⅲ gastric adenocarcinoma according to
AJCC, seventh edition. All of the patients received radical
gastrectomy (R0 or R1) with D2 nodal dissection by experienced surgeons in the Sun Yat-sen University Cancer
Center between May 2007 and December 2010. Among
them, 169 patients received adjuvant chemotherapy, while
the remaining 117 patients did not. We excluded 174 patients with stage I gastric adenocarcinoma and patients
with preoperative treatments. This study was approved by
the Institutional Review Board of Sun Yat-sen University
Cancer Center. Treatment, immunohistochemistry and
retrospective analysis of medical records were performed
after obtaining written informed consent from all patients and approval from the Research Ethics Committee
at the Cancer Center of Sun Yat-sen University. All patients gave their consent for the two forms of treatment
and were involved in the decision-making about receiving
adjuvant chemotherapy. We conducted this retrospective
research according to the principles of the Declaration
of Helsinki.
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tory, physical examination, complete blood count, serum
chemistry, serum tumor markers, electrocardiography
before treatment, and surgical-pathological evaluation.
All regular follow-up assessments were completed by
June 30, 2013. The median follow-up was 46.0 mo (range,
0.6-62.2 mo).

Table 1 Clinicopathological characteristics of patients with
stage II/III gastric cancer n (%)
Characteristic

Surgery alone

Surgery +
chemotherapy

No. of patients
117
169
Age (yr)
Median (range)
62 (31-80)
58 (25-80)
< 70
89 (76.1)
142 (84.0)
28 (23.9)
27 (16.0)
≥ 70
Sex, n
Men
83 (70.9)
119 (70.4)
Women
34 (29.1)
50 (20.6)
Karnofsky performance status
116 (99.1)
166 ( 98.2)
≥ 90
1(0.9)
3 (1.8)
≥ 80
Tumor location
Proximal
77 (65.8)
92 (54.4)
Distal
40 (34.2)
77 (45.6)
Histological grade
High differentiation
0 (0.0)
4 (2.4)
Moderate differentiation
32 (27.4)
35 (20.7)
Low differentiation
85 (72.6)
130 (76.9)
Gloss type
Protrusion
41 (35.0)
64 (37.9)
Ulcer
71 (60.7)
102 (60.4)
Infiltration
5 (4.3)
3 (1.8)
Tumor size
< 5 cm
41 (35.3)
51 (30.2)
75 (64.7)
118 (60.8)
≥ 5 cm
Preoperative serum CEA
Median (range)
2.42 (0.2–326.8) 2.235 (0.2–265.5)
Preoperative serum CA19-9
Median (range)
11.33 (0.6–206.9) 10.83 (0.6–3098.0)
CEA tumor status
–
12 (10.3)
19 (11.2)
+
105 (89.7)
150 (88.8)
P53 tumor status
–
27 (23.1)
37 (21.9)
+
90 (76.9)
132 (78.1)
T category
T1
0 (0.0)
2 (1.2)
T2
7 (6.0)
20 (11.8)
T3
91 (77.8)
116 (68.6)
T4
19 (12.6)
31 (18.3)
N category
N0
31 (26.5)
37 (21.9)
N1
19 (16.2)
29 (17.2)
N2
33 (28.2)
31 (18.3)
N3
34 (29.1)
72 (42.6)
AJCC stage (7th)
29 (24.8)
38 (22.5)
ⅡA
11 (9.4)
26 (15.4)
ⅡB
34 (29.1)
34 (20.1)
ⅢA
40 (34.2)
56 (33.1)
ⅢB
3 (2.6)
15 (8.9)
ⅢC

P

value

0.063
0.093

Specimens and immunohistochemistry
Paraffin-embedded tumor specimens from 286 patients
were cut into 5-μm-thick sections and subjected to immunohistochemical analyses. The primary antibodies
were mouse anti-human p53 protein (1:50; Santa Cruz
Biotechnology, Santa Cruz, CA, United States) and rabbit anti-human CEA protein (1:100; IBL, Tokyo, Japan).
After incubation with the primary antibody, the sections
were incubated with the secondary antibody and avidinbiotin-peroxidase complex. The slides were counterstained with hematoxylin and eosin. Positivity for p53
was defined as nuclear staining in > 10% of the tumor
cell nuclei. Positivity for CEA was > 10% cytoplasmic
staining. Immunohistochemical reactivity was interpreted
blindly by two independent investigators[15,19].

0.924

0.515

0.054

0.120

0.429

Statistical analysis
The χ 2 test was used to compare categorical variables.
Nonparametric tests were used to compare continuous variables. The Kaplan-Meier method with log-rank
testing was used to estimate the distribution of time to
events. Overall survival (OS) was calculated from the
date of surgery to death from any cause. Disease-free
survival (DFS) was determined from the date of surgery
to recurrence or death from any cause. Prognostic factors
were analyzed by searching clinicopathological factors
in univariate analysis. All variables with P < 0.05 in the
univariate analysis entered into multivariate analysis using
Cox proportional hazard regression models. A two-sided
P value < 0.05 was considered significant, and HR and
95%CI were calculated. All statistical analyses were performed using SPSS version 19.0 software (Chicago, IL,
United States).

0.359

0.207
0.729
0.792

0.813

0.182

0.069

RESULTS

0.066

Patient characteristics
All the clinicopathological characteristics for the surgery
plus adjuvant chemotherapy group and surgery alone
group were compared (Table 1). Among the 169 patients
with surgery plus adjuvant chemotherapy, 43 received fluoropyrimidine monotherapy, while 72 received fluoropyrimidine plus platinum, 32 fluoropyrimidine plus taxane,
two fluoropyrimidine plus both platinum and taxane, and
19 platinum and taxane.
In the 286 tumor specimens, immunohistochemical expression of p53 and CEA proteins was observed
in 222 (77.6%) and 255 (89.2%), respectively. The p53
tumor status was not correlated with CEA tumor status
(P = 0.669). We found no correlation of p53 and CEA
tumor status with clinicopathological parameters, except

CEA: Carcinoembryonic antigen.

The adjuvant chemotherapy was mainly based on fluoropyrimidine (either injection or oral ﬂuoropyrimidines
such as S-1 or capecitabine), with or without a combination of platinum (oxaliplatin, cisplatin, lobaplatin, or
nedaplatin), taxane (paclitaxel or docetaxal), or both.
There was also a small subset of patients with a regimen
of platinum and taxane.
Clinicopathological evaluation included medical his-
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The median OS of patients with p53(+) and p53(-)
tumors was 38.47 (26.69-50.25) and 44.0 (35.45-52.55)
mo, respectively, and the difference was not significant
(P = 0.608) (Figure 1C). There was no significant difference in median OS between patients with p53(+) and
p53(-) tumors in the surgery alone group (P = 0.864) and
surgery plus adjuvant chemotherapy group (P = 0.802).
There was no significant difference in median OS in the
fluoropyrimidine monotherapy subgroup (P = 0.234),
fluoropyrimidine plus platinum subgroup (P = 0.082),
fluoropyrimidine plus taxane subgroup (P = 0.144), and
platinum plus taxane subgroup (P = 0.288).
The median OS of patients with CEA(+) and CEA(-)
tumors was 44.24 (38.94-49.53) and 39.90 (34.30-45.50)
mo, with a borderline significant difference (P = 0.052)
(Figure 1D). No significant difference was found in the
median OS between CEA(+) and CEA(-) tumors in the
surgery alone group (P = 0.142) and surgery plus adjuvant chemotherapy group (P = 0.223). There was no significant difference in median OS in the fluoropyrimidine
monotherapy subgroup (P = 0.665), fluoropyrimidine
plus platinum subgroup (P = 0.453), fluoropyrimidine
plus taxane subgroup (P = 0.229), and platinum plus taxane subgroup (P = 0.738).

Table 2 p53 tumor status, carcinoembryonic antigen tumor
status and clinicopathological parameters n (%)
Characteristic

p53(+) (n = 222)

CEA(+) (n = 255)

P = 0.406
177 (76.6)
45 (81.8)
P = 0.804
156 (77.2)
66 (78.6)
P = 0.271
135 (79.9)
87 (74.4)
P = 0.248
4 (100)
48 (71.6)
170 (79.1)
P = 0.041
73 (69.5)
142 (82.1)
7 (87.5)
P = 0.684
70 (76.1)
151 (78.2)
P = 0.420
2 (100)
19 (70.4)
165 (79.7)
36 (72.0)
P = 0.923
54 (79.4)
38 (79.2)
50 (78.1)
80 (75.5)
P = 0.211
51 (76.1)
30 (81.1)
58 (85.3)
72 (75.0)
11 (61.1)

P = 0.056
202 (87.4)
53 (96.4)
P = 0.227
183 (90.6)
72 (85.7)
P = 0.040
156 (92.3)
99 (84.6)
P = 0.248
4 (100)
63 (94.0)
188 (87.4)
P = 0.954
93 (88.6)
155 (89.6)
7 (87.5)
P = 0.103
86 (93.5)
168 (87.0)
P = 0.883
2 (100)
25 (92.6)
184 (88.9)
44 (88.0)
P = 0.198
57 (83.8)
45 (93.8)
60 (93.8)
90 (87.7)
P = 0.741
58 (86.6)
33 (89.2)
63 (92.6)
86 (89.6)
15 (83.3)

Age (yr)
< 70
≥ 70
Sex, n
Men
Women
Tumor location
Proximal
Distal
Histological grade
High differentiation
Moderate differentiation
Low differentiation
Gloss type
Protrusion
Ulcer
Infiltration
Tumor size
< 5 cm
≥ 5 cm
T category
T1
T2
T3
T4
N category
N0
N1
N2
N3
AJCC stage (7th)
ⅡA
ⅡB
ⅢA
ⅢB
ⅢC

Disease-free survival
The median DFS also significantly favored surgery
plus adjuvant chemotherapy over surgery alone (36.30,
28.35-44.25 mo vs 25.60, 20.13-31.07 mo; P = 0.001)
(Figure 2A). The median DFS advantage was maintained
when the analyses were restricted to patients with stage
Ⅱ disease (55.50 mo vs 40.47 mo; P = 0.047), stage Ⅲ
(26.80 mo vs 18.93 mo; P = 0.030), and even stage ⅢB/
ⅢC (26.80 mo vs 15.80 mo; P = 0.001) (Figure 2B).
The median DFS still favored surgery plus fluoropyrimidine monotherapy over surgery alone (P = 0.001),
and fluoropyrimidine plus platinum over surgery alone
(P = 0.007). However, it did not favor fluoropyrimidine
combined with taxane (P = 0.777) and platinum plus taxane (P = 0.687) over surgery alone.
The median DFS of patients with p53(+) and p53(-)
tumors was 34.33 (30.25-38.41) and 23.73 (14.05-33.41)
mo, and the difference was not significant (P = 0.064)
(Figure 2C). There was no significant difference in median DFS between patients with p53(+) and p53(-) tumors
in the surgery alone group (P = 0.431) and surgery plus
adjuvant chemotherapy group (P = 0.091). There was no
significant difference in median DFS in the fluoropyrimidine monotherapy subgroup (P = 0.431), fluoropyrimidine plus platinum subgroup (P = 0.665), fluoropyrimidine plus taxane subgroup (P = 0.924), and platinum plus
taxane subgroup (P = 0.055).
The median DFS of patients with CEA(+) and
CEA(-) tumors was 32.93 (27.48-38.38) and 33.43
(28.12-38.75) mo, and the difference was not significant (P
= 0.989) (Figure 2D). There was no significant difference
in median OS between the CEA(+) and CEA(-) tumors
in the surgery alone group (P = 0.948) and surgery plus

CEA: Carcinoembryonic antigen.

that the proximal gastric cancer had a more intense immunoreactivity of CEA (P = 0.040) (Table 2).
Overall survival
The median OS was significantly higher in the surgery
plus adjuvant chemotherapy group than in the surgery
alone group (50.87, 95%CI: 44.14-57.60 vs 30.73, 95%CI:
22.99-38.47 mo, P = 0.000) (Figure 1A). The median OS
advantage of surgery plus adjuvant chemotherapy over
surgery alone was maintained when the analyses were
restricted to patients with stage Ⅱ disease (55.70 mo vs
41.93 mo; P = 0.006), stage Ⅲ (39.90 mo vs 25.60 mo,
P = 0.005), and even stage ⅢB/ⅢC (39.90 mo vs 18.20
mo, P = 0.000) (Figure 1B).
When we compared the two groups stratified by regimens in detail, we still found that median OS favored
surgery plus fluoropyrimidine monotherapy over surgery
alone (P = 0.003), or fluoropyrimidine plus platinum
over surgery alone (P = 0.001), however, it did not favor
fluoropyrimidine combined with taxane (P = 0.198), or
platinum plus taxane (P = 0.666) over surgery alone.
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Figure 1 Kaplan-Meier curves for overall survival of patients after D2 gastrectomy for stage Ⅱ/Ⅲ gastric adenocarcinoma. A: Adjuvant chemotherapy or not
in the entire cohort; B: Adjuvant chemotherapy or not in stage ⅢB/ⅢC patients; C: p53 tumor status as measured by immunohistochemistry; D: CEA tumor status as
measured by immunohistochemistry. HR and 95%CI were calculated with green curves as references. CEA: Carcinoembryonic antigen.

adjuvant chemotherapy group (P = 0.946). There was no
significant difference in median DFS in the fluoropyrimidine monotherapy subgroup (P = 0.419), fluoropyrimidine plus platinum subgroup (P = 0.889), fluoropyrimidine plus taxane subgroup (P = 0.177), and platinum plus
taxane subgroup (P = 0.923).

SIC study and ACTS-GC study confirmed the improved
3-year DFS rate of XELOX and 5-year OS rate of S-1 in
adjuvant chemotherapy after D2 gastrectomy, there are
limited published data concerning stage ⅢB and ⅢC patients according to AJCC stage (7th)[6,8]. The ARTIST trial
demonstrated a good 3-year DFS rate with the postoperative XP regimen, without comparison of postoperative
XP regimen and surgery alone[9]. In addition, investigations of other regimens after D2 gastrectomy for stage
Ⅱ/Ⅲ disease are still warranted.
In the present single-center study, we observed that
patients had a significant OS and DFS benefit after postoperative chemotherapy in the entire stage Ⅱ/Ⅲ cohort,
as well as for stage Ⅱ, Ⅲ and ⅢB/ⅢC individually. This
provided an insight into current treatment for stage Ⅱ
/Ⅲ disease, especially Stage ⅢB and ⅢC, in our center,
which adds to current knowledge about the population
benefit of adjuvant chemotherapy. Three-year DFS and
OS reported in the CLASSIC study and ARTIST trial
have not yet been formally validated as surrogate measures, therefore, we chose traditional median OS and
median DFS as the primary outcomes. Furthermore,
we confirmed the significant difference in 3-year OS
rate between patients with adjuvant chemotherapy and

Prognostic factors
All clinicopathological factors were searched in univariate analysis. Table 3 shows the results of univariate and
multivariate analyses of factors prognostic for patient
survival. Multivariate analysis showed that adjuvant chemotherapy, AJCC stage Ⅱ, and R0 radical surgery were
independently prognostic for prolonged DFS, while adjuvant chemotherapy, AJCC stage Ⅱ, and first-line chemotherapy were independently prognostic for prolonged
OS.

DISCUSSION
As the incidence of recurrence and metastasis is high
after radical gastrectomy, it is important to investigate
adjuvant chemotherapy and prognostic parameters as
well as their potential interactions. Although the CLAS-
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Figure 2 Kaplan-Meier curves for disease-free survival of patients after D2 gastrectomy for stage Ⅱ/Ⅲ gastric adenocarcinoma. A: Adjuvant chemotherapy
or not in the entire cohort; B: Adjuvant chemotherapy or not in stage ⅢB/ⅢC patients; C: p53 tumor status as measured by immunohistochemistry; D: CEA tumor
status as measured by immunohistochemistry. HR and 95%CI were calculated with green curves as references. CEA: Carcinoembryonic antigen.

patients with surgery alone (72.8% vs 53.8%, P = 0.001),
and similarly for the 3-year DFS rate (57.4% vs 45.3%, P
= 0.044). Although the results of different studies could
not be compared directly, the 3-year OS and 3-year DFS
rates of the two groups were lower than those reported
in the CLASSIC study (83% vs 78%, P = 0.0493, 74%
vs 59%, P < 0.0001), in the ACTS-GC study (80.1% vs
70.1%, P = 0.003, 72.2% vs 59.6%, P < 0.001) and the
3-year DFS rate of XP chemotherapy in the ARTIST trial (74.2%). However, the conclusions were the same. We
excluded the patients with preoperative treatment that
could otherwise have improved the R0 resection rates
and confused the effects of adjuvant chemotherapy. The
R1 radical gastrectomy existed reasonably and inclusion
of R1 radical gastrectomy reflected the overall treatment
situation of resectable gastric cancer in our center. The
above three phase-3 trials only focused on R0 radical
gastrectomy. Thus, the inclusion of R1 radical gastrectomy resulted in reduced OS and DFS in the present study.
R1 gastrectomy was a poor prognostic factor for DFS vs
R0 surgery, as revealed by multivariate analysis. This was
consistent with the results for the entire cohort in the R0
subgroup (OS: 52.27 mo vs 31.67 mo, P = 0.000; DFS:
36.93 mo vs 26.20 mo, P = 0.004; 3-year OS rate: 74.2%
vs 55.0%, P = 0.001; 3-year DFS rate: 59.7% vs 45.4%, P
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= 0.036) after excluding the R1 subgroup. Furthermore,
we focused on patients after R0 gastrectomy excluding
patients with T4bN+ or N3b disease (3-year OS rate:
76.1% vs 56.4%, P = 0.000; 3-year DFS rate: 61.0% vs
48.2%, P = 0.006), for whom survival came nearer to
results of the CLASSIC study. Of note, 13.6% patients
with T4bN+ or N3b disease were included in our entire
population, higher than 6.9% in the ACTS-GC study.
The subgroup results excluding T4bN+ or N3b disease
came nearer to those in the ACTS-GC study (3-year OS
rate: 82.63% vs 75.2%, 3-year DFS rate: no subgroup
analysis), too. Our data on R1 gastrectomy are an important complement to the current studies of R0 gastrectomy.
Although the XELOX and XP regimens were recommended by NCCN in 2012 and 2013, respectively,
there is no consensus on the regimens for adjuvant chemotherapy. Some have suggested that patients would
benefit from adjuvant chemotherapy and should not be
influenced by different schemes, including monotherapy,
double therapy and triple therapy[22]. Some have also
reported that significant benefits can be detected from
a fluoropyrimidine-based monotherapy regimen and a
fluoropyrimidine-based polychemotherapy regimen, but
not from chemotherapy regimens without fluoropyrimi-
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Table 3 Univariate and multivariate analyses of survival
Clinicopathological factor

Sex

Women
Men
Age (yr)
≥ 70
< 70
Performance status
≥ 90
≥ 80
Tumor location
Distal
Proximal
Differentiation
Low
Moderate
High
Gloss type
Protrusion
Ulcer
infiltration
Tumor size
< 5 cm
≥ 5 cm
Preoperative serum CEA
≥ median
< median
Preoperative serum CA19-9 ≥ median
< median
CEA tumor status
+
P53 tumor status
+
AJCC stage (7th)
Ⅲ
Ⅱ
Radical surgery
R1
R0
Adjuvant chemotherapy
Yes
No
First-line chemotherapy
Yes
No

Univariate
HR (95%CI)
Reference
0.89 (0.63-1.26)
Reference
0.87 (0.59-1.30)
Reference
2.64 (0.84-8.34)
Reference
1.22 (0.88-1.70)
Reference
0.81 (0.56-1.19)
0.20 (0.03-1.47)
Reference
0.81 (0.58-1.14)
2.31 (1.05-5.07)
Reference
1.45 (1.04-2.01)
Reference
0.94 (0.68-1.31)
Reference
0.84 (0.575-1.24)
Reference
1.00 (0.59-1.68)
Reference
1.40 (0.98-2.01)
Reference
0.36 (0.24-0.53)
Reference
0.34 (0.19-0.60)
Reference
1.58 (1.15-2.17)

DFS
Multivariate
HR (95%CI)

Multivariate
P value

0.081
0.301
0.108
0.363

0.83 (0.59-1.18)
1.94 (0.86-4.37)
1.17 (0.84-1.63)

0
0.63 (0.51-0.77)
0.006
0.43 (0.23-0.78)
0.008
1.55 (1.12-2.14)

Univariate
HR (95%CI)
Reference
1.00 (0.67-1.51)
Reference
0.65 (0.42-1.0)
Reference
1.84 (0.45-7.47)
Reference
1.51 (1.02-2.24)
Reference
0.78 (0.50-1.21)
0.31 (0.04-2.27)
Reference
0.70 (0.47-1.03)
2.56 (1.15-5.69)
Reference
1.67 (1.15-2.43)
Reference
0.84 (0.58-1.23)
Reference
0.85 (0.54-1.34)
Reference
0.45 (0.20-1.03)
Reference
1.12 (0.72-1.75)
Reference
0.32 (0.20-0.51)
Reference
0.45 (0.23-0.86)
Reference
1.99 (1.38-2.87)
Reference
1.87 (1.14-3.07)

OS
Multivariate
HR (95%CI)

Multivariate
P value

0.099
1.40 (0.94-2.09)

0.69 (0.46-1.03)
2.19 (0.95-5.05)

0.008
0.072
0.066
0.099

1.40 (0.94-2.09)

0.000
0.59 (0.46-0.75)
0.214
0.65 (0.33-1.28)
0.000
2.01 (1.37-2.94)
0.013
1.95 (1.15-3.30)

CEA: Carcinoembryonic antigen; OS: Overall survival; DFS: Disease-free survival.

dines[2]. In our study, we examined the fluoropyrimidinebased regimens and regimens without fluoropyrimidines
vs surgery alone and only detected a significant survival
benefit for fluoropyrimidine-based regimens over surgery alone [OS: 52.25 mo vs 31.67 mo, P = 0.000, HR
= 0.46 (95%CI: 0.31-0.68); DFS: 36.93 mo vs 26.20 mo,
P = 0.033, HR = 0.70 (0.50-0.97)]. However, there was
no benefit for the regimens without fluoropyrimidines vs
surgery alone [OS: 29.93 vs 31.67 mo, P = 0.666, HR =
0.85 (95%CI: 0.41-1.78); DFS: 23.90 mo vs 26.20 mo, P =
0.687, HR = 1.13 (95%CI: 0.62-2.09)]. These results were
in accordance with the optimization of fluoropyrimidines
in current gastric cancer treatment regimens established
by previous research. We investigated four categories of
regimens but only found survival benefits over surgery
alone for surgery plus fluoropyrimidine monotherapy,
and fluoropyrimidine combined with platinum. There was
no benefit for fluoropyrimidine plus taxane, or platinum
and taxane over surgery alone. The benefit of fluoropyrimidine monotherapy or fluoropyrimidine combined
with platinum was consistent with the outcomes of the
ACTS-GC study, CLASSIC study and ARTIST trial[6,8,9].
Previous studies revealed the genetic mechanism of cellular cytotoxicity to 5-fluorouracil (5-FU), and platinum
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may act synergistically to enhance the antitumor effects
of 5-FU in terms of DNA synthesis inhibition and could
act as a modulator of 5-FU in gastric cancer[23-25]. The
platinum plus taxane regimen that we used here, which
lacked fluoropyrimidines, yielded no survival benefit
over surgery alone. Moreover, only two patients received
fluoropyrimidine-based triple therapy, which was too
small a size to draw any conclusions in comparison of
triple therapy with surgery alone. Although much work
has demonstrated improved efficacy for triple therapy,
in 2013 the NCCN guidelines withdrew the recommendation of triple therapy because of obvious toxicity. A
recent phase Ⅱ clinical trial found that adjuvant therapy
with S-1 plus docetaxel yielded promising OS and DFS in
patients with stage ⅢA but not stage ⅢB gastric cancer
after D2 gastrectomy[26]. Our fluoropyrimidine plus taxane regimen included injection or oral ﬂuoropyrimidines,
such as S-1, capecitabine, and paclitaxel or docetaxal. The
sample size restricted the subgroup analysis stratified by
the disease stage. Therefore, the role of different combinations remains to be investigated in detail with regard
to disease stage. We suggested that stage Ⅱ/Ⅲ patients
after D2 gastrectomy may gain a survival benefit from
fluoropyrimidine monotherapy and fluoropyrimidine
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combined with platinum.
The level of wild-type p53 protein is low, and because
of its short half-life, it is undetectable by standard immunohistochemical staining in normal tissues. The mutated
p53 protein accumulates by binding to other oncogenic
proteins or by prolonging its half-life[27], which can be
detected with immunohistochemistry. Previous studies
have shown a significant association between P53 mutations and immunohistochemical p53 reactivity[28]. There
are conflicting results in studies on the prognostic significance of p53 mutations after gastrectomy. Some studies
have shown that p53 overexpression leads to poor DFS
and OS after radical gastrectomy, either by univariate
analysis[16,29,30] or by multivariate analysis[31,32]. However,
other studies have found that p53 overexpression is not
related to prognosis[15,33,34]. With fewer than 200 patients
included in most studies, we thus conducted a larger
study with balanced characteristics and took into account
other prognostic parameters, especially the potential
interaction of adjuvant chemotherapy. Our univariate
analysis found that p53 tumor status was not prognostic
for OS or DFS after radical gastrectomy. The consistently
nonsignificant prognostic effects of p53, stratified by surgery or different adjuvant regimens, are compatible with
previous studies that showed no significant influence of
p53 expression upon tumor response[35]. Here, p53(+)
tumor status tended to yield prolonged OS or DFS compared with p53(-) tumor status, although the difference
was not significant. This is consistent with the study by
Potrc et al[36] that median survival was higher in patients
with p53 positivity, although not significantly. One study
showed that patients with p53(-) gastric cancer had a
poor prognosis by univariate analysis[37]. One possible reason is that the increase in p53 staining is not always due
to a mutated gene, and overexpression of the wild-type
protein might be detected in a subset of patients[38]. Another is that p53 plays a complicated role as both a tumor
suppressor and oncogene. In addition, we observed no
correlation between p53 expression and clinicopathological variables, as in previous studies[15,32,39]. These results all
suggest that p53 immunohistochemical expression should
not be judged as a prognostic biomarker.
In this study, immunoreactivity of CEA was observed
in 89.2% of patients, similar to that observed by Kim et
al[19]. A high percentage (100%) of CEA positivity was
seen in four highly differentiated gastric cancer specimens, compared to 94% in 63 moderately differentiated
and 87.4% in 188 lowly differentiated cancer specimens,
in accordance with the relationship between CEA intensity and differentiation reported previously[40,41]. However,
the difference was not significant, which may be due to
the small number of highly differentiated gastric cancer
specimens. As compared to the distal localization of
gastric cancer, proximal cancer had more intense immunoreactivity of CEA (92.3% vs 84.6%, P = 0.040). The
difference between proximal and distal localization was
also investigated by Mărgăritescu et al[42]. Despite the decline in gastric cancer incidence, adenocarcinomas from

WJG|www.wjgnet.com

the proximal stomach have tended to be more frequent
during the past three decades. These differences in CEA
tumor status indicate that proximal adenocarcinomas
may be a different, specific subtype of gastric carcinoma.
Although CEA immunoassay as a diagnostic adjunct and
a potential prognostic factor in gastrointestinal tumors
has been discussed[43,44], the value of CEA tumor status
as a prognostic indicator for gastric carcinoma remains
unclear. Kim et al[19] demonstrated that the CEA(-) group
(78.2%) had a significantly better 3-year survival rate than
the CEA(+) group (60.2%) in univariate analysis, however, not in multivariate analysis. We found that the CEA(-)
group had better median OS than the CEA(+) group,
although only with borderline significance. We also observed that the 3-year survival rate in the CEA(-) group
was higher than that in the CEA(+) group, although still
without significance (80.9% vs 55.7%, P = 0.083). Whether this was due to the small size of the CEA(-) group or
a true clinicopathological principle is conjectural. In addition, the nonsignificant effect of CEA tumor status was
maintained when it was restricted to surgery alone and
different regimens. The present data suggest that CEA
immunohistochemistry in tumor tissues is of limited
value in obtaining precise prognostic information.
Besides adjuvant chemotherapy, the positive prognostic values of AJCC stage Ⅱ for DFS and OS, as well
as first-line chemotherapy for OS have been reported
previously[45].
In conclusion, we suggest that patients after D2 gastrectomy for stage Ⅱ/Ⅲ gastric adenocarcinoma can
gain a significant survival benefit from fluoropyrimidine
monotherapy and fluoropyrimidine combined with
platinum adjuvant regimens. p53 and CEA immunohistochemical expression is not prognostic for survival after
D2 gastrectomy.
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Gastric cancer ranks second among the most common causes of cancer
deaths worldwide. A high incidence of recurrence and metastasis after radical
gastrectomy indicates that investigation of adjuvant chemotherapy and prognostic parameters is important.

Research frontiers

Although the CLASSIC study and ACTS-GC study confirmed the improved
3-year disease-free survival (DFS) rate of the XELOX and 5-year overall
survival rate of S-1 in adjuvant chemotherapy after D2 gastrectomy, there are
limited published data concerning stage ⅢB and ⅢC patients. The ARTIST trial
demonstrated a good 3-year DFS rate after the postoperative XP regimen, without comparison of postoperative XP regimen and surgery alone. In addition, investigations of other regimens after D2 gastrectomy for stage Ⅱ/Ⅲ disease are
still warranted. Better understanding of the prognostic parameters is required.
There are still conflicting results on the clinical and prognostic significance of
p53 tissue status and carcinoembryonic antigen (CEA) tissue status in gastric
cancer.

Innovations and breakthroughs

The authors found that patients after D2 gastrectomy for stage Ⅱ/Ⅲ gastric
adenocarcinoma gained a significant survival benefit from adjuvant chemotherapy compared with surgery alone. This advantage was maintained when the
analyses were restricted to patients with stage Ⅱ, Ⅲ and ⅢB/ⅢC disease, and
patients treated with fluoropyrimidine monotherapy or fluoropyrimidine plus plati-
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num. The survival did not differ significantly between the patients with p53(+)
and p53(-) tumors, or between patients with CEA(+) and CEA(-) tumors. This
was maintained when the analyses were restricted to surgery alone, adjuvant
chemotherapy, and even different chemotherapy regimens. p53 and CEA immunohistochemical expression is not prognostic for survival after D2 gastrectomy.
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are warranted on the basis of the nonprognostic value of p53 and CEA immunohistochemical expression.
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the remaining patients in terms of TBIL-r1 and INR-r1
on PODs 3, 5 and 7. The combination of TBIL-r1 and
INR-r1 on POD 5 showed strong predictive power for
liver failure-related death (sensitivity 92.9% and specificity 90.1%). The hepatic damage score (HDs), which
was derived from TBIL-r1 and INR-r1, was used to
define the degree of metabolic functional impairment
after resection as mild (HDs = 0), reversible hepatic
“dysfunction” (HDs = 1) or fatal hepatic failure (HDs =
2). Furthermore, the indocyanine green retention rate
at 15 min (ICG-R15) and the number of resected segments (RSs) were identified as independent predictors
of the HDs. A linear relationship was found between
ICG-R15 and RSs in the HDs = 2 group. The regression
2
equation was: RSs = -0.168 × ICG-R15 + 5.625 (r =
0.613, F = 14.257, P = 0.004).

Abstract

CONCLUSION: PLF can be defined by the HDs, which
accurately predicts liver failure-related death after liver
resection. Furthermore, the ICG-R15 and RSs can be
used as selection criteria for hepatectomy.

AIM: To establish a reliable definition of postoperative
liver failure (PLF) and allow the prediction of outcomes
after hepatectomy.

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

METHODS: The clinical data of 478 consecutive patients who underwent hepatectomy were retrospectively analyzed. The examined prognostic factors included
the ratio of total bilirubin (TBIL) on postoperative day
(POD) X to TBIL on POD 1 (TBIL-r1) and the ratio of
the international normalized ratio (INR) on POD X to
the INR on POD 1 (INR-r1) for PODs 3, 5 and 7. Student’s t test, the χ 2 test, logistic regression, survival
analysis and receiver operating curve analysis were
used to evaluate risk factors and establish the definition
of postoperative liver failure (PLF).

Key words: Liver failure; Hepatectomy; Mortality; Morbidity; Hepatic dysfunction
Core tip: We derived a new definition of postoperative
liver failure (PLF) termed the hepatic damage score
(HDs). The HDs was an ideal definition of PLF and reflected the degree of liver impairment after resection as
mild (HDs = 0), reversible hepatic “dysfunction” (HDs
= 1) to fatal hepatic failure (HDs = 2).

RESULTS: Fourteen patients (2.9%) died of liver failure within 3 mo of surgery. Significant differences were
found between patients who died of liver failure and
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we investigated dynamic changes in TBIL and INR on
postoperative days (PODs) 1, 3, 5 and 7. We found 2
abnormalities in the values of TBIL and INR: (1) stabilization at high levels in the first few days after liver
resection, with no reduction afterward or only a very
slight decrease; and (2) a gradual and stable increase after
POD 1. These 2 trends were collectively classified into
2 parameters, namely, TBIL-r1 and INR-r1, which were
calculated as the TBIL or INR value on POD X divided
by their respective values on POD 1.
The first end point was liver failure-related death,
which was defined as death in patients who had been
classified as Child-Turcotte-Pugh (CTP) Class C on the
day they died, including postoperative mortality related
to liver failure or multisystem organ failure including liver
failure. The second end point was postoperative major
complications recorded during 90 d. According to the
classification proposed by Clavien et al[20], postoperative
major complications were defined as grades Ⅲ, Ⅳ and Ⅴ.

2014; 20(1): 274-281 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i1/274.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i1.274

INTRODUCTION
Hepatic resection is the most effective treatment for
selected patients with liver malignancies or a number of
benign diseases, such as hepatocellular carcinoma and
large hepatic cavernous hemangioma, among others[1-6].
With advances in surgical techniques and perioperative
management and improvements in the criteria for patient
selection, early postoperative mortality has been reduced
from 13% for all resections and > 20% for major resections detected by Foster and Berman in 1977[7] to less
than 8% in recent years[8,9]. However, the mortality caused
by postoperative liver failure (PLF) has increased with
increases of extended hepatectomy and complex liver resection[7,10-13].
In general, PLF is characterized as the failure of one
or more of the synthetic and excretory functions of the
liver, including hyperbilirubinemia, coagulopathy, hypoalbuminemia and different grades of hepatic encephalopathy[12-15]. Patients with PLF are often susceptible to complications, particularly septic events, and require long inhospital stays to recover or ultimately succumb to death.
Previous studies have reported some independent risk
factors that affect PLF after liver resection[4,10-16]. However, the definitions of PLF are not uniform, which makes
it difficult to compare outcome data across these studies
and assess the efficacy of interventions designed to reduce the incidence of PLF. Early diagnosis of PLF is vital for appropriate postoperative treatments (such as optimization of drug therapy, surgical intervention, therapy
using liver assist devices[17] or transplantation). Therefore,
based on a large series of liver resections performed over
a short period of time, the aim of the present study was
to establish a reliable and standardized definition of PLF
using an arbitrarily defined score combining the ratio of
total bilirubin (TBIL) on postoperative day (POD) X to
TBIL on POD 1 (TBIL-r1) and the ratio of the international normalized ratio (INR) on POD X to the INR on
POD 1 (INR-r1), which can precisely predict early liver
failure-related mortality and morbidity after liver resection in a timely fashion.

Surgical modalities
In total, 247 patients (51.7%) underwent minor hepatic
resections, which predominantly included nonanatomical
wedge resections (≤ 2 segments) or enucleation (n = 74,
15.5%) and left lateral segmentectomy (n = 66, 13.8%).
The remaining minor hepatic resections included bisegmentectomy of segments Ⅵ and Ⅶ (n = 41), bisegmentectomy of segments Ⅴ and Ⅷ (n = 33) and segmentectomy (n = 33). Major hepatic resections were performed
in 231 patients (48.3%), including right trisegmentectomy
(n = 71), right hepatectomy (n = 54), left hepatectomy (n
= 47), extended right hepatectomy (n = 21) and extended
left hepatectomy (n = 16). Twenty-two (4.6%) patients
underwent resection of 3 or more discontiguous segments, which was also considered as major hepatic resection. The average number of hepatic segments resected
was 2.7 ± 1.3 (range 0-6). Written informed consent was
obtained from each patient before treatment.
Follow-up
All patients were followed regularly in the outpatient clinic and monitored according to a standard protocol. The
follow-up consisted of monthly blood tests to monitor
remnant liver function and at least one ultrasonographic
or contrast-enhanced computed tomography scan in the
first 3 mo after surgery. Four patients died of PLF as outpatients and were included as liver failure-related deaths
in this study. In addition, all other causes of deaths and
major complications were all rectified within the 3 mo
follow-up. Therefore, the numbers for liver failure-related
deaths and major complications were not underestimated.

MATERIALS AND METHODS
Patients
From March 2009 to May 2012, 478 consecutive patients
who had undergone liver resection at the Department
of Liver Surgery, West China Hospital of Sichuan University, were enrolled in this study. All patients in this
study underwent a preoperative indocyanine green (ICG)
clearance test, which has been described in detail elsewhere[18,19].
To identify predictors of liver failure-related death,

WJG|www.wjgnet.com

Statistical analysis
Descriptive statistics included means, ranges, standard deviations and proportions. Categorical data are presented
as percentages, and differences between proportions were
compared by the χ 2 test or Fisher’s exact test. Continuous
variables were compared using the unpaired Student’s t
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Table 1 Liver disease etiologies among the enrolled patients
(n = 478)

Table 2 Postoperative complications in the entire patient
cohort (n = 478)

n (%)

Etiology
Malignant disease
HCC
Colorectal metastasis
Other metastatic disease
Cholangiocarcinoma
Gallbladder carcinoma
Benign disease
HCH
FNH
Hepatic echinococcosis
Hepatic complex cysts
Adenoma
Cystadenoma

371 (77.6)
323 (67.6)
25 (5.2)
12 (2.5)
9 (1.9)
2 (0.4)
107 (22.4)
72 (15.1)
13 (2.7)
7 (1.5)
2 (0.4)
9 (1.9)
3 (0.6)

HCC: Hepatocellular carcinoma; HCH: Hepatic cavernous hemangioma;
FNH: Focal nodular hyperplasia.

test. Multivariate analysis was performed to identify independent determinants of the hepatic damage score (HDs;
logistic regression stepwise backward procedure). Survival curves were computed using the Kaplan-Meier method
and compared using the log-rank test. All above statistical
evaluations were performed using the SPSS for Windows
package (SPSS 18.0 for Windows, Chicago, IL). For the
receiver operating characteristic (ROC) curve analysis,
we used MedCalc (version 12.0) to calculate the sensitivity, specificity and area under the curve and to select the
optimal cut-off value for predicting liver failure-related
death. The results with a P value < 0.05 were considered
statistically significant.

n (%)

Cardiopulmonary
Myocardial infarction
Cardiac arrest
Congestive heart failure
Respiratory insufficiency/failure1
Pneumonia
Pleural effusion (symptomatic)
Liver/biliary
Increased bilirubin2
Bile leak/biloma
Cholangitis
Gastrointestinal
Ileus
Gastrointestinal hemorrhage
Infection
Deep wound infection
Sepsis/bacteremia
Renal and genitourinary
Renal insufficiency/failure
Urinary tract infection
Urinary retention
Miscellaneous
Deep venous thrombosis
Need for reoperation
Perioperative hemorrhage
Others3

90 (18.8)
4 (0.8)
15 (3.1)
6 (1.3)
12 (2.5)
34 (7.1)
19 (4.0)
70 (14.6)
59 (12.3)
5 (1.0)
6 (1.3)
12 (2.5)
5 (1.0)
7 (1.5)
34 (7.1)
23 (4.8)
11 (2.3)
59 (12.3)
17 (3.6)
23 (4.8)
19 (4.0)
23 (4.8)
5 (1.0)
7 (1.5)
11 (2.3)
10 (2.1)

1

Prolonged ventilatory requirement or reintubation, hypoxia with
prolonged supplemental oxygen requirement; 2Not included in calculation
of composite endpoint as a major postoperative complication; 3Stroke/TIA
(n = 1), pericarditis/pericardial effusion (n = 2), perihepatic abscess (n
= 2), portal vein thrombosis (n = 1), biliary stricture (n = 3), perforated
duodenal ulcer (n = 1).

plications and their frequencies. Most patients suffered at
least two complications within 3 mo after the operation.
Hyperbilirubinemia was not included as a postoperative
major complication in the calculation of the composite
end point.

RESULTS
Patient characteristics
There were 389 men (81.4%) and 89 women (18.6%),
and their median age was 47 years (range, 18-77 years). In
total, 432 patients were classified as CTP class A (90.4%)
and 46 patients as CTP class B (9.6%). Of all patients,
340 (70.1%) were hepatitis B virus positive. The etiologies associated with liver disease in the included patients
are shown in Table 1.
Fourteen patients (2.9%) died of irreversible postoperative liver failure or multisystem organ failure associated
with liver failure within 3 mo after the operation. The
median time to liver failure-related death was 31 d (range
14-63 d). Seven additional perioperative deaths were
caused by uncontrolled hemorrhage in 1 patient, intraabdominal hemorrhage later in the postoperative period
in 1 patient, severe sepsis in 2 patients and multisystem
organ failure without associated liver failure in 3 patients.
The median hospital stay after hepatectomy was 7 d
(range 4-87 d). Major postoperative complications occurred in 142 (29.7%) patients and were graded as follows: grade Ⅲa (n = 79; 16.5%), grade Ⅲb (n = 28; 5.9%),
grade Ⅳa (n = 11; 2.3%), grade Ⅳb (n = 3; 0.6%) and
grade Ⅴ (n = 21; 4.4%). Table 2 lists the relevant com-
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Complication

Kinetics of postoperative liver function tests
The postoperative TBIL, INR, TBIL-r1 and INR-r1 in
cases of liver failure-related death (group Ⅰ) and the
remaining patients (group Ⅱ) are shown in Figure 1.
At baseline, the TBIL level in group Ⅰ was 16.2 ± 4.9
μmol/L, compared to 17.8 ± 6.2 μmol/L in group Ⅱ.
After liver resection, the TBIL value in group Ⅰ increased
during the first 5 d and was then maintained at a high
level. In contrast, the TBIL value in group Ⅱ exhibited
a slight increase in the first 3 d and thereafter exhibited a
stable decline until it reached the baseline value. The two
groups significantly differed on POD 5 and POD 7, with
P values of 0.001 and 6.0e-5, respectively (Figure 1A).
The postoperative INR level was the highest on POD 1 in
both groups. Thereafter, it remained high in group Ⅰ and
steadily decreased to the baseline level in group Ⅱ .
INR levels also showed significant differences between
groups Ⅰ and Ⅱ on PODs 5 and 7, with P values of
0.015 and 4.8e-5, respectively (Figure 1B). The TBIL-r1 in
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Figure 1 Dynamic changes in postoperative liver function indexes in cases of liver failure-related death and the remaining patients. Values are expressed
as mean SD, aP < 0.05 between groups. A: Total bilirubin (TBIL); B: International normalized ratio (INR); C: The ratio of total bilirubin on postoperative day (POD) X to
the value on POD 1(TBIL-r1); D: The ratio of international normalized ratio on POD X to the value on POD 1 (INR-r1).

group Ⅰ significantly increased, whereas it exhibited a stable decrease in group Ⅱ. The TBIL-r1 values significantly
differed between the two groups on PODs 3, 5 and 7 (P <
0.05; Figure 1C). The INR-r1 in group Ⅱ demonstrated a
slight and continuous decrease compared with the INR-r1
in group Ⅰ, which remained stable from POD 3 to POD 7.
The differences between the groups remained significant
at all time points (P < 0.05; Figure 1D).

cut-off values of 1.68 and 1.02, respectively, on POD 5.
Patients were categorized into groups A, B and C according to HDss of 0, 1 and 2, respectively. There were 381
patients (79.7%) in group A (HDs = 0) with a liver failurerelated mortality rate of only 0.3% (n = 1) and a major
complication morbidity rate of 22.8% (n = 87). Group B
(HDs = 1) consisted of 86 patients (18.0%), of whom 7
(8.1%) suffered liver failure-related deaths; the major complication morbidity rate was 54.7% (n = 47), which was
much higher than that in group A. There were only 11
cases (2.3%) in group C (HDs = 2), which had the highest
liver failure-related mortality rate and the highest major
complication morbidity rate, at 54.5% (n = 6) and 72.7% (n
= 8), respectively. Any two groups exhibited a significant
difference in liver failure-related mortality (Figure 2A). If
the patients who died of any causes not related to liver
failure was calculated as censored data, the cumulative
three-month survival rates were 99.7%, 91.9% and 45.5%
in groups A, B and C, respectively (Figure 2B).

Predictors of liver failure-related death
ROC curve analysis of TBIL, INR, TBIL-r1 and INR-r1
to predict liver failure-related death was performed to define PLF. A cut-off value was determined by seeking the
largest sum of the sensitivity and specificity values. The
diagnostic characteristics of TBIL, INR, TBIL-r1 and
INR-r1 are summarized in Table 3. The results suggested
that at each time point after hepatectomy, the predictive
powers of TBIL-r1 and INR-r1 were stronger than those
of TBIL and INR. In the clinical setting, a predictor of
PLF must have strong predictive power and should be
able to predict PLF as early as possible. Thus, we chose
the combination of TBIL-r1 and INR-r1 on POD 5 as a
strong and early predictor of PLF. Although the combination of TBIL-r1 and INR-r1 on POD 7 was slightly superior to the combination of TBIL-r1 and INR-r1 on POD
5 regarding predictive power, 2 additional days were required to obtain the values. Moreover, on POD 3, the predictive power of these values was not sufficiently strong.
The HDs was assigned values of 0, 1 and 2 when
neither, either or both TBIL-r1 and INR-r1 exceeded the
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Univariate and multivariate analyses of the HDs
Since the HDs was strongly correlated with liver failurerelated death, we believed that the HDs could be a reliable and standardized definition of PLF. Thus, we next
investigated predictors of the HDs. Group C did not
contain a sufficient number of cases; therefore, we combined groups B and C for comparison with group A. In
univariate analyses, the following variables were significantly associated with the HDs: ICG-R15, CTP grade,
intraoperative blood loss (mL), intraoperative blood
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Table 3 Diagnostic characteristics of total bilirubin, international normalized ratio and combined criteria on postoperative day (3, 5,
7) in the prediction of liver failure-related death
Criteria
POD 3
TBIL-r1
INR-r1
Combination1
POD 5
TBIL-r1
INR-r1
Combination1
TBIL
INR
Combination2
POD 7
TBIL-r1
INR-r1
Combination1
TBIL
INR
Combination2

AUC

95%CI

Sensitivity

Specificity

P value

0.686
0.658
0.719

0.642-0.727
0.614-0.701
0.676-0.759

92.90%
64.30%
64.30%

51.70%
64.90%
74.80%

0.018
0.046
0.005

1.24
0.94
0.0337

0.918
0.719
0.951
0.810
0.708
0.829

0.890-0.941
0.677-0.759
0.927-0.968
0.772-0.844
0.665-0.748
0.792-0.861

85.70%
50.00%
92.90%
78.60%
85.70%
99.80%

87.50%
94.80%
90.10%
81.50%
64.40%
57.50%

1.0e-7
0.006
9.0e-9
7.7e-5
0.008
2.8e-5

1.68
1.02
0.0379
51.0
1.23
0.0164

0.937
0.796
0.975
0.886
0.798
0.908

0.912-0.957
0.757-0.831
0.956-0.987
0.854-0.913
0.760-0.833
0.879-0.933

85.70%
71.40%
92.90%
92.90%
85.70%
92.90%

91.60%
80.00%
94.40%
79.10%
73.30%
79.70%

2.4e-8
1.5e-4
1.4e-9
1.0e-6
1.4e-4
8.7e-7

1.61
0.91
0.0566
49.5
1.22
0.0277

Cut-off value

1

The combination of TBIL-r1 and INR-r1 used the predicted probabilities, which were calculated using logistic regression analysis; 2The combination of
TBIL and INR used the predicted probabilities, which were calculated using logistic regression analysis. AUC: Area under the receiver operating curve;
TBIL: Total bilirubin; INR: International normalized ratio; TBIL-r1: The ratio of total bilirubin on postoperative day (POD) X to the value on POD 1; INR-r1:
The ratio of international normalized ratio on POD X to the value on POD 1.

A

B

80
Major complications morbidity
Liver failure-related mortality

0.8
Cumulative survival rate

Rate (%)

60

40

20

0

1.0

0.6

0.4
HDs = 0
HDs = 1
HDs = 2

0.2

0.0
0
1
Hepatic damage score (HDs)

2

0

30
60
Time after hepatectomy (d)

90

Figure 2 Liver failure-related mortality and major complication morbidity rates (A) and cumulative survival curves (B) of the three groups. A: Any two
groups had significant differences in liver failure-related mortality and major complications morbidity (P < 0.001), except the major complication morbidity between
groups B and C (P = 0.414); B: Patients who died of any causes not related to liver failure were calculated as censored data.

transfusion volume (mL) and RSs (all with P < 0.05)
(Table 4). These variables were included in a multivariate
logistic regression model to identify independent predictors of the HDs. As shown in Table 5, ICG-R15 and
RSs were independent predictors of the HDs. Comparing the ICG-R15 and RSs values of the patients with an
HDs of 2 after surgery using regression analysis revealed
a liner relationship (r2 = 0.613, F = 14.257, P = 0.004).
The regression equation was as follows: RSs = - 0.168 ×
ICG-R15 + 5.625 (Figure 3).

and often leads to patient deaths. Although conventional
routine laboratory analyses, including TBIL, albumin,
alanine aminotransferase, aspartate aminotransferase and
INR, can be easily performed during the perioperative
period, accurate determination of remnant liver function without delay remains difficult in hepatic resection
patients because of the operative complexity. Different
independent risk factors such as the model for end-stage
liver disease score[21], fibrosis[22] and hepatic steatosis[23]
have been reported in previous studies; however, because
of the different definitions of PLF, it is difficult to compare the data across these studies and evaluate the factors
contributing to PLF. Therefore, the establishment of a
reliable and standardized definition of PLF with strong

DISCUSSION
PLF is a serious complication of extended liver resection
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Table 4 Univariate analysis of factors associated with the
hepatic damage score (n = 478)

Table 5 Multivariate analysis of the hepatic damage score
β

Variable
Group 1
(n = 380)

Group 2
(n = 98)

t

Age (yr)
47.5 ± 12.4
Gender
Male
306
Female
72
TBIL (µmol/L)1
17.5 ± 6.2
ALB (g/L)1
40.0 ± 5.0
ALT (IU/L)1
55 ± 47
AST (IU/L)1
60 ± 54
CREA (µmol/L)1 0.92 ± 0.28
ICG R15 (%)1
7.2 ± 4.3
INR1
1.09 ± 0.10
HBsAg1
Positive
268
Negative
112
CTP grade1
A
351
B
29
MELD score1
5.8 ± 3.8
IBL (mL)
731 ± 790
IBT (mL)
427 ± 764
RS
2.4 ± 1.0

46.2 ± 11.4

0.946

χ2

0.639
83
15
18.6 ± 5.7
39.6 ± 5.0
54 ± 30
64 ± 41
0.94 ± 0.27
8.7 ± 5.5
1.07 ± 0.11

ICG-R15
RS

0.345
0.424

-1.516
0.737
0.117
-0.557
-0.692
-2.598
1.305
0.201

0.130
0.462
0.907
0.578
0.489
0.010
0.192
0.654

0.176
1.292

P value Exp (β)

0.03
0.142

35.080
83.158

3.2e-9
7.6e-20

1.192
3.639

95%CI
Lower

Upper

1.125
2.757

1.263
4.803

7.735

0.007

-0.981
-2.309
-2.157
-9.852

HDs = 0
HDs = 1
HDs = 2

6
5

0.327
0.022
0.033
2. 0e-17

RSs = -0.168 × ICG-R15 + 5.625

R 2 = 0.613, F = 14.257, P = 0.004
4
3
2
1
0
0.0

1

All parameters were measured one day before liver resection. BIL: Total
bilirubin; ALB: Albumin; ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; CREA: Creatinine; ICG-R15: The indocyanine green
retention rate at 15 min; INR: International normalized ratio; HBsAg:
Hepatitis B surface antigen; CTP: Child-Turcotte-Pugh; MELD: Model for
end-stage liver disease; IBL: Intraoperative blood loss; IBT: Intraoperative
blood transfusion; RS: Resected segments.

5.0

10.0 15.0 20.0 25.0 30.0 35.0
ICG-R15 (%)

Figure 3 Relationship between the number of resected segments and preoperative the indocyanine green retention rate at 15 min values for 478
patients. An equation was established based on eleven patients who had a hepatic damage score of 2. HDs: Hepatic damage score; RS: Resected segment;.
ICG: Indocyanine green.

predictive power for the incidence and outcomes of
patients who have undergone liver resection is of great
significance.
Several investigators from major hepatobiliary centers around the world have proposed arbitrary criteria to
define PLF[2,3,15,16,24,25]. The “50-50 criteria”, as proposed
by Balzan et al[15], was an accurate predictor of PLF, and
they reported a sensitivity of 69.6% and a specificity of
98.5%. However, in a large retrospective study, the “50-50
criteria” only showed a sensitivity of 50% for the prediction of PLF-related death in a cohort of patients without
underlying liver disease who had undergone major hepatic resection[16]. A peak bilirubin (p-TBIL) of 7.0 mg/dL
was identified by Mullen et al[16] as a high cut-off value
for the prediction of liver failure-related death. However,
clinically, the p-TBIL was reached in most of the patients
over a long period of time or even on the day of death.
For all these reasons, simply using the TBIL or INR level
to determine remnant liver function is unsuitable.
TBIL-r1 and INR-r1 are ratios that can reflect dynamic
changes in TBIL and INR and can precisely predict remnant liver function. Increases in both TBIL-r1 and INR-r1
reflect a decrease in the synthetic and excretory functions
of the liver. In contrast, a decrease in these values indicates recovery of the synthetic and excretory functions
of the liver. Thus, in the present study, we focused on the
use of TBIL-r1 and INR-r1 to define PLF. The combination of TBIL-r1 and INR-r1 on POD 5 had a strong
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Wald

ICG-R15: The indocyanine green retention rate at 15 min; RS: Resected
segments.

72
26
81
17
6.2 ± 3.4
972 ± 953
649 ± 943
3.8 ± 1.4

SE

P value

Resected segments

Variable

predictive power for liver failure-related death (sensitivity
= 92.9%, specificity = 90.1%). This finding suggests to
calculate the HDs of every patient through the cut-off
value detected by the ROC analysis, with a higher HDs
indicating a higher risk of liver failure-related death after
liver resection. Furthermore, the HDs which reflects the
degree of metabolic functional impairment after resection
as mild (HDs = 0), reversible hepatic “dysfunction” (HDs
= 1) to fatal hepatic failure (HDs = 2), was validated as a
precise predictor of PLF by survival analysis.
The HDs can provide a precise prognosis that can
be calculated after liver resection (on POD 5); therefore,
we analyzed the preoperative and perioperative predictors of the HDs and identified ICG-R15 and RSs as
independent predictors. ICG, which is eliminated by the
liver without extrahepatic metabolism and excretion, is
an ideal dye to reflect hepatic reserve[26]. Previous studies
have suggested a relationship between the preoperative
ICG clearance test and the postoperative outcome[12,27-29].
In addition, liver volume can also reflect hepatic reserve,
which can be used to assess the operative risk prior to
hepatectomy and guide the ideal treatment[12]. However, it
is difficult to determine the amount of liver parenchyma
that can be resected in an individual patient based solely
on the ICG-R15 value. Therefore, we calculated the liner
relationship between the ICG-R15 and RSs values of
patients with an HDs of 2 which we regarded as fatal
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which combined can precisely predict early liver failure-related mortality after
liver resection in a timely fashion. Furthermore, the HDs reflects the degree of
metabolic functional impairment after resection, classifying it as mild (HDs = 0),
reversible hepatic “dysfunction” (HDs = 1) or fatal hepatic failure (HDs = 2), and
was validated to be an ideal definition of PLF.

hepatic failure. The regression equation was RSs = -0.168
× ICG-R15 + 5.625 (r2 = 0.613, F = 14.257, P = 0.004).
Using this equation, a safe resection can be predicted
based on the individual’s ICG-R15 prior to hepatectomy.
Hepatectomy will be safer if the number of resected segments is lower than the value calculated by the equation.
Conversely, if the resection volume exceeds the calculated value, the risk associated with liver hepatectomy will
increase. Furthermore, using this equation, when zero
segments are resected, the ICG-R15 is equal to 33%.
Therefore, if the ICG-R15 is greater than 33%, PLF is
more likely to occur. However, if the ICG-R15 is 0%, the
RS value will equal 5.625. This indicates that in patients
with good liver function, a maximum of 5.625 liver segments can be safely resected. Nonetheless, successful
outcomes for hepatectomy are dependent not only on
the ICG-R15 and the number of resected segments but
also on hemostasis, a meticulous surgical technique and
skilled perioperative care.
In conclusion, the present study proposed and verified a criterion that can be used in the postoperative period to accurately predict the outcomes of patients who
underwent liver resection. Although confirmation of the
results of this study requires a prospective validation,
we recommend that the degree of metabolic functional
impairment after resection be defined as mild (HDs =
0), reversible hepatic “dysfunction” (HDs = 1) and fatal
hepatic failure (HDs = 2). Furthermore, we detected a relationship between ICG-R15 and the number of resected
segments in patients with an HDs of 2. On this basis, we
identified preoperative criteria for selecting patients for
hepatectomy to increase the safety of hepatic resection.

Applications

The findings of their study suggest a method for precisely predicting liver failurerelated death in a timely fashion and defining the degree of metabolic functional
impairment after resection as mild (HDs = 0), reversible hepatic “dysfunction”
(HDs = 1) and fatal hepatic failure (HDs = 2). Furthermore, the relationship between ICG-R15 and the number of resected segments in patients with an HDs
of 2 can help select patients for hepatectomy and increase the safety of hepatic
resection.

Terminology

TBIL-r1 and INR-r1 are ratios reflecting the changes in TBIL and INR compared
with POD 1. These ratios reflect the dynamic changes in TBIL and INR and can
precisely predict remnant liver function. Increases in both TBIL-r1 and INR-r1
reflect decreases in the synthetic and excretory functions of the liver. In contrast, decreases in these values indicate the recovery of these functions.

Peer review

This is an interesting article on a large group of patients who underwent liver
resection and is an attempt to predict mortality and morbidity due to liver failure
post-resection. The authors use some novel measures to identify predictors.
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Outcome of patients undergoing right lobe living donor liver
transplantation with small-for-size grafts
Pei-Xian Chen, Lu-Nan Yan, Wen-Tao Wang
nificantly. The cumulative 1-, 3- and 5-year liver graft
survival rates were 82.22%, 71.11% and 71.11% for
group A and 81.46%, 76.82%, and 75.50% for group
B patients, respectively (P = 0.623). However, univariate analysis of risk factors associated with graft survival
in group A demonstrated that the occurrence of SFSS
after LDLT was the only significant risk factor affecting
graft survival (P < 0.001). Furthermore, multivariate
analysis of our data did not identify any additional significant risk factors accounting for poor graft survival.
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CONCLUSION: Our study suggests that LDLT recipients with an aGRWR < 0.8% may have liver graft outcomes comparable to those who received larger size
grafts. Further studies are required to ascertain the
safety of using SFSGs.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Abstract
AIM: To investigate the outcome of living donor liver
transplantation (LDLT) recipients transplanted with
small-for-size grafts (SFSGs).

Key words: Living donor liver transplantation; Right
lobe; Actuarial graft-to-recipient weight ratio; Small-forsize graft; Small-for-size syndrome

METHODS: Between November 2001 and December
2010, 196 patients underwent LDLT with right lobe liver
grafts at our center. Recipients were divided into 2 treatment groups: group A with an actuarial graft-to-recipient weight ratio (aGRWR) < 0.8% (n = 45) and group
B with an aGRWR ≥ 0.8% (n = 151). We evaluated serum liver function markers within 4 wk after transplantation. We also retrospectively evaluated the outcomes
of these patients for potential effects related to the recipients, the donors and the transplantation procedures
based upon a review of their medical records.

Core tip: The relative size of a liver graft is a determinant factor for successful adult-to-adult living donor
liver transplantation. However, the long-term outcome
and the risk factors associated with poor graft survival
in recipients undergoing right lobe living donor liver
transplantation using small-for-size grafts are poorly
understood. In the present study, we compared the
short-term and long-term outcomes of living donor liver
transplantation recipients with an actuarial graft-torecipient weight ratio < 0.8% or ≥ 0.8% and analyzed
potential risk factors associated with liver graft survival
when small-for-size grafts were utilized.

RESULTS: Small-for-size syndrome (SFSS) developed
in 7 of 45 patients (15.56%) in group A and 9 of 151
patients (5.96%) in group B (P = 0.080). The levels of
alanine aminotransferase and aspartate aminotransferase in group A were higher than those in group B
during early period after transplantation, albeit not sig-
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surgical procedure (ahepatic duration, MHV drainage, inflow modulation, type of biliary reconstruction), and the
postoperative period (postoperative bleeding, acute rejection, vascular complications, biliary complications, SFSS)
were gathered from the Chinese Liver Transplantation
Registration for the analysis of potential risk factors associated with graft survival. Recipients were divided into
two treatment groups: group A with an aGRWR < 0.8%
(n = 45) and group B with an aGRWR ≥ 0.8% (n = 151).
We also evaluated serum liver function markers such as
aspartate aminotransferase (AST), alanine aminotransferase (ALT), international normalized ratio (INR) and total
bilirubin (TB) within 4 wk after transplantation (Figure 1).

from: URL: http://www.wjgnet.com/1007-9327/full/v20/i1/282.
htm DOI: http://dx.doi.org/10.3748/wjg.v20.i1.282

INTRODUCTION
Living donor liver transplantation (LDLT) is considered
a valuable approach to the problem of the shortage of
cadaveric donor organs. Liver graft size is a determinant
factor of successful adult-to-adult LDLT, in that graft
size is known to impact patient post-transplant survival[1-4]
and poor outcome has been associated with small-for-size
grafts (SFSGs)[1,3,5,6] according to previous studies. SFSG
has been tentatively described in retrospective studies
as the liver graft weight relative to the recipient’s body
weight or to the estimated whole liver weight and generally defined as a graft-to-recipient weight ratio (GRWR) <
0.8% or as a standard liver weight ratio < 40%. To meet
the functional demands of the liver of the recipients and
improve the recipient outcome in adult LDLT, a large
graft size is recommended while maintaining the safety
of the donor as the first priority. Based upon a worldwide
systematic review, donor morbidity ranges from 0% to
100% with a median value of 16.1%[7]. To strike a balance
between the prevention of SFSG sequelae and donor
safety, many surgical strategies have been introduced.
Initial efforts were aimed at directly increasing the liver
graft volume by auxiliary transplantation[8], dual grafts[9-11],
conversion from left liver grafts to right liver grafts[12] and
recently increasing the donor’s body weight[13,14]. Subsequently, efforts attempted to maximize the graft blood
outflow through the inclusion of the middle hepatic
vein (MHV) or reconstruction of the MHV tributaries[15]
combined with various refinements of the anastomotic
technique. The third approach, which is now flourishing
in some adult LDLT programs, involves modulation of
the portal inflow to graft, including splenic artery ligation
or embolization[16,17], splenectomy[18], and partial portosystemic shunting[19-23]. The incidence of small-for-size syndrome (SFSS) and early graft failure have been reported
to be substantially reduced thanks to the techniques
above.
In the present study, we compared the surgical outcomes of LDLT recipients with an actuarial graft-torecipient weight ratio (aGRWR) < 0.8% or ≥ 0.8% and
analyzed the potential risk factors affecting liver graft
survival when SFSGs were utilized.

Surgical procedure
Intraoperative ultrasonography was performed to confirm adequate hepatic venous anatomy of the donor and
to verify the transection plane before donor hepatectomy.
Intraoperative cholangiography was also performed before donor hepatectomy. Donor hepatectomy was carried
out using a Cavitron ultrasonic surgical aspirator (CUSA
System 200; Valleylab Inc., Boulder, CO) and bipolar electrocautery. After donor hepatectomy, grafts were flushed
with 2 L of iced University of Wisconsin solution and
actuarial graft weights were measured. MHV tributary
reconstruction was performed with cryopreserved iliac
vessels when the diameter of the MHV tributaries was >
5 mm or when dominant congestion of the right anterior segment was suggested by the clamping test. MHV
tributary drainage was established in 124 recipients consisting of MHV tributary reconstruction (n = 110) and
MHV trunk inclusion (n = 14). The surgical procedure
and outflow reconstruction technique have been carefully
described in our previous studies[24]. After removing the
recipient liver, grafts were orthotopically transplanted using a piggyback technique. End-to-end right portal vein
anastomosis was made using 5-0 prolene continuous
sutures. An allowance of 1 cm for growth was planned at
the time of the knotting of sutures. Thereafter, hepatic
artery anastomosis was performed using a micro-vascular
technique with 9-0 prolene interrupted sutures. Bile duct
reconstruction was performed by either duct-to-duct
anastomosis (n = 180) or Roux-en-Y hepaticojejunostomy (n = 16). Concurrent splenectomy was indicated in 11
graft recipients when severe hypersplenism was observed
based upon preoperative white blood cell count < 2.00 ×
109/L and platelet count < 30 × 109/L.
SFSS
SFSS is generally characterized by the appearance of cholestasis, prolonged coagulopathy, intractable ascites and,
in the worse cases, gastrointestinal bleeding or renal failure at the end of the first week post-transplantation[2,3]. In
clinical practice, SFSS has been defined by a total bilirubin value > 10 mg/dL with or without ascites formation
of more than 1L/d on postoperative day 14[25]. Patients
identified with any graft dysfunction, such as biliary or
vascular complications or rejection, were excluded from
the study and not labeled as presenting with SFSS regard-

MATERIALS AND METHODS
Between January 2001 and December 2010, 196 patients
underwent adult-to-adult living donor liver transplantation using right lobe liver grafts at West China Hospital,
Sichuan University Medical School, Chengdu, China.
Information concerning the transplant recipient [age,
sex, Model for End-Stage Liver Disease (MELD) score,
Child-Pugh score, hospitalization duration, aGRWR,
ABO-compatibility, pre-transplant complications], the
transplant donor [age, sex, body mass index (BMI)], the
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Figure 1 Serial changes of liver function markers (total bilirubin, alanine aminotransferase, aspartate aminotransferase, international normalized ratio) in
all patients after living donor liver transplantation. A: TB; B: ALT; C: AST; D: INR. No intergroup difference regarding postoperative levels of TB, ALT, AST and INR
was obtained (P = 0.739, P = 0.631, P = 0.853, P = 0.570, respectively). TB: Total bilirubin; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; INR:
International normalized ratio.

less of the GRWR values. All organ donors voluntarily
donated part of their liver. This study was approved by
the Ethics Committee of our hospital.

are summarized in Table 1. With respect to recipient
factors, no differences were observed between the treatment groups in terms of age, sex, Child-Pugh scores,
pre-transplant complications, ABO-compatibility, ICU
stay and hospitalization time after LDLT. The mean
MELD scores and median follow-up time were significantly lower in group A (13.87 ± 9.09 vs 17.19 ± 9.97, P
= 0.012 and 48.8 mo vs 57.8 mo, P = 0.033, respectively).
The mean aGRWR values were also significantly lower in
group A (0.71% ± 0.07% vs 0.99% ± 0.15%, P = 0.033).
Five patients received liver grafts with an aGRWR value
under 0.60%, with the lowest aGRWR value being 0.51%.
Liver malignancy was the most common indication for
transplantation in group A, while viral cirrhosis was the
main etiology in group B. No differences were identified
between the two treatment groups regarding the operative time, intraoperative blood loss, ahepatic duration,
outflow and inflow modulation as well as biliary reconstruction techniques.
The mean age of the donors was 34.97 ± 10.20 years,
and 121 (61.73%) of them were males. The 165 donations from blood relatives were from offspring-to-parent
(n = 40), sibling-to-sibling (n = 61), parent-to-offspring
(n = 13), and others (n = 42). Non-related donors were
spouses (n = 35), in-laws (n = 2), and altruistic volunteers
(n = 3). All organ donors were ABO compatible with

Statistical analysis
The significance of the difference between the two treatment groups was assessed by Student’s t test, the MannWhitney U test, and the χ 2 test. The Kaplan-Meier
method and Cox’s regression test were used to calculate
the probability of graft survival after LDLT. Intergroup
differences in graft survival rates were compared using
the log-rank test. Univariate analysis of potential risk factors for graft survival was performed using the log-rank
test for categorical variables and Cox’s regression model
for continuous variables. Multivariate analysis of potential risk factors for graft survival was performed using the
Cox proportional hazards model. Statistical significance
was accepted for a P value < 0.05. Statistical analysis was
carried out using SPSS version 17.0.

RESULTS
Demographic characteristics of the recipient, donor and
surgical procedure factors in LDLT patients
The demographic characteristics of the recipient and donor and the surgical procedure factors in LDLT patients
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Table 1 Clinical features of the recipients of liver grafts with an actuarial graft-to-recipient weight ratio < 0.8% and those with an
actuarial graft-to-recipient weight ratio ≥ 0.8% n (%)
Variable
Recipient factors
Age (yr)
Sex (male/female)
MELD score
Child-Pugh score
aGRWR (%)
ABO-compatibility (yes/no)
Median follow-up (mo)
2001-2005/2006-2010
ICU stay (h)
Hospitalization time (d)
Pre-transplant complications
Encephalopathy
GI bleeding
Peritonitis
Uncontrolled ascites
Renal insufficiency
Etiology
Hepatic malignancy
Viral cirrhosis
Non-viral cirrhosis
Cholestasis
Acute liver failure
Other
Donor factors
Age (yr)
Sex (male/female)
Body mass index
Relationship (blood-related/non-blood-related)
Operative factors
Operative time (min)
Blood loss (mL)
Ahepatic duration (min)
MHV tributary drainage1
Concurrent splenectomy
Types of biliary reconstruction2
Complications after LDLT
Postoperative bleeding
Acute rejection
Vascular complications
Biliary complications
SFSS

Total (n = 196)

Group A (n = 45)

Group B (n = 151)

P value

42.60 ± 9.05
171/25
16.42 ± 9.86
7.71 ± 2.12
0.93 ± 0.18
161/35
54.3
22/174
307.32 ± 305.86
39.45 ± 25.21

42.60 ± 8.90
40/5
13.87 ± 9.09
7.27 ± 2.08
0.71 ± 0.07
36/9
48.8
2/43
277.07 ± 270.91
38.84 ± 22.49

42.60 ± 9.13
131/20
17.19 ± 9.97
7.85 ± 2.20
0.99 ± 0.15
125/26
57.8
20/131
316.34 ± 315.81
39.64 ± 26.03

0.673
0.706
0.012a
0.118
< 0.001a
0.669
0.033a
0.101
0.189
0.970

21 (10.71)
12 (6.12)
8 (4.08)
37 (18.88)
7 (3.57)

4 (8.89)
4 (8.89)
0
7 (15.56)
0

17 (11.26)
8 (5.30)
8 (5.30)
30 (19.87)
7 (4.64)

89 (45.41)
66 (33.67)
11 (5.61)
12 (6.12)
11 (5.61)
6 (3.06)

28 (62.22)
7 (15.56)
4 (8.89)
1 (2.22)
4 (8.89)
1 (2.22)

61 (40.40)
59 (39.07)
7 (4.64)
11 (7.28)
8 (5.30)
5 (3.31)

0.860
0.598
0.251
0.516
0.311
< 0.001a
0.010
0.003
0.472
0.374
0.598
0.710

34.97 ± 10.20
121/75
23.00 ± 2.55
20.41%/79.59%
40/156

34.29 ± 9.97
32/13
22.96 ± 3.15
13.33%/86.67%
6/39

35.18 ± 10.30
89/62
23.01 ± 2.36
22.52%/77.48%
34/117

0.727
0.140
0.654
0.180

659.02 ± 132.78
2183.93 ± 2022.02
93.36 ± 41.82
124 (63.27)
11 (5.61)
180/16

662.24 ± 113.65
2014.44 ± 1765.92
87.47 ± 30.94
31 (68.89)
3 (6.67)
44/1

658.05 ± 138.30
2234.44 ± 2095.04
95.11 ± 44.49
93 (61.69)
8 (5.30)
136/15

0.472
0.444
0.412
0.373
0.726
0.178

8 (4.08)
9 (4.59)
7 (3.57)
21 (10.71)
16 (8.16)

1 (2.22)
2 (4.44)
1 (2.22)
5 (11.11)
7 (15.56)

7 (4.64)
7 (4.64)
6 (3.97)
16 (10.60)
9 (5.96)

0.773
0.957
0.922
0.922
0.080

1

MHV tributary drainage includes MHV tributary reconstruction and MHV trunk inclusion; 2Types of biliary reconstruction type includes duct-to-duct
anastomosis and Roux-en-Y hepaticojejunostomy. GI: Gastrointestinal; MELD: Model for End-Stage Liver Disease; aGRWR: Actuarial graft-to-recipient
weight ratio; MHV: Middle hepatic vein; LDLT: Living donor liver transplantation; SFSS: Small-for-size syndrome. aP < 0.05.

their recipients. The mean donor BMI was 23.00 ± 2.55.

82.22%, 71.11%, and 71.11% in group A and 81.46%,
76.82%, and 75.50% in group B, respectively (P = 0.623,
Figure 2).

Postoperative complications and graft survival rates
Postoperative complications are listed in Table 1. No
differences were identified with regard to postoperative
bleeding, acute rejection, vascular complications, and biliary complications. Recipients with SFSGs appear to be
more susceptible to SFSS after LDLT than those with
larger grafts (15.56% vs 5.96%, P = 0.080), although not
significantly. The postoperative serum TB, ALT, AST and
INR in all patients gradually returned to the normal range
during the hospital stay. The levels of ALT and AST in
group A were higher than those in group B during early
period after transplantation, albeit not significantly. The
cumulative 1-, 3- and 5-year graft survival rates were
WJG|www.wjgnet.com

Risk factors for graft survival in recipients with SFSGs
Factors associated with liver graft survival in patients with
SFSGs were also analyzed. The following deceased patients were excluded from further analysis due to causes
unrelated to the graft function: one death by suicide, one
death from an intestinal fistula, one from pneumonia,
one from respiratory failure, one from intracranial bleeding and four deaths from recurrence of hepatocellular
carcinoma. Graft failure occurred in four patients at 0-13
mo. Variables related to graft survival were evaluated
by univariate analysis, and the results are summarized in
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Table 2 Risk factors for graft survival in patients undergoing
living donor liver transplantation with small-for-size graft,
results of the univariate analysis

1.0
Group B with an aGBWR ≥ 0.8%
0.8

P value

Graft survival

Variable
0.6

Recipient factors
Age (yr)
Sex (male/female)
MELD score
Child-Pugh score
GRWR (%)
ABO-compatibility
2001-2005/2006-2010
ICU stay (h)
Hospitalization time (d)
Pre-transplant complications
Encephalopathy
GI bleeding
Peritonitis
Uncontrolled ascites
Renal insufficiency
Etiology
Hepatic malignancy
Viral cirrhosis
Non-viral cirrhosis
Cholestasis
Acute liver failure
Other
Donor factors
Age (yr)
Sex (male/female)
Body mass index
Relationship
Operative factors
Operative time (min)
Blood loss (mL)
Ahepatic duration (min)
MHV tributary drainage1
Concurrent splenectomy
Types of biliary reconstruction2
Complications after LDLT
Postoperative bleeding
Acute rejection
Vascular complications
Biliary complications
SFSS
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Figure 2 Cumulative 1-, 3- and 5-year graft survival rates. The cumulative
graft survival rates were 82.22%, 71.11% and 71.11% in group A and 81.46%,
76.82% and 75.50% in group B, respectively (P = 0.623). aGRWR: Actuarial
graft-to-recipient weight ratio

Table 2. The occurrence of SFSS after LDLT was a significant risk factor for graft survival by univariate analysis
in group A (P < 0.001) Patients with SFSS after LDLT
have significantly lower graft survival rates than those
without (33.3% vs 100%, P < 0.001). Recipients who had
prolonged ICU stay after LDLT tended to have shorter
graft survival than those did not (HR = 1.002, 95%CI:
1.000-1.003, P = 0.065). Patients with MHV drainage appeared to have better graft survival than those without
(95.8% vs 75.0%, P = 0.064). These risk factors were further assessed by multivariate analysis, however, none of
the differences were found to be significant.

DISCUSSION
Along with the increased utilization of right lobe LDLT,
controversy regarding the pathogenesis, clinical manifestations and management of SFSS has been rising in
recent years[2]. Early evidence indicated that liver graft
size is an independent predictor of mortality[5,26,27]. While
an increasing number of successful transplantation cases
with SFSGs have been reported in recent years[2,28], their
results demonstrate statistically significant differences,
hence it is needed to reevaluate the incidence and clinical
relevance of SFSGs-related issues.
In the present study, we compared the surgical outcomes of recipients with an aGRWR < 0.8% and those
with an aGRWR ≥ 0.8%. The cumulative 1-, 3- and 5-year
graft survival rates were 82.22%, 71.11% and 71.11% in
group A and 81.46%, 76.82% and 75.50% in group B, respectively. Moreover, the incidence of postoperative complications was similar between the two groups. We found
no evidence of inferior outcomes with smaller size grafts
compared to larger size living donor grafts. Although
some centers reported that the graft survival rates after
LDLT with a right lobe graft range from 83% to 88%[29,30]
of controls, evidence from Moon et al[28] and Selzner et
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0.942
0.410
0.150
0.754
0.545
0.185
0.634
0.065
0.868
0.688
0.688
0.563
0.094
0.201
0.253
0.537
0.245
0.310
0.605
0.064
0.358
0.730
0.730
0.730
0.730
0.469
< 0.001a

1

Middle hepatic vein (MHV) tributary drainage includes MHV tributary
reconstruction and MHV trunk inclusion; 2Types of biliary reconstruction
type includes duct-to-duct anastomosis and Roux-en-Y hepaticojejunostomy. LDLT: Living donor liver transplantation; MELD: Model for end-stage
liver disease; GRWR: Graft-to-recipient weight ratio; GI: Gastrointestinal;
ICU: Intensive care unit. aP < 0.05.

al[31] has showed that the outcomes with smaller size grafts
were not inferior to larger size living donor grafts or even
full-size deceased donor grafts. Nevertheless, our findings
with SFSGs with an aGRWR < 0.8% were found to be
inferior to the above results. Potential explanations include
the following: (1) the majority of our transplant recipients
received LDLT for liver cancer (Table 1), which led to
early cancer recurrence and patient death; (2) patients with
liver cancer usually exhibit normal liver function based on
serological testing before LDLT and hence are assigned
a low MELD score; and (3) full-size deceased donor liver
transplantation was considered first instead of LDLT for
those in critical condition at our center.
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Some studies have demonstrated that a high MELD
score was not a predictor of graft survival in recipients
with SFSGs[28,32], while others found that patients with a
low MELD score[33] or Child class A patients[34] are associated with reduced mortality in patients who received
either SFSGs or large grafts. However, in the present
study, transplant recipients with smaller liver grafts were
found to have low MELD scores but reduced survival
rates. Thus, we were unable to draw the conclusion that
a high MELD score is a potential risk factor for survival
of those with SFSGs although no statistical significance
was reached. We attribute this result to a high proportion
of patients with liver cancer but normal organ function
indicated for transplantation.
According to Kiuchi et al[2] and Moon et al[28], donor
age > 50 years or ≥ 44 years was associated with poorer
graft survival in patients with SFSGs. The advantages
of selecting a young donor have been described in many
studies, which include the non-impaired regenerative potential of both the donated liver graft and the donor liver
remnant[35-38], which facilitates antiviral treatment[39] as
well as the rapid convalescence of both the recipient and
the donor. Therefore, the selection of younger donors is
still favored in our practice although donor age was not
found to be a risk factor in the present study.
Liver graft sinusoidal pressure is the major determinant
of clinically evident SFSS, as reviewed by Ikegami et al[40].
SFSG would be jeopardized and clinically evident SFSS
would ensue under such circumstances as graft congestion or absence of inflow modulation. SFSG is already
at risk of developing elevated sinusoidal pressure due
to over-regeneration of the graft and excessive portal
flow/graft volume ratio[2]. As a result, either inflow or
outflow modulation to relieve portal hyperperfusion and
graft congestion is paramount in LDLT with SFSGs.
MHV tributary reconstruction or inclusion of the MHV
trunk[25,40-43] is also essential to improve venous drainage of the right anterior segment of the liver and hence
relieve congestion and reduce graft loss. In the present
study, greater than half of the transplant recipients with
smaller size grafts received MHV tributary drainage.
Their graft survival rates tended to be higher than those
without in group A (P = 0.064), albeit not significantly.
We hypothesize that other factors such as imbalance
among portal vein inflow, hepatic vein outflow and functional liver mass, donor age, parenchymal factors and the
indication for the LDLT procedure may influence graft
survival of patients with SFSGs undergoing MHV tributary reconstruction.
Additionally, splenectomy, splenic arterial modulation
and portocaval shunt have been shown to benefit LDLT
patients with SFSGs in overcoming SFSS by decreasing
portal vein pressure[17,18,21,22,25,40,44]. Only a small proportion
of our recipients underwent concurrent splenectomy,
based upon the severity of hypersplenism rather than the
portal pressure as adopted by many other centers[17,18,45].
We did not evaluate the portal vein pressure or the portal
vein flow rate in our study, and our study population was
small. Therefore, we cannot draw any conclusion regard-
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ing the benefit of splenectomy in this study. Further
study is warranted at our center to clarify the effect of
concurrent splenectomy on the outcome of patients with
SFSGs. More effort in inflow modulation research is also
needed at our center.
Interestingly, 9 of 16 recipients who developed SFSS
in our series had an aGRWR ≥ 0.8%. These data suggest
that factors other than liver graft size contribute significantly to the development of SFSS and that an aGRWR
≥ 0.8% is not always a prerequisite to achieving excellent
outcomes. However, it is worth noting that the incidence
of SFSS (15.56%) in group A was much higher than that
reported by other centers[28,31]. We believe that the explanation is most likely multifactorial and that aggressive
reconstruction of the MHV tributaries including those <
5 mm in diameter, the use of extended right lobe liver, the
selection of younger donors when possible, the development of an inflow modulation program and prompt effective treatment to SFSS would be beneficial. Attenuation
of portal hyperperfusion is generally recommended for
the treatment of SFSS because it can be achieved without
performing another laparotomy. Delayed splenic artery
occlusion or embolization[46-49] and intravenous somatostatin combined with oral propranolol[50] have also been
reported to effectively treat SFSS after LDLT with SFSGs.
We conclude that LDLT recipients with smaller graft
size may yield comparable outcomes to those with larger
graft size. However, multivariate analysis did not identify
any significant risk factors associated with graft survival in
transplant recipients with SFSGs. Further studies are required to ascertain the safety of using small-for-size grafts.
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Background

Liver graft size is considered a determinant factor for successful adult-to-adult
living donor liver transplantation (LDLT) in that inadequate graft size is thought
to be associated with small-for-size syndrome (SFSS). Early evidence has
also showed that graft size was a predictor of post-transplant mortality. Thus, a
larger graft size is favored at the risk of compromising donor safety.

Research frontiers

The problem of liver graft size is one of the major factors limiting the expansion
of the use of adult-to-adult LDLT. SFSS often develops when the graft-to-recipient weight ratio (GRWR) is < 0.8%. The research focus is to develop surgical
strategies capable of achieving favorable outcomes in recipients with small-forsize grafts (SFSGs) while ensuring donor safety.

Innovations and breakthroughs

Problems such as SFSS often occur in LDLT recipients with a GRWR < 0.8%
because the grafts cannot meet the functional demands of the recipients. An
increasing number of successful transplantation cases with SFSGs have been
reported in recent years as a result of technical innovations. However, the issue
of sufficient graft volume remains contentious in LDLT; in particular, the factors
that affect graft survival after LDLT with an SFSG with a GRWR < 0.8% are
poorly understood. Therefore, authors compared the outcomes of adult-to-adult
LDLT patients who were transplanted with right lobe grafts with an actuarial
GRWR < 0.8% and those using right lobe grafts with an actuarial GRWR ≥

287

January 7, 2014|Volume 20|Issue 1|

Chen PX et al . Outcome of LDLT recipients using SFSGs
0.8%. Authors also attempted to uncover the risk factors that may influence
graft survival after adult-to-adult LDLT with SFSGs.

Applications

12

This study results suggest that an SFSG can be safely used in adult-to-adult
right lobe LDLT under some circumstances.

Terminology

13

SFSS is generally characterized by the appearance of cholestasis, prolonged
coagulopathy, and intractable ascites and, in the worse cases, gastrointestinal
bleeding or renal failure at the end of the first week post-transplantation without
any identified causes of graft dysfunction. An SFSG has been described tentatively in retrospective studies as the liver graft weight relative to the recipient
body weight or to the estimated whole liver weight and is generally defined as a
GRWR < 0.8% or as a standard liver volume < 40%.
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Peer review

The outcome of patients undergoing right lobe living donor liver transplantation
with small-for-size grafts is a good study.
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Risk factors of lymphatic metastasis complement poor
radiological detection in gallbladder cancer
Tu-Nan Yu, Bo Shen, Ning Meng, Hong Yu, Xiu-Jun Cai
of patients with pathological LM but failed to be detected by CT, 81.8% (18/22) of patients had at least one
risk factor, including 31.3% (10/32) who had the risk
factor of age < 60 years, and 37.5% (12/32) who had
the risk factor of CA 19-9 elevation. Besides, among patients with LM (n = 32), those whose age were younger
than 60 years (OR = 3.41; P < 0.05) were more likely
to have 3 or more positive lymph nodes.
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CONCLUSION: Age < 60 years and CA 19-9 elevation
could complement radiological detection of LM. Patients
aged < 60 years are at higher risk of multiple positive
nodes.
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reserved.
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Abstract
AIM: To explore risk factors of lymphatic metastasis
(LM) in gallbladder cancer, and their potential to complement unsatisfactory radiological detection.
METHODS: Radiological detection of LM by computed
tomography (CT) was reported to fail in more than
60% of patients with pathological LM. In order to find
risk factors highly suggestive of LM other than radiological manifestations, the documents of 63 patients were
analyzed statistically. Except for 4 patients having T1a
disease, in whom cholecystectomy is enough for radical resection, 59 patients underwent lymphadenectomy
with at least 3 lymph nodes dissected. Fifty point eight
percent (32/63) of patients were found to have LM during pathological examination. The median number of
dissected lymph nodes was 6 (range 3-20).

Core tip: High-quality lymphadenectomy is an essential
part of radical resection of gallbladder cancer. However,
until now, no frequently used radiological modalities
could satisfy the need of precise preoperative evaluation of lymphatic status, including ultrasonography,
computed tomography (CT), magnetic resonance and
positron emission tomography, and most patients with
lymphatic metastasis (LM) could not be detected until
postoperative pathology. This study discovered two
risk factors of LM as age < 60 years and carbohydrate
antigen 19-9 elevation. By combining these two factors
to direct radiological detection of LM on CT, the total
percentage of LM detected preoperatively could have a
drastic increase from 31.3% to 81.8%.

RESULTS: Only 31.3% (10/32) of patients with LM
were detected by CT. Through multivariate analysis,
two risk factors of LM were discovered as age < 60
years (OR = 6.24; P < 0.01) and carbohydrate antigen
(CA) 19-9 elevation (OR = 5.70; P < 0.05). By analysis

Yu TN, Shen B, Meng N, Yu H, Cai XJ. Risk factors of lymphatic
metastasis complement poor radiological detection in gallbladder
cancer. World J Gastroenterol 2014; 20(1): 290-295 Available
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According to the AJCC staging system[15], accurate
pathological diagnosis of lymphatic status should be
based on at least 3 dissected nodes. Patients with 0-2 dissected lymph nodes had unclear lymphatic status. Therefore, our study did not include these patients, unless they
were staged as T1a (n = 4), for whom lymphadenectomy
was not necessary[2,16]. Patients with incidental gallbladder
cancer were not included, since most of them did not
undergo preoperative staging by CT. In total, documents
of 63 patients were analyzed in this study.

htm DOI: http://dx.doi.org/10.3748/wjg.v20.i1.290

INTRODUCTION
Gallbladder cancer is the most aggressive biliary cancer,
and is frequently accompanied with lymphatic metastasis
(LM)[1]. Metastasis via the lymphatic route could happen
when tumors extend to the muscular layer (T1b)[2], and
deteriorate patients’ prognosis obviously.
In patients with LM, lymphadenectomy is an essential
part of radical resection, and should ensure clearance of
all positive lymph nodes. Although high-quality lymphadenectomy is becoming more and more popularized
in some tertiary centers[3-7], according to the database
of surveillance, epidemiology, and end results in United
States, only 5.3% among a total of about 3000 patients
underwent qualified lymphadenectomy based on the
minimum standard set by American Joint Committee on
Cancer (AJCC)[8]. Currently, there is no effective radiological method for preoperative detection of LM. Computed tomography (CT), which is the most frequently
used radiological modality, could only detect 36% of
patients with LM in N1 station, and 47% in N2 station[9].
Even worse, the poor detection of LM by CT could not
be complemented by using advanced radiological modalities, such as positron emission tomography (PET)/CT
and magnetic resonance imaging (MRI). In a study by
Petrowsky et al[10], PET/CT detected 12% of LM in patients with biliary tract cancer. In a study by Corvera et
al[11], PET/CT detected 29% of LM. Detection of LM
was not obviously improved by using MRI, since according to a study by Kim et al[12], MR only detected 56% of
LM.
In order to achieve effective preoperative detection
of LM, this study aims to explore risk factors other than
radiological manifestations. Besides, from data of patients with LM found through pathological examination,
we also analyzed risk factors correlated with having 3 or
more positive nodes in patients with LM. The phenomenon of having more than 1 positive node is not rare in
patients with LM, which suggests poor prognosis even
after radical resection[13,14].

Tumor biomarkers
All patients had tests of tumor biomarkers before operation. Elevation of carbohydrate antigen 19-9 (CA 19-9),
carcinoembryonic antigen (CEA) and CA-125 was defined
as > 37 IU/L, > 5 ng/mL and > 35 IU/L respectively.
Radiological diagnosis
All the patients received CT within two weeks before operation. The instrument used was a Sensation 16 scanner
(Siemens, Erlanger, Germany). CT scan included three
phases as plain, arterial and venous. The multidetector
thin-section was 7 mm. At CT imaging, none of the patients had unresectable invasions, such as metastasis to
the peritoneum, superior mesenteric artery lymph nodes
or the aortic lymphatic group.
At CT imaging, LM was defined as having lymph
nodes with a dimension of at least 1.0 cm; adjacent organ invasion was defined as a loss of fat planes between
gallbladder wall and adjacent organ; and dilatation of the
common bile duct was defined as its diameter wider than
1.0 cm.
Statistical analysis
Independent samples were compared by using the Pearson’s χ 2 test, continuity (Yate’s) correction or Fisher’s
exact test, and related samples were compared by using
sign tests. For candidate predictors in multivariate analysis
(logistic regression), the removal limit was P < 0.10, and
entry limit was P < 0.05. All analyses were performed using SPSS, version 16. P < 0.05 was considered statistically
significant.

RESULTS

MATERIALS AND METHODS

Patient demographics
All patients (n = 63) in this study underwent radical resection. Among them, there were 23 males and 40 females.
The median age was 62 years (range 39 to 81 years). The
most commonly used operation (n = 38) was a combination of cholecystectomy and hepatic wedge resection.
Besides, 3 patients had additional resection of the transverse colon, 3 patients had right hemihepatectomy and 6
patients had hepatopancreaticoduodenectomy (Table 1).
Except 4 patients staged as T1aN0M0, 59 patients
underwent lymphadenectomy. The median number of
dissected lymph nodes was 6 (range 3-20). Fifty point
eight (32/63) of patients were found to have LM during

Patient population
Documents of patients with gallbladder cancer treated at
Sir Run Run Shaw Hospital in China from January 2005
to May 2013 were reviewed. In our center, radical resection contained three parts: (1) cholecytectomy; (2) resection of partial liver with or without resection of other
adjacent organ; and (3) lymphadenectomy.
During lymphadenectomy, the portal triad was routinely dissected. If there was suspicious metastasis, lymph
nodes in other groups such as the peripancreatic, superior
mesenteric, celiac and periaortic groups were selectively
dissected.
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Table 1 Patient demographics (n = 63)
Characteristic
Median age (range)
Gender
Male/female
Types of radical resection1
Normal radical resection
C alone
C + WR + N
C + WR + N + BD
Extensive resection
C + WR + N + resection of the transverse colon
C + right hemihepatectomy + N
HPD

Table 2 Results of pathological examination (n = 63)
Value

Characteristic

62 (39-81)
23/40

61
38
7
3
3
6

1

6 patients staged as T1aN0M0 only received cholecystectomy. C: Cholecystectomy; WR: Hepatic wedge resection (thickness as 2-3 cm); BD:
Resection of the common bile duct; N: Radical lymphadenectomy; HPD:
Hepatopancreaticoduodenectomy.

10
14
7
30
2
22
22
17
2
6 (0-20)
32
2 (1-7)

1
According to American Joint Committee on Cancer (AJCC) staging system (7th, 2010), Stage Ⅰ was defined as T1N0M0, Stage Ⅱ as T2N0M0,
Stage ⅢA as T3N0M0, Stage ⅢB as T1-3N1M0, Stage ⅣA as T4N0-1M0.
LM: Lymphatic metastasis.

pathological examination. Among them, 12 patients had
3 or more positive lymph nodes, and the median number
of positive lymph node was 2 (range 1 to 7) (Table 2).

staging based on CT imaging was unsatisfying. Though
having high accuracy to diagnose invasions of adjacent
organs[17] and blood vessels[18], CT has its Achilles’ heel in
detection of LM. Only 31.3% of patients with LM were
successfully detected by CT. Heterogeneous enhancement and diameter > 1.0 cm were two major radiological
criteria to diagnose LM at CT imaging. These diagnostic
criteria were based on two characteristics of metastatic
lymph nodes: cancerous necrosis for heterogeneous enhancement, and nodal enlargement for increase in diameter. However, based on a study by Ohtani et al[9], more
than half (62%) of positive lymph nodes failed to be presented at CT imaging, suggesting that a large percentage
of positive lymph nodes share great similarity to normal
nodes, such as having small size. A study by Morimoto
et al[19] verified this idea. In their research, the optimum
cut-off size for positive lymph nodes was calculated as
7.5 mm, and using this standard to judge metastasis only
have an unsatisfying sensitivity of 60.8%. Even worse,
23.5% of positive nodes had a diameter less than 5 mm.
Since no currently used radiological modalities could
provide satisfying detection of LM, risk factors of LM
other than radiological findings should be explored. In
this study, we discovered two factors of age < 60 years
and CA 19-9 elevation correlating with LM.
As for the factor of age < 60 years, while the mechanism behind the correlation between younger age and
LM is unclear yet, except for gallbladder cancer, this correlation was already discovered in breast cancer[20], gastrointestinal stromal tumors (GISTs)[21] and rectal cancer[22].
A possible explanation is that younger patients tend to
have lower differentiated types, thus more easily to have
LM even when the tumor is within the gallbladder wall.
However, due to the relatively small size of this study,
there was no statistical significance found in the relation
between differentiation type and age or LM (P > 0.05,

Risk factors of LM
Preoperative factors including age, gender, jaundice, CA
19-9, CEA, CA 125, adjacent organ invasion at CT imaging and dilatation of the common bile duct at CT imaging were analyzed for their correlations with occurrence
of LM. Through univariate and multivariate analysis, only
age < 60 years (OR = 6.24; P < 0.01) and CA 19-9 elevation (OR = 5.70; P < 0.05) were found to be independent
factors correlated with a higher risk of LM (P < 0.05)
(Table 3).
We also explored risk factors predictive of having
3 or more positive nodes in patients with LM (n = 32).
By univariate analysis, age < 60 years and female gender
were found to be factors with statistical significance (P <
0.05). But by multivariate analysis, only age < 60 years (OR
= 3.41) was found to be an independent factor correlated
with a higher risk of having 3 or more positive lymph
nodes (P < 0.05) (Table 4).
Complements to poor radiological detection
Only 31.3% (10/32) of patients with LM were detected
by CT alone. The sensitivity, specificity and accuracy
of radiological diagnosis were 31.3% (10/32), 100.0%
(31/31) and 65.1% (41/63), respectively. Among those
with pathological LM but failed to be preoperatively detected by CT, 81.8% (18/22) of patients had at least one
risk factor, with 31.3% (10/32) who had the risk factor
of age < 60 years, and 37.5% (12/32) who had the risk
factor of CA 19-9 elevation. This analysis suggested that
these risk factors could be used to complement the unsatisfactory results of radiological detection.

DISCUSSION
In this study, we discussed that preoperative lymphatic

WJG|www.wjgnet.com

Value

AJCC stage1
Stage Ⅰ
Stage Ⅱ
Stage ⅢA
Stage ⅢB
Stage ⅣA
Histologic grade
Grade 1
Grade 2
Grade 3
Grade 4
Lymph node dissection
Median number of dissected lymph nodes (range)
Patients with LM
Median number of positive lymph nodes in patients
with LM (range)
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Table 3 Correlations between preoperative factors and lymphatic metastasis (n = 63)
No-LM (n = 31) LM (n = 32)

Variable
Age
< 60 yr (n = 28)
≥ 60 yr (n = 35)
Gender
Male (n = 23)
Female (n = 40)
Jaundice
Present (n = 12)
Absent (n = 51)
CA 19-9 elevation
Present (n = 26)
Absent (n = 37)
CA 125 elevation
Present (n = 9)
Absent (n = 54)
CEA elevation
Present (n = 13)
Absent (n = 50)
Adjacent organ invasion at CT imaging
Present (n = 21)
Absent (n = 42)
Dilatation of the common bile duct at CT imaging
Present (n = 11)
Absent (n = 52)

9
22

19
13

8
23

15
17

3
28

9
23

8
23

18
14

2
29

7
25

6
25

7
25

9
22

12
20

5
26

6
26

Univariate

Multivariate

P value

OR

95%CI

P value

0.015a

6.240

1.66-22.41

0.007a

0.082

2.532

0.70-9.28

0.155

0.062

3.100

0.59-16.32

0.182

0.014a

5.700

1.48-22.00

0.011a

0.165

0.805

0.476

0.784

a

P < 0.05 between lymphatic metastasis (LM) and no-LM groups. CA: Carbohydrate antigen; CEA: Carcinoembryonic antigen; CT: Computed tomography.

Table 4 Correlations between preoperative factors and number of positive lymph nodes (n = 32)
Variable

1 or 2 positive lymph nodes 3 or more positive lymph nodes
(n = 20)
(n = 12)

Age
< 60 yr (n = 28)
≥ 60 yr (n = 35)
Gender
Male (n = 23)
Female (n = 40)
Jaundice
Present (n = 12)
Absent (n = 51)
CA 19-9 elevation
Present (n = 26)
Absent (n = 37)
CA 125 elevation
Present (n = 9)
Absent (n = 54)
CEA elevation
Present (n = 13)
Absent (n = 50)
Adjacent organ invasion at CT imaging
Present (n = 21)
Absent (n = 42)
Dilatation of common bile duct at CT imaging
Present (n = 11)
Absent (n = 52)

9
11

10
2

14
6

4
8

16
4

7
5

13
7

5
7

6
14

1
11

16
4

9
3

13
7

7
5

15
5

11
1

Univariate

Multivariate

P value

OR

95%CI

P value

0.033a

3.41

1.17-9.92

0.025a

0.043a

2.36

0.78-7.20

0.129

0.361

0.198

0.320

0.740

0.642

0.483

a

P < 0.05 between groups. CA: Carbohydrate antigen; CEA: Carcinoembryonic antigen; CT: Computed tomography.

thelium of normal tissue[24,25].
In this study, of patients with LM but failed to be
detected by CT, 81.8% of patients had at least one of the
risk factors discussed above, which proves that these risk

Table 5). As for the factor of CA 19-9, it is one of the
most frequently used tumor biomarkers in biliary cancer,
and is also a type of selectin[23] with the major function
of facilitating interaction of cancer cells with the endo-
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Table 5 Correlations between differentiation type and age, lymphatic metastasis (n = 63)
1

Differentiation type
G1
G2-4
G2
G3
G4

Age < 60 yr (n = 28) Age ≥ 60 yr (n = 35) P value (G1 vs G2-4)
9
19
10
7
2

13
22
12
10
0

No LM

LM

P value (G1 vs G2-4)

13
18
10
7
1

9
23
12
10
1

0.250

0.679

1

G1 indicates well differentiated, G2 indicates moderately differentiated, and G3 indicates poorly differentiated G4 as undifferentiated. LM: Lymphatic
metastasis.

tive lymphadectomy should contain 3 or more dissected
lymph nodes.
In conclusion, patients with factors of age < 60 years
and CA 19-9 elevation are at a highly increased risk of
LM. These two factors could be used as complements
to preoperative lymphatic staging, especially for patients
in whom CT failed to detect LM. High quality lymphadenectomy should be ensured for patients aged < 60
years since they are more likely to have 3 or more positive
lymph nodes, especially when LM is present.

1.0

Overall survival rate (%)

0.8

0.6

0.4

0.2
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Background

Gallbladder cancer is the most aggressive biliary cancer, and is frequently accompanied with lymphatic metastasis (LM). Precise preoperative evaluation of
the extent of invasion, such as LM, is important for clinical surgical decisionmaking, and helps surgeons to be well-prepared for specific procedure, such as
high-quality lymphadectomy.

factors could complement the unsatisfactory radiological
detection in resectable gallbladder cancer.
Furthermore, among patients with LM, we discovered
age < 60 years as the only risk factor (OR = 3.41) related
to the symptom of having 3 or more positive lymph
nodes. The pattern of multiple positive lymph nodes
was reported to be correlated with worse prognosis. In a
study by Sakata et al[14], the cumulative 5-year postoperative survival rates were 62% for patients with one positive
node, but only 15% for patients with 4 or more positive
nodes. In a study by Shirai et al[26], the number of positive
nodes predicts prognostic value better than anatomical
location of positive nodes and lymph node ratio. Among
patients in that study, the 1- and 3-year survival rates of
patients having 3 or more positive nodes were 31% and
15%, respectively, which were significantly worse than
those of patients having 1 to 2 positive nodes (74% vs
25%, P < 0.05, Figure 1). Therefore, for the aim of accurately predicting prognosis and avoiding residual of positive nodes, we believe that high quality lymphadenectomy
should be ensured in patients aged < 60 years.
The relatively small size (n = 63) is the limitation of
this study. This is mainly because of the relatively strict
criterion we used for the selection of patients, which
is, according to AJCC staging system[15], that an effec-
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Research frontiers

Unfortunately, by presently used radiological modalities, including computed
tomography (CT), magnetic resonance and positron emission tomography/CT,
more than half of patients with LM could not be detected preoperatively. For CT,
heterogeneous enhancement and diameter larger than 1.0 cm were two major
radiological criteria to diagnose LM. However, a large percentage of positive
lymph nodes do not have such two characteristic features and resemble normal
lymph nodes in appearance. Many studies have reported the unsatisfactory
results of radiological detection of LM, but no methods were discovered to solve
this problem.

Innovations and breakthroughs

Since even the most advanced radiological methods could not provide effective
detection of LM, we seek alternative clues (risk factors) of LM in preoperative
findings other than radiological presentations. Age < 60 years (OR = 6.24) and
carbohydrate antigen 19-9 elevation (OR = 5.70) were discovered as risk factors to complement radiological detection of LM. Besides, among patients with
LM, those whose age were younger than 60 years (OR = 3.41) were more likely
to have 3 or more positive lymph nodes.

Applications

By combining these two risk factors to direct radiological detection of LM on
CT, the total percentage of LM detected preoperatively could have a drastic
increase from 31.3% to 81.8%.

Peer review

This study finds an innovative strategy to complement radiological staging of
LM in gallbladder cancer, which is also convenient to use.
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Intestinal T-cell lymphomas: A retrospective analysis of 68
cases in China
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of 61 surgical patients required a second operation for
anastomotic leakage or secondary perforation. The sites
of lesion involvement were the jejunum (8.82%), ileum
(29.41%), ileum and colon (4.41%), colon (55.88%)
and appendix (1.47%). The median cumulative survival
rate was 3 mo (3.00 ± 0.48).
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Abstract

Core tip: Intestinal T-cell lymphoma (ITCL) is a rare
non-Hodgkin lymphoma of T-cell origin. ITCL is difficult
to diagnose because its unique characteristics are clinically rare. The disease characteristics differ between
the Western world and Asia. Most of these patients are
misdiagnosed and suffer serious complications due to
improper operative approaches. The prognosis of ITCL
is poor. Large studies on this cancer remain scarce. We
performed a statistical analysis of 68 cases collected
from the Chinese literature to enhance our understanding of the histological definition, epidemiology, etiology,
clinical features, surgical treatment and prognosis of
ITCL.

AIM: To investigate the clinical features, diagnosis,
treatment and prognosis of intestinal T-cell lymphomas
(ITCL) by retrospective analysis.
METHODS: Sixty-eight patients who were diagnosed
with ITCL in case reports in the Chinese literature were
compiled and reviewed. Age, gender, CD56 expression,
surgical management, multifocal nature, perforation
and cyclophosphamide chemotherapy were analyzed
as the prognostic factors. The Kaplan-Meier method
was adopted for the univariate analysis and the cumulative survival curve analysis.
RESULTS: The male-to-female ratio was 1.52 to 1. The
median age was 41.7 years. Twenty-seven patients had
symptoms of abdominal pain or diarrhea. Thirty-six of
60 patients with temperature records had high fevers
at the onset of the illness. Twenty-six of 34 patients
who underwent fiberoptic colonoscopy were misdiagnosed with Crohn’s disease, intestinal tuberculosis or
cancer. Sixty-one patients underwent surgery. Twelve
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INTRODUCTION

Table 1 Patient characteristics

Intestinal T-cell lymphoma (ITCL) is a rare non-Hodgkin
lymphoma of T-cell origin. ITCL is a heterogeneous
lymphoid neoplastic entity with variable clinical and
pathological features[1]. ITCL has similar clinicopathological features and is only distinguished by immunohistochemical staining. The term ITCL should be used only
in the setting of incomplete information regarding the
precise diagnosis. According to the current World Health
Organization classification system (2008)[2], two diseases
associated with ITCL are intestinal NK/T-cell lymphoma
and enteropathy-associated T-cell lymphoma (EATL).
Primary gastrointestinal lymphomas constitute 5% to
10% of all gastrointestinal tumors [3]. Approximately
9% of gastrointestinal lymphomas are intestinal T-cell
lymphomas[4]. In a Chinese report[5], ITCL constituted
9.8% of all primary intestinal non-Hodgkin lymphomas.
The disease characteristics are distinct between Western
countries and the Orient. EATL as defined by the WHO
classification is rare in oriental countries[6,7]. Patients with
ITCL in these countries do not always have a history of
celiac disease (CD). In China, there have recently been
increasing numbers of case reports of ITCL. However,
large analyses are still scarce, particularly regarding the
clinical and surgical management of the disease. ITCL is
difficult to diagnose clinically. The improper selection of
an operative approach may lead to serious complications
due to misjudgment. To enhance our understanding of
ITCL, we performed a statistical analysis of 68 case reports from the Chinese literature.

Characteristics

41.7 (14-81)
49 (70.06)
19 (27.94)
41:27 (1.52:1)
27/68 (39.71)
26/68 (38.24)
1/68 (1.47)
42/68 (61.76)
36/60 (60.00)
6/68 (8.82)
20/68 (29.41)
38/68 (55.88)
3/68 (4.41)
1/68 (1.47)
8/34 (23.53)
42/68 (61.76)
2/68 (2.94)
44/61 (72.13)
17/61 (27.87)
7/68 (10.29)
12/61 (19.67)
42/58 (72.41)
10/16 (62.5)
10/10 (100)
5/6 (83.33)

M: Male; F: Female; CD: Celiac disease; EBER: EBV-encoded mRNA.

Software Package for the Social Sciences version 19.

RESULTS
Sixty-eight ITCL patients were reported in the literature
within a 12-year period. The pertinent clinical characteristics are listed in Table 1. There was a male preponderance with a male-to-female ratio of 1.52:1. The median
age at diagnosis was 41.7 years (range, 14-81 years). Approximately 72.06% of the patients were ≤ 50 years.
One patient (1.47%) had a history of CD. Twenty-seven
(39.71%) patients had symptoms of abdominal pain or
diarrhea. Twenty-six (38.24%) patients had a history of
bloody stools. Thirty-six (60.00%) of 60 patients with
temperature records had high fevers (more than 39.0 degrees centigrade) at the onset of the illness. Twenty-six
(76.47%) of 34 patients with fiberoptic colonoscopy records were misdiagnosed as having Crohn’s disease, intestinal tuberculosis, or cancer, whereas 8 (23.53%) patients
were definitely diagnosed with ITCL. Sixty-one (89.70%)
patients underwent surgery and were diagnosed with
ITCL on surgical histopathology. Forty-four (72.13%)
of 61 surgical patients underwent emergency operations
due to acute perforation or massive hematochezia. The
remaining patients (27.87%) underwent elective surgery.
Twelve (19.67%) of 61 surgical patients required a second
operation for anastomotic leakage or secondary perforation. The sites of lesion involvement were the jejunum (6
cases, 8.82%), ileum (20 cases, 29.41%), ileum and colon
(3 cases, 4.41%), colon (38 cases, 55.88%) and appendix
(1 case, 1.47%). Forty-two (61.76%) patients had multifo-

MATERIALS AND METHODS
In total, 68 patients who were diagnosed with intestinal
NK/T-cell lymphoma or T-cell lymphoma were compiled
from case reports in the Chinese literature between January 2001 and December 2012. All patients were histologically confirmed to have intestinal NK/T-cell lymphoma
or T-cell lymphoma based on the following criteria: expression of CD3ε+, CD3+, CD45RO+, CD56+, Granzyme B+ and TIA-1+[8,9].
The following clinical data were collected from the
case reports: patient age, gender, body temperature, presence of bloody stools, CD, WBC count, fiberoptic colonoscopy, emergency surgery, perforation, hematochezia,
sites of involvement, multifocal nature, second operation,
expression of CD56, expression of EBV-encoded mRNA
(EBER) and cyclophosphamide (CHOP) chemotherapy.
The overall survival time was measured from the date of
diagnosis to the date of death or the last follow-up.
Age, gender, expression of CD56, surgery, multifocal
nature, perforation and CHOP chemotherapy were analyzed as the prognostics factors. The Kaplan-Meier method
was adopted for the univariate analysis and the cumulative
survival curve analysis. The log-rank test was used to analyze the factors of survival time for any significant differences. P-values less than 0.05 were considered significant.
All statistical analyses were performed using the Statistical
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No./total (%)

Median age (yr), range
≤ 50 yr
> 50 yr
Gender (M:F)
Pain or diarrhea
Bloody stool
Celiac disease
Multifocal
High fever
Jejunum
Ileum
Colon
Ileum and colon
Appendix
Diagnosed by fiberoptic colonoscopy
Acute perforation
Large hematochezia
Emergency surgery
Elective operation
No surgery
Secondary operation
CD56+
EBER+
CD56+ or granzyme B+ and EBER+
CD56+ and EBER-
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Cum survival

A

Survival function

were CD56+ and most likely were diagnosed with NKlike T-cell lymphoma. One patient with associated CD
was CD56+. Sixteen patients completed CHOP chemotherapy after diagnosis. Sixty-three (92.65%) patients had
follow-up data. The remaining 5 cases lacked detailed
follow-up data. A cumulative survival curve is shown in
Figure 1A (n = 63). The average cumulative survival was
10.6 mo (10.59 ± 2.67, 95%CI: 5.36-15.8). The median
cumulative survival rate was 3 mo (3.00 ± 0.48, 95%CI:
2.07-3.94). The univariate analysis of prognostic factors
using the Kaplan-Meier method showed the relationship
of gender (P = 0.636), age over 50 years (P = 0.724), multifocal nature (P = 0.297), surgical management (P = 0.729),
CD56 positivity (P = 0.449), perforation (7.12 ± 2.46 vs
12.00 ± 2.67, P = 0.008) and CHOP chemotherapy (8.32
± 2.65 vs 15.97 ± 3.04, P = 0.003). The Kaplan-Meier
survival curves and log-rank test for cumulative survival
of the perforated group and the non-perforated group are
shown in Figure 1B. The cumulative survival of the perforated group (n = 39) was significantly worse than that of
the non-perforated group (n = 24). The median cumulative survival was 2 mo (2.00 ± 0.54, 95%CI: 0.95-3.05) in
the perforated group. The Kaplan-Meier survival curves
and log-rank test for cumulative survival of the CHOP
group and the no CHOP group are shown in Figure 1C.
The cumulative survival of the no CHOP group (n = 47)
was significantly worse than that of the CHOP group (n
= 16). The median cumulative survival was 18 mo (18 ±
12.87, 95%CI: 0.00-43.22) in the CHOP group.
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Histological definition
Extranodal NK/T-cell lymphoma (ENKTL) and EATL
are the most characteristic subtypes of ITCL according
to the current World Health Organization classification
system (2008). NK/T is designated to instead of “NK”,
because whereas most cases appear to be genuine NK-cell
neoplasms, some manifest a cytotoxic T-cell phenotype.
ENKTL is subcategorized into nasal and nasal-type NK/
T-cell lymphomas according to the major sites of anatomic involvement. The nasal NK/T-cell lymphoma commonly presents with midline facial destructive disease, has
a strong association with Epstein-Barr virus (EBV) and
occurs prototypically within the nasal cavity. The nasaltype NK/T-cell lymphoma occurs in extranasal sites and
shares a similar immunophenotypical profile with nasal
NK/T-cell lymphoma. The preferential sites of extranasal
involvement include the skin, soft tissue, gastrointestinal
tract and testis[2]. EATL is divided into two types[10,11].
Type Ⅰ is associated with CD and accounts for the majority of cases in Western countries. EATL type Ⅰ tumor
cells are CD3+, CD5-, CD7+, CD8+, CD4 -, CD56 - and
CD103+. Type Ⅱ is not associated with CD and is the
most prevalent in Asian countries. EATL type Ⅱ tumor
cells are CD3+, CD4 -, CD8+ and CD56+[12]. NK/T-cell
lymphoma is divided into two types. The first is a true
NK/T-cell lymphoma that is CD3ε+, CD56+, granzyme

0.4
0.2
0.0
0.00 10.00 20.00 30.00 40.00 50.00

t /mo

Figure 1 Survival curve. A: The Kaplan-Meier cumulative survival curve. The
median cumulative survival was 3 mo (3.00 ± 0.48); B: Kaplan-Meier survival
curves of the perforated group and the non-perforated group. The cumulative
survival of the perforated group (n = 39) was significantly worse than that of
the non-perforated group (n = 24) (7.12 ± 2.46 vs 12.00 ± 2.67, P = 0.008); C:
Kaplan-Meier survival curves of the cyclophosphamide group and the no cyclophosphamide group. The cumulative survival of the no CHOP group (n = 47)
was significantly worse than that of the CHOP group (n = 16) (8.32 ± 2.65 vs
15.97 ± 3.04, P = 0.003). CHOP: Cyclophosphamide.

cal lesions. Forty-two (72.41%) of 58 patients with CD56
staining results were CD56-positive. Ten (62.5%) of 16
patients with EBER staining results via the in situ hybridization technique were positive. Ten (100%) patients
with EBER+ expression simultaneously were CD56+
or granzyme B+ and were able to be precisely diagnosed
with intestinal NK/T-cell lymphoma. Five (83.33%) of 6
patients with EBER-negative expression simultaneously
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Etiology
Little is known about the etiology of ENKTL. However,
the very strong association of ENKTL with EBV, irrespective of the ethnic origin of the patients, suggests a
probable pathogenic role of the virus[2,7,14]. In China, the
positive frequency of EBER in ENKTL of nasal type
is 83.78% to 93% and 85.71% in ITCL[16]. In our data,
the EBER positive ratio is 62.5%. Ten (62.5%) of 16 patients with EBER staining were simultaneously EBER+
and CD56+ or granzyme B+, which can precisely diagnose intestinal NK/T-cell lymphoma. Five (83.33%) of
6 patients with EBER- also manifested CD56+ tumor
cells, which may lead to a diagnosis of intestinal NK-like
T-cell lymphoma. This result confirmed that ITCL is a
heterogeneous lymphoid neoplastic group, and a small
proportion of primary ITCLs in China and extranodal
NK/T-cell lymphomas of the nasal type belong to the
same spectrum[16].
Type Ⅰ EATL is strongly associated with CD, which
is an autoimmune disease that affects genetically susceptible individuals and is triggered by the ingestion of
gluten[12,21]. Type Ⅱ EATL usually shows a CD3+, CD4-,
CD8+ and CD56+ immunophenotype and is characterized by monomorphic cytology with frequent expression
of CD56, in addition to a lack of association with EBV
and a weak or no association with CD[6,10,18]. In Western
countries, 80% to 90% of EATL cases are type Ⅰ with a
CD56-positive rate of 10%. Approximately 10% to 20%
of EATL cases are type Ⅱ with a CD56-positive rate of
90%[2]. In our data, 83.3% of EBER negative patients
are CD56 positive. There are some distinct differences
in the disease characteristics between the West and East.
Thus, the etiological agents may vary. It is currently unclear whether type Ⅱ EATL represents a variant of classical EATL or a separate lymphoma entity[17,22]. In China,
the intestinal NK/T-cell and EATL (Type Ⅱ) are the
main types[11,16,17].

B+, TIA-1+, sCD3-, CD45RO+ and EBV+. However, a
few NK/T-cell lymphomas are negative for CD56 whereas
nearly all are positive for EBER by in situ hybridization
(ISH)[13]. The second type is an NK-like T-cell lymphoma
that is CD56+, sCD3+, TIA-1+, CD45RO+ and EBV-.
EATL is CD56- or CD56+, CD3+, CD45RO+, EBV+
or EBV-, and some may belong to NK-like T-cell lymphoma. ITCL has similar clinicopathological features.
True NK-cell lymphomas do not have rearrangement of
the T-cell receptor gene. Therefore, EATL can be distinguished from NK/T-cell lymphoma by reliable clonality
testing of T-cell receptor genes[11]. In fact, because of the
lack of detailed immunohistochemical profiles, the term
ITCL should be used only in the setting of incomplete
information regarding the precise diagnosis.
Epidemiology
ENKTL is much more common in persons residing in
Southeast Asia, Mesoamerica and Southern America and
is rarely observed in the United States and Europe. Individuals with ENKTL reported in California and Texas,
in fact, have usually been of Asian or Hispanic descent.
In Southeast Asia, the ENKTL prevalence appears to be
strongly associated with different ethnic backgrounds.
In Malaysia, for example, the disease occurs more commonly in those of Chinese descent (22.51%-79%) followed by those of Malay descent (5%-16.37%) and lastly
Indian descent (2.5%-16%). A male predominance of
2-3.6:1 has been reported[14].
EATL type Ⅰ is frequently seen in those areas with a
high prevalence of CD, in particular Northern Europe[2,7].
Previous reports indicate that type Ⅰ EATL has a high
frequency in Western countries, comprising approximately 80% of cases[15]. In a recent international series,
type Ⅰ was the most frequent subtype (66%)[10]. Type Ⅰ in
Western countries occurs with equal frequency in men and
women aged on average from 56 to 60.1 years. Approximately 49% of the patients have a history of CD, which
is localized mostly in the jejunum. Only 10% to 20% of
cases are type Ⅱ[16,17]. In our data, only one patient was
diagnosed with type Ⅰ EATL. Type Ⅱ EATL appears
to have a broader geographic distribution and is encountered in Asia and other regions where CD is rare. Type Ⅱ
EATL has been reported to be the predominant subtype
in Asia, representing 90% of cases[7,18,19]. However, data
on the occurrence of EATL in Asians are highly conflicting. A Korean series described 11 cases of EATL; all type
[19]
Ⅱ . A study of 5 cases of type Ⅱ EATL from Japan
reported a total absence of histologic evidence of “enteropathy”[18]. In contrast, another study from Japan reported
enteropathy-like changes in 14 of 18 cases (78%) of type
[20]
Ⅱ EATL and 2 of 3 cases of classical EATL . However,
among 38 cases of primary intestinal T-cell and NK-cell
lymphomas recently reported from China, there were only
7 cases of EATL, all belonging to type Ⅱ and all showing enteropathy-like changes. Only 1 patient with clinically
suspected CD was considered type Ⅰ EATL[11].
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Clinical features
In China, ITCL is commonly seen in young men. The
lesions are mostly localized to the ileocecum and colon.
The tumor has multifocal features[17]. In our data, the average age was 41 years. The male-to-female ratio was 1.52
to 1. The sites of lesion involvement were the jejunum
(8.82%), ileum (29.41%), colon (55.88%), ileum and colon (4.41%) and appendix (1.47%). Only 1 (1.47%) patient had a history of CD. Approximately 61.76% of 68
patients had multifocal lesion. These results differ from
those in the Western literature. A multicenter study from
the Asia Lymphoma Study Group identified 38 EATL
patients within a 19-year period[22]. All cases were type Ⅱ
EATL. Men were affected twice as often as women, at a
median age of 59. None had a history of CD. The sites
of involvement were the small bowel and stomach (5%),
the small bowel (63%), the small and large bowel (16%)
and the large bowel (18%). Common presenting features
included bowel perforation (34%).
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Abdominal pain or diarrhea is a common presenting
symptom, with an occurrence rate of 39.7%. Approximately 38.24% of 68 patients had a history of bloody
stools. A high fever may be a valuable characteristic for
diagnosis. Sixty percent of 60 patients had a high fever, usually above 39 ℃ and even as high as 40 ℃, but
the white blood cell counts were normal or somewhat
increased (generally ≤ 12 × 109). A few patients manifested hemophagocytic syndrome (HPS)[14]. Two patients
with HPS were recorded in our data. Acute perforation
is a common complication. The perforation rate was
61.76%, and massive hematochezia occurred in 2.94%.
In total, 89.71% of 68 patients underwent surgery, and
75% of the patients had an emergency operation for an
acute perforation or massive bleeding.

exposes the patient to problems of healing and infection. Surgery is usually performed on an emergency
basis for diagnostic purposes when endoscopy is not
possible and/or to treat one or several complications
(45% to 72% of surgical interventions, depending on
the series)[5,6]. Over 50% of patients are diagnosed based
on a surgical complication that reveals the disease[23].
Hence, the surgical purposes are the treatment of acute
perforation and hematochezia complications; diagnosis
when endoscopy is not possible; and to permit further
treatment by proper surgical treatment. When deciding how to proceed during the operation, the nature of
the disease should be considered first. Ileotyphus with
perforation is the disease that we first think of that has
the same signs and symptoms as ITCL when the patient
has a high fever. There are some differences between the
two entities. ITCL lesions occur mostly in the colon and
ileocecum and are multifocal, which differs from ileotyphus with a single focus in the ileum. The pictures from
the case reports in our study and our own experience
demonstrated the long axis of the ellipse of the ITCL
perforation to be perpendicular to the intestinal longitudinal axis, which differs from the parallel to the intestinal
longitudinal axis observed with ileotyphus. Perhaps the
pathologic vascular invasion feature of ITCL is consistent with the anatomy of the intestinal marginal artery.
This phenomenon differs from ileotyphus in which the
pathologic feature of the typhoid is lymphoid infiltrates
in the intestinal wall.
Enterectomy and enteroanastomosis are usually performed to treat the perforation. However, primary anastomosis is not ideal. In our data, 12 (19.67%) of the 61
surgical patients went to the operating room a second or
even third time due to anastomotic leakage or secondary perforation. The reasons for this finding may be as
follows: (1) The histopathological feature of ITCL is
that the lymphomatous infiltrate is diffuse in the wall
of the intestine and multifocal. The edge of the surgical
specimen may be not clean and may cause anastomotic
leakage. Multifocal lesions may cause later perforation.
The multifocal rate was 61.8% in our data and 54% in
data from a German study group[23]; (2) Most patients
were treated with steroids, and some were even treated
with CHOP chemotherapy; and (3) High fever and
malnutrition influence the anastomotic healing. Thus,
the proper operative management requires careful planning. We believe that a temporary enterostomy may be a
better choice for those patients with a persistently high
fever, unexplained intestinal spontaneous perforation
and a history of steroid medication use. The time of the
enteroenterostomy should be determined based on the
histopathological findings of the operation.

Diagnosis
ITCL is difficult to diagnose because the unique characteristics are clinically rare. Spontaneous intestinal
perforation accompanied by high fever was common in
this group of patients. A few patients presented to the
hospital with an abdominal mass. Most of these patients
presented due to abdominal pain or diarrhea and bloody
stools. Fiberoptic colonoscopy is the most commonly
used method of examination, but the results are not
satisfactory. Only 21% of intestinal non-Hodgkin lymphomas were diagnosed endoscopically[23]. In our data,
approximately 76.47% of the 34 patients with reports of
fiberoptic colonoscopy were misdiagnosed with Crohn’s
disease, intestinal tuberculosis, or cancer. Only 23.53% of
the patients who underwent frequent fiberoptic colonoscopy were definitely diagnosed with intestinal lymphoma.
The reasons may include the following: (1) The biopsy
specimens from the fiberoptic colonoscopy were not sufficiently large, deep and numerous to diagnose correctly.
Histopathologically, ITCL is known to be more aggressive to blood vessels, and the lesion is primarily located
in the submucosa and smooth muscle where there are
abundant capillaries. Overall, 89.29% of the patients were
diagnosed with ITCL by immunophenotypical analysis
of the surgical resection specimens postoperatively; (2)
Pathological diagnosis is difficult because the tumor cell
is variable; and (3) The disease is ignored because of its
rarity. Hence, more attention should be paid to those
patients with a persistently high fever, hematochezia and
intestinal spontaneous perforation, especially with normal
or slightly elevated WBC counts. Video capsule enteroscopy and double-balloon enteroscopy can be used as
diagnostic modalities. A study has demonstrated that the
pretreatment plasma EBV-DNA copy number is a good
indicator for both the treatment response and overall
survival in extranodal NKTCL. The EBV-DNA level is a
good indicator of the response and overall survival[24].

Chemotherapy
Chemotherapy is often used after precise diagnosis of
ITCL. A variety of regimens have been used. The treatment strategy for peripheral T-cell lymphomas (PTCLs)
is still based on anthracycline-containing chemotherapy

Surgical treatment and findings
Surgery alone is not therapeutic in the management of
non-Hodgkin lymphoma; its use delays the initiation
of chemotherapy, and the underlying undernutrition
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cal features and are only distinguished by immunohistochemical staining. The
disease characteristics are distinct between Western and Eastern countries. In
China, there have recently been increasing numbers of case reports. However,
large studies are still scarce, especially regarding clinical and surgical management. ITCL is difficult to diagnose clinically. Although surgery is not radically
therapeutic in the disease’s management, the improper selection of the operative management may lead to serious complications due to misjudgment.

such as CHOP (cyclophosphamide, doxorubicin, vincristine and prednisone) or CHOP-like regimens despite
the fact that their outcome was not satisfactory in the
majority of PTCLs[25,26]. A report by Bortezomib administering CHOP as first-line treatment shows the complete
response of only 30% for ENKTL[27]. In fact, 30% of
the patients never received the chemotherapy due to their
poor general health status and early death from complications (initial 3 mo). In addition, among patients who are
able to receive the initial chemotherapy, an average of
50% is unable to finish their therapeutic program[6,23]. The
data in the literature are inconsistent[6,12,22]. In our data, the
use of CHOP chemotherapy was a statistically significant
difference. The cumulative survival of the no CHOP
group was worse than that of the CHOP group. The
median cumulative survival rate was 18 mo in the CHOP
group.

Research frontiers

To enhance our understanding of ITCL, we collected 68 cases reported in
the Chinese literature and performed a statistical analysis to investigate the
disease’s features in terms of the histological definition, epidemiology, etiology,
clinical diagnosis, surgical treatment and prognosis.

Innovations and breakthroughs

The research results reveal that the epidemiology and etiology of ITCL in China
are different from those in the West, providing insight for the clinical diagnosis
and surgical treatment via statistical analysis. Univariate analysis revealed that
the prognosis is related to perforation and cyclophosphamide chemotherapy.
The cumulative survival curve was plotted.

Applications

The results of this study would be useful for physicians to diagnose and treat
ITCL, especially for surgeons selecting the proper operative method to avoid
or reduce serious complications due to misjudgment. Although surgery is not a
radical therapy in the management of ITCL, most patients will undergo surgical
treatment to reach a final diagnosis. Proper surgical treatment may create the
opportunity for further treatment. The cumulative survival curve will direct physicians to communicate with families of patients efficiently.

Prognosis and predictive factors
The prognosis of ITCL is very poor. The 1- and 5-year survival rates of EATL were 31%-39% and 8%-20%, respectively[12]. The median OS was 3 to 7 mo[16,22]. In our data,
the average cumulative survival was 10.6 mo. The median
cumulative survival was 3 mo. The 6-mo, 1-year and 5-year
survival rates were 33.4%, 23.8% and 11.9%, respectively.
The gender, age, surgery and multifocal nature were not associated with a poor prognosis in the univariate analysis.
Perforation is a poor predictive factor. The median cumulative survival was 2 mo in the perforated group and 10
mo in the non-perforated group, which was a statistically
significant difference.
In conclusion, the epidemiological, pathological features
and clinical characteristics of ITCL in Chinese populations
are very different from those in the West, suggesting that
a small proportion of primary ITCLs in China and ENKTL of the nasal type may belong to the same spectrum.
ITCL is difficult to diagnose because of the rare clinical characteristics and unique pathological features. We
should be vigilant with regard to spontaneous intestinal
perforation accompanied by a high fever, which may
portend this disease. The outcome of colonoscopy for
ITCL is not satisfactory because ITCL is more aggressively localized to blood vessels and the tumor cells are
variable. Although surgery is not a radical therapy in
the management of ITCL, most of these patients will
undergo surgical treatment and reach a final diagnosis.
The key point is that efforts should be made to diagnose
the disease correctly during the operation and to select
the proper operative technique that may reduce serious
complications and create opportunities for further treatment. The prognosis of ITCL is poor. Although CHOP
chemotherapy may prolong survival, the survival rate is
not satisfactory.

Terminology

ITCL is a rare non-Hodgkin lymphoma of T-cell origin. ITCL is a heterogeneous
lymphoid neoplastic entity with variable clinical and pathological features and
subtypes that are only able to be distinguished by immunohistochemical staining. The term ITCL should be used only in the setting of incomplete information
regarding the precise diagnosis.

Peer review

This is an interesting study. Although intestinal T-cell lymphoma is rare clinically,
there is a clinical relevance. In a well-conducted study, the authors analyzed a
representative population of Chinese ITCL cases, providing a complete compilation of epidemiological, histological and clinical findings that are useful to
clarify the state of the art in this rare pathology.
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Controlled low central venous pressure reduces blood loss
and transfusion requirements in hepatectomy
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studies found no significant difference in renal and liver
function between the two groups.
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CONCLUSION: Controlled LCVP is a simple and effective technique to reduce blood loss and blood transfusion during liver resection, and appears to have no
detrimental effects on liver and renal function.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: The morbidity and mortality after hepatic
resection have been reported to correlate with excessive intraoperative blood loss and blood transfusion.
This meta-analysis showed that controlled low central
venous pressure is a simple and effective technique to
reduce blood loss and blood transfusion during liver resection, and appears to have no detrimental effects on
liver and renal function.

Abstract
AIM: To evaluate the effect of low central venous
pressure (LCVP) on blood loss and blood transfusion in
patients undergoing hepatectomy.
METHODS: Electronic databases and bibliography lists
were searched for potential articles. A meta-analysis
of all randomized controlled trials (RCTs) investigating
LCVP in hepatectomy was performed. The following
three outcomes were analyzed: blood loss, blood transfusion and duration of operation.

Li Z, Sun YM, Wu FX, Yang LQ, Lu ZJ, Yu WF. Controlled
low central venous pressure reduces blood loss and transfusion requirements in hepatectomy. World J Gastroenterol
2014; 20(1): 303-309 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i1/303.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i1.303

RESULTS: Five RCTs including 283 patients were assessed. Meta-analysis showed that blood loss in the
LCVP group was significantly less than that in the control group (MD = -391.95, 95%CI: -559.35--224.56, P
< 0.00001). In addition, blood transfusion in the LCVP
group was also significantly less than that in the control group (MD = -246.87, 95%CI: -427.06--66.69, P
= 0.007). The duration of operation in the LCVP group
was significantly shorter than that in the control group
(MD = -18.89, 95%CI: -35.18--2.59, P = 0.02). Most
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INTRODUCTION
Hepatectomy is widely used in patients with primary liver
cancer, secondary liver cancer, hepatic hemangioma, and
other liver diseases[1-5]. The most common and crucial
complication of hepatectomy is hemorrhage [6,7]. The
morbidity and mortality after hepatic resection have been
reported to correlate with excessive intraoperative blood
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loss and blood transfusion[8-10]. Because in most cases the
Pringle maneuver is employed to control blood inflow to
the liver, blood loss during liver resection is mainly from
hepatic veins. The blood loss volume during hepatic resection is related to central venous pressure (CVP)[11,12].
Although there is some evidence that controlled low
central venous pressure (LCVP) can decrease blood loss
in patients undergoing liver resection, this technique remains controversial due to its potential risks. This metaanalysis aimed to evaluate the role of controlled LCVP
during liver resection.

64 potentially relevant
publications identified and
screened for retrieval
44 papers excluded on the basis of
title and abstract, generally because
papers were not related to LCVP in
hepatectomy
20 potentially relevant
papers retrieved for
further assessment

Papers excluded because:
13 were not clinical trials
2 were retrospective studies

MATERIALS AND METHODS
Study identification
Computerized searches of PubMed, EMBASE, the Cochrane Library and Google Scholar were conducted up
to November 2012. The search words used were “central
venous pressure” and “liver resection” or “hepatic dissection” or “hepatectomy”. We also performed a full manual
search of the bibliographies of each peer-reviewed paper
selected. No language or date limitations were imposed.
Furthermore, there was no limitation on publication
form.

5 RCTs included in the
meta-analysis

Figure 1 Flowchart showing selection of studies for inclusion in the metaanalysis. RCTs: Randomized controlled trials; LCVP: Low central venous pressure.

information on population, intervention, and outcomes
were recorded, including sample size, surgical procedure,
methods of controlled LCVP, transfusion trigger, blood
loss, volume of transfusion, and complications.

Study selection
All the articles were reviewed independently by two
authors (Li Z and Sun YM). Any disagreement regarding whether a study should be selected was resolved by
consensus. Inclusion criteria were established at the beginning of the study and were as follows: (1) Population:
humans undergoing hepatic dissections; (2) Intervention:
LCVP by any method; (3) Outcome: outcomes included
intraoperative blood loss; and (4) Methodology: randomized controlled trials only.

Statistical analysis
The primary outcome analyzed was intraoperative blood
loss. Secondary outcomes included volume of intraoperative blood transfusion, and duration of operation. Statistical analysis was carried out using the software RevMan 5.2
(Cochrane Collaboration, Oxford, England). Outcomes
were measured in a standard way as mean±standard deviation across the studies. A random effect model was used
if there was significant heterogeneity (P < 0.05) between
results across studies. A fixed effect model was used if
there was no significant heterogeneity (P > 0.05). Heterogeneity was assessed using the Cochrane χ 2 text (using a
10% significance level) and the I2 statistic (percentage of
variation due to heterogeneity with higher values indicating a greater degree of heterogeneity). The OR for the
results was presented with 95%CI.

Study evaluation
The authors (Li Z and Sun YM) analyzed the quality of
methodology in each study independently. The methods
of randomization and concealment of allocation were assessed for each study. The level of blinding was evaluated
for each trial. A study was recognized as double-blind if
it stated that both the patients and study participants did
not recognize which group the patients were allocated to.
Completeness of follow-up was evaluated for each study.
The status at follow-up was described as the proportion
of subjects who had clinical outcomes. Is this correct?
A methodology score was given to each study using a
modified method reported by Jadad et al[13]. One point
was added to a study if there was a clear description of
“withdrawals and dropouts”. For the studies with complete follow-up, one point was given if there was an appropriate description of withdrawals and dropouts[14].

RESULTS
Description of the selected studies
We identified 64 studies through an electronic search.
Five studies fulfilled the inclusion criteria of the metaanalysis (Figure 1)[15-19]. The characteristics of the 5 selected studies are shown in Table 1. The 5 studies involved
283 subjects, including 141 patients who underwent
LCVP, and 142 who served as controls. The methods
of controlled LCVP included Trendelenburg’s posture,
nitroglycerine, furosemide, fentanyl, control of infusion
speed, and clamping the infrahepatic vena cava (IVC).
The transfusion trigger was Hb < 80 g/L in two studies
and in another study the transfusion trigger was set as
blood loss exceeding 25% of the blood volume or Hb <
80 g/L. The Jadad scores ranged from 1 to 4.

Data extraction
Two authors (Li Z and Sun YM) performed data extraction for each study independently. Any disagreement
on data extraction was resolved by consensus. Detailed
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Table 1 Baseline characteristics of the included trials
Ref.

Disease

Sample size
(LCVP/control)

Liu et al[15] 2008

Hepatocellular
carcinoma

23/23

Wang et al[16] 2006

Hepatocellular
carcinoma

25/25

Kato et al[17] 2008

Primary
liver cancer,
metastatic liver
tumor
Not reported

43/42

Liu et al[18] 2005

El-Kharboutly et al[19] 2004 Not reported

30/30

20/20

LCVP technique

Transfusion
trigger

Methodology
Blinding (patient/
Lost to
score
surgeon/anesthesiologist) follow-up

Trendelenburg’s
Hb < 80 g/L
posture, nitroglycerine,
furosemide, control of
infusion speed
Trendelenburg’s posture, Hb < 80 g/L
limiting the volume of
infusion, nitroglycerine,
furosemide
Clamping the
Not reported
infrahepatic inferior
vena cava
Trendelenburg’s posture, Blood loss
isoflurane, fentanyl,
exceeding
limiting the volume of
25% of the
infusion, nitroglycerine blood volume
or Hb < 80
g/L
Nitroglycerine
Not reported

3

Yes/no/no

0/46

4

Yes/no/no

0/52

2

No/no/no

0/85

1

No/no/no

0/50

3

No/no/no

0/40

LCVP: Low central venous pressure.

Study or subgroup

Mean

LCVP
SD Total

1.1.1 blood loss
[11]
El-Kharboutly et al
2004 489.8
290
20
[9]
Kato et al 2008
499
670
43
[10]
Liu et al
2005
488
296
30
[7]
Liu et al 2008
375.21 146.23
23
[8]
Wang et al 2006
903.9 180.8
25
Subtotal (95%CI)
141
2
2
Heterogeneity: Tau = 20008.14; χ = 11.00, df = 4
Test for overall effect: Z = 4.59 (P < 0.00001)

Mean
1020.5
584
896
733.28
2329.4

Control
SD Total

Weight

Mean difference
IV, random, 95%CI

Mean difference
IV, random, 95%CI

320
670
514
214.36
2538.4

20 24.9%
-530.70 [-719.97, -341.43]
42 17.7%
-85.00 [-369.89, 199.89]
30
23% -408.00 [-620.25, -195.75]
23 31.8% -358.07 [-464.12, -252.02]
25
2.6% -1425.50 [-2423.06, -427.94]
140 100.0% -391.95 [-559.35, -224.56]
2
(P = 0.03), I = 64%

1.1.2 blood transfusion
[9]
Kato et al 2008
0
0
43
0
0
[10]
Liu et al
2005
295
223
30
493
325
[7]
Liu et al 2008
205.52 152.31
23 365.46
214.83
[8]
Wang et al 2006
525 237.57
25 1285.71 1162.13
Subtotal (95%CI)
121
2
2
2
Heterogeneity: Tau = 15131.61; χ = 6.09, df = 2 (P = 0.05), I = 67%
Test for overall effect: Z = 2.69 (P = 0.007)

42
30 41.6%
23 46.6%
25 11.8%
120 100.0%

Not estimatable
-198.00 [-339.04, -56.96]
-159.94 [-267.56, -52.32]
-760.71 [-1225.68, -295.74]
-246.87 [-427.06, -66.69]

-1000

-500
0
500
Favours LCVP Favours control

1000

Figure 2 Meta-analysis of blood loss and blood transfusion. LCVP: Low central venous pressure.

Meta-analysis
We first analyzed blood loss in the two groups. All five
studies reported blood loss. There was statistical heterogeneity among the five trials and the random-effect
model was used (χ 2 = 11.0, P = 0.03, I2 = 64%). Metaanalysis showed that blood loss in the LCVP group was
significantly less than that in the control group (MD =
-391.95, 95%CI: -559.35--224.56, P < 0.00001), (Figure 2).
Secondly, we analyzed blood transfusion in the two
groups. Four studies reported blood transfusion. There
was statistical heterogeneity among the four trials and
the random-effect model was used (χ 2 = 6.09, P = 0.05,
I2 = 67%). Meta-analysis showed that blood transfusion
in the LCVP group was significantly less than that in the
control group (MD = -246.87, 95%CI: -427.06--66.69, P

WJG|www.wjgnet.com

= 0.007) (Figure 2).
The duration of operation was also evaluated. Three
trials reported duration of operation. There was no statistical heterogeneity among the three trials and the fixedeffect model was used (χ 2 = 1.21, P = 0.55, I2 = 0%).
Meta-analysis revealed that the duration of operation in
the LCVP group was significantly shorter than that in the
control group (MD = -18.89, 95%CI: -35.18--2.59, P =
0.02) (Figure 3).
The funnel plots for blood loss, blood transfusion,
and duration of operation showed asymmetry, suggesting
the possibility of publication bias (Figure 4).
Sensitivity analysis
A sensitivity analysis was performed and included only
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Study or subgroup
El-Kharboutly et al
[7]
Liu et al 2008
[8]
Wang et al 2006

[11]

Mean
2004

164
156.87
229.6

LCVP
SD Total
42
38.53
67.33

Control
SD

Total

Weight

20 190.1
24
23 162.75 60.58
25
246 112.36

20
23
25

59.1%
30.8%
10.1%

Mean

Subtotal (95%CI)
68
2
2
Heterogeneity: χ = 1.21, df = 2 (P = 0.55), I = 0%
Test for overall effect: Z = 2.27 (P = 0.02)

68 100.0%

Mean difference
IV, fixed, 95%CI

Mean difference
IV, fixed, 95%CI

-26.10 [-47.30, -4.90]
-5.88 [-35.22, 23.46]
-16.40 [-67.75, -34.95]
-18.89 [-35.18, -2.59]
-100

-50
0
50
100
Favours LCVP
Favours control

Figure 3 Meta-analysis of duration of operation. LCVP: Low central venous pressure.

A

B

0

50

SE (MD)

SE (MD)

50

100

150

100

150

200
-1000

C

0

-500

0
MD

500

1000

-50

0
MD

50

100

200

-500

-250

0
MD

250

500

0

10

SE (MD)

20

30

40

50

-100

Figure 4 Funnel plots. A: Blood loss; B: Blood transfusion; C: Duration of operation.

the studies published as full texts, which excluded one
study[19]. Meta-analysis showed that blood loss and blood
transfusion in the LCVP group were both significantly
less than those in the control group (Table 2). Meta-analysis also revealed that there was no difference regarding
duration of operation between the two groups (Table 2).
Secondly, only studies published in English were
included. Meta-analysis showed that blood loss and duration of operation in the LCVP group were both significantly less than those in the control group (Table 2).
Meta-analysis also revealed that there was no difference
regarding blood transfusion between the two groups
(Table 2).
Finally, only three high-quality studies[15,18,19] were analyzed. Meta-analysis showed that blood loss and duration

WJG|www.wjgnet.com

of operation in the LCVP group were both significantly
less than those in the control group (Table 2). Meta-analysis also revealed that there was no difference regarding
blood transfusion between the two groups (Table 2).
Patient harm
Patient harm measures are summarized in Table 3. The
recorded harm parameters included renal and liver function, postoperative morbidity and mortality, and hemodynamic stability. All the studies reported no significant
difference in renal and liver function between the LCVP
group and the control group, except one study which observed that blood urea nitrogen (BUN) was significantly
higher in the control group than in the LCVP group, but
was within the normal range in both groups. In two stud-
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Table 2 Sensitivity analysis
Studies (n )
Studies published in full texts
Blood loss (mL)
Blood transfusion (mL)
Duration of operation (min)
Studies published in English

4
4
4
2
4

Blood loss (mL)
Blood transfusion (mL)
Duration of operation (min)
High-quality studies
Blood loss (mL)
Blood transfusion (mL)
Duration of operation (min)

4
3
3
3
3
2
3

P value

MD (95%CI)
-348.24 (-553.34, -143.14)
-246.87 (-427.06, -66.69)
-8.47 (-33.94, 17.01)

0.0009
0.007
0.51

-394.84 (-624.14, -165.53)
-416.00 (-998.29, 166.30)
-18.89 (-35.18, -2.59)

0.0007
0.16
0.02

-488.64 (-730.38, -246.89)
-416.00 (998.29, 166.30)
-18.89 (-35.18, -2.59)

< 0.0001
0.16
0.02

Table 3 Patient harm
Ref.

Harm measure

Results

Liu et al[15] 2008

Renal function

No significant differences in BUN and Cr on pre- and post-operative d 1, 3 and 7 between
LCVP and control group. Values all within the normal range in both groups
There were no significant differences in ALT, TBIL, and Cr on post-operative d 1, 3, and 7
between the two groups. BUN was significantly higher in the control group than in the LCVP
group, but was within the normal range in both groups
Post-operative complications included biliary fistula, gastrointestinal bleeding, pleural effusion
and subphrenic fluid collection, with an incidence of 20% (5/25) in the LCVP group and 24%
(6/25) in the control group
There were no significant intergroup differences in the values of BUN and creatinine on
postoperative 1, 3, and 5 d
There was no morbidity related to IVC clamping and no mortality in the two groups

Wang et al[16] 2006

Liver and renal function

Post-operative morbidity

Kato et al[17] 2008

Renal function

Liu et al[18] 2005

Postoperative morbidity
and mortality
Renal function
Hemodynamic stability
Not reported

El-Kharboutly et al[19] 2004

No significant differences in BUN and Cr at postoperative 24 h between the two groups.
Systolic blood pressures in the LCVP group were lower than those in the control group
Not reported

LCVP: Low central venous pressure; IVC: Infrahepatic vena cava; BUN: Blood urea nitrogen.

and decrease the rate of postoperative complications[11,22].
In the present meta-analysis, by maintaining CVP under 5 mmHg during liver resection with Trendelenburg’s
posture, administration of drugs and control of infusion
speed, and clamping the infrahepatic IVC, blood loss and
transfusion requirements were significantly reduced in the
LCVP group compared with the control group.
We found that in one study[16], patients in the LCVP
and control group had a blood loss of 903.9 mL and
2329.4 mL, respectively; and blood transfusion of 525
mL and 1285.71 mL in the LCVP and control group,
respectively. However, in another study[17], both groups
did not require blood transfusion. Hence, blood loss
and blood transfusion varied widely in different studies.
In addition, the study with the greatest blood loss and
blood transfusion also had longer duration of operation
than the other studies. A potential reason for this may
be that the surgeons in this study had less surgical experience than those in other studies. However, this study
also showed that blood loss and blood transfusion in the
LCVP group were both significantly less than those in
the control group.
Furthermore, this meta-analysis revealed that the duration of operation in the LCVP group was significantly

ies, there was no significant difference in morbidity and
mortality between the two groups. One study found that
systolic blood pressures in the LCVP group were lower
than those in the control group[18].

DISCUSSION
Hepatectomy is a major abdominal surgical procedure
with a risk of significant blood loss and subsequent
blood transfusion, which are strongly correlated with
postoperative morbidity and mortality[20]. In addition, intra- or post-operative massive blood loss and transfusion
carry potential risks of infectious disease, acute respiratory distress syndrome, coagulation disorder, multiple
organ failure, and may also promote tumor recurrence
due to its inhibitory effect on immunity[21]. Therefore,
various methods, such as Pringle’s maneuver, normothermic total hepatic vascular exclusion and unilateral hepatic
hilum occlusion, have been used to reduce intra-operative
hemorrhage. Recently, it was reported that intraoperative
blood loss volume is correlated with CVP[11,12]. LCVP in
liver resection is generally referred to as CVP lower than
5 mmHg. Some retrospective studies reported that LCVP
during hepatectomy can reduce intraoperative blood loss
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blood transfusion during liver resection. Hepatectomy should be conducted
under controlled LCVP.

less than that in the control group. It is understandable
that less blood loss is favorable for the surgical visual
field and procedure, and reduces the duration of operation. Nevertheless, complicated or difficult operations
usually take longer and result in more blood loss and
blood transfusion. Thus, LCVP may be necessary for
complicated or difficult operations. For uncomplicated
operations, especially when the operators are experienced
surgeons, despite the fact that LCVP can reduce blood
loss and blood transfusion, the duration of operation
may be short and LCVP might not be necessary.
Four studies recorded harm measures, and all found
no difference between the LCVP group and the control
group, with the exception of one study which found that
BUN was significantly higher in the control group than in
the LCVP group, but within the normal range[16]. However, during LCVP, mean blood pressure can decrease to
less than 65 mmHg, which will reduce blood inflow to
the organs, and may lead to organ ischemic and reperfusion injury. The routine measurement of renal and liver
function is not sensitive enough to detect mild ischemic
injury and reperfusion injury. Therefore, further research
may be required in the future.
However, several recent studies reported that CVP
did not correlate with blood loss during living donor hepatectomy[23-26]. For example, CVP during hepatic resection
was not associated with intraoperative blood loss in living liver donors[25,26], and intraoperative hemorrhage was
not reduced significantly in patients with relatively low
CVP[23,24]. Discrepancies among these studies may arise
from differences in patient populations. The hemorrhagic
tendency of liver tissue in living donors may be different
from that in patients with benign or malignant hepatic lesions.
There were several limitations in the present metaanalysis. First, the number of trials was inadequate. Second, there was heterogeneity among trials; there were a
number of factors causing heterogeneity, such as different methods of LCVP. Third, some individual trials were
of low quality. Therefore, further large RCTs are needed.
In conclusion, controlled LCVP is a simple and effective technique to reduce blood loss and blood transfusion
during liver resection, and appears to have no detrimental
effects on liver and renal function.

Peer review

This study evaluated the effect of LVCP on blood loss and blood transfusion in
patients undergoing hepatectomy by conducting a meta-analysis. The findings
are significant in studies of liver neoplasm.
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bination therapy significantly improved OS (HR =
0.77, 95%CI: 0.66-0.91, P = 0.002), PFS (HR = 0.58,
95%CI: 0.46-0.72, P = 0.000) and ORR (OR = 2.23,
95%CI: 1.54-3.21, P = 0.000). Sensitivity analysis
further confirmed this association. Lower incidence of
grade 3-4 leucopenia (OR = 4.06, 95%CI: 2.11-7.81),
neutropenia (OR = 3.94, 95%CI: 2.1-7.81) and diarrhea (OR = 2.41, 95%CI: 1.31-4.44) was observed in
patients with S-1 monotherapy.
CONCLUSION: S-1-based combination therapy is
superior to S-1 monotherapy in terms of OS, PFS and
ORR. S-1 monotherapy is associated with less toxicity.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: S-1; Advanced gastric cancer; Meta-analysis; Overall survival; Chemotherapy
Core tip: This is the first meta-analysis aimed to detect
whether S-1-based combination therapy would be more
effective and safer than S-1 monotherapy in patients
with advanced gastric cancer (AGC). In the meta-analysis, the S-1-based combination therapy group shows
great advantages of achieving better overall survival,
progression-free survival and overall response rate for
AGC compared with the S-1 monotherapy group. The
grade 3-4 adverse events in the combination therapy
group might be overcome with medical therapy. S-1based combination therapy should be used as a standard
chemotherapeutic regimen for AGC, at least in Asia.

Abstract
AIM: To assess the efficacy and safety of combination
therapy based on S-1, a novel oral fluoropyrimidine, vs
S-1 monotherapy in advanced gastric cancer (AGC).
METHODS: We searched PubMed, EMBASE and the
Cochrane Library for eligible studies published before
March 2013. Our analysis identified four randomized
controlled trials involving 790 participants with AGC.
The outcome measures were overall survival (OS), progression-free survival (PFS), overall response rate (ORR)
and grade 3-4 adverse events.

Liu GF, Tang D, Li P, Wang S, Xu YX, Long AH, Zhou NL,
Zhang LL, Chen J, Xiang XX. S-1-based combination therapy
vs S-1 monotherapy in advanced gastric cancer: A meta-analysis.
World J Gastroenterol 2014; 20(1): 310-318 Available from:
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RESULTS: Meta-analysis showed that S-1-based com-
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clusion. The electronic searches were performed prior
to March 2013 in The Cochrane Library, MEDLINE via
PubMed, EMBASE, Science Citation Index Expanded,
Chinese Biomedical Database and Chinese National
Knowledge Infrastructure. The search strategy included
the medical subject heading of “S-1”, “advanced gastric
cancer”, and “randomized controlled trial”. The search
was not limited by language or publication status. In addition, all abstracts and virtual meeting presentations from
the American Society of Clinical Oncology conferences
held between 2000 and 2013 were also searched for relevant RCTs. From these trials we were able to obtain numbers and characteristics of patients, treatment regimens
and study outcomes including efficiency and toxicity. Two
authors independently extracted and interpreted the data.
Disagreements between the reviewers were resolved by
discussion or by the third reviewer.

DOI: http://dx.doi.org/10.3748/wjg.v20.i1.310

INTRODUCTION
Gastric cancer is the fourth most common cancer and the
second leading cause of cancer-related deaths all over the
world[1]. More than two-thirds of patients diagnosed with
gastric cancer will have unresectable disease[2]. Even patients with an operable tumor have a high rate of recurrence, with a median survival of only 24 mo and a 5-year
survival rate lower than 30%[3]. In the absence of curative
treatment modalities, attempts have been made to control
cancer-related symptoms and improve survival using surgery, chemotherapy and radiation. Chemotherapy in advanced gastric cancer (AGC) is important because most
patients with gastric cancer develop metastases. Some of
the combination chemotherapies have shown high overall
response rate (ORR) and increased survival times.
S-1 is a novel oral fluoropyrimidine that has demonstrated antitumor activity against AGC when used
either as a single agent or in combination with other
chemotherapies. S-1 consists of the combination of a
5-FU prodrug called tegafur and the two enzyme inhibitors 5-chloro-2,4-dihydroxypyridine (CDHP) and oteracil
potassium (Oxo), in a molar ratio of 1:0.4:1. Following oral ingestion, tegafur is converted to 5-FU in the
liver through hydroxylation. CDHP inhibits the activity
of dihydropyrimidine dehydrogenase, thereby allowing 5-FU to remain in high concentrations for a longer
time in serum and tumor tissue. Oxo is distributed in the
gastrointestinal tract at a high concentration following
oral administration, and it prevents phosphorylation of
5-FU by inhibiting the effect of orotate phosphoribosyl
transferase[4]. In East Asian countries such as Japan, S-1
monotherapy has been adopted as the standard chemotherapy regimen for inoperable and recurrent gastric cancer[5]. Several phase Ⅰ/Ⅱ studies have been performed to
explore combinations of S-1 with other cytotoxic drugs
such as CDDP[6], docetaxel[7], paclitaxel[8] and irinotecan[9].
All these combinations have been found to be promising, with response rates of 40% and higher and relatively
favorable safety profiles.
A series of randomized controlled trials (RCTs)
comparing these doublets with S-1 monotherapy were
subsequently planned and conducted to seek optimal
first-line treatments, but these have yielded findings that
are not completely consistent, none of which have allowed definite conclusions about the efficacy and safety
of these two therapies. Therefore, we conducted a metaanalysis to give an overview of the results of all eligible
RCTs comparing S-1-based combination therapy with S-1
monotherapy as first-line chemotherapy of patients with
gastric cancer.

Study selection
Studies that we identified had to meet the following criteria: (1) patients with AGC at baseline; (2) trials comparing
S-1-based combination therapy with S-1 monotherapy;
and (3) prospective phase Ⅱ and Ⅲ RCTs.
Data extraction and quality assessment
The following data were extracted: the first author’s
name, publication year, the country where the study was
performed, study duration, participants (number of patients, mean age), regimen, mean administration cycles,
Eastern Cooperative Oncology Group performance
status, overall survival (OS), progression-free survival
(PFS), and grade 3 or 4 adverse events. The review team
used a standardized form adapted from the Risk of Bias
Criteria of the Cochrane Effective Practice and Organisation of Care (EPOC) Group to systematically identify
study quality[10]. The instrument recorded 9 criteria, including whether studies used random and concealed allocation, documented similar baseline characteristics and
outcomes between the intervention and control groups,
and described a plan for missing data, as well as the likelihood of contamination between study groups, with a
maximum score of 9. Two investigators independently
conducted a literature search and extracted data. Any differences were resolved through discussion or by the third
reviewer.
Statistical analysis
The end points used for this study were OS, PFS and
ORR. Overall survival was defined as time from date of
randomization to date of death from any cause, censoring patients who had not died at the date last known alive.
Progression-free survival was defined as time from date
of randomization to date of progressive disease or death
from any cause. ORR was defined as the sum of partial
and complete response rates, according to the Response
Evaluation Criteria in Solid Tumors[11,12]. Toxicity was
graded according to the United States National Cancer
Institute’s common toxicity criteria (version 2.0, http://
ctep.cancer.gov). Statistical analysis yielded the overall

MATERIALS AND METHODS
Search strategy
All authors participated in the selection of trials for in-
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Table 1 Characteristics of four included studies
Ref.

Year

Country

Study design

Treatment
groups

No. of
patients

Regimen

Koizumi et al[16]

2008

Japan

Randomized
phase Ⅲ study

Group A

148

Komatsu et al[17]

2011

Japan

Randomized
phase Ⅱ study

Group B
Group A

150
48

Narahara et al[18] 2011

Japan

Randomized
phase Ⅲ study

Group B
Group A

47
155

Wang et al[19]

China

Randomized
phase Ⅱ study

Group B
Group A

160
41

Group B

41

S-1: 40-60 mg/m2, b.i.d days 1-21 plus
cisplatin 60 mg/m2 iv, on day 8, q.2.w
S-1: 40-60 mg/m2, b.i.d days 1-28, q.2.w
S-1: 40-60 mg/m2,b.i.d days 1-14 plus
irinotecan 75 mg/m2 iv, on days 1 and
15, q.4.w
S-1: 40-60 mg/m2, b.i.d days 1-28, q.2.w
S-1: 80 mg/m2, b.i.d days 1-21 plus
irinotecan 80 mg/m2 iv, on days 1 and
15, q.5.w
S-1: 80 mg/m2, b.i.d days 1-28, q.6.w
S-1: 40-60 mg/m2, b.i.d days 1-14 plus
paclitaxed 60 mg/m2 iv, on days 1,8
and 15, q.4.w
S-1: 40-60 mg/m2, b.i.d days 1-14, q.4.w

2013

Median EPOC
cycles criteria

Duration

4

7

March 2001-Nov 2006

3
3

6

Aug 2003-April 2007

2
4

6

June 2004-April 2007

3
6

7

Jan 2008-Dec 2011

5

Group A: S-1-based combination therapy; Group B: S-1 monotherapy. EPOC: Effective practice and organisation of care.

HR for OS and PFS, and the OR for ORR and adverse
events. All the end points were analyzed by an intentionto-treat analysis, defined as all randomly assigned patients.
We assessed the heterogeneity between studies in
meta-analysis by the Cochran Q test, and considered
P values lower than 0.10 as an indicator of significant
heterogeneity because of the low statistical power. We
also calculated the inconsistency index I2 to quantify heterogeneity. I2 was documented for the percentage of the
observed variation between studies that was caused by
heterogeneity rather by chance[13]. The efficacy and safety
of pooled estimates were calculated first using a fixedeffects model[12]. If any heterogeneity existed, then use
of the fixed-effects model might have been invalid, so
the following techniques were employed to explore it: (1)
subgroup analysis; (2) sensitivity analysis performed by
omitting one study at a time and investigating its influence on the overall meta-analysis estimate when necessary; and (3) if heterogeneity still existed, a randomeffects model was applied to incorporate between-study
heterogeneity in addition to sampling variation when
calculating summary OR estimates and corresponding
95%CIs.
To investigate whether publication bias might affect
the validity of the estimates, funnel plots were constructed. Funnel plot asymmetry was assessed using Begg’s test
and Egger’s test[14,15]. All statistical tests were two-sided,
and a P value < 0.05 was considered significant except
where specifically noted. Software STATA version 12.0
(Stata Corporation, College Station, TX, United States)
was used for all statistical analysis.

protocol). The remaining 24 studies were selected for
detailed evaluation. Twenty of these studies were excluded because they turned out not to be randomized
and did not assess the interventions specified in the present protocol or were ongoing trials (no available data).
Therefore, four RCTs were finally included in the present
meta-analysis (Figure 1). A total of 790 participants were
included in this meta-analysis, including 392 patients in
the S-1-based combination group and 398 patients in the
S-1 monotherapy group. More details of demographic and
clinical characteristics of patients are listed in Tables 1 and 2.
Quality assessment of the studies
Four RCTs were available for this meta-analysis. The included trials were conducted in Japan and China. All trials
were published as full-text articles. We undertook detailed
assessments of the relevant studies: treatment assignment
was the typical method of “randomization” across trials
in this meta-analysis. All four studies used proper methods for treatment allocation. None of the studies used double blinding. The quality of included studies was assessed by
EPOC criteria, with the scores ranging from 6-7 (Table 1).
Efficacy
Overall survival: Survival data were available from three
studies (Table 3). Patients receiving S-1 monotherapy had
a median survival of 10.9 mo and a 1-year survival probability of 46.3%, while patients receiving the combination
therapy had a median survival of 13.4 mo and a 1-year
survival probability of 56.8%. The combined HR in the
fixed-effects model for OS was 0.77 (95%CI: 0.66-0.91,
P = 0.002), which indicated a favorable outcome in the
combination therapy group for OS. There was no significant heterogeneity across the studies (I2 = 19.7%, P of
heterogeneity = 0.288, Figure 2).

RESULTS
The initial searches led to the identification of 549 potentially eligible references. After screening the titles and
abstracts, 525 studies were excluded because they were
duplicate or clearly irrelevant (did not refer to clinical
trials or did not assess the interventions specified in the
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Progression-free survival: Data about progression-free
survival were available for two studies (Table 4). Patients
receiving S-1 monotherapy had a median progression-
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Table 2 Characteristics of patients

Sex
Men
Women
Age, yr
Median
Rang
ECOG performances status
0
1
2
Body surface area, m2
< 1.25
1.25-1.50
> 1.50
Disease status
Unresectable
Recurrent
Histology
Diffuse type
Intestinal type
Other not specified
Primary tumor
No
Yes

Wasaburo

2008

Yoshito

2011

Hiroyuki

2011

Wang

2013

S-1-based

S-1

S-1-based

S-1

S-1-based

S-1

S-1-based

S-1

108
40

116
34

34
14

37
10

110
45

127
33

32
9

30
11

62
33-74

62
28-74

70
47-78

63
24-76

63
33-75

63
27-75

63
35-74

61
31-73

106
38
4

106
39
5

38
10
NA

35
12
NA

102
48
5

109
46
5

31
6
4

29
9
3

6
64
79

4
63
83

3
19
26

1
18
28

NA
NA
NA

NA
NA
NA

2
19
20

3
17
21

118
30

119
31

33
15

33
14

129
26

133
27

NA
NA

NA
NA

103
45
0

89
60
1

25
22
1

25
20
2

93
61
1

88
71
1

28
11
2

30
10
1

53
95

58
92

NA
NA

NA
NA

62
93

67
93

15
26

17
24

NA: Not applicable; S-1-based: S-1-based combination therapy.

Records identified through database
searching (n = 544)

Additional records identified through
other sources (n = 5)

Figure 1 Flow diagram of the study selection process. RCTs: Randomized controlled trials.

Duplicate or irrelevant records
excluded (n = 525)
Trials retrieved for more detailed
evaluation (n = 24)
Non-randomized trials excluded (n = 17)
Full-text articles assessed for
eligibility (n = 7)
Full-text studies excluded because
of unavailable data (n = 3)
Full-text RCTs included in this
meta-analysis (n = 4)

able from four trials[16-19]. The pooled OR in the fixedeffects model for ORR was 2.23 (95%CI: 1.54-3.21, P
= 0.000), which indicated a favorable outcome in the
combination therapy group for ORR. There was no heterogeneity across studies (P of heterogeneity = 0.806, I2
= 0.0%, Figure 4).

free survival of 4.0 mo, while patients receiving S-1-based
combination therapy had a median progression-free survival of 6.0 mo. Pooled analysis of PFS in the combination group showed a significant difference compared with
that in the monotherapy group, which indicated a favorable
outcome in the combination therapy group for PFS (HR =
0.58, 95%CI: 0.46-0.72, P = 0.000). There was no evidence
of inter-trial heterogeneity (I2 = 0.0%, P of heterogeneity =
0.853, Figure 3).

Safety
Four studies[16-19] assessing 790 participants who were randomized to receive S-1-based combination therapy (n =
392) or S-1 monotherapy (n = 398) provided information

ORR: ORR data required for meta-analysis were avail-
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Study ID

HR (95%CI)

Koizumi 2008

0.77 (0.61, 0.98)

47.65

Narahara 2011

0.86 (0.66, 1.11)

41.05

Wang 2013

0.55 (0.34, 0.90)

11.30

0.77 (0.66, 0.91)

100.00

2

Overall I = 19.7%, P = 0.228

Figure 2 Standard forest plot of the HR (95%CI) for
overall survival. Values lower than 1 favor S-1-based
combination therapy.

Weight (%)

Test for overall effect: P = 0.002
0.34

1.00

2.94

Study ID

HR (95%CI)

Koizumi 2008

0.57 (0.44, 0.73)

78.37

Wang 2013

0.60 (0.37, 0.97)

21.63

0.58 (0.46, 0.72)

100.00

2

Overall I = 0.0%, P = 0.853

Figure 3 Standard forest plot of the HR (95%CI) for
progression-free survival. Values lower than 1 favor
S-1-based combination therapy.

Weight (%)

Test for overall effect: P = 0.000
0.3

2.7

1.0

OR (95%CI)

Test (n /N )

Control ((n /N )

Koizumi 2008

2.60 (1.44, 4.68)

47/87

33/106

35.53

Komatsu 2011

1.57 (0.50, 4.91)

10/30

7/29

12.33

Narahara 2011

1.93 (1.04, 3.57)

39/94

25/93

38.20

Wang 2013

2.68 (1.05, 6.68)

19/41

10/41

13.94

2.23 (1.54, 3.21)

115/252

75/269

100.00

Study ID

2

Overall I = 0.0%, P = 0.806

Weight (%)

Test for overall effect: P = 0.000
0.146

1.00

6.86

Figure 4 Standard forest plot of the odds ratio (95%CI) for overall response rate. Values higher than 1 favor S-1-based combination therapy.

Table 3 Survival in the three trials included in the meta-analysis
Ref.
[16]

Koizumi et al

Narahara et al[18]
Wang et al[19]
Total

No. of patients

Median survival (mo)

1-yr survival (%)

HR (95%CI)

P value

148 (Group A)
150 (Group B)
47 (Group A)
48 (Group B)
160 (Group A)
155 (Group B)
355 (Group A)
353 (Group B)

11.0
13.0
10.5
12.8
11.0
14.0
10.9
13.4

46.7
54.1
44.9
52.0
46.3
61.0
46.3
56.8

0.77 (0.61-0.98)

< 0.0001

0.86 (0.66-1.11)

0.233

0.55 (0.34-0.90)

0.020

0.77 (0.66-0.91)

0.000

Group A: S-1-based combination therapy; Group B: S-1 monotherapy.

Hematologic toxicity: Meta-analysis of four trials
showed that grade 3-4 leucopenia was less likely to happen in patients receiving S-1 monotherapy, with no heterogeneity across studies (OR = 4.06, 95%CI: 2.11-7.81,
P = 0.000; P of heterogeneity = 0.728, I2 = 0.0%).
The pooled OR showed that grade 3-4 neutropenia
was significantly less prominent among participants receiving S-1 monotherapy relative to S-1-based combination therapy, and there was no heterogeneity across
studies (OR = 3.94, 95%CI: 2.70-5.77, P = 0.000; P of
heterogeneity = 0.334, I2 = 11.8%).
There was a significant difference in the pooled OR
of anemia in the four trials (OR = 2.97, 95%CI: 1.90-4.64,
P = 0.000), but heterogeneity across studies existed (P of
heterogeneity = 0.012, I2 = 72.4%). Sensitivity analysis

Table 4 Progression-free survival in the two trials included in
the meta-analysis
Ref.

No. of
patients

Koizumi et al[16] 148 (Group A)
150 (Group B)
Wang et al[19]
160 (Group A)
155 (Group B)
Total
308 (Group A)
305 (Group B)

Median
HR (95%CI) P value
progression-free
survival (mo)
4
6
4
6
4
6

0.57 (0.44- 0.73) < 0.0001
0.60 (0.37- 0.97)

0.0400

0.58 (0.46-0.72)

0.0000

Group A: S-1-based combination therapy; Group B: S-1 monotherapy.

on toxicity, analysis of which is shown in Table 5.
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Table 5 Outcome of toxicity meta-analysis comparing S-1-based combination therapy vs S-1 monotherapy as first-line treatment in
advanced gastric cancer
Toxicity
Grade 3-4

S-1-based therapy
n /N

S-1 monotherapy
n /N

OR (95%CI)

44/392
127/392
77/392
11/392
91/392
41/392
26/392
15/392
35/392
7/392

12/398
43/398
30/398
10/398
47/398
16/398
20/398
9/398
16/398
2/398

4.06 (2.11-7.81)
3.94 (2.70-5.77)
5.96 (3.03-11.73)
0.33 (0.10-1.12)
2.40 (0.79-7.28)
2.80 (0.92-8.55)
1.35 (0.74-2.46)
1.71 (0.74-3.96)
2.41 (1.31-4.44)
2.52 (0.71-8.79)

Leucopenia
Neutropenia
Anaemia
Thrombocytopenia
Anorexia
Nausea
Fatigue
Vomiting
Diarrhea
Stomatitis

P value
< 0.01
< 0.01
< 0.01
0.076
0.122
0.070
0.336
0.207
< 0.01
0.151

Heterogeneity

P value

I2

0.728
0.334
0.423
0.900
0.000
0.048
0.506
0.707
0.614
0.994

0.00%
11.90%
0.00%
0.00%
83.40%
62.00%
0.00%
0.00%
0.00%
0.00%

S-1-based: S-1-based combination therapy.

P = 0.122; P of heterogeneity = 0.000, I2 = 83.4%).
The pooled OR of nausea showed heterogeneity
across the four groups (P of heterogeneity = 0.048, I2 =
62%). Because heterogeneity could not be eliminated by
sensitivity analysis, a random-effects model was performed,
yielding an OR of 2.80 (95%CI: 0.92-8.55, P = 0.07).
Diarrhea: There was a significant difference in the
pooled OR of diarrhea (OR = 2.41, 95%CI: 1.31-4.44, P
= 0.005), with no heterogeneity across studies (P of heterogeneity = 0.614, I2 = 0.0%).
Meta-analysis of four trials showed that according to
the pooled estimate for OR the frequency of these grade
3-4 adverse events did not differ between the two groups:
fatigue (OR = 1.35, 95%CI: 0.74-2.46, P = 0.336; P of
heterogeneity = 0.506, I2 = 0.0%), vomiting (OR = 1.71,
95%CI: 0.74-3.96, P = 0.207; P of heterogeneity = 0.707,
I2 = 0.0%), and stomatitis (OR = 2.51, 95%CI: 0.71-8.79,
P = 0.151; P of heterogeneity = 0.994, I2 = 0.0%).
Three trials[16,18,19]reported treatment-related deaths.
Only one study[18] reported two patients in the S-1-based
combination therapy died of potentially treatment-related
conditions. There were no treatment-related deaths in
either group in the other two studies[16,19].

2

Logor

1

0

-1
0

2

s. e. of: logor

4

6

Figure 5 Funnel plot of the meta-analysis (Begg’s test).

indicated that the trial reported by Narahara et al[18] was
the main source of heterogeneity. When this study was
omitted, the heterogeneity was eliminated (P of heterogeneity = 0.423, I2 = 0.0%), and the outcome of applying
a fixed-effects model showed that grade 3-4 anemia was
significantly less likely to happen in patients receiving S-1
monotherapy than S-1-based combination therapy (OR
= 5.96, 95%CI: 3.03-11.7, P = 0.000).
Thrombocytopenia: The frequency of thrombocytopenia did not differ between two groups according to the
pooled estimate for OR, and heterogeneity across studies
did exist (P of heterogeneity = 0.058, I2 = 59.9%). Sensitivity analysis indicated that the trial reported by Koizumi et al[16]
was the main source of heterogeneity. When this study
was omitted, the heterogeneity was eliminated (P of heterogeneity = 0.90, I2 = 0.0%), but the pooled analysis did
not show a significant difference between the two groups
(OR = 0.33, 95%CI: 0.10-1.12, P = 0.076).

Publication bias
No publication bias was detected (Egger’s test: P = 0.827,
Begg’s test: P = 0.734; Figure 5).

DISCUSSION
After years of disagreement about the utility of chemotherapy for AGC, several trials have demonstrated the
efficacy of S-1 in both the adjuvant and primary settings,
while combinations of S-1 with other cytotoxic therapies
have been found promising, with higher response rates
and relatively favorable safety profiles[20]. S-1 is convenient and offers an alternative to intravenous 5-FU. A
recent meta-analysis reported that S-1-based combination
therapy was associated with better OS and almost equivalent ORR and safety profile, compared with 5-FU-based
therapy[21]. In addition, S-1 can be administered in the
outpatient setting at lower costs, and its primary gastroin-

Non-hematologic toxicity: Meta-analysis showed that
grade 3-4 anorexia was less likely to happen in patients
receiving S-1 monotherapy (OR = 2.16, 95%CI: 1.47-3.16,
P = 0.000), but heterogeneity across studies existed (P of
heterogeneity = 0.000, I2 = 83.4%). Because heterogeneity
could not be eliminated by sensitivity analysis, a randomeffects model was applied (OR = 2.40, 95%CI: 0.79-7.28,
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testinal side effects can be reasonably managed with antidiarrheal and antiemetic medications. The limited number of studies, with dissimilar criteria, methodologies, and
evaluation standards, has likely resulted in inconsistent
outcomes assessing S-1-based combination therapy vs S-1
monotherapy. Thus, this meta-analysis aimed to detect
whether S-1-based combination therapy would be more
effective and safer than S-1 monotherapy in patients with
AGC.
Our study shows that OS (HR = 0.77, 95%CI:
0.66-0.91, P = 0.002) and PFS (HR = 0.58, 95%CI:
0.46-0.72, P = 0.000) were significantly increased in
patients with ACG assigned to S-1-based combination
therapy than in those assigned to S-1 monotherapy. With
regard to the ORR (OR = 2.23, 95%CI: 1.54-3.21, P =
0.000), pooled analysis also showed that S-1-based combination therapy was superior to S-1 monotherapy. For
hematologic toxicity, S-1-based combination therapy was
associated with more grade 3-4 adverse events of leucopenia (11.2% vs 3.0%; P < 0.001), neutropenia (32.4% vs
10.8%; P < 0.001) and anemia (19.6% vs 7.5%; P < 0.001).
For nonhematologic toxicity, incidence of grade 3-4 diarrhea (8.9% vs 4%; P = 0.005) was less prominent in the S-1
monotherapy group. With regard to grade 3-4 adverse
events of thrombocytopenia, anorexia, nausea, fatigue,
vomiting and stomatitis, there was no significant difference between two groups. Compared with S-1 monotherapy, S-1-based combination therapy was associated with
longer OS and PFS, and higher ORR. The most common
grade 3-4 adverse events associated with this regimen included leucopenia, neutropenia, anemia and diarrhea, all
of these being more frequent than in patients receiving
S-1 monotherapy. Overall results were confirmed when
subjected to sensitivity analysis.
Overall survival, which requires prolonged followup, is the traditional endpoint for efficacy. The impact of
first-line therapy on OS may be confounded by the effect
of second- or third-line therapies. In the present metaanalysis, three RCTs reported OS. The present review
suggests that OS was markedly increased in patients who
received S-1-based combination therapy relative to S-1
monotherapy, without inter-study heterogeneity across
the studies. As for leucopenia, neutropenia, anemia and
diarrhea, these are more likely due to a byproduct of
the higher cumulative effect of other chemotherapeutic
agents, such as cisplatin. But all the toxicities were manageable, predictable and tolerable. S-1-based combination
therapy was associated with more cases of grade 3 to 4
hematologic toxicities. To date, the availability of granulocyte colony-stimulating factors and erythropoietins
could also improve the control of corresponding hematologic toxicities[22,23]. With regard to diarrhea, which was more
frequent during S-1-based combination therapy, there seems
to be a schedule-dependent toxicity, and it is likely that with
the introduction of more effective antidiarrheal agents[24],
the incidence of diarrhea can be further ameliorated.
Overall, quality of life could not be assessed in our
study because none of studies included in the metaanalysis analyzed this endpoint.
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As with any meta-analysis, the current study has possible limitations because evidence was combined from
available studies. First, the quality of the trials affected
the results: four of the studies included in this analysis
were RCTs, but insufficient data might potentially limit
detection of the effects of S-1-based combination therapy. Second, although four of the studies in the meta-analysis reported adequate randomization, absence of blinding might have resulted in an overestimate of the effects.
Third, the second-line treatments were not reported, so
it was not possible to consider their possible impact on
survival. Although the role of second-line treatments
has been a matter of debate, improved survival with the
second-line administration of irinotecan over best supportive therapy has been reported by Thuss-Patience et al[25].
However, second-line treatments obviously do not alter
PFS. Finally, the results from this meta-analysis need
confirmation in the West because all four of the included
trials were from Asia.
Recently introduced molecularly targeted therapies
have been investigated in many solid malignancies, including gastric cancer. These include the tyrosine kinase
inhibitors and monoclonal antibodies directed to critical
tumor targets such as epidermal growth factor receptor
2 and vascular endothelial growth factor. Unfortunately,
with the exception of trastuzumab, an HER-2 specific
monoclonal antibody which was shown to improve survival in HER-2+ gastric and esophagogastric adenocarcinoma, none of these agents has been demonstrated to
improve survival in comparison with chemotherapy[26]. As
development of S-1-based combinations with other cytotoxic agents and biomarkers proceeds, the foreseeable
combination of S-1 with targeted agents is an attractive
option. In addition, the role of S-1 can be expanded in
treating gastroesophageal cancers preoperatively as well
as with radiation therapy.
This is the first meta-analysis in which we collected
all the available trials that addressed this issue and all
of them have been published as full-length articles. In
conclusion, in the meta-analysis, the S-1-based combination therapy group shows great advantages of achieving
better OS, PFS and ORR for AGC compared with the
S-1 monotherapy group. The disadvantages such as more
frequent grade 3-4 adverse events including leucopenia,
neutropenia, anemia and diarrhea in the S-1-based combination therapy group might be overcome with medical
therapy. Considering all the outcome benefits of S-1based combination therapy over S-1 monotherapy in the
current study, S-1-based combination therapy should be
used as a standard chemotherapeutic regimen for AGC,
at least in Asia. To further confirm these findings, additional large-scale randomized studies and Western studies
are warranted.
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Gastric cancer is the fourth most common cancer and the second leading cause
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that has demonstrated antitumor activity against advanced gastric cancer (AGC)
when used either as a single agent or in combination with other chemotherapies. However, whether S-1-based combination therapy or S-1 monotherapy
are equally effective in the treatment of AGC is still contentious.
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Research frontiers

A series of randomized controlled trials comparing S-1-based combination
therapy with S-1 monotherapy were planned and conducted to seek optimal
first-line treatments, but these have yielded findings that are not completely
consistent, none of which have allowed definite conclusions about the efficacy
and safety of these two therapies.
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Innovations and breakthroughs

This is the first meta-analysis to give an overview of the results of all eligible
RCTs comparing S-1-based combination therapy with S-1 monotherapy with
the aim of investigating whether S-1-based combination therapy was more effective than S-1 monotherapy in the treatment of patients with AGC as first-line
chemotherapy. Several important conclusions might be used for future selection of S-1-based combination therapy or S-1 monotherapy for AGC patients’
treatments.
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Applications

The study results suggest that S-1-based combination therapy is superior to
S-1 monotherapy in terms of overall response rate, progression-free survival
and overall survival without being associated with an increase in severe toxic
effects.
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Terminology
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S-1: A novel oral anticancer drug composed of tegafur, 5-chloro-2, 4-dihydroxypyridine (gimestat), and oteracil potassium in a molar ratio of 1:0.4:1, was
developed in an effort to further enhance the therapeutic index of tegafur.
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Peer review

This is a well-performed meta-analysis aimed to detect whether S-1-based
combination therapy would be more effective than S-1 monotherapy in patients
with AGC, and its findings are interesting.
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in the majority of cells, and negative for desmin and
S100. A diagnosis of GIST, with high risk aggressive
behavior was made. An abdomino-perineal resection
was discussed, but refused. The follow-up included
clinical evaluation and anal ultrasound. After 5 years
the patient is well, with maintained continence and no
evidence of local recurrence.
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Core tip: Gastrointestinal stromal tumors (GIST) are
an uncommon group of tumors of mesenchymal origin. GIST of the anal canal is extremely rare. Here, the
authors describe the case of a 73-year-old man with a
mass in the anal canal, and no other symptoms. The
patient was treated by local excision. An abdominoperineal resection was discussed, but refused. After 5
years follow-up with clinical evaluation and anal ultrasound, the patient is well, with maintained continence
and no evidence of local recurrence.

Abstract
Gastrointestinal stromal tumors (GIST) are an uncommon group of tumors of mesenchymal origin. GIST of
the anal canal is extremely rare. At present, only 10
cases of c-kit positive anal GIST have been reported
in the literature. There is no widely accepted treatment approach for this neoplasia. Literature is sparse
on imaging evaluation of anal canal GIST, usually described as a lesion in the intersphincteric space. We
describe the case of a 73-year-old man with a mass
in the anal canal, and no other symptoms. Endoanal
ultrasound and magnetic resonance imaging showed a
well circumscribed solid nodule in the intersphincteric
space. The patient was treated by local excision. Gross
pathological examination showed a 7 cm × 3.5 cm × 3
cm mass, and histological examination showed a proliferation of spindle cells, with prominent nuclear palisading. The mitotic count was of 12 mitoses/50 HPF. The
tumor was positive for KIT protein, CD34 and vimentin
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INTRODUCTION
Gastrointestinal stromal tumors (GIST) are specific KITpositive mesenchymal tumors that are most commonly
found in the stomach and small bowel. Anorectal GIST
is rare and comprises approximately 5% of all GIST[1].
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Although surgical resection is the mainstay of treatment,
it is still uncertain whether local or radical excision should
be appropriate for anorectal GIST[1].
SE

CASE REPORT

CAM

A 73-year-old man was referred for evaluation of an
anal mass. The patient did note an anal mass for the past
4 mo, without changes in size, pain or rectal discharge.
Trauma to the area, rectal bleeding and fecal incontinence
were denied. There was no weight loss or changes in appetite. There was no relevant past history.
On examination there was a 4 cm × 2 cm left lateral
anal mass, extending to the pubo-rectalis muscle, and firm
and mobile over surrounding planes. No inguinal lymph
nodes were found. Laboratory blood tests were normal.
Endoanal ultrasound showed a left lateral isoechoic lump,
with central calcification, extending from the inferior
anal canal to the pubo-rectalis muscle. The lump was well
circumscribed in the intersphincteric plane, pushing the
external anal sphincter, with no evidence of invasion or
infiltration of the surrounding tissues. There was no local
lymphadenopathy (Figure 1).
Magnetic resonance imaging confirmed a well circumscribed, solid lump in the intersphincteric plane, without
adenopathy (Figure 2). The patient was brought to the
operating theatre and through a radial incision a local
excision was performed. Only a small amount of fibers
of the internal anal sphincter was also removed. The
mass was capsulated and not adherent to the surrounding
structures.
Gross pathological examination showed a 7 cm × 3.5
cm × 3 cm fibrous-elastic mass, and histological examination showed a proliferation of spindle cells, with prominent nuclear palisading (Figure 3). A complete marginfree (R0 resection) was confirmed; the mitotic count was
12 mitoses/50 HPF. The tumor was positive for KIT
protein (CD 117), CD34 and vimentin in the majority of
cells, and negative for desmin and S100 (Figure 4).
A diagnosis of GIST, with high-risk aggressive behavior was made. An abdomino-perineal resection was
discussed, but refused. The follow-up included clinical
examination and endo-anal ultrasound. After 5 years, the
patient is well, and there is no clinical or imaging evidence
of recurrence. The patient maintained fecal continence
after surgery.

EAI

Figure 1 Endoanal ultrasound. Posterior hipoecoid nodule, well circumscribed, between internal and external anal sphincter, with posterior enhancement and central calcification. CAM: Middle anal canal; EAI: Internal anal
sphincter; EAE: External anal sphincter; SE: Subepithelium.

A

B

Figure 2 Anal canal magnetic resonance imaging. A: Coronal T2-weighted
image. Anal canal left lateral wall, well circumscribed nodule, solid component.
No evidence of adenopathy; B: Axial T2-weighted image.

proto-oncogene.
DNA study of the tumor cells demonstrate a high
frequency of mutation that leads to constitutive activation of the Kit-tyrosine-kinase in the absence of stimulation by its physiologic ligand. This causes an uncontrolled
stimulation of downstream signaling cascades with aberrant cellular proliferation and resistance to apoptosis[3].
GIST cells are characterized by CD117 antibody,
which identifies c-Kit, a membrane receptor protein with
tyrosine-kinase activity. GIST express CD117 in up to
95% of cases, but also CD34 (70%), smooth muscle ac-

DISCUSSION
GIST is the most common nonepithelial tumor of the
gastrointestinal tract[2]. The term was first used in 1983 to
describe an unusual type of nonepithelial tumor of the
gastrointestinal tract that lacked the traditional features
of smooth muscle or Schwann cells[2]. These tumors have
a histological and immunohistochemical structure similar to Cajal interstitial cells. In a very high percentage of
cases (85%-100%), GIST and Cajal cells both express the
c-kit receptor, which is the protein produced by the c-kit
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Figure 3 Hematoxylin and eosin (× 400), eosinophlic, fusiform cells with
elongated nuclei.

Figure 4 Positive immunostaining for CD117.

In a series of 18 anorectal GIST, 6 out of 10 tumors
treated by local excision recurred, whereas none of 8
tumors treated by abdominoperineal resection recurred.
However, the method of resection did not significantly
affect the development of metastasis or survival, as the
number of metastases and deaths were similar with both
surgical methods[9].
Local excision has the advantage of minimal morbidity and sphincter preservation, while radical excision may
offer a better oncological cure[1]. The role of adjuvant
therapy is still uncertain. Although inhibitors of tyrosinekinase receptor need further study before their routine
use as adjuvant therapy, their role in cases of distant
or local recurrence has been accepted[5]. Neither radiotherapy nor conventional chemotherapy has any proven
efficacy as adjuvant therapy[1,3].
Close patient follow-up is mandatory to disclose as
soon as possible local recurrence or metastases[6]. A long
latency period is common between the primary surgery
and recurrences and metastases[8]. Recurrence 10 years
after resection of the primary tumor is not rare. Therefore, all patients with anorectal GIST should be regularly
followed up for an indefinite period. If recurrent disease
is detected, further excision can be attempted, for cure or
palliation. For unresectable primary or recurrent GIST,
the use of imatinib has been shown to be effective in
reducing tumor volume and controlling disease progression[1]. The natural history and prognostic features of
GIST need further research[7].

tin (40%), protein S100 and desmin (2%)[4]. Our patient
had a c-kit positive anal GIST, and to our knowledge
could be the twelfth case to be described in the literature[5]. Inhibitors of the tyrosine-kinase receptor, such as
imatinib mesylate, represent the target therapy for local
and distant recurrence after surgical resection[5]. GIST are
found more often in the stomach (60%-70% of cases)
and less frequently in the small intestine (30% of cases),
while the rectum and anus are extremely rare locations
with an incidence of 5% of all GIST. Anal GIST is even
rarer representing only 3% of all anorectal mesenchymal
tumors[5].
The vast majority of anorectal GIST afflicts males
in the fifth to seventh decades of life. About half are
incidental findings on colonoscopy or barium enema.
The symptomatic group presents with either rectal bleeding, pain, change of bowel habit, signs of obstruction,
or urinary symptoms akin to prostatitis[6]. Literature is
sparse on imaging evaluation of anal canal GIST, usually
described as a lesion in the intersphincteric space[2,5-7].
Calcification of a GIST has been reported in microscopic
evaluation[8].
The best indicator of malignancy is the presence of
invasion of adjacent organs or obvious metastatic disease
seen on imaging or surgery[7]. The widely accepted criteria
to predict malignancy of GIST are the mitotic activity (>
5 mitoses/50 HPF) and the tumor size (> 5 cm)[5]. No lesion can be definitely labelled as benign[5]. The treatment
of choice for GIST is excision. High grade tumors are
usually larger and need wider excision[5].
There are presently few published data on the outcomes of anorectal GIST treated by local excision vs
radical clearance. Local recurrence frequently precedes
late spread to the liver, lungs and bone, and has been attributed to inadequate surgical clearance[6].
Some authors recommend abdominoperineal resection for GIST larger than 2 cm[6]. Local excision can be
an acceptable treatment option in selected patients, with
tumors < 2 cm and < 5 mitoses/50 HPF (frozen section)[1]. Extensive lymph node dissection is unnecessary
because GIST rarely metastasize to the regional lymph
nodes[3].
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Core tip: We performed successful endoscopic submucosal dissection (ESD) for a giant hyperplastic polyp
that obstructed the gastric outlet in a 21-month-old
female patient. ESD could be applied to avoid surgery
even in a young child. The present case is the youngest
patient reported to date globally.
Jung EY, Choi SO, Cho KB, Kim ES, Park KS, Hwang JB. Successful endoscopic submucosal dissection of a giant polyp in a
21-month-old female. World J Gastroenterol 2014; 20(1): 323-325
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i1/323.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i1.323

INTRODUCTION
Endoscopic submucosal dissection (ESD) is now recognized as the preferred treatment modality for gastrointestinal epithelial lesions without lymph node metastasis.
ESD achieves high rates of en bloc and complete resection with an acceptable range of complications such as
bleeding and perforation. However, most ESD results
have been obtained in adults, and ESD in children is rare.
Here, a 21-month-old female with a giant hyperplastic
polyp causing a gastric outlet obstruction was treated successfully by ESD.

Abstract
Endoscopic submucosal dissection (ESD) is now recognized as the preferred treatment modality for gastrointestinal epithelial lesions. A 21-month-old female
was admitted with a giant hyperplastic polyp causing
a gastric outlet obstruction. Successful ESD was performed with caution. The post-procedural course was
uneventful without a bleeding episode. Although further
study of the feasibility of ESD in early children is necessary, ESD could be applied to avoid laparotomy even in
young children.

CASE REPORT
A 21-month-old female (11 kg, 85 cm), who had no remarkable medical or family history, was admitted with
vomiting, abdominal distension, and epigastric pain.
Ultrasonography and computed tomography with intravenous contrast showed a large, nodular soft tissue mass
occupying the pylorus and duodenum with a markedly
distended stomach (Figure 1). A broad-based giant sessile polyp was located on the anterior wall of the distal

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

B

Figure 1 Imaging. A: An abdominal computed tomography scan shows a large,
nodular soft tissue mass occupying the pylorus and extending into the duodenum; B: Ultrasonography shows marked thickening of the mucosal and muscular
layered lesion at the pylorus and duodenum.

Figure 3 Retrieved pieces of the large polyp were reconstructed.

A

Figure 4 Photomicrograph of the polyp with thick-walled vessels and
organized thick bundles of arborizing smooth muscle with a prominent
basal glandular component.

B

scopic circumferential incision, and dissection from the
lateral edges, working through the lifted submucosal layer
until the lesion was resected in one piece (Figure 2B)[1].
The polyp was retrieved by segmentation because it was
too large to remove as one piece (Figure 3). A pathological examination showed hyperplastic polyps with thickwalled vessels and organized thick bundles of arborizing smooth muscle with a prominent basal glandular
component (Figure 4). The post-procedural course was
uneventful without a bleeding episode. The patient was
discharged at day 6 after the procedure and is doing well
4 mo after discharge with no further symptoms.

Figure 2 Endoscopic views. A: Endoscopy shows a diffuse hyperemic and
edematous giant lobulating mass from the pylorus to the duodenal inlet. B: The
mass lifted easily and was resected in one piece endoscopically.

DISCUSSION
The prevalence of gastric polyps in the pediatric population is low compared with that in adults (0.7% vs
6.35%)[2,3]. The most common pathological types in children are hyperplastic polyps, and most are asymptomatic
and do not require removal. However, symptoms such
as abdominal pain, heartburn, dyspepsia, and/or upper
gastrointestinal bleeding may occur[4]. It is rare for these
polyps to cause gastric outlet obstruction. However, once
they occur, they must be removed. Few case reports of
management of hyperplastic polyps causing gastric outlet
obstruction in a pediatric patient are available. Surgical
laparotomy enables removal of a pedunculated or giant

antrum with extended into the duodenum on esophagogastroduodenoscopy (Figure 2A). The giant polyp had a
cauliflower-like appearance and easily slid down into the
duodenum. An endoscopic biopsy showed a hyperplastic
polyp. An upper gastrointestinal series with double contrast showed a lobulating giant mass causing gastric outlet obstruction. The mass was endoscopically removed
under general anesthesia using ESD in a 2.5-h procedure
using a ClearCut knife (I-type, FINEMEDIX Co., Daegu,
South Korea) and a Hook knife (Olympus Co., Tokyo,
Japan). The procedure started with an injection of lifting
solution into the submucosal layer, followed by an endo-
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polyp in infants[5,6]. Endoscopic procedures such as snare
polypectomy[7] or endoscopic mucosal resection (EMR)[8]
could also be considered as treatment options. However,
in pediatric patients, removing giant polyps using endoscopy is challenging because any bleeding from the large
feeding vessels could induce unexpected hypovolemic
shock. In particular, if the patient is a young toddler, as
in this case, < 50 mL of bleeding (minor bleeding in an
adult) might cause hypovolemic shock.
ESD is an option that may avoid the problems associated with EMR. ESD can be used for larger lesions
regardless of their location. Although ESD techniques
require a higher level of skill, ESD may assist bleeding
control by means of careful submucosal dissection avoiding improper vessel cutting and applying appropriate
coagulation under direct vision. A successful ESD in a
11-year-old male has been reported, which is the youngest case in the previous literature[9]. However, the present
case is, to our knowledge, the youngest patient reported
to date globally. We used ESD rather than conventional
EMR or laparotomy even though ESD is technically difficult to perform in a young child. Maintaining the airway,
keeping the child motionless, and careful dissection of
the submucosal layer with vessels are important aspects
of the endoscopic procedure if a grave situation is to be
avoided in a very young patient.
In conclusion, we performed successful ESD for a
cauliflower-like giant hyperplastic polyp that obstructed the
gastric outlet in a 21-month-old female patient. ESD was
applied to avoid surgery even in the young child, although
further investigation of the feasibility of ESD in young
children and careful follow-up for recurrence is needed.
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Core tip: In our study, we present a female infant with
neonatal intrahepatic cholestasis from a Chinese family, who was eventually diagnosed with arthrogryposis,
renal dysfunction and cholestasis (ARC) syndrome by
genetic analysis. She will be the first patient with ARC
syndrome reported in China. Genetic testing revealed
two novel mutations (c.1033delA, p.I345LfsX8 and
c.1567C>T, p.R523X) in VPS33B , which is the causative
gene. The patient is a compound heterozygote and her
parents were heterozygous for each mutation. Our paper will expand the worldwide distribution of ARC syndrome and the mutation spectrum of VPS33B .
Li LT, Zhao J, Chen R, Wang JS. Two novel VPS33B mutations in a patient with arthrogryposis, renal dysfunction and
cholestasis syndrome in mainland China. World J Gastroenterol 2014; 20(1): 326-329 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i1/326.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i1.326

Abstract
Arthrogryposis, renal dysfunction and cholestasis (ARC)
syndrome is a rare genetic disorder and has not been
described in China. We present a female infant with
neonatal intrahepatic cholestasis from a Chinese family
with ARC syndrome. All 23 coding exons and flanking
introns of the VPS33B gene were amplified and sequenced using peripheral lymphocyte genomic DNA of
the patient and her parents. Genetic testing revealed
two novel mutations (c.1033delA and c.1567C>T) in
the VPS33B gene. The patient is a compound heterozygote and her parents were heterozygous for each of
the mutations.

INTRODUCTION
Arthrogryposis, renal dysfunction and cholestasis (ARC)
syndrome (OMIM 208085) is a rare autosomal recessive
multisystem disorder usually caused by germline mutations in the VPS33B gene[1,2]. Here we describe a Han
ethnic patient from an unconsanguineous family with
ARC syndrome, who presented with all three main symptoms (arthrogryposis, renal dysfunction and cholestasis)
and ichthyosis at birth. She has two novel mutations in
the VPS33B gene.

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

CASE REPORT
The female infant was born at the gestational age of 37

Key words: Arthrogryposis, renal dysfunction and cho-
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Table 1 Results of liver function tests
Age (d)
Reference values
26
27
33
41

TBIL (μmol/L)

DBIL (μmol/L)

5.1-17.1
154.6
189.7
183.1
162.4

0-6
128.5
139.6
146.4
135.5

ALT (IU/L) AST (IU/L)
0-40
34.0
38.0
49.0
34.0

0-40
44.0
71.0
51.0
50.0

ALP (IU/L)

GGT (IU/L)

TBA (μmol/L)

TP(g/L)

ALB (g/L)

42-383
NA
1088
940
1162

7-50
NA
NA
33
28

0-10
NA
NA
115.0
139.1

60-83
NA
NA
50.6
50.7

35-55
NA
NA
33.1
33.1

TBIL: Total bilirubin; DBIL: Direct bilirubin; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphates; GGT: Gammaglutamyl-transpeptidase; TBA: Total bile acid; TP: Total protein; ALB: Albumin; NA: Not available.

Table 2 Results of complete blood count and urinalysis
9

Age (d)
Reference value
29
34
41

12

9

WBC (× 10 /L)

RBC (× 10 /L)

PLT (× 10 /L)

HGB (g/L)

Urine pH

Urine protein

Urine glucose

4-10
22.5
23.0
19.2

3.5-5.5
3.03
2.91
2.28

100-300
508
688
662

110-160
98.0
96.0
75.2

6.0-8.0
6.0
7.0
5.0

+
++
+

+
+
+

WBC: White blood cells; RBC: Red blood cells; PLT: Platelets; HGB: Hemoglobin.

wk and 6 d by cesarean section because of breech presentation. Her birth weight was 2.46 kg and the parents
were not consanguine. Physical examination showed mild
ichthyosis (her skin was dry and scaly), low-set ear on
the left side, and arthrogryposis in the form of bilateral
dislocation of the hips, flexion contracture of the knee
joints and rocker-bottom feet. Neonatal hearing screening revealed right-sided deafness. She developed jaundice
at 3 d of age. At 27 d of age, she was transferred to the
neonatal intensive care unit of our hospital for persistent
hyperbilirubinemia, pneumonia and congenital deformities. Liver function tests showed markedly elevated total
bilirubin, direct bilirubin and alkaline phosphatase and
mild elevation of alanine aminotransferase and aspartate
aminotransferase, but gamma glutamyl aminotransferase
(γGT) was always normal (Table 1). Her white blood
cell count was elevated remarkably, and urine protein
and glucose were positive (Table 2). Serum creatinine
and coagulation function were nearly normal, and blood
gas analysis and thyroid function were normal. Screening for toxoplasma, rubella, cytomegalovirus, and herpes
simplex was negative. Mass spectrometry analysis of
serum amino acids and carnitine showed elevation of
C5DC, C10:1 and C10 levels, while gas chromatographymass spectrometry analysis of urinary organic acid levels
revealed highly elevated 4-hydroxyphenylacetic acid and
mild elevation of several other organic acids. An echocardiogram showed patent foramen ovale. Abdominal
ultrasound showed moderate bilateral renal hyperechogenity and minimal hepatomegaly. A radionuclide scan of
the hepato-biliary system revealed normal uptake of the
tracer but no excretion into the bowel after 24 h. There
was no abnormality on magnetic resonance imaging of
the brain.
She was treated with antibiotics, fat-soluble vitamins,
including vitamin K and D, and a milk formula enriched
with medium-chain triglycerides. The fever alleviated, but
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she failed to gain weight, weighing approximately 2.22 kg
at the age of 1 mo, and died of liver failure at 6 mo of
age. The diagnosis of ARC syndrome was made according to her main features, including arthrogryposis, renal
dysfunction and cholestasis with low γGT.
With the approval of the ethics committee of the
Children’s Hospital of Fudan University and after obtaining written informed consent from the parents, peripheral blood samples were obtained from the patient and
her parents. Genomic DNA was extracted in a routine
fashion. All 23 coding exons and flanking introns of the
VPS33B gene were amplified and sequenced (primer
sequences are available on request). A 25 μL reaction
mixture used in this study contained 1.0 μL of genomic
DNA, 2.5 μL of 10 × Ex Taq buffer, 2.0 μL of 2.5
mmol/L dNTP, 0.25 μL of 5u Ex Taq, 1.0 μL of each
forward primer and reverse primer (diluted to 10 μmol/
L), and 17.25 μL of ddH2O. Polymerase chain reaction
(PCR) were performed under the following conditions:
pre-denaturation at 95 ℃ for 5 min, followed by 35 thermal cycles, each composed of denaturation at 95 ℃ for
30 s, annealing at 58 ℃ for 30 s, and extension at 72 ℃
for 40 s. The purified PCR products were sequenced
directly on an ABI 3500 Genetic Analyzer and then analyzed using BioEdit software (North Carolina State University, Raleigh, United States). All of the sequences were
blasted against GenBank to find the variations, and single
nucleotide polymorphisms were excluded by using dbSNP and 1000 genomes database (website). NM_018668
was used as the VPS33B reference sequence.
The patient was a compound heterozygote for
c.1033delA and c.1567C>T. The deletion of one adenosine (A) between nucleotides 1032 and 1034 in exon
14 (Figure 1) modified the first nucleotide of codon
345, which codes for an isoleucine. The deletion of an
A at this position did not only change the amino acid at
codon 345, but a frame-shifting mutation was expected
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GCCCCAATATCTGC
ATCTGCA

GCCCCAATATCTGC

GCCCCAATATCTGC
ATCTGCA

Patient’s mother: c.1033delA (Het)
The reverse strand sequence

Exon 14

GCAGATATTGGGGC
TTGGGGCC

Patient: c.1033delA (Het)
The reverse strand sequence

Patient’s father: Normal
The reverse strand sequence

AGCTGCCGAATCAT
T

ATGATTCGGCAGCT
A

AGCTGCCGAATCAT
T

ATGATTCGGCAGC

Exon 20

Patient: c.1033delA (Het)
The forward strand sequence

Patient: c.1567C>T (Het)
The forward strand sequence

Patient: c.1567C>T (Het)
The reverse strand sequence

Patient’s father: c.1567C>T (Het)
The forward strand sequence

Patient’s mother: Normal
The reverse rand sequence

Figure 1 Pedigree of the patient shown with genomic DNA sequences in exons 14 and 20 of the VPS33B gene in the patient and her parents. The arrow in
exon 14 identifies c.1033delA in the patient and her mother. The arrow in exon 20 identifies c.1567C>T in the patient and her father.

to result in the substitution of 6 abnormal amino acid
residues (Gly346-Ser351), followed by a stop codon.
This mutation was found heterozygous in the mother.
The mutation c.1567C>T introduced a stop codon at
codon 523 in exon 20 (Figure 1), resulting in an aberrant
protein. c.1567C>T mutation was found heterozygous
in the father. The two mutations had not been reported
previously.

companied by many other systemic symptoms, including
recurrent febrile illnesses, ichthyosis, abnormal platelets,
bleeding tendency, and anomalies of the central nervous
system[2,4-7]. Our patient presented with the 3 cardinal
features plus ichthyosis, recurrent infection and failure to
thrive. She died at the age of 6 mo.
The analysis of VPS33B indicated that our patient
was a compound heterozygote. Her mother was heterozygous for a deletion mutation (c.1033delA, p.I345LfsX8)
and her father was heterozygous for a nonsense mutation
(c.1567C>T, p.R523X). The deletion mutation in exon
14 may alter the protein structure of VPS33B due to a
reading frame shift with the formation of a stop codon
in position 352. The resulting protein may be abnormal
because it has 6 altered amino acids in addition to the
premature termination of translation at codon 352. The
nonsense mutation introduced a stop codon at codon
523 in exon 20, resulting in an aberrant protein. Over 30
different VPS33B mutations have been reported in ARC
patients[2,8], but c.1033delA and c.1567C>T mutations
were both novel.

DISCUSSION
We report the first patient with ARC syndrome in China, and the patient carried two novel mutations in the
VPS33B gene, which are the causative variations.
ARC syndrome is a rare, fatal cause of neonatal
intrahepatic cholestasis without any known treatment.
Gissen et al[1] mapped the disease to 15q26.1 and identified germline mutations in the VPS33B gene in 14 kindreds with ARC syndrome. VIPAR is another causative
gene of ARC syndrome[3]. ARC syndrome presents with
variable phenotypes in which the 3 main features are ac-
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In summary, we report a Chinese patient with ARC
syndrome carrying two novel VPS33B mutations. Because there is no treatment for this syndrome, early
recognition and genetic diagnosis are essential for the
counseling of affected families and providing them with
options, such as prenatal diagnosis in future pregnancies.
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Core tip: Proximal gastrectomy is associated with the
worst postoperative quality of life (QoL) and should
be performed cautiously. The trend toward better QoL
following the pouch procedure of total gastrectomy
requires further robust support. Whether the use of
Billroth-Ⅰ gastroduodenostomy or Roux-en-Y gastrojejunostomy is optimal for distal gastrectomy remains
controversial, but the Roux-en-Y gastrojejunostomy is
likely preferable.
Chen XZ, Zhang WH, Yang K, Hu JK. Digestive tract reconstruction pattern as a determining factor in postgastrectomy quality of
life. World J Gastroenterol 2014; 20(1): 330-332 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i1/330.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i1.330

Abstract
Postgastrectomy quality of life (QoL) is affected by various symptoms, and compared with the preoperative
baseline QoL, is typically impaired for the first 6 mo after surgery. Thereafter, improvement to a stable QoL is
observed at approximately 12 mo postoperatively. We
consider the digestive tract reconstruction pattern to
be a determining factor in postgastrectomy QoL among
gastric cancer patients, and believe it requires further
discussion. Proximal gastrectomy is associated with the
worst postoperative QoL among gastrectomy procedures and should be performed cautiously. The trend
of better QoL provided by the pouch procedure of total
gastrectomy requires further robust support. Whether
the use of Billroth-Ⅰ gastroduodenostomy or Roux-en-Y
gastrojejunostomy for distal gastrectomy is optimal remains controversial, but Roux-en-Y gastrojejunostomy
is likely to be preferable.

TO THE EDITOR
Gastric cancer is the fourth most common malignancy
worldwide, and surgery remains the only established curative treatment for this disease in the resectable stages[1,2].
With the development of standard surgery for gastric
cancer, gastrointestinal surgeons have recently not only
paid attention to how to “cure” the patients, but also have
taken an increased interest in how to “care” for patients
and improve quality of life (QoL). According to our experiences, postgastrectomy QoL is affected by various
symptoms, such as reflux, dyspepsia, and pain. Compared
with preoperative baseline QoL, postgastrectomy QoL is
generally impaired within the first 6 mo postoperatively.
However, by approximately 12 mo, QoL improves to a
stable level. Recently, Karanicolas et al[3] reported a cohort
series and concluded that most postgastrectomy symptoms were resolved within 6 mo postoperatively. According to the Oxford 2011 level of evidence for treatment

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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benefits, the study by Karanicolas et al provided level 3
evidence[4]. Similarly, other studies have also reported
that 6 mo postgastrectomy might be the turning point of
recovery in QoL (Oxford 2011 level 4 for treatment benefits)[5,6]. We consider the digestive tract reconstruction
pattern to be a prognostic indicator of postgastrectomy
QoL among gastric cancer patients, and we therefore believe that this warrants further discussion.
First, the extent of resection and the reconstruction
pattern for upper-third gastric cancer, i.e., proximal gastrectomy with esophagogastrostomy or total gastrectomy
with esophagojejunostomy, has been frequently discussed. The treatment guidelines of the Japanese Gastric
Cancer Association have defined proximal gastrectomy as
a modified surgical procedure for early (cT1) upper gastric cancer in cases in which at least half of the stomach
can be preserved[7]. This requirement must be met for the
sake of both oncologic and QoL outcomes. A meta-analysis has reported the disadvantages of proximal gastrectomy; total gastrectomy achieved a lower recurrence rate
(Peto OR = 0.53, P = 0.004), whereas proximal gastrectomy was associated with higher morbidity (OR = 0.11, P
< 0.00001) with respect to reflux esophagitis (OR = 0.04,
P < 0.00001) and anastomotic stenosis (OR = 0.14, P <
0.00001) (Oxford 2011 level 1- for treatment harms)[8].
Therefore, advanced upper-third disease is ineligible for
proximal gastrectomy.
Additionally, total gastrectomy appears to be overtreatment for early upper gastric cancer, although longterm persistent or moderate-to-severe gastroesophageal
reflux is often observed in cases of proximal gastrectomy
for these early diseases. This is challenging for gastric
cancer surgeons when considering and choosing the appropriate method of proximal gastrectomy. To improve
postgastrectomy QoL, it is possible that some modified
reconstruction procedures can be used as alternative approaches, such as interposition of the jejunum with or
without a pouch and double tract reconstruction. These
surgical approaches are designed to reduce reflux. Whether these modified reconstruction patterns should be used
in general practice is unclear. Opinions and experience
are likely to be diverse among surgeons, and indeed, there
is no robust evidence to support their use.
In cases of total gastrectomy for upper and middle
gastric cancer, reflux appears to be less common, but
the limited intake volume and abandoned duodenal passage may impair postgastrectomy QoL. The modified
reconstruction patterns concern Roux-en-Y esophagojejunostomy with a pouch, jejunal interposition with or
without a pouch, and double tract reconstruction. Several
small-sized studies have reported benefits of these modified reconstruction patterns, and a meta-analysis has also
emphasized improved QoL following the use of pouch
reconstruction methods (Oxford 2011 level 1- for treatment benefits)[9,10]. Before surgery, the possible QoL and
symptoms following each procedure should be discussed
with patients. Indeed, these outcomes should be the focus of future research.
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Second, the reconstruction pattern used in distal gastrectomy is also controversial due to the consideration of
postgastrectomy QoL. In a cohort study, only Billroth[3]
Ⅱ reconstruction was performed in distal gastrectomy .
Billroth-Ⅱ gastrojejunostomy is currently considered to
be associated with bile reflux, biliary gastritis, and even
the risk of remnant stomach cancer, which could therefore influence postgastrectomy QoL. Thus, two other
common approaches, Billroth-Ⅰ gastroduodenostomy
and Roux-en-Y gastrojejunostomy, have been preferred
by growing numbers of surgeons. The Japanese National
Cancer Center Hospital reported a shift from performing a majority of Billroth-I gastroduodenostomy procedures to Roux-en-Y gastrojejunostomy in 1997, whereas
Billroth-Ⅱ gastrojejunostomy is no longer performed[11].
A recent randomized controlled trial compared these
three reconstruction patterns and concluded that Rouxen-Y gastrojejunostomy was superior to Billroth-Ⅰ and
Billroth-Ⅱ with Braun anastomosis in terms of the frequency of bile reflux (Oxford 2011 level 2 for treatment
harms)[12]. However, both this study and another multicenter trial also suggested that the postoperative QoL
assessment was comparable between Roux-en-Y gastrojejunostomy and Billroth-Ⅰ procedures (Oxford 2011 level
2+ for treatment benefits)[12,13]. We must now consider
whether Billroth-Ⅱ gastrojejunostomy is out of date in
clinical practice.
Moreover, the QoL questionnaires (C30 and STO22)
from the European Organization for Research and Treatment (EORTC) are commonly accepted tools used to
quantitatively evaluate postgastrectomy QoL among gastric cancer patients. Compared with many similar studies,
using the minimal important difference calculation and
adjustments for several clinical confounders should be
considered as an improved methodology to facilitate the
correct interpretation of results and avoid their misunderstanding or misleading presentation[3]. However, we
believe that one confounder continues to be underestimated or ignored, namely, the laparoscopic procedure.
Laparoscopic gastric cancer surgery has gradually become more and more popular in the world, especially for
early gastric cancer[14]. A case-control study compared the
QoL of laparoscopy-assisted vs open distal gastrectomy
for cancer using EORTC questionnaires and had a mean
follow-up duration of 20.8 ± 8.9 mo. The results showed
that the laparoscopic procedure trended toward better
performance regarding reflux and body image at this
time point; moreover, it was the same in the stratum for
Billroth-Ⅱ reconstruction (Oxford 2011 level 4 for treatment benefits)[15]. Therefore, laparoscopic procedures
should be considered potential confounders and should
be better adjusted for within QoL analyses.
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United States National Library of Medicine and we encourage
all potential contributors to register with it. However, in the case
that other registers become available you will be duly notified.
A letter of recommendation from each author’s organization
should be provided with the contributed article to ensure the privacy and secrecy of research is protected.
Authors should retain one copy of the text, tables, photo
graphs and illustrations because rejected manuscripts will not be
returned to the author(s) and the editors will not be responsible
for loss or damage to photographs and illustrations sustained during mailing.

erations in the Conduct and Reporting of Research: Conflicts
of Interest” from International Committee of Medical Journal
Editors (ICMJE), which is available at: http://www.icmje.org/
ethical_4conflicts.html.
Statement of informed consent
Manuscripts should contain a statement to the effect that all human studies have been reviewed by the appropriate ethics committee or it should be stated clearly in the text that all persons
gave their informed consent prior to their inclusion in the study.
Details that might disclose the identity of the subjects under
study should be omitted. Authors should also draw attention to
the Code of Ethics of the World Medical Association (Declaration of Helsinki, 1964, as revised in 2004).
Sample wording: [Name of individual] has received fees for
serving as a speaker, a consultant and an advisory board member
for [names of organizations], and has received research funding from [names of organization]. [Name of individual] is an
employee of [name of organization]. [Name of individual] owns
stocks and shares in [name of organization]. [Name of individual] owns patent [patent identification and brief description].

Online submissions
Manuscripts should be submitted through the Online Submission System at: http://www.wjgnet.com/esps/. Authors are
highly recommended to consult the ONLINE INSTRUCTIONS TO AUTHORS (http://www.wjgnet.com/1007-9327/
g_info_20100315215714.htm) before attempting to submit online.
For assistance, authors encountering problems with the Online
Submission System may send an email describing the problem to
bpgoffice@wjgnet.com, or by telephone: +86-10-5908-0039. If
you submit your manuscript online, do not make a postal contribution. Repeated online submission for the same manuscript is
strictly prohibited.

Statement of human and animal rights
When reporting the results from experiments, authors should
follow the highest standards and the trial should conform to
Good Clinical Practice (for example, US Food and Drug Administration Good Clinical Practice in FDA-Regulated Clinical
Trials; UK Medicines Research Council Guidelines for Good
Clinical Practice in Clinical Trials) and/or the World Medical
Association Declaration of Helsinki. Generally, we suggest authors follow the lead investigator’s national standard. If doubt
exists whether the research was conducted in accordance with
the above standards, the authors must explain the rationale for
their approach and demonstrate that the institutional review
body explicitly approved the doubtful aspects of the study.
Before submitting, authors should make their study approved by the relevant research ethics committee or institutional
review board. If human participants were involved, manuscripts
must be accompanied by a statement that the experiments were
undertaken with the understanding and appropriate informed
consent of each. Any personal item or information will not be
published without explicit consents from the involved patients.
If experimental animals were used, the materials and methods
(experimental procedures) section must clearly indicate that appropriate measures were taken to minimize pain or discomfort,
and details of animal care should be provided.

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample
margins. Style should conform to our house format. Required information for each of the manuscript sections is as follows:
Title page
Title: Title should be less than 12 words.
Running title: A short running title of less than 6 words should
be provided.
Authorship: Authorship credit should be in accordance with the
standard proposed by ICMJE, based on (1) substantial contributions to conception and design, acquisition of data, or analysis and
interpretation of data; (2) drafting the article or revising it critically
for important intellectual content; and (3) final approval of the version to be published. Authors should meet conditions 1, 2, and 3.

SUBMISSION OF MANUSCRIPTS

Manuscripts should be typed in 1.5 line spacing and 12 pt. Book
Antiqua with ample margins. Number all pages consecutively,
and start each of the following sections on a new page: Title
Page, Abstract, Introduction, Materials and Methods, Results,
Discussion, Acknowledgements, References, Tables, Figures,
and Figure Legends. Neither the editors nor the publisher are
responsible for the opinions expressed by contributors. Manuscripts formally accepted for publication become the permanent
property of Baishideng Publishing Group Co., Limited, and may
not be reproduced by any means, in whole or in part, without the
written permission of both the authors and the publisher. We
reserve the right to copy-edit and put onto our website accepted
manuscripts. Authors should follow the relevant guidelines for
the care and use of laboratory animals of their institution or
national animal welfare committee. For the sake of transparency
in regard to the performance and reporting of clinical trials, we

WJG|www.wjgnet.com

Institution: Author names should be given first, then the com
plete name of institution, city, province and postcode. For ex
ample, Xu-Chen Zhang, Li-Xin Mei, Department of Pathology,
Chengde Medical College, Chengde 067000, Hebei Province,
China. One author may be represented from two institutions,
for example, George Sgourakis, Department of General, Visceral, and Transplantation Surgery, Essen 45122, Germany; George
Sgourakis, 2nd Surgical Department, Korgialenio-Benakio Red
Cross Hospital, Athens 15451, Greece.
Author contributions: The format of this section should be:
Author contributions: Wang CL and Liang L contributed equally
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu
XM designed the research; Wang CL, Zou CC, Hong F and Wu
XM performed the research; Xue JZ and Lu JR contributed new
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reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the
data; and Wang CL, Liang L and Fu JF wrote the paper.

in the main text. Provide a brief title for each figure on a separate
page. Detailed legends should not be provided under the figures.
This part should be added into the text where the figures are applicable. Keeping all elements compiled is necessary in line-art
image. Scale bars should be used rather than magnification factors, with the length of the bar defined in the legend rather than
on the bar itself. File names should identify the figure and panel.
Avoid layering type directly over shaded or textured areas. Please
use uniform legends for the same subjects. For example: Figure 1
Pathological changes in atrophic gastritis after treatment. A:...;
B:...; C:...; D:...; E:...; F:...; G: …etc. It is our principle to publish
high resolution-figures for the E-versions.

Supportive foundations: The complete name and number of
supportive foundations should be provided, e.g. Supported by
National Natural Science Foundation of China, No. 30224801
Correspondence to: Only one corresponding address should be
provided. Author names should be given first, then author title,
affiliation, the complete name of institution, city, postcode, province, country, and email. All the letters in the email should be in
lower case. A space interval should be inserted between country
name and email address. For example, Montgomery Bissell, MD,
Professor of Medicine, Chief, Liver Center, Gastroenterology
Division, University of California, Box 0538, San Francisco, CA
94143, United States. montgomery.bissell@ucsf.edu

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned
clearly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
but not duplicate the text. Use one horizontal line under the title,
a second under column heads, and a third below the Table, above
any footnotes. Vertical and italic lines should be omitted.

Telephone and fax: Telephone and fax should consist of +,
country number, district number and telephone or fax number,
e.g., Telephone: +86-10-59080039 Fax: +86-10-85381893
Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision on
acceptance is made only when at least two experts recommend
publication of an article. All peer-reviewers are acknowledged on
Express Submission and Peer-review System website.

Notes in tables and illustrations
Data that are not statistically significant should not be noted.
a
P < 0.05, bP < 0.01 should be noted (P > 0.05 should not be
noted). If there are other series of P values, cP < 0.05 and dP
< 0.01 are used. A third series of P values can be expressed as
e
P < 0.05 and fP < 0.01. Other notes in tables or under illustrations should be expressed as 1F, 2F, 3F; or sometimes as other
symbols with a superscript (Arabic numerals) in the upper left
corner. In a multi-curve illustration, each curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.

Abstract
There are unstructured abstracts (no less than 200 words) and
structured abstracts. The specific requirements for structured
abstracts are as follows:
An informative, structured abstract should accompany each
manuscript. Abstracts of original contributions should be structured into the following sections: AIM (no more than 20 words;
Only the purpose of the study should be included. Please write
the Aim in the form of “To investigate/study/…”), METHODS (no less than 140 words for Original Articles; and no less
than 80 words for Brief Articles), RESULTS (no less than 150
words for Original Articles and no less than 120 words for Brief
Articles; You should present P values where appropriate and
must provide relevant data to illustrate how they were obtained,
e.g., 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001), and CONCLUSION
(no more than 26 words).

Acknowledgments
Brief acknowledgments of persons who have made genuine
contributions to the manuscript and who endorse the data and
conclusions should be included. Authors are responsible for
obtaining written permission to use any copyrighted text and/or
illustrations.
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Coding system
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the narration, the coding number and square brackets should be
typeset normally. For example, “Crohn’s disease (CD) is associated with increased intestinal permeability[1,2]”. If references are
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Statistical data
Write as mean ± SD or mean ± SE.
Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test
as χ2 (in Greek), related coefficient as r (in italics), degree of freedom as υ (in Greek), sample number as n (in italics), and probability as P (in italics).
Units
Use SI units. For example: body mass, m (B) = 78 kg; blood
pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, blood glucose concentration, c (glucose) 6.4 ±
2.1 mmol/L; blood CEA mass concentration, p (CEA) = 8.6
24.5 mg/L; CO2 volume fraction, 50 mL/L CO2, not 5% CO2;
likewise for 40 g/L formaldehyde, not 10% formalin; and
mass fraction, 8 ng/g, etc. Arabic numerals such as 23, 243, 641
should be read 23243641.
The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/1007-9327/
g_info_20100315223018.htm.
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Abbreviations
Standard abbreviations should be defined in the abstract and
on first mention in the text. In general, terms should not be abbreviated unless they are used repeatedly and the abbreviation
is helpful to the reader. Permissible abbreviations are listed in
Units, Symbols and Abbreviations: A Guide for Biological and
Medical Editors and Authors (Ed. Baron DN, 1988) published
by The Royal Society of Medicine, London. Certain commonly
used abbreviations, such as DNA, RNA, HIV, LD50, PCR,
HBV, ECG, WBC, RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP,
EDTA, mAb, can be used directly without further explanation.
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Zhi Du, Tianjin
Hani El-Nezami, Hong Kong
Bao-Ying Fei, Hangzhou
Chang-Ming Gao, Nanjing
Jian-Ping Gong, Chongqing
Zuo-Jiong Gong, Wuhan
Jing-Shan Gong, Shenzhen
Yong-Song Guan, Chengdu
Mao-Lin Guo, Luoyang
Jun-Ming Guo, Ningbo
Yan-Mei Guo, Shanghai
Xiao-Zhong Guo, Shenyang
Guo-Hong Han, Xi’an
Ming-Liang He, Hong Kong
Peng Hou, Xi’an
Zhao-Hui Huang, Wuxi
Feng Ji, Hangzhou
Simon Law, Hong Kong
Yu-Yuan Li, Guangzhou
Meng-Sen Li, Haikou
Shu-De Li, Shanghai
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai
Kang Li, Lasa
Han Liang, Tianjin
Xing’e Liu, Hangzhou
Zheng-Wen Liu, Xi’an
Xiao-Fang Liu, Yantai

II

Bin Liu, Tianjin
Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing
Fei Liu, Shanghai
Ai-Guo Lu, Shanghai
He-Sheng Luo, Wuhan
Xiao-Peng Ma, Shanghai
Yong Meng, Shantou
Ke-Jun Nan, Xi’an
Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Bo-Rong Pan, Xi’an
Di Qu, Shanghai
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai
Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Bing Xia, Wuhan
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
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Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Nathalie Janel, Paris
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Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg
Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Joerg Haier, Muenster
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens

III

Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Maria Gazouli, Athens
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
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Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
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Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna

IV

Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
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Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Alessandro Vitale, Padova
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
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Yoichi Hiasa, Toon
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Akio Inui, Kagoshima
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki



Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait
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Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania

Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Antanas Mickevicius, Kaunas
Poland
Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
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Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow

VI

Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si

January 9, 2014

Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Dong Wan Seo, Seoul
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
Jordi Camps, Reus
Carlos Cervera Barcelona
Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada, Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara
Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid
Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona
Carlos Taxonera, Madrid
M Isabel Torres, Jaén

WJG|www.wjgnet.com

Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid
Silvia Vidal, Barcelona

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
Konstantinos Tsimogiannis, Vasteras

Switzerland
Gieri Cathomas, Liestal
Jean Louis Frossard, Geneve
Christian Toso, Geneva
Stephan Robert Vavricka, Zurich
Dominique Velin, Lausanne

Thailand
Thawatchai Akaraviputh, Bangkok
P Yoysungnoen Chintana, Pathumthani
Veerapol Kukongviriyapan, Muang
Vijittra Leardkamolkarn, Bangkok
Varut Lohsiriwat, Bangkok
Somchai Pinlaor, Khaon Kaen
D Wattanasirichaigoon, Bangkok

Trinidad and Tobago
B Shivananda Nayak, Mount Hope

Tunisia
Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

Turkey
Sami Akbulut, Diyarbakir
Inci Alican, Istanbul
Mustafa Altindis, Sakarya
Mutay Aslan, Antalya
Oktar Asoglu, Istanbul
Yasemin Hatice Balaban, Istanbul
Metin Basaranoglu, Ankara
Yusuf Bayraktar, Ankara

VII

Süleyman Bayram, Adiyaman
Ahmet Bilici, Istanbul
Ahmet Sedat Boyacioglu, Ankara
Züleyha Akkan Cetinkaya, Kocaeli
Cavit Col, Bolu
Yasar Colak, Istanbul
Cagatay Erden Daphan, Kirikkale
Mehmet Demir, Hatay
Ahmet Merih Dobrucali, Istanbul
Gülsüm Ozlem Elpek, Antalya
Ayse Basak Engin, Ankara
Eren Ersoy, Ankara
Osman Ersoy, Ankara
Yusuf Ziya Erzin, Istanbul
Mukaddes Esrefoglu, Istanbul
Levent Filik, Ankara
Ozgur Harmanci, Ankara
Koray Hekimoglu, Ankara
Abdurrahman Kadayifci, Gaziantep
Cem Kalayci, Istanbul
Selin Kapan, Istanbul
Huseyin Kayadibi, Adana
Sabahattin Kaymakoglu, Istanbul
Metin Kement, Istanbul
Mevlut Kurt, Bolu
Resat Ozaras, Istanbul
Elvan Ozbek, Adapazari
Cengiz Ozcan, Mersin
Hasan Ozen, Ankara
Halil Ozguc, Bursa
Mehmet Ozturk, Izmir
Orhan V Ozkan, Sakarya
Semra Paydas, Adana
Ozlem Durmaz Suoglu, Istanbul
Ilker Tasci, Ankara
Müge Tecder-ünal, Ankara
Mesut Tez, Ankara
Serdar Topaloglu, Trabzon
Murat Toruner, Ankara
Gokhan Tumgor, Adana
Oguz Uskudar, Adana
Mehmet Yalniz, Elazig
Mehmet Yaman, Elazig
Veli Yazisiz, Antalya
Yusuf Yilmaz, Istanbul
Ozlem Yilmaz, Izmir
Oya Yucel, Istanbul
Ilhami Yuksel, Ankara

United Kingdom
Nadeem Ahmad Afzal, Southampton
Navneet K Ahluwalia, Stockport
Yeng S Ang, Lancashire
Ramesh P Arasaradnam, Coventry
John Beynon, Swansea
Barbara Braden, Oxford
Simon Bramhall, Birmingham
Geoffrey Burnstock, London
Ian Chau, Sutton
Thean Soon Chew, London
Helen G Coleman, Belfast
Anil Dhawan, London
Sunil Dolwani, Cardiff
Piers Gatenby, London
Anil T George, London
Pasquale Giordano, London
Paul Henderson, Edinburgh
Georgina Louise Hold, Aberdeen
Stefan Hubscher, Birmingham

January 9, 2014

Robin D Hughes, London
Matt W Johnson, Luton
Konrad Koss, Macclesfield
Anastasios Koulaouzidis, Edinburgh
Simon Lal, Salford
John S Leeds, Aberdeen
Michael Newton Marsh, Oxford
Michael Joseph McGarvey, London
Michael Anthony Mendall, London
Alexander H Mirnezami, Southampton
J Bernadette Moore, Guildford
Claudio Nicoletti, Norwich
Savvas Papagrigoriadis, London
David Mark Pritchard, Liverpool
James A Ross, Edinburgh
Kamran Rostami, Worcester
Xiong Z Ruan, London
Dina Tiniakos, Newcastle upon Tyne
Frank I Tovey, London
Dhiraj Tripathi, Birmingham
Vamsi R Velchuru, Great Yarmouth
Nicholas T Ventham, Edinburgh
Diego Vergani, London
Jack Westwood Winter, Glasgow
Terence Wong, London
Ling Yang, Oxford

United States
Daniel E Abbott, Cincinnati
Ghassan K Abou-Alfa, New York
Julian Abrams, New York
David William Adelson, Los Angeles
Jonathan Steven Alexander, Shreveport
Tauseef Ali, Oklahoma City
Mohamed R Ali, Sacramento
Rajagopal N Aravalli, Minneapolis
Hassan Ashktorab, Washington
Shashi Bala, Worcester
Charles F Barish, Raleigh
P Patrick Basu, New York
Robert L Bell, Berkeley Heights
David Bentrem, Chicago
Joshua Bleier, Philadelphia
Wojciech Blonski, Johnson City
Kenneth Boorom, Corvallis
Brian Boulay, Chicago
Carla W Brady, Durham
Kyle E Brown, Iowa City
Adeel AButt, Pittsburgh
Weibiao Cao, Providence
Andrea Castillo, Cheney
Fernando J Castro, Weston
Adam S Cheifetz, Boston
Adam S Cheifetz, Boston
Xiaoxin Luke Chen, Durham
Ramsey Cheung, Palo Alto
Parimal Chowdhury, Little Rock
Edward John Ciaccio, New York
Dahn L Clemens, Omaha
Yingzi Cong, Galveston
Laura Iris Cosen-Binker, Boston
Joseph John Cullen, Lowa
Mark J Czaja, Bronx
Mariana D Dabeva, Bronx
Christopher James Damman, Seattle
Isabelle G De Plaen, Chicago
Abhishek Deshpande, Cleveland

WJG|www.wjgnet.com

Punita Dhawan, Nashville
Hui Dong, La Jolla
Wael El-Rifai, Nashville
Sukru H Emre, New Haven
Paul Feuerstadt, Hamden
Josef E Fischer, Boston
Laurie N Fishman, Boston
Temitope Foster, Atlanta
AmyEFoxx-Orenstein, Scottsdale
Daniel E Freedberg, New York
Shai Friedland, Palo Alto
Virgilio George, Indianapolis
Oliver Grundmann, Gainesville
Stefano Guandalini, Chicago
Chakshu Gupta, St. Joseph
Grigoriy E Gurvits, New York
Xiaonan Han, Cincinnati
Mohamed Hassan, Jackson
Martin Hauer-Jensen, Little Rock
Yingli Hee, Atlanta
Samuel B Ho, San Diego
Jason Ken Hou, Houston
Lifang Hou, Chicago
K-Qin Hu, Orange
Jamal A Ibdah, Columbia
Robert Thomas Jensen, Bethesda
Huanguang “Charlie” Jia, Gainesville
Rome Jutabha, Los Angeles
Andreas M Kaiser, Los Angeles
Avinash Kambadakone, Boston
David Edward Kaplan, Philadelphia
Randeep Kashyap, Rochester
Rashmi Kaul, Tulsa
Ali Keshavarzian, Chicago
Amir Maqbul Khan, Marshall
Nabeel Hasan Khan, New Orleans
Sahil Khanna, Rochester
Kusum K Kharbanda, Omaha
Hyun Sik Kim, Pittsburgh
Joseph Kim, Duarte
Jae S Kim, Gainesville
Miran Kim, Providence
Timothy R Koch, Washington
Burton I Korelitz, New York
Betsy Kren, Minneapolis
Shiu-Ming Kuo, Buffalo
Michelle Lai, Boston
Andreas Larentzakis, Boston
Edward Wolfgang Lee, Los Angeles
Daniel A Leffler, Boston
Michael Leitman, New York
Suthat Liangpunsakul, Indianapolis
Joseph K Lim, New Haven
Elaine Y Lin, Bronx
Henry C Lin, Albuquerque
Rohit Loomba, La Jolla
James David Luketich, Pittsburgh
Mohammad F Madhoun, Oklahoma City
Thomas C Mahl, Buffalo
Ashish Malhotra, Bettendorf
Pranoti Mandrekar, Worcester
John Marks, Wynnewood
Wendy M Mars, Pittsburgh
Julien Vahe Matricon, San Antonio
Craig J McClain, Louisville
George K Michalopoulos, Pittsburgh
Tamir Miloh, Phoenix
Ayse Leyla Mindikoglu, Baltimore
Huanbiao Mo, Denton
Klaus Monkemuller, Birmingham

VIII

John Morton, Stanford
Adnan Muhammad, Tampa
Michael J Nowicki, Jackson
Patrick I Okolo, Baltimore
Giusepp Orlando, Winston Salem
Natalia A Osna, Omaha
Virendra N Pandey, Newark
Mansour A Parsi, Cleveland
Michael F Picco, Jacksonville
Daniel S Pratt, Boston
Xiaofa Qin, Newark
Janardan K Reddy, Chicago
Victor E Reyes, Galveston
Jon Marc Rhoads, Houston
Giulia Roda, New York
Jean-Francois Armand Rossignol, Tampa
Paul A Rufo, Boston
Madhusudana Girija Sanal, New York
Miguel Saps, Chicago
Sushil Sarna, Galveston
Ann O Scheimann, Baltimore
Bernd Schnabl, La Jolla
Matthew J Schuchert, Pittsburgh
Ekihiro Seki, La Jolla
Chanjuan Shi, Nashville
David Quan Shih, Los Angeles
William B Silverman, Iowa City
Shashideep Singhal, New York
Bronislaw L Slomiany, Newark
Steven F Solga, Bethlehem
Byoung-Joon Song, Bethesda
Dario Sorrentino, Roanoke
Scott R Steele, Fort Lewis
Branko Stefanovic, Tallahassee
Arun Swaminath, New York
Kazuaki Takabe, Richmond
Naoki Tanaka, Bethesda
Hans Ludger Tillmann, Durham
George Triadafilopoulos, Stanford
John Richardson Thompson, Nashville
Andrew Ukleja, Weston
Miranda AL van Tilburg, Chapel Hill
Gilberto Vaughan, Atlanta
Vijayakumar Velu, Atlanta
Gebhard Wagener, New York
Kasper Saonun Wang, Los Angeles
Xiangbing Wang, New Brunswick
Daoyan Wei, Houston
Theodore H Welling, Ann Arbor
C Mel Wilcox, Birmingham
Jacqueline Lee Wolf, Boston
Harry Hua-Xiang Xia, East Hanover
Wen Xie, Pittsburgh
Guang Yu Yang, Chicago
Michele T Yip-Schneider, Indianapolis
Kezhong Zhang, Detroit
Huiping Zhou, Richmond
Xiao-Jian Zhou, Cambridge
Richard Zubarik, Burlington

Venezuela
Miguel Angel Chiurillo, Barquisimeto

Vietnam
Van Bang Nguyen, Hanoi

January 9, 2014

S

Contents
TOPIC HIGHLIGHT

Weekly Volume 20 Number 2 January 14, 2014
333

Epigenetics in hepatocellular carcinoma: An update and future therapy
perspectives
Ma L, Chua MS, Andrisani O, So S

346

Complementary and alternative medicines in irritable bowel syndrome: An
integrative view
Grundmann O, Yoon SL

363

Diagnostic utility of faecal biomarkers in patients with irritable bowel
syndrome
Däbritz J, Musci J, Foell D

376

Molecular basis of the irritable bowel syndrome
Vaiopoulou A, Karamanolis G, Psaltopoulou T, Karatzias G, Gazouli M

384

Is irritable bowel syndrome an organic disorder?
El-Salhy M, Gundersen D, Gilja OH, Hatlebakk JG, Hausken T

401

Then and now: The progress in hepatitis B treatment over the past 20 years
Halegoua-De Marzio D, Hann HW

414

Outcomes and management of viral hepatitis and human immunodeficiency
virus co-infection in liver transplantation
Congly SE, Doucette KE, Coffin CS

425

Core promoter: A critical region where the hepatitis B virus makes decisions
Quarleri J

436

Is hepatitis B-virucidal validation of biocides possible with the use of
surrogates?
Sauerbrei A

445

Non-invasive diagnosis of hepatitis B virus-related cirrhosis
Lee S, Kim DY

460

Hepatitis B virus mutations related to liver disease progression of Korean
patients
Kim BJ

WJG|www.wjgnet.com



January 14, 2014|Volume 20|Issue 2|

World Journal of Gastroenterology

Contents

Volume 20 Number 2 January 14, 2014
468

Evolution of hepatitis B management in kidney transplantation
Yap DYH, Chan TM

REVIEW

475

Limitations of liver biopsy and non-invasive diagnostic tests for the diagnosis
of nonalcoholic fatty liver disease/nonalcoholic steatohepatitis
Sumida Y, Nakajima A, Itoh Y

MINIREVIEWS

486

Molecular targeting agents associated with transarterial chemoembolization
or radiofrequency ablation in hepatocarcinoma treatment
Ranieri G, Marech I, Lorusso V, Goffredo V, Paradiso A, Ribatti D, Gadaleta CD

ORIGINAL ARTICLE

498

Deletion of Gpr128 results in weight loss and increased intestinal contraction
frequency
Ni YY, Chen Y, Lu SY, Sun BY, Wang F, Wu XL, Dang SY, Zhang GH, Zhang HX, Kuang Y,
Fei J, Gu MM, Rong WF, Wang ZG

BRIEF ARTICLE

509

Long-term follow-up of ulcerative colitis patients treated on the basis of their
cytomegalovirus antigen status
Inokuchi T, Kato J, Hiraoka S, Suzuki H, Nakarai A, Hirakawa T, Akita M, Takahashi S,
Harada K, Okada H, Yamamoto K

518

Effectiveness of contrast-enhanced harmonic endoscopic ultrasound for the
evaluation of solid pancreatic masses
Park JS, Kim HK, Bang BW, Kim SG, Jeong S, Lee DH

525

Comparative analysis of radiofrequency ablation and resection for resectable
colorectal liver metastases
Ko S, Jo H, Yun S, Park E, Kim S, Seo HI

532

Incidence trends and predictors for cost and average lengths of stay in
colorectal cancer surgery
Perng DS, Lu IC, Shi HY, Lin CW, Liu KW, Su YF, Lee KT

539

Hyperamylasemia is associated with increased intestinal permeability in
patients undergoing diagnostic oral double-balloon enteroscopy
Feng N, Dai J, Lu H, Li XB, Gao YJ, Ge ZZ

546

Consecutive laparoscopic gallbladder and spleen resections in cirrhotic
patients
Wang MJ, Li JL, Zhou J, Wu Z, Peng B

WJG|www.wjgnet.com

II

January 14, 2014|Volume 20|Issue 2|

World Journal of Gastroenterology

Contents

Volume 20 Number 2 January 14, 2014
555

Total splenic artery embolization for splenic artery aneurysms in patients with
normal spleen
Li ES, Mu JX, Ji SM, Li XM, Xu LB, Chai TC, Liu JX

META-ANALYSIS

561

Xiangshaliujunzi Decoction for the treatment of diabetic gastroparesis: A
systematic review
Tian JX, Li M, Liao JQ, Liu WK, Tong XL

569

Effects of pentoxifylline on nonalcoholic fatty liver disease: A meta-analysis
Du J, Ma YY, Yu CH, Li YM

578

Fast-track program vs traditional care in surgery for gastric cancer
Chen ZX, Liu AHJ, Cen Y

584

Chemotherapy for patients with gastric cancer after complete resection:
A network meta-analysis
Zhang YW, Zhang YL, Pan H, Wei FX, Zhang YC, Shao Y, Han W, Liu HP, Wang ZY,
Yang SH

CASE REPORT

593

An extremely rare case of pancreatic metastasis of esophageal squamous cell
carcinoma
Okamoto H, Hara Y, Chin M, Hagiwara M, Onodera Y, Horii S, Shirahata Y, Kamei T,
Hashizume E, Ohuchi N

598

Intestinal anisakiasis treated successfully with conservative therapy:
Importance of clinical diagnosis
Shrestha S, Kisino A, Watanabe M, Itsukaichi H, Hamasuna K, Ohno G, Tsugu A

603

A completely isolated intestinal duplication cyst mimicking ovarian cyst
torsion in an adult
Park JY, Her KH, Kim BS, Maeng YH

607

ERCP for patients who have undergone Billroth Ⅱ gastroenterostomy and
Braun anastomosis
Wu WG, Gu J, Zhang WJ, Zhao MN, Zhuang M, Tao YJ, Liu YB, Wang XF

LETTERS TO THE EDITOR 611

Fecal calprotectin in coeliac disease
Capone P, Rispo A, Imperatore N, Caporaso N, Tortora R

WJG|www.wjgnet.com

III

January 14, 2014|Volume 20|Issue 2|

World Journal of Gastroenterology

Contents
APPENDIX

Volume 20 Number 2 January 14, 2014
I-VI

Instructions to authors

ABOUT COVER

Editorial Board Member of World Journal of Gastroenterology , Maria Gazouli,
PhD, Assistant Professor, Basic Medical Science, School of Medicine, National
and Kapodistrian University of Athens, 11527 Athens, Greece

AIMS AND SCOPE

World Journal of Gastroenterology (World J Gastroenterol, WJG, print ISSN 1007-9327, online
ISSN 2219-2840, DOI: 10.3748) is a peer-reviewed open access journal. WJG was established on October 1, 1995. It is published weekly on the 7th, 14th, 21st, and 28th each month.
The WJG Editorial Board consists of 1321 experts in gastroenterology and hepatology
from 67 countries.
The primary task of WJG is to rapidly publish high-quality original articles, reviews,
and commentaries in the fields of gastroenterology, hepatology, gastrointestinal endoscopy, gastrointestinal surgery, hepatobiliary surgery, gastrointestinal oncology, gastrointestinal radiation oncology, gastrointestinal imaging, gastrointestinal interventional therapy, gastrointestinal infectious diseases, gastrointestinal pharmacology, gastrointestinal
pathophysiology, gastrointestinal pathology, evidence-based medicine in gastroenterology, pancreatology, gastrointestinal laboratory medicine, gastrointestinal molecular biology, gastrointestinal immunology, gastrointestinal microbiology, gastrointestinal genetics,
gastrointestinal translational medicine, gastrointestinal diagnostics, and gastrointestinal
therapeutics. WJG is dedicated to become an influential and prestigious journal in gastroenterology and hepatology, to promote the development of above disciplines, and to
improve the diagnostic and therapeutic skill and expertise of clinicians.

INDEXING/ABSTRACTING

World Journal of Gastroenterology is now indexed in Current Contents®/Clinical Medicine, Science
Citation Index Expanded (also known as SciSearch®), Journal Citation Reports®, Index Medicus, MEDLINE, PubMed, PubMed Central, Digital Object Identifier, and Directory of Open
Access Journals. ISI, Journal Citation Reports®, Gastroenterology and Hepatology, 2012 Impact
Factor: 2.547 (34/74); Total Cites: 19145 (6/74); Current Articles: 944 (1/74); and Eigenfactor®
Score: 0.06035 (6/74).

FLYLEAF

I-VIII Editorial Board

EDITORS FOR
THIS ISSUE

Responsible Assistant Editor: Xin-Xin Che
Responsible Electronic Editor: Dan-Ni Zhang
Proofing Editor-in-Chief: Lian-Sheng Ma

NAME OF JOURNAL
World Journal of Gastroenterology
ISSN
ISSN 1007-9327 (print)
ISSN 2219-2840 (online)
LAUNCH DATE
October 1, 1995
FREQUENCY
Weekly
EDITORS-IN-CHIEF
Damian Garcia-Olmo, MD, PhD, Doctor, Professor, Surgeon, Department of Surgery, Universidad
Autonoma de Madrid; Department of General Surgery, Fundacion Jimenez Diaz University Hospital,
Madrid 28040, Spain
Saleh A Naser, PhD, Professor, Burnett School of
Biomedical Sciences, College of Medicine, University
of Central Florida, Orlando, FL 32816, United States
Stephen C Strom, PhD, Professor, Department of
Laboratory Medicine, Division of Pathology, Karo-

WJG|www.wjgnet.com

Responsible Science Editor: Huan-Huan Zhai
Proofing Editorial Office Director: Xiu-Xia Song

linska Institutet, Stockholm 141-86, Sweden

http://www.wjgnet.com

Andrzej S Tarnawski, MD, PhD, DSc (Med), Professor of Medicine, Chief Gastroenterology, VA
Long Beach Health Care System, University of California, Irvine, CA, 5901 E. Seventh Str., Long Beach,
CA 90822, United States

PUBLICATION DATE
January 14, 2014

EDITORIAL OFFICE
Jin-Lei Wang, Director
Xiu-Xia Song, Vice Director
World Journal of Gastroenterology
Room 903, Building D, Ocean International Center,
No. 62 Dongsihuan Zhonglu, Chaoyang District,
Beijing 100025, China
Telephone: +86-10-59080039
Fax: +86-10-85381893
E-mail: bpgoffice@wjgnet.com
http://www.wjgnet.com
PUBLISHER
Baishideng Publishing Group Co., Limited
Flat C, 23/F., Lucky Plaza,
315-321 Lockhart Road, Wan Chai, Hong Kong, China
Fax: +852-65557188
Telephone: +852-31779906
E-mail: bpgoffice@wjgnet.com

IV

COPYRIGHT
© 2014 Baishideng Publishing Group Co., Limited.
Articles published by this Open-Access journal are
distributed under the terms of the Creative Commons
Attribution Non-commercial License, which permits
use, distribution, and reproduction in any medium,
provided the original work is properly cited, the use is
non commercial and is otherwise in compliance with
the license.
SPECIAL STATEMENT
All articles published in this journal represent the
viewpoints of the authors except where indicated
otherwise.
INSTRUCTIONS TO AUTHORS
Full instructions are available online at http://www.
wjgnet.com/1007-9327/g_info_20100315215714.htm
ONLINE SUBMISSION
http://www.wjgnet.com/esps/

January 14, 2014|Volume 20|Issue 2|

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748/wjg.v20.i2.333

World J Gastroenterol 2014 January 14; 20(2): 333-345
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

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

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (1): Hepatocellular carcinoma

Epigenetics in hepatocellular carcinoma: An update and
future therapy perspectives
Li Ma, Mei-Sze Chua, Ourania Andrisani, Samuel So
Key words: Hepatocellular carcinoma; Epigenetics; DNA
methylation; Histone modification; miRNA; lncRNA

Li Ma, Mei-Sze Chua, Samuel So, Asian Liver Center and
Department of Surgery, Stanford University School of Medicine,
Stanford University, Stanford, CA 94305, United States
Li Ma, Ourania Andrisani, Department of Basic Medical Science and Center for Cancer Research, Purdue University, West
Lafayette, IN 47907, United States
Author contributions: Ma L performed the literature search,
wrote the first draft of the manuscript and approved the final
version; Chua MS, Andrisani O and So S edited the final draft
of the manuscript and approved the final version.
Correspondence to: Dr. Mei-Sze Chua, PhD, Asian Liver
Center and Department of Surgery, Stanford University School of
Medicine, Stanford University, 1201 Welch Rd, MSLS Building,
Stanford, CA 94305, United States. mchua@stanford.edu
Telephone: +1-650-7243525 Fax: +1-650-7230006
Received: April 29, 2013
Revised: January 1, 2014
Accepted: January 5, 2014
Published online: January 14, 2014

Core tip: Hepatocellular carcinoma (HCC) is a global
health concern; molecularly targeted therapeutics remains limited to sorafenib. New targets and drugs
are urgently needed to broaden the limited treatment
options for HCC. Many lines of evidence suggest that
epigenetics is associated with the initiation and development of HCC. Here, we review the current state of
knowledge on epigenetic deregulation in HCC, and potential therapies that can be exploited for interventions.
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Abstract
Hepatocellular carcinoma (HCC), the predominant form
of adult liver malignancies, is a global health concern.
Its dismal prognosis has prompted recent significant
advances in the understanding of its etiology and pathogenesis. The deregulation of epigenetic mechanisms,
which maintain heritable gene expression changes and
chromatin organization, is implicated in the development
of multiple cancers, including HCC. This review summarizes the current knowledge of epigenetic mechanisms
in the pathogenesis of HCC, with an emphasis on HCC
mediated by chronic hepatitis B virus infection. This
review also discusses the encouraging outcomes and
lessons learnt from epigenetic therapies for hematological and other solid cancers, and highlights the future
potential of similar therapies in the treatment of HCC.

INTRODUCTION
Liver cancer is a global health concern. It is the fifth most
frequently diagnosed cancer and second most frequent
cause of cancer death in men worldwide. Liver cancer
is endemic particularly in East Asia and Southeast Asia,
where more than half of total cases globally are diagnosed.
In addition, Middle Africa, West Africa and South Africa
are among the top five regions affected[1]. In the United
States, the incidence rate of hepatocellular carcinoma
(HCC) (the most common histological subtype of liver
cancer) has tripled in the past decade, with the rise being
related to increased hepatitis C virus (HCV) infection[2,3].
Risk factors for HCC are well characterized, including
chronic hepatitis B virus (HBV) infection, HCV infection,
excessive alcohol consumption, diabetes, non-alcoholic
fatty liver disease, and dietary exposure to aflatoxin[4].

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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and found that the top five hypermethylated genes were
DAB2IP, BMP4, ZFP41, SPDY1 and CDKN2A, whereas
the top five hypomethylated genes were CCL20, ATK3,
SCGB1D1, WFDC6 and PAX4.
Functional consequences of methylation-mediated silencing of tumor suppressor genes (TSGs) were addressed
by recent studies by Nishida et al[13] and Revill et al [14]. Using
combined genome-wide methylation profiling and “epigenetic unmasking” approaches in primary HCC and gene
re-expression in cell lines, Revill et al[14] narrowed down 13
relevant candidate TSGs to SMPD3 and NEFH. Overexpression of SMPD3 and NEFH led to repression of cell
proliferation, with NEFH causing a lesser effect. Nishida
et al[13] identified a panel of eight TSGs that are highly
predictive of progression from chronic HCV infection to
HCC. However, the biological functions of these TSGs
may vary depending on the cellular context, and their
roles in HCC remain to be validated in HCC arising from
other risk factors. DNA methylation is therefore a significant mechanism in the silencing of these TSGs.
The above studies provide strong evidence that aberrant gene methylation is closely associated with disease
stage and clinical outcome in HCC, and suggest that
methylation profiling (in particular, using patient plasma)
may be a feasible approach for early diagnosis and prognosis of HCC. However, specific gene methylation signatures remain to be validated.

EPIGENETICS AND HCC
Epigenetics is defined as heritable states of gene expression without altering DNA sequences. Epigenetic mechanisms encompass genomic DNA modifications (methylation of DNA cytosine bases), chemical modifications of
histone tails, and non-coding miRNA regulation. During
cell division, these epigenetic modifications are passed
down faithfully to daughter cells to maintain “cellular
memory”[5]. DNA methyltransferases (DNMTs) catalyze
the addition of methyl groups (CH3) to the 5’ cytosine
nucleotides. Mechanistically, DNA methylation leads to
transcriptional gene silencing in two ways. First, methylation at CpG sites sterically hinders accessibility of transcription factors to their cognate binding sites on respective gene promoters[6]. The second mechanism involves
direct binding of methyl CpG binding domain (MBD)containing proteins to the methylated DNA, causing transcription repression[7]. Gene silencing mediated by DNA
methylation is observed in many cancer types. Cancers
often present with features of global hypomethylation; by
contrast, promoters of tumor suppressor genes, in particular, are hypermethylated[8]. Several lines of evidence
suggest that changes in the epigenome are associated
with liver cancer initiation and progression[9].

DNA METHYLATION CHANGES IN HCC
Thus far, three independent genome-wide methylation
profiling studies demonstrated that HCC tumors display
differential DNA methylome patterns compared to the
respective adjacent normal liver tissues[10-12]. HernandezVargas et al[10] used a bead array to analyze 1505 CpG sites
in 30 patients with either HBV- or HCV-associated HCC,
and observed that HCC tumors exhibit specific DNA
methylation signatures that are correlated with major risk
factors and tumor progression stage, implying potential
clinical applications in early diagnosis and prognosis.
Specifically, a panel of hypermethylated gene promoters (APC, RASSFIA, CDKN2A and FZD7) were able
to discriminate HCC tumors from paired surrounding
non-tumor liver tissues. Another set of hypermethylated
genes (e.g., NAT2, CSPG2 and DCC) were exclusively
associated with HBV-related HCC[10]. In particular, promoter methylation of DNMT1 was found to significantly
correlate with poor tumor differentiation. By using the
latest Illumina Methylation450 BeadChip, which allowed
measurement of DNA methylation levels at 485577
loci across 99% of RefSeq genes (including 96% of
the known CpG islands), Song et al[11] measured DNA
methylation levels in HCC tissues or adjacent normal
liver tissues from 27 HCC patients, and found significant
enrichment of promoter CpG island DNA methylation
loci in the signaling networks of cellular development,
gene expression, cell death, and cancer. The genes BMP4,
CDKN2A, GSTP1, and NFATC1 were among the top
of the gene list. Shen et al[12] carried out a genome-wide
methylation study using plasma DNA from a cohort
consisting predominantly of HBV+ (79%) HCC patients,
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HISTONE MODIFICATIONS IN HCC
Within the chromosome, DNA is packaged into chromatin where the DNA coils around an octamer of histones. One hundred and forty-five base pairs of DNA
are wrapped around the histone octamer, comprising
H2A, H2B, H3 and H4, forming the repeating unit of
chromatin, the nucleosome[15]. Histone tails protruding
out of the nucleosome are targets of post-translational
modifications, including acetylation and methylation of
lysine (K) and arginine (R) residues, phosphorylation of
serine (S) and threonine (T) residues, and ubiquitination
of lysine residues[16]. These modifications can turn transcription of genes on or off, and are therefore key players in establishing the gene expression patterns of cells
by adjusting the tightness of DNA bound to histones,
thereby affecting accessibility of transcription factors[17].
Histone acetylation is controlled by two families of
enzymes: histone acetyltransferases (HATs) that “write”
the acetyl mark. Acetylation counteracts the positive
charge of histones, thereby loosening the tight interaction between histones and DNA. Conversely, histone
deacetylases (HDACs) “erase” the acetyl group, resulting in tight coiling of DNA around the histones, leading to the transcriptionally inactive or closed chromatin
state[18]. In contrast, histone methylation is associated
with either transcriptionally active or closed chromatin,
depending on which histone or which lysine residue is
modified. For example, histone 3 lysine 27 trimethylation (H3K27me3) is associated with transcriptional repression, whereas trimethylation of lysine 4 of histone
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3 is indicative of gene activation[19,20].
Evaluation of histone methylation status in HCC remains limited to correlative studies with clinicopathlogical features of HCC, using semi-quantitative methods
of protein detection such as immunohistochemistry or
Western blotting. High levels of trimethylated histone
H3 lysine 4 (H3K4me3) were correlated with reduced
overall survival and poor prognosis in HCC[21]. Another
study showed that high levels of H3K27me3 predicted
worse prognosis, and were additionally closely correlated
with aggressive tumor features, including vascular invasion, large tumor size, multiplicity of tumors, and poor
differentiation[22]. Further studies using more precise
detection methods, such as ChIP-sequencing, will be required to analyze these specific DNA-protein modifications in order to fully understand their roles in HCC.

knockdown of EZH2 profoundly inhibited proliferation
of Dlk+ hepatic progenitor cells, promoting their differentiation into hepatocytes[34]. Additionally, Wang et al[35]
reported that c-Myc together with EZH2 silences the
tumor suppressive miRNA-101, which in turn targets
the PRC2 complex in a double negative feedback loop
fashion to account for the overexpression of EZH2 in
HCC. Similarly, overexpression of EZH2 resulting from
aberrant genomic loss of miR-101 was also reported in
prostate cancer[36]. Taken together, these findings show
the combined regulatory effects of chromatin-modifying
activities and miRNA expression in promoting HCC
progression, and provide evidence for an essential role
of EZH2 in hepatic progenitor cell homeostasis.
In another study, the role of the viral HBx encoded
by HBV was studied for its contribution to hepatocyte
transformation. HBx is weakly oncogenic, and essential
in the HBV life cycle[37,38]. HBx activates mitogenic pathways and increases polyploid cells (> 4 N), which causes
genetic instability[39]. Moreover, HBx activates mitotic
polo-like kinase (PLK) 1[40], which likely downregulates
the PRC2 component Suz12 via phosphorylation. Elevated PLK1 and reduced protein levels of Znf198 and
Suz12 are also observed in human HCC cell lines, as well
as in liver tumors from X/c-myc bi-transgenic mice and
woodchucks infected with the woodchuck hepatitis virus[41]. Importantly, loss of Suz12 results in de-repression
of a subset of PRC2 target genes, specifically those with
elevated expression in hepatic cancer stem cells, including EpCAM, BAMBI, DKK2, and DLK1[41,42]. These
findings suggest that chronic HBV infection may give
rise to a small population of cells with hepatic cancer
stem cell properties, which ultimately could contribute to
the proliferation and progression of HCC.
To summarize, PRC2 subunits SUZ12 and EZH2
have distinct roles during HCC pathogenesis. Overexpression of EZH2 is consistently found in advanced
HCC. This elevated expression was associated with late
stage features such as invasion and metastasis. In contrast, in the setting of chronic HBV infection, the HBx
protein modulates SUZ12 protein levels, thereby maintaining the “stemness” of a subpopulation of hepatocyte
stem/progenitor cells. Depending on how the risk factors interact with the host DNA and epigenetic players,
each specific epigenetic modifier component may play a
distinct role at different HCC stages.

EPIGENETIC CHROMATIN MODIFIERS IN
HCC
Polycomb-group proteins are chromatin-modifying complexes mediating heritable gene silencing. Polycomb repressive complexes (PRCs) function in the maintenance
of cell lineage commitment and stem cell pluripotency.
The PRC1 complex comprises the core protein BMI,
and RING1A and RING1B, which work as ubiquitin ligases for H2AK119. The other associated protein
CBX7 binds to H3K27 via its chromodomain[23]. The
polycomb repressive complex 2 (PRC2) complex consists of SUZ12, EZH1/2, EED1, and RbAp48. EZH2
is a methyltransferase that mediates gene silencing by
trimethylating H3K27[24]. During embryonic stem cell
development, the Suz–/– and Ezh2–/– cells exhibit distinct
defects during gastrulation. Loss of Suz12 destabilizes
Ezh2, causing a global loss of H3K27me3[25].
Elevated expression of EZH2 has been reported in
breast[26,27] and prostate[28] cancers. EZH2 mRNA transcript[29] and protein[30,31] levels were consistently elevated
in HCC in comparison to non-tumor liver tissues. Specifically, clinicopathological analysis of paired resected
tumor and non-tumor tissues showed that high levels
of EZH2 were strongly associated with aggressive and
metastatic features (including portal vein invasion and
lack of tumor encapsulation)[29], and with poor prognosis[30], although no significant differences were observed
in either disease free survival[29] or cumulative survival
rate between high and low EZH2 expression groups[31].
Detailed mechanistic studies have further elucidated
the biological roles of EZH2 in HCC pathogenesis,
which support the above clinical correlations. For example, EZH2 was shown to silence WNT antagonists, thereby activating Wnt/β-catenin signaling to promote cancer
progression [32]. In contrast, knockdown of EZH2 in
liver cancer cell lines reduces the repressive H3K27me3
marker, leading to re-expression of a distinct subpopulation of tumor suppressor miRNAs (miR-139-5p, miR125b, miR-101, let-7c, and miR-200b), which control
motility and adhesion [33]. Another study showed that
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MICRORNAS IN HCC
MicroRNAs (miRNAs) are non-coding small RNA (ncRNA)
molecules that are 20-23 nucleotides in length. They play
important regulatory roles in plants and animals by targeting mRNAs for cleavage or translational repression.
More than 1000 miRNAs have been identified to date.
Through their roles in post-transcriptional gene regulation, miRNAs regulate diverse cellular functions including proliferation, differentiation, apoptosis, cell fate,
and plasticity[43]. Pri-miRNAs are transcribed by RNA
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polymerase Ⅱ either from their own gene or are located
in introns of protein-coding genes. The pri-miRNA is
then cleaved in the nucleus to form an approximately
60-70 nt stem loop intermediate, known as the miRNA
precursor, or the pre-miRNA, which is further exported
from the nucleus to the cytoplasm by Ran-GTP and the
export receptor exportin-5. In the cytoplasm, further
processing by Dicer, another RNase Ⅲ endonuclease,
generates the 5’ phosphate and approximately 2 nt 3’
overhang characteristic of an RNase Ⅲ and produces an
siRNA-like imperfect duplex that comprises the mature
miRNA. One strand of the duplex is incorporated into
the RNA-induced silencing complex, forming a complementary complex with the 3’-untranslated region of the
target mRNA, and resulting in mRNA degradation or
inhibition of mRNA translation, and hence gene expression silencing[44].
It has been increasingly recognized that aberrant
miRNA expression profiles are linked to liver cancer
development and progression[45]. MiRNAs play a role in
virus-host interaction, and provide an anti-viral defense
mechanism, such as against the HCV and the primate
foamy virus type 1 [46,47]. In a miRNA library screen,
miR-141 was shown to repress HBV expression and
replication in HepG2 cells, via direct suppression of the
nuclear receptor peroxisome proliferator-activated receptor (PPAR)-α. PPAR-α regulates HBV gene expression
through interactions with HBV promoter regulatory
elements[48]. Another miRNA of interest is miR-122, the
most abundant miRNA expressed in the liver, making up
as much as 72% of total liver miRNAs[49]. Interestingly,
miR-122 exerts opposite functions in HBV and HCV
replication[50,51]. It can bind directly to a region of the
HBV pre-genomic RNA and negatively regulates HBV
replication. An inverse correlation was observed between
miR-122 and HBV genome copies in peripheral blood
mononuclear cells obtained from HBV+ samples[50]. On
the other hand, miR-122 is essential for the stability,
propagation and replication of HCV RNA[51]. Indeed, an
antisense oligonucleotide (Miravirsen) with locked nucleic acid (LNA)-modified DNA that sequesters mature
miR-122 has shown high efficacy in reducing HCV RNA
levels in human clinical trials[52]. However, miR-122 is frequently downregulated in HCC[53,54], suggesting its tumor
suppressor role[55]; therefore, attempts to restore miR-122
expression may inhibit HCC, or theoretically promote
HCV replication and HCC, and have to be carefully considered depending on the viral status of HCC patients.
In contrast to miR-122, miR-1 over-expression increases HBV replication via induction of the hepatic nuclear receptor farnesoid X receptor, which then enhances
transcription of the HBV core protein. This is accompanied by cell cycle arrest in G1 phase and differentiation of
hepatocytes, thereby providing a favorable environment
for HBV replication[56]. Furthermore, in cultured liver
cancer cells, the HBx protein represses p53-mediated expression of miRNA-148a, which in turn down-regulates
the hematopoietic pre-B cell leukemia transcription
factor-interacting protein (HPIP). In HBV-mediated
WJG|www.wjgnet.com

HCC, expression of miR-148a is reduced, whereas that
of HPIP is elevated. These observations support that
down-regulation of miR-148a has a role in liver cancer
pathogenesis[57]. Other miRNAs with reported roles in
HCC are listed in Table 1, and are discussed in other
comprehensive reviews[58,59].

MIRNAS AS TUMOR SUPPRESSORS IN
HCC
Profiling of differentially expressed miRNAs and their
targets at different disease stages also suggests that miRNAs are associated with disease pathogenesis. In HBVassociated HCC, using TaqMan low-density miRNA arrays, Wang et al[60] found that miR-138 and miR-199a-5p
expression was deregulated. In several studies, miR-138
levels were down-regulated in HCC tissues. MiR-138
exerts tumor suppressor function by directly targeting
cyclin D3 and resulting in cell cycle arrest. It was also
demonstrated that the use of a miR-138 mimic significantly reduced xenograft tumor growth in nude mice[61].
Differential expression levels of miR-199a-5p were also
reported in HCC tissues and cell lines[62,63]. In particular,
miR-199a-5p inhibits cell invasion by targeting discoidin
domain receptor 1, a tyrosine kinase involved in signaling pathways that mediate cell invasion[62].
In a cohort of HCC patients characterized with a
background of HBV infection (approximately 90%),
miR-26a and miR-26b expression in non-liver tissues was
higher in women than in men, suggesting that they have
a protective role[64]. Moreover, miR-26a and miR-26b
expression was down-regulated in tumors compared to
paired non-tumor tissues. Patients with low miR-26 expression were associated with shorter survival, but were
more likely to respond to interferon α therapy, making it
an ideal candidate for predicting therapy response[64]. Additional miRNAs with a role in HCC are described below. Another miRNA that is suppressed in human liver
cancer is miR-125b, which possesses tumor-suppressive
functions such as arresting cell cycle progression, and inhibiting migration and invasion by directly targeting the
oncogene LIN28B2[65]. MiR-140-5p expression is also
decreased in HCC as well as six HCC cell lines. MiR-1405p suppresses tumor growth and metastasis by targeting TGFBR1 and FGF9[66]. Genome-wide miRNA and
mRNA profiling during mouse liver development implicates miR-302b and miR-20a in repressing transforming
growth factor-β signaling[67]. MiR-122, in addition to its
anti-HBV role, also functions as a tumor suppressor.
Mice lacking the gene encoding miR-122a are viable but
develop temporally controlled steatohepatitis, fibrosis,
and HCC[68]. Restoration of miR-122 in a hepatic cell
line reverses its migration and invasion properties[69].

MIRNAS AND LIVER CANCER-INITIATING
CELLS
The hypothesis of liver cancer stem cells (LCSCs) is sup336
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Table 1 MicroRNAs in hepatocellular carcinoma and their characteristics
Role
Viral replication

Tumor supressor

miRNA

Characteristics

Ref.

miR-141
miR-122
miR-122
miR-1
miR-138
miR-26a and miR-26b
miR-125b

Represses HBV expression and replication
Inhibits HBV replication
HCV RNA stabilization, propagation and replication
Increases HBV replication
Down-regulated in HCC tissues. miR-138 can directly target cyclin D3
Down-regulated in tumors compared to paired non-tumor tissues
Arrests cell cycle progression, and inhibits migration and invasion by directly targeting the
oncogene LIN28B2
Suppresses tumor growth and metastasis by targeting TGFBR1 and FGF9
Mice lacking the gene encoding miR-122a are viable but develop temporally controlled
steatohepatitis, fibrosis, and HCC
Maintains the stemness of liver cancer stem cells, target liver differentiation transcription
factors CDX2 and GATA6
Overexpression led to reduction of CD133+ cells
Ectopic overexpression inhibited proliferation, migration, and invasion of CD90+ HepG2 cells
by down-regulating the expressions of β-catenin, Bcl-2, Tg737, Bcl-XL, and caspase 3

[48]
[50]
[51]
[56]
[61]
[64]
[65]

miR-140-5p
miR-122a
Target tumor initiating cells

miR-181
miR-150
miR-548c-5p

[66]
[68]
[78]
[80]
[81]

HBV: Hepatitis B virus; HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma; miRNAs: MicroRNAs.

ported by the identification of subpopulations of cancer
cells with antigenic markers, which contribute to cancer
origin and chemoresistance[70,71]. To date, the three main
LCSC markers are epithelial cell adhesion molecule
(EpCAM)[72,73], CD133[74,75] and CD90[76,77]. Cells bearing
these markers demonstrate cancer stem cell properties
including: (1) ability to form tumorspheres in anchorageindependent assays; (2) ability to initiate tumor growth in
vitro and in vivo; and (3) ability to self-renew. MiR-181 is
highly expressed in EpCAM-positive HCC cells isolated
from α-fetoprotein-positive tumors, and is important in
maintaining the stemness of LCSCs by directly targeting
hepatic differentiation transcription factors CDX2 and
GATA6[78]. MiR-181 levels are transcriptionally induced
by the Wnt/beta-catenin signaling pathway[79]. In addition, over-expression of miR-150 leads to significant
reduction of CD133+ cells, as well as inhibition of cell
proliferation and tumorsphere formation[80]. MiR-548c5p, miR-198, miR-375, and miR-874 levels are decreased,
whereas miR-155, miR-198, and miR-1289 levels are increased in CD90+ in comparison to CD90– HepG2 cells.
Transfection with exogenous miR-548c-5p inhibited
proliferation, migration, and invasion of CD90+ HepG2
cells by down-regulating the expressions of β-catenin,
Bcl-2, Tg737, Bcl-XL, and caspase 3[81].

have like transcription co-activators/repressors by directly binding with various interaction partners; for example,
lncRNA TERRA can directly bind to human telomerase
and inhibit telomerase activity[85]. Alternatively, they act
as decoys competing for miRNAs to modulate the expression of target genes[86].
LncRNA HULC (highly up-regulated in liver cancer)
was the first lncRNA with highly specific up-regulation
detected in the blood of HCC patients[87]. Du et al[88] further revealed that HBx could regulate the promoter of
HULC to promote hepatoma cell proliferation via downregulating the tumor suppressor p18. HBx was also found
to downregulate an lncRNA termed lncRNA-Dreh, which
can inhibit HCC growth and metastasis in vitro and in vivo,
and acts as a tumor suppressor in the development of
HBV-HCC[89]. The downregulation of lncRNA-Dreh additionally correlated with poor survival of HCC patients.
LncRNA MALAT-1 (metastasis-associated lung adenocarcinoma transcript 1) was initially reported to be
closely associated with non-small cell lung cancer (NSCLC)
metastasis[90,91]. Likewise, lncRNA MALAT-1[92] and lncRNA HOTAIR (HOX antisense intergenic RNA)[93] have
been shown to be upregulated in large cohorts of HCC
patients. In particular, lncRNA HOTAIR was implicated
as a prognostic biomarker for tumor recurrence after liver
transplantation. Both studies demonstrated that siRNAmediated reduction of lncRNA MALAT-1 and lncRNA
HOTAIR suppressed cell viability and cell invasion, sensitized tumor necrosis factor (TNF)-α induced apoptosis,
and increased the chemotherapeutic sensitivity of cancer
cells to cisplatin and doxorubicin[93]. LncRNA MVIH (microvascular invasion in HCC) is elevated in HCC, and as
its name suggests, was associated with microvascular invasion in HCC[94]. Another lncRNA overexpressed in HCC,
lncRNA HEIH (high expression in HCC), was found
to be significantly associated with recurrence and is an
independent prognostic factor for survival[95]. Additionally, lncRNA-HEIH was found to physically interact with

LONG NON-CODING RNAS IN HCC
Long non-coding RNAs (lncRNA) are transcripts longer
than 200 nt, constituting a subpopulation of ncRNAs.
They exert molecular regulatory functions via diverse
modes of mechanisms[82]. Accumulating evidence indicates that lncRNAs are implicated in many cellular
functions and play a role in carcinogenesis of multiple
cancer types[83]. It has been shown that 20% of lncRNAs
are associated with PRC2, through which they recruit
and guide chromatin modifying complexes to specific
genomic regions to regulate gene expression[84]. They be-
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HBx

LncRNA MALAT-1
LncRNA-HOTAIR
LncRNA-HEIH

PLK1

PRC2
Complex
SUZ12

EED
EZH1/2

EpCAM, BAMBI, DKK2, and DLK1

Wnt antagonists

miR-101
miR-139-5p
miR-125b
Let-7c
miR-200b

NKD1 , PRICKLE1 , SFRP5 etc .

Wnt/β-catenin signaling activation

Cancer stem cells

Cell motility and adhesion

Cell proliferation

Figure 1 Epigenetic regulatory networks in hepatocellular carcinoma. The diagram depicts the composition of polycomb repressive complex 2 (PRC2), which
consists of core components EZH1/2, EED, and SUZ12. The PRC2 complex intersects multiple layers of epigenetic regulators to maintain cancer stem cell features,
cell proliferation, cell motility and adhesion. The red arrows indicate upregulation of genes, and the green arrows indicate downregulation of genes. LncRNA: Long
non-coding RNAs.

jecting drugs directly into the liver[98]. However, these approaches are limited by shortage of organ donors, small
percentage of patients suitable for surgical removal, high
post-operative recurrence rate, and underlying complications such as cirrhosis, HBV and HCV infections[99].
To date, only a number of molecularly-based therapeutics are available in the clinical management of
HCC. In 2007, sorafenib (Nexavar) was approved by the
United States Food and Drug Administration (FDA) for
treatment of advanced primary HCC. This multi-tyrosine kinase inhibitor works by interfering with vascular
endothelial growth factor signaling pathways in tumor
angiogenesis. Clinical trials showed modest prolonged
median survival and time to progression of 3 mo[100].
Similarly, in a cohort of patients from the Asia-Pacific
region, the median overall survival increased from 4.2
to 6.5 mo[101]. Ongoing clinical trials are underway to
test the efficacy of sorafenib in combination with other
drugs[102]. Studies are also in progress for other drugs targeting the epidermal growth factor receptor, hepatocyte
growth factor/c-Met, platelet-derived growth factor receptor, and mammalian target of rapamycin, all involved
in molecular pathways of growth[103]. These drugs all
show variable outcomes in the treatment of HCC.

EZH2 - an interaction which is fundamental for repressing target genes such as p16 (lncRNA-HEIH can enhance
the binding of EZH2 and H3K27me3 levels across the
p16 promoters)[95].
Given the key regulatory functions of lncRNAs in
cancers including HCC, and the evidence of dysregulated
lncRNA expression in HCC, the targeting of lncRNAs
offers a novel exciting opportunity to treat HCC. In
principle, targeting of lncRNA can be achieved using the
following approaches: (1) siRNA-mediated silencing; (2)
functional block using small molecules or oligonucleotide
inhibitors to prevent interactions of lncRNAs with proteins such as PRC2; and (3) structure disruption using
small molecules or oligonucleotide inhibitors to change
or mimic their secondary structure to compete for their
binding partners. Since targeting lcnRNAs is still in its
infancy, no investigational agents are currently available[96].
The complex epigenetic regulatory networks in HCC are
summarized in Figure 1.

CHALLENGES IN HCC MANAGEMENT
HCC is a heterogeneous disease whose management
requires a multidisciplinary approach. One of the major
clinical challenges is the inability to detect HCC at its
early stages; patients are often diagnosed at advanced
stages, which limits therapeutic options and leads to
poor prognosis and unfavorable outcome[97]. Current
treatment strategies for HCC include: (1) surgical removal of the tumor and liver transplantation; (2) minimal
invasive surgery with application of radiofrequency ablation or cryoablation; and (3) chemoembolization by inWJG|www.wjgnet.com

EPIGENETIC DRUGS FOR TREATING
HEMATOLOGICAL CANCERS
In contrast to conventional or molecularly-targeted therapies for inhibiting dysregulated genes or signaling pathways, epigenetic drugs provide an alternative approach
by reversing the methylation status and histone modi338
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Table 2 List of drugs targeting epigenetic modifications in hepatocellular carcinoma
Epigenetic modification

DNA methylation

Histone acetylation

Combination

Targets

Drug(s)

DNA methyltransferase

Zebularine

Cell line/Animal
model/Clinical
trial phase

Results

Huh7 and KMCH
Zebularine-sensitive cell lines (Huh7 and
cell lines
KMCH) showed preferential demethylation of
Human xenograft genes for tumor suppression, apoptosis, and cell
models
cycle regulation
In vivo inhibition of tumor growth in xenograft
model
DNA methyltransferases
Zebularine
HepG2 cell line Zebularine treatment inhibited cell proliferation
and induced apoptosis in HepG2 cell line
DNA methyltransferases 5-aza-2’-deoxycytidine
MMC-7721 and
Inhibited telomerase activity, accompanied by
HepG2 cell lines reactivation of p16 and c-Myc. DAC synergized
with cisplatin on growth inhibition
Histone deacetylase
Belinostat
PLC/PRF/5,
Inhibited cell growth and induced apoptosis
Hep3B and HepG2
cell lines
Histone deacetylase
Belinostat
Multi-center
Stabilized tumor in non-resectable advanced
HCC
phase Ⅰ/Ⅱ clinical
trial
Histone deacetylase
Suberoylanilide
HepG2, Hep3B and
Tumor necrosis factor-related
hydroxamic acid
SK- Hep1 cell lines apoptosis-inducing ligand-induced apoptosis
Histone deacetylase
Panobinostat + sorafinib Huh7, Hep3B and
Induction of apoptosis
+ tyrosine kinase-inhibitors
HepG2 cell lines
Combined panobinostat and sorafenib
HCC xenograft
decreased vessel density, tumor volume and
model
increased survival in HCC xenografts

Ref.

[110]

[109]
[111]

[112]

[115]

[114]
[124]

HCC: Hepatocellular carcinoma.

fications of aberrantly expressed genes[104]. There are
currently four FDA-approved epigenetic drugs, including two DNMT inhibitors, 5-azacytidine and decitabine,
and two HDAC inhibitors, vorinostat and valporic acid.
These drugs have been successful in treating hematological cancers, specifically myelodysplastic syndrome, a
blood cancer characterized by inability to generate blood
cells in the bone marrow[105]. Interestingly, low doses of
5-azacytidine and decitabine show anti-tumor effects on
cultured and primary leukemia cells[106,107], as well as primary cells isolated from luminal-type breast cancer[106].
More importantly, they can reduce the number of CD34+
stem cells in leukemia, and mammosphere-forming breast
cancer cells. Importantly, CD34+ cells are the origin and
cause of tumor recurrence and chemoresistance[108].

Treatment with zebularine was also shown to inhibit cell
proliferation and to induce apoptosis of the HepG2 cell
line. However, the DNA methylation levels of tumor
suppressor genes p53 and p21 were not affected by zebularine treatment, while the anti-apoptotic protein BCL-2
is down-regulated, indicating that a DNA-methylationindependent pathway exists for increased p53 and p21
protein levels[109]. Additional cell-based studies show that
5-aza-2’-deoxycytidine exerts anti-tumor effects by inhibiting telomerase activity, accompanied by reactivation
of p16 and c-Myc expression[111].

HDAC INHIBITORS FOR TREATMENT OF
HCC
The use of HDAC inhibitors in HCC has been investigated in preclinical and clinical studies. In preclinical
studies, belinostat inhibited cell growth in a HCC cell
line [112], while suberoylanilide hydroxamic acid sensitized HCC cells to acetylation of p53 [113] and TNFrelated apoptosis-inducing ligand (TRAIL)-induced
apoptosis[114]. In a multi-center phase Ⅰ/Ⅱ clinical trial,
belinostat was found to stabilize unresectable advanced
HCC[115]. Another important aspect of this clinical trial is
the identification of HR23B as a potential biomarker for
predicting the response to belinostat[115]. The combination of suberoylanilide hydroxamic and dihydroartemisinin significantly halted the growth of liver cancer tumor
xenografts[116]. Of note, treatment with HDAC inhibitors
was observed to induce cell death while simultaneously
activating tumor-progression genes[117]. These observa-

DNA METHYLATION INHIBITORS FOR
TREATING HCC
Studies using cell lines[109] and pre-clinical mouse models[110] reveal promising results that may open up new
avenues for the intervention and management of HCC.
Drugs targeting epigenetic changes in HCC are summarized in Table 2. Andersen et al[110] showed that treatment with the DNMT inhibitor zebularine can prevent
and effectively inhibit tumor growth in xenograft mouse
models that are sensitive to this drug. Zebularineresistant cell lines, however, showed up-regulation of
oncogenic activities that instead promote liver cancer
growth. These findings suggest that this drug may only
benefit a specific sub-population of HCC patients.
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tions indicate that a more in-depth understanding of epigenetic mechanisms is needed to obtain further insights
into the in vivo determinants of responses to epigenetic
drugs.
A recent addition to the family of epigenetic drugs
is GSK-1, the first chemical inhibitor synthesized for
targeting histone demethylases JMJD3/UTX (KDM6A/
KDM6B) in a selective and potent manner[118]. These
histone demethylases (JMJD3/UTX) catalyze removal of
the trimethylation marker of H3K27. JMJD3 is induced
via nuclear factor-κB exclusively in macrophages upon
lipopolysaccharide (LPS) stimulation, providing an important link between inflammation and epigenetic reprogramming[119]. This small molecule specifically inhibits
the LPS-induced pro-inflammatory response by sustaining the repressive effect of H3K27 on the TNF-α gene,
as well as by inhibiting recruitment of RNA polymerase
Ⅱ during transcription, thereby reducing TNF-α expression[118]. Chronic inflammation due to chronic HBV and
HCV infection, or obesity, gives rise to liver injury that
slowly progresses to HCC, with elevated levels of proinflammatory cytokines TNF-α and interleukin (IL)-6 in
HCC[120,121]. By suppressing TNF-α expression, GSK-1
may serve as a potential candidate drug for HCC.

up-regulation of CDH1. This observation implies that
such combination treatment may also achieve favorable
clinical outcome for HCC patients.
Besides reversing aberrant epigenetic modifications
in diseased conditions, epigenetic drugs can also induce
host immunogenicity by increasing tumor antigen presentation. Systemic administration of the DNMT inhibitor 5-aza-2’-deoxycytidine induces the cancer/testis antigen (CTA) and augments adoptive immunotherapy by
making cancer cells more visible to immunotherapy[125].
Under the inflammatory microenvironment of melanoma, melanocytes exhibit cell plasticity by converting
between differentiated and undifferentiated status caused
by TNF-α. Gradually, cells acquire resistance to adoptive
cell transfer therapy[126]. The immunomodulatory activity of 5-aza-2’-deoxycytidine in vivo suggests its clinical
use to design novel strategies of CTA-based chemoimmunotherapy for melanoma patients[127]. Such a concept may also be extended to the treatment of HCC, especially since HCC routinely occurs on a background of
inflammation resulting from chronic HBV or HCV infection, where increased levels of IL-6[128] and TNF-α[121]
are readily detected.

CONCLUSION

MIRNA-BASED TREATMENT OF HCC

Like other types of cancers, HCC is associated with multiple genetic mutations and epigenetic aberrations. Whereas
gene mutations are not easily amenable for therapy, epigenetic aberrations that appear frequently in HCC may serve
as new targets[129]. To date, global DNA hypomethylation,
promoter methylation, aberrant expression of miRNAs,
and dysregulated expression of other epigenetic regulatory genes such as EZH2 are the best-known epigenetic
abnormalities in HCC. Epigenetic drugs targeting these
abnormalities may reverse the expression of dysregulated
genes that are important in apoptosis and cell cycle arrest, thereby controlling the development and/or progression of HCC. Concerns of using epigenetic drugs
are their off-target effects, which may activate genes having the opposite effects. Detailed mechanisms of action
should be further investigated in multiple cancer types.
Future research should aim at understanding how best to
identify patient groups that would benefit most from the
prescribed therapy, depending on the clinical setting, for
example, disease stage, disease background, which drugs
will give the best outcome, and when they should be administered. Useful biomarker(s) should provide guidance
in identifying patients who may have optimal responses
and reduced likelihood of relapse. Last but not least,
most epigenetic drugs are used mainly in advanced tumors. Whether these drugs can be used as a preventative
measure or in high risk patients who may benefit from
future therapy remains to be explored.

MiRNAs with tumor suppressor roles in HCC, such as
miR-26a, are feasible anti-cancer agents. Specifically, reduced expression levels of miR-26a have been reported
in human HCCs[64], whereas systemic restoration of miR26a expression by an adeno-associated virus suppresses
cancer cell proliferation in a liver-specific Myc transgenic
mouse model[122]. MiR-26a exerts these effects by directly
targeting and down-regulating cyclins D2 and E2, consequently inducing cell cycle arrest. Importantly, as reported in that study, the cytotoxic effect of this miRNA
is minimal in major organs. In another mouse model, in
which liver cancer was induced by administration of the
chemical hepatocarcinogen diethylnitrosamine, restoration of miR-124 by systemic injection significantly reduced liver tumor size[123]. Likewise, no cytotoxic effects
on vital organs were detected.

COMBINATION OF EPIGENETIC
DRUGS WITH EXISTING THERAPEUTIC
MODALITIES IN HCC
Aberrant expression of several HDACs and copy number gains of HDAC3 and HDAC5 were detected in
HCC patients[124], providing the rationale for treating
HCC with HDAC inhibitors. In preclinical models of
HCC, the combination of the pan-HDAC inhibitor
panobinostat and sorafenib significantly decreased tumor growth and improved survival in murine xenograft
models, compared to either drug used alone. Detailed
molecular mechanisms include induction of apoptosis,
acetylation of histone 3, down-regulation of BIRC5, or
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Core tip: Irritable bowel syndrome is a prevalent gastrointestinal disorder that interferes with daily living in
5%-20% of the population. The current review summarizes the most widely used complementary and alternative medicine (CAM) approaches that have proven
to be effective and have been endorsed by professional
organizations. The review encourages the use of both
pharmacotherapy and CAM approaches in an integrative setting to provide the best outcome and quality of
life to patients.

Abstract
Irritable bowel syndrome (IBS) is a common gastrointestinal disorder with a high incidence in the general
population. The diagnosis of IBS is mainly based on
exclusion of other intestinal conditions through the absence of inflammatory markers and specific antigens.
The current pharmacological treatment approaches
available focus on reducing symptom severity while
often limiting quality of life because of significant side
effects. This has led to an effectiveness gap for IBS
patients that seek further relief to increase their quality
of life. Complementary and alternative medicines (CAM)
have been associated with a higher degree of symptom
management and quality of life in IBS patients. Over
the past decade, a number of important clinical trials
have shown that specific herbal therapies (peppermint
oil and Iberogast®), hypnotherapy, cognitive behavior
therapy, acupuncture, and yoga present with improved
treatment outcomes in IBS patients. We propose an
integrative approach to treating the diverse symptoms
of IBS by combining the benefits of and need for pharmacotherapy with known CAM therapies to provide IBS
patients with the best treatment outcome achievable.
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INTRODUCTION
Irritable bowel syndrome (IBS) is among the most common gastrointestinal disorders with a prevalence ranging
from 5%-20% in the general population worldwide[1,2].
IBS is more commonly diagnosed in women than in
men and in people younger than 50 years[1,3,4]. The high
prevalence of diagnosis also results in a significant so-
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cioeconomic burden through decreased work productivity, increased direct and indirect healthcare costs, and depending on the severity - a reduction in quality of life
for IBS patients and their caregivers[5-8]. The estimated
indirect and direct healthcare costs related to IBS in the
United States have been steadily increasing and amount
to $1.35 billion dollar as of 2003[9]. The worldwide health
costs associated with IBS are estimated to exceed $200
billion United States dollars[10]. The International Classification of Diseases (ICD) of the World Health Organization in its latest revision, ICD-10, classifies IBS as a functional digestive disorder with the ICD-10 classification
58.9 with sub-classifications as irritable colon or spastic
colon[11]. This classification does not distinguish between
the Rome-Ⅲ criteria and the consensus of many professional medical organizations that have divided IBS into
four different subgroups based on the primary symptom
presentation as constipation-predominant IBS (IBS-C),
diarrhea-predominant IBS (IBS-D), mixed or alternating IBS, and unspecified IBS[2,12]. The diagnosis of IBS is
mainly dependent on the absence of pathophysiological
and morphological indicators and therefore remains an
exclusion diagnosis concentrated on symptom presentation[13]. There have been indications in recent research
studies that IBS may be the result of a low-grade inflammatory process within the lower intestinal tract but
definitive and validated biochemical markers have not
emerged as of yet[14-17]. There also remains a gap in our
understanding of the underlying pathophysiology and
what causes IBS. A few hypotheses have linked genetic
predisposition, post-infectious small bowel bacterial
overgrowth, and certain diets with a higher incidence for
developing IBS[18-20]. However, a unified understanding
of the pathophysiology that may result in a feasible and
causal treatment approach has not emerged. In defense
of this deficit, similar knowledge gaps exist for a wide
range of conditions for which symptomatic treatment to
date provides the only therapeutic approach.
Because current pharmacological treatment approaches for IBS are solely based on symptom reduction,
many patients remain undertreated and dissatisfied with
their quality of life. In addition, many pharmacological
treatment approaches are associated with side effects
that result in a smaller benefit to the patient in terms of
treatment outcomes[18,19]. The treatment also depends on
the specific subtype of IBS. While IBS-C patients mainly
suffer from abdominal pain because of slow bowel
movement and less frequent bowel release, patients with
IBS-D suffer from a social stigma due to the frequent
bowel release that requires a bathroom in close proximity as well as bloating and increased flatulence[8,19,21,22].
Comorbidities between IBS with depressive and anxiety
disorders have been well defined although it remains
unknown which of these is the cause and the effect[23-26].
A common treatment for all subtypes of IBS are antidepressants which may indicate that certain depressive
and anxiety disorders play a role in the pathophysiology
of IBS[25,27-29]. Another emerging field of research is the
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investigation of the gut-brain axis also referred to as the
enteric nervous system (ENS). It has been established
that interconnected sensing of afferent and efferent
neurons in the ENS influences gut motility based mainly
on serotonergic and cholinergic nerve innervations[30,31].
The 2 major serotonin receptors present in the intestinal
tract, 5-HT3 and 5-HT4, and a serotonin reuptake transporter are either differently expressed or even present
with mutations in certain IBS populations[27,28,32-34]. This
correlates well with the current pharmacological treatment approaches of using 5-HT3 receptor antagonists
and 5-HT4 receptor agonists in IBS patients to reduce
both visceral pain perception and regulate gastrointestinal motility[35-37]. Considering that the neurotransmitter
and hormone serotonin is involved in both intestinal
motility and mood regulation may serve as an indicator
that changes in the ENS neurotransmission are involved
in the comorbidity between IBS with depressive and
anxiety disorders.
As mentioned, current pharmacological treatment
approaches provide limited symptomatic relief to IBS
patients. This has resulted in a significant increase in
self-medication and the use of complementary and
alternative medicines (CAM) by patients and even
healthcare providers to bridge the gap and increase
quality of life[38-42]. This review will summarize the current knowledge of CAM alone and in conjunction with
pharmacological treatments as an integrative approach
to manage patients with IBS and improve their quality
of life. Although the review is not comprehensive in
addressing all aspects of CAM and integrative medical approaches to treating IBS, it is intended to provide
practitioners with the most commonly used and most
widely recommended CAM approaches that have shown
repeated success in clinical trials over the past decades. It
is important to point out that pharmacological treatment
should not be abandoned by patients and their providers in lieu of CAM approaches but rather an integrative
approach considered that provides both maximum relief
of symptoms and increased quality of life.

LITERATURE SEARCH
This article reviews current research regarding the most
commonly used CAM therapies for IBS in the United
States, which are single or combination herbal products,
acupuncture, yoga, hypnotherapy, and cognitive behavioral
therapy. The literature search covered the period from
January 1996 to June 2013 using Medline and PubMed
with the search terms “irritable bowel syndrome” in combination with “yoga”, “hypnotherapy”, “cognitive behavioral therapy”, “CBT”, “CAM”, “acupuncture”, “herbal
therapy”, and “integrative medicine”. Out of 714 total
articles retrieved, 243 were excluded because they were reviews or protocols, 215 were not in English, and 102 were
duplicates or did not relate to IBS. A total of 154 articles
were selected for inclusion in this review (Figure 1).
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ments can be considered integrative in nature since many
IBS patients will remain on a specialized diet even after
initiating pharmacotherapy if their symptoms are moderate to severe[40,51,52]. Patients with moderate IBS symptoms
often require a first line treatment to reduce symptoms
and may also benefit from CAM therapy, especially cognitive behavior therapy (CBT) or hypnotherapy[53-57]. A number of publications indicate that the patient-practitioner
relationship can have a significant influence on treatment
outcomes[58,59]. Practitioners should try to communicate
clearly with patients about the diagnostic process, the
potential treatment options, setting realistic goals for outcomes and improvement, and providing an atmosphere
that is caring and supportive.
The most commonly used pharmacological interventions for symptomatic relief of moderate to severe IBS
constitute prokinetics and antispasmodics for IBS-C
patients and opioid agonists, anticholinergics, and 5-HT3
antagonists for relieving IBS-D symptoms[19,20]. Prokinetics are not specific to IBS and increase gastrointestinal
motility in general by acting via dopamine and 5-HT3 receptors as antagonists or 5-HT4 receptors as agonists[60,61].
Tegaserod is to date the only Food and Drug Administration approved prokinetic drug specific for the treatment
of IBS-C but has been significantly limited in its use due
to an increased cardiovascular risk[62,63]. Lubiprostone, a
5-HT4 agonist, has been recently approved to treat IBS-C
in women through activation of chlorine channels leading to increased water secretion into the lumen which
decreased transit time and associated visceral pain in patients[61]. The common use of 5-HT3 receptor antagonists
such as ondansetron and granisetron to reduce visceral
pain perception in IBS-D patients has shown some benefits but is also limited by side effects. The best risk-tobenefit ratio has been shown for the 5-HT3 antagonist
alosetron to date[36,64,65].
The common use of antispasmodics in both IBS-C
and IBS-D patients serves to reduce abdominal pain
and cramping but requires close monitoring especially in
IBS-C patients because of further slowing of GI motility[66-68]. All of the currently available antispasmodics are
not specific to IBS and act as anticholinergics which are
associated with a number of side effects including hyposalivation and cardiovascular events[20,69].
The use of opioid agonists to reduce GI motility in
IBS-D patients is another off-label use that can help to
improve quality of life and reduce pain perception. The
most commonly used opioid agonists are diphenoxylate
and loperamide although there is a risk for dependence
development which needs to be monitored[70,71].
Low-grade inflammation has been observed in some
IBS patients, especially those with post-infectious IBS
and small intestinal bacterial overgrowth (SIBO) which
has led to the use of antibiotics and glucocorticoids[72-74].
An important consideration in the treatment of lowgrade inflammatory processes is the choice of agents
since the anti-inflammatory effects should remain localized and not influence the systemic immune system.

Database search from 1996-2013 retrieved
n = 714
Exclusion of review and protocol articles
n = 243
Exclusion of foreign language articles
n = 215
Exclusion of duplicates and unrelated articles
n = 102
Total articles included in review
n = 154

Figure 1 Flow chart illustrating the selection criteria for inclusion of articles.

PHARMACOLOGICAL TREATMENT
APPROACHES
The current approach to treating IBS is symptomatic and
consists of a regimen of first line pharmacological treatment options often coupled with lifestyle adjustments
followed by potential off-label use of a number of other
medications that are not specifically indicated for IBS if
symptom management is insufficient[2,20,43]. The current
leading guidelines have been developed by the Task Force
on Irritable Bowel Syndrome of the American College of
Gastroenterology (ACG) and the British Society of Gastroenterology[2,12]. Both associations recognize that symptomatic treatment of IBS is associated with a significant
placebo effect which has been confirmed in a number of
studies as well as in a now well-known unblinded study
where patients were told that they were receiving placebo
and still showed significant improvements in symptoms[44]. These findings support the hypothesis of an
underlying connection between the brain and the gut and
the potential interplay of emotions and mood disorders
affecting the severity of IBS symptoms.
Considering the increased incidence of comorbid
depressive and anxiety disorders in patients with IBS, the
use of antidepressants, mainly tricyclic (TCA) and selective serotonin reuptake inhibitor (SSRI) antidepressants,
have shown improvements in IBS symptoms and there
seems to be an indication that such medication may also
provide symptom relief in IBS patients without comorbid psychiatric disorders[45-48]. The effectiveness of low
dose TCA and SSRI antidepressants as well as benzodiazepines is yet another indication that the enteric nervous
system is influenced by mood and that this in turn affects
the innervation by serotonergic and cholinergic neurons
in the gastrointestinal (GI) tract[49,50].
The initial step in treating IBS is to consider supportive treatments that may help to alleviate mild gastrointestinal symptoms by increasing fiber and probiotics
consumption, regular exercise regimens, and eliminating
certain food items that may be linked to an allergic reaction (often lactose intolerance). These supportive treat-
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So far, the salicylate derivative mesalazine which is also
used to treat Crohn’s disease with a known inflammatory
component has shown an increase in quality of life and
symptom reduction in IBS-D patients[75]. Glucocorticoids
may provide benefits in IBS although this has only been
shown in animal models to date and is based on the
observation that patients on oral glucocorticoids show
a lower incidence of IBS [76,77]. Rifaximin remains the
only antibiotic that has been tested in IBS patients and
has shown a moderate improvement in GI symptoms
and quality of life whereas other antiinfectives such as
nystatin and tetracyclines did present with unacceptable
systemic side effects and a low responder rate[78-81].
A number of new targets and accompanying drugs
are being developed and tested which may provide additional benefits in the treatment of IBS[19,82]. The coming
years will show if they are effective and associated with
less side effects compared to the currently available pharmacological options.
Aside from the pharmacological treatments which are
often limited by significant side effects, up to 50% of patients are self-medicating using herbals and dietary supplements or other CAM approaches to improve their quality
of life and reduce IBS symptoms[38,83,84]. Further increases
in the use of CAM are a result of underdiagnosed or misdiagnosed IBS since the differential diagnosis of IBS can
be complicated and delayed[40,85,86]. This review addresses
the current state of CAM use in IBS and how both CAM
and conventional therapeutic treatment can be used in
synergy as an integrative approach to treating IBS and
providing patients with the best possible quality of life.

ical trials, are dietary changes, use of probiotics, exercise,
single herbal extracts, herbal combination products, hypnotherapy, acupuncture, and relaxation techniques. All of
these approaches are discussed in more detail.
Diet and lifestyle modifications
Diet modifications are not generally considered CAM
and usually are the first step in reducing IBS symptom
severity even before pharmacotherapy is initiated (Table
1). However, exclusion diets can often be supplemented
with CAM to reduce specific symptoms such as bloating
and distension[2,89]. Exclusion diets may benefit patients
with a known allergy and those in post-infectious IBS or
SIBO[40,51,52] and consists of removing wheat, dairy products, eggs, coffee and caffeinated beverages, yeast, potatoes, and citrus fruits[52]. Despite the reported successes
with exclusion diets, they may, at times, be hard to follow
thereby resulting in bouts of increased IBS symptom
severity. While dietary restrictions may benefit some IBS
patients, entirely skipping meals actually has shown to
worsen IBS symptoms[52,90].
Some contribution to intestinal symptoms may come
from a diet that is high in fat, carbohydrates, and sugar
alcohols. It has been shown that increased fat consumption is linked to increased stool numbers and diarrhea
and therefore should be considered as a factor in worsening IBS-D[90,91]. Fructose-rich food and beverage items
(soft drinks, baked and packaged goods, cereals) can also
aggravate flatulence, abdominal discomfort, and diarrhea
and should therefore be monitored in IBS patients[51,52].
Especially poorly absorbed sugar alcohols that are present in diet soft drinks and low carbohydrate foods can
exacerbate GI symptoms [51,92]. Together with general
restrictions on carbohydrate intake, lactose intolerance
and malabsorption appear to be more prevalent in IBS
patients. If lactose is not absorbed from the GI tract it
is metabolized via the gut bacteria and leads to increased
bloating, distension, and diarrhea which can aggravate
IBS symptoms[93-95].
Fiber is often recommended as a dietary change to
reduce global IBS symptoms but the clinical data to date
are less clear. It has been shown that soluble fiber can
lower GI symptoms in IBS-C although the data supporting it is highly variable both in the amount of fiber
consumed (ranging from 5-30 g/d) and the duration of
the trials (3-16 wk)[51,91,96,97]. Fiber, regardless soluble or
insoluble, was not able to reduce pain perception in IBS
patients and specifically insoluble fiber such as nuts and
whole grains may exacerbate IBS symptoms overall[97].
An important lifestyle adjustment that should be
recommended to IBS patients is regular exercise. Mild exercise or physical activity has been shown to reduce IBS
symptoms and alleviates bloating and gas production in
several studies[98,99]. Since regular exercise also helps to increase gastrointestinal motility it is beneficial in IBS-C patients with primary low GI movement and hard stools[100].
As part of exercise, yoga has been investigated due to its
low impact on joints and its relatively targeted postures

COMPLEMENTARY AND ALTERNATIVE
MEDICINES
The wide variety of CAM approaches includes basic
changes in diet and lifestyle such as increased fiber intake
or regular exercise as well as specific use of herbal medicines, combination products, mechanical interventions
(acupuncture or massage), or behavioral therapy (cognitive
behavioral therapy, relaxation techniques, and hypnotherapy)[43,84]. CAM is often used for chronic health conditions either alone or in conjunction with pharmacological
treatment options. About half of IBS patients reported
using at least one CAM treatment alone or in addition to
their prescription medicine[42,87]. A lack of evidence-based
clinical trials often limits the available knowledge about
the efficacy of CAM in disease conditions, which is why
the ACG Task force on IBS reports that CAM have not
consistently demonstrated a strong positive outcome[2].
Recent systematic reviews, however, show indications
that various CAM modalities may benefit IBS patients
and increase their quality of life[42,43,84,88]. Since IBS can
present with varying symptoms and severity even with
daily or weekly fluctuations within the same patient, the
effectiveness of CAM may at times appear inadequate or
questionable by patients themselves. The most commonly
used CAM interventions that have been evaluated in clin-
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Table 1 Clinical trials on diet and exercise interventions for irritable bowel syndrome
Intervention
Acceptability
questionnaire
Food elimination
Diet and lifestyle
Diet and lifestyle
Diet
Diet
Diet

Study design

Sample size

Outcome

Ref.

Anonymous
survey
Open label pilot
study
Cross-sectional
study
Questionnaire

256

Most acceptable were tablets (84%), diet and lifestyle changes (82%), yoga (77%); less
acceptable were acupuncture (59%) and suppositories (57%)
Significant improvements in stool frequency (P < 0.05), pain (P < 0.05), and IBS-QOL (P <
0.001)
Significant difference between IBS and non-IBS participants in regards to residential type
(OR = 1.27) and frequency of meals (OR = 1.69)
BMI was associated with abdominal pain and diarrhea, healthier diet and physical
activity were associated with fewer GI symptoms
IBS-D patients showed significant increase in small bowel and mucosal permeability for
mannitol and lactulose sugars compared to healthy controls
Potential for higher lactose intolerance incidence in patients with IBS compared to
healthy patients
Symptomatic lactose intolerance more frequent in patients with IBS than healthy
subjects, but incidence of lactose intolerance not different between groups
Lactose intolerance resulted in more frequent self-reported symptoms in patients with
IBS-D than controls (P < 0.001, OR = 6.25), IBS-D patients consumed significantly less
dairy products (P = 0.04)
No difference in quality of life between exercise and usual care groups, exercise group
presented with significant less symptoms of constipation after 12 wk intervention
Gas retention during rest was associated with significant abdominal symptoms in IBS
patients (P < 0.01), symptoms improved during exercise (P < 0.05) compared to rest
Women with IBS report less physical activity (P < 0.05), women with IBS who were
physical active reported significantly less symptoms of fatigue (P = 0.003) compared with
the ones with IBS who were physically inactive
Lower functional disability (P = 0.073) and anxiety levels (P = 0.09) in the yoga group
compared to the waitlist group, significantly lower GI symptoms (P < 0.01)
Similar reductions in symptoms after 2 mo for yoga and the group receiving loperamide
in IBS-D patients

[40]

3-way cross-over
study
Questionnaire

20
1717
983
22
1978

Case-control
study
Case-control
study

177

Randomized,
controlled trial
Cross-over study

56

Exercise

Descriptive comparative study

89

Yoga

Randomized
cross-over study
Randomized
parallel design

25

Diet

Exercise
Exercise

Yoga

120

8

21

[89]
[90]
[91]
[92]
[93]
[94]
[95]

[98]
[99]
[100]

[101]
[102]

IBS: Irritable bowel syndrome; QOL: Quality of life; BMI: Body mass index; IBS-D: Diarrhea-predominant IBS; GI: Gastrointestinal.

that can help to reduce GI symptoms[101,102]. Pranayama
yoga administered twice daily has been shown to increase
sympathetic tone and may benefit IBS-D patients that
present with decreased sympathetic activity to the same
degree than daily loperamide administration in the control group[102].

folk medicines and mainly been attributed to the presence of mono- and sesquiterpenes[110]. Peppermint oil has
also been recommended by the American Academy of
Pediatricians as well as received a positive evaluation from
the Task force on IBS of the ACG[2,111] although caution
is advised for its use in young children due to its side effects of causing respiratory depression and heartburn[111].
Peppermint oil appears to be more potent in exerting the
spasmolytic effects than aqueous extractions such as teas
since it allows for a more concentrated dose of the proposed active ingredients[112].
Hydroalcoholic extracts from artichoke leaves have
also been used to reduce IBS symptoms and evaluated in
at least two clinical studies[113,114]. Artichoke has long been
used as a digestive aid which aims to reduce bloating, abdominal pain and cramps, as well as reducing both diarrhea and constipation through normalization of GI motility[115]. Both studies were conducted as part of a postmarketing surveillance which may limit the credibility of
the results due to limited influence on the study design (no
double-blinding, no placebo control) and potential consumer bias. Both trials report a significant improvement
in IBS symptoms, specifically in normalizing GI motility
and reducing bloating as well as relieving distension and
abdominal pain and cramps[113]. Since the change in IBS
symptom severity was compared between baseline and
follow-up, the results provide limited evidence of the effectiveness compared to placebo or standard pharmacological treatment. Given the high placebo responder rate,

Herbal medicines and supplements
Aside from diet and lifestyle changes, another commonly
used CAM intervention that is often self-administered is
the use of herbal supplements either as single herbs or
in combination products (Table 2). A few well-designed
clinical studies have been performed on a number of
such herbal supplements but in general the current
knowledge remains limited to make a definitive judgment
about their effectiveness in treating IBS symptoms. Many
of the commonly used supplements have evolved from
folk and traditional applications as remedies for gastrointestinal disorders.
The use of peppermint extracts has been studied in a
number of clinical trials which evaluated the administration of enteric coated peppermint oil capsules to IBS patients[103-107]. The duration of the trials ranged from 4-8 wk
and was not divided into specific IBS subtypes. The trials
showed a significant reduction in abdominal pain and
severity compared to placebo after 4 wk and a significant
increase in quality of life although the effects did not last
once peppermint was discontinued[108-110]. The spasmolytic effects of peppermint oil have been well known in
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Table 2 Clinical trials on Herbal medicines and supplements for irritable bowel syndrome
Intervention
Peppermint oil

Study design

Sample size

Outcome

Ref.

Peppermint oil (Colpermin ® ) group showed significant symptom
improvement (P < 0.05) compared to placebo group after 1 mo
Peppermint oil significantly reduced GI symptoms (P < 0.01) after 3 wk
compared to placebo
Total IBS severity score was significantly decreased after 4 wk of treatment
(P < 0.009) and after 2 mo (P < 0.01) in the peppermint oil group compared to
placebo
Significant reduction in IBS symptoms, no abdominal pain in more patients
in the peppermint oil group compared to placebo (P < 0.001), less severe
abdominal pain in peppermint oil group (P < 0.05) in peppermint oil group
after 2 mo
Significant reduction in abdominal pain in peppermint oil group compared to
placebo group (P < 0.001), but pain score increased 2 wk after completion of
trial
Significant reduction (P < 0.05) in overall IBS symptoms after 6 wk of
treatment
Significant reduction in Nepean Dyspepsia Index after 2 mo (P < 0.001) and
normalization of bowel pattern (P < 0.001)
Reduction in IBS prevalence in both treatment groups (1 or 2 tablets)
compared to baseline (P < 0.001) after 2 mo intervention, no significant
differences between groups
No significant differences between curcuma, fumitory, and placebo groups in
abdominal pain (P = 0.81) and distension (P = 0.48) after 3 mo
Significant decrease in gastrointestinal symptom score between STW5 and
placebo (P < 0.001)

[104]

315

Significant decrease in gastrointestinal symptom score between STW5 and
placebo (P < 0.05) after 2 mo intervention

[119]

203

Significant reduction in abdominal pain scores for STW5 (P = 0.009) and
STW5-Ⅱ (P = 0.005) and IBS-SSS (P = 0.001 for STW5 and P = 0.0003 for
STW5-Ⅱ) compared to placebo after 4 wk intervention
Significant improvement in global IBS symptom scores compared to placebo (P
< 0.05) following 3 mo intervention
No significant improvements in IBS global symptom score between TCM and
placebo group at week 8 (P = 0.38) and week 16 (P = 0.62)

[120]

Randomized, double-blind,
placebo-controlled study
Randomized, placebo-controlled
study
Randomized, double-blind.
Placebo-controlled study

99

Peppermint oil

Randomized, double-blind,
placebo-controlled study

90

Peppermint oil

Randomized, double-blind,
placebo-controlled study

65

Artichoke leaf

Post-marketing surveillance

279

Artichoke leaf

Post-marketing surveillance in
IBS with concomitant dyspepsia
Partially blinded, randomized,
two-dose pilot study

209

Randomized, double-blind,
placebo-controlled study
Randomized, double-blind,
placebo-controlled study in
patients with dyspepsia
Randomized, double-blind,
placebo-controlled multicenter
study in patients with functional
dyspepsia
Randomized, double-blind,
placebo-controlled multicenter
study
Randomized, double-blind,
placebo-controlled pilot study
Randomized, double-blind,
placebo-controlled study

106

Peppermint oil
Peppermint oil

Turmeric

Curcuma and
fumitory
STW5

STW5

STW5

Padma Lax
TCM

18
57

207

137

61
119

[106]
[108]

[109]

[110]

[113]
[114]
[116]

[117]
[118]

[123]
[129]

IBS: Irritable bowel syndrome; TCM: Traditional chinese medicine; SSS: Symptom severity scale.

artichoke leaf extracts will require additional trials that
are more rigorous in terms of study design.
Turmeric, a spice traditionally used in Asian cuisine
where it often provides both for taste and color improvement, was evaluated in IBS patients and indicated
decreases in IBS symptoms and increased quality of life
if given in two different doses of 72 and 144 mg per day
over 8 wk[116]. However, this study again lacks a doubleblinded and placebo-controlled design which reduces the
strength of the presented data. Another double-blind
placebo controlled study compared curcuma extract from
which turmeric is derived with a placebo and a fumitory
extract[117]. Both curcuma and fumitory extracts did not
show any significant improvements in abdominal pain
and distension compared to the placebo group.
All single herbal supplements discussed have a strong
folkloric and traditional background as digestive aids and
it is therefore not surprising that to date trials with such
herbal supplements are focused on these single extracts.
Combination products of herbal extracts add to the
wide range of available supplements used in the self-treat-
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ment of IBS. The first combination product which has
received some interest from patients and healthcare providers alike is Iberogast®, a mixture of nine herbal plant
extracts that was originally mainly used for functional
dyspepsia in Germany[118,119]. The product has been on the
market for more than 30 years. Iberogast® for use in IBS
symptoms was investigated in 208 patients with various
IBS subtypes in the United States[120]. This study adheres
to the clinical trial standards by utilizing a randomized,
double-blind, placebo-controlled study protocol over a
4 wk period. The extract consists of liquid extracts from
chamomile flowers, bitter candytuft, angelica root, caraway
fruits, milk thistle, lemon balm leaves, greater celandine,
licorice root, and peppermint leaves[121]; all of which have
been used in folklore and traditional medicines to aid in
digestive disorders. The study indicates that Iberogast®
significantly improves quality of life and reduces abdominal pain in IBS patients[122] which appears to be mediated
through influences on serotonin, acetylcholine, and opioid
receptors in the GI tract[121]. Despite the positive outcome,
further research is required to support the findings of this
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Table 3 Clinical trials on mechanical complementary and alternative medicines interventions for irritable bowel syndrome
Intervention

Sample size

Outcome

Ref.

Physical activity Randomized study

75

[133]

Reflexology

34

Significant decrease in IBS-SSS between physical activity and placebo group (P =
0.003)
No significant difference between foot reflexology and non-reflexology massage
group
Acupuncture and sham acupuncture significantly improved IBS-GIS scores
compared to waitlist group (P = 0.001), no difference between acupuncture and
sham acupuncture during 3 wk intervention
Significant improvements (P = 0.022) in quality of life for both acupuncture and
sham acupuncture compared to baseline after 10 intervention sessions (5 wk), no
differences between acupuncture and sham acupuncture
Significant reduction in IBS-SSS in acupuncture/moxibustion group after 4 wk
compared to sham acupuncture/moxibustion group (P = 0.01)
Decrease in pain frequency (P = 0.031 for 8-11 yr old and P = 0.004 for 12-18 yr
old) and pain intensity (P = 0.015 in 8-11 yr old) after 10 yoga sessions compared
to baseline, decrease in pain frequency was maintained for 3 mo following
intervention (P = 0.004 for 8-11 yr old)

Acupuncture

Study design

Randomized, single-blind,
placebo-controlled study
Randomized, single-blind,
placebo-controlled study

230

Acupuncture

Randomized, single-blind,
placebo-controlled study

43

Acupuncture/
moxibustion
Yoga

Randomized, single-blind,
placebo-controlled study
Observational pilot study
(adolescents)

29
20

[134]
[143]

[144]

[146]
[149]

IBS: Irritable bowel syndrome; GIS: Global improvement scores; SSS: Symptom severity scale.

study and a few case reports from patients and healthcare
providers alike. Iberogast® has been recognized by the
ACG task force on IBS as a potential complementary
treatment to reduce certain IBS symptoms[2].
A Tibetan preparation of twelve different plant extracts, commonly referred to and marketed as Padma
Lax, was tested in IBS-C patients over the course of
three months in a randomized and double-blinded observational study and showed significant improvements over
a placebo in reducing constipation, abdominal pain, and
flatulence[123]. The dose had to be adjusted for some of
the patients since they developed loose stools that bordered on diarrhea indicating that this combination herbal
product may have significant potential as a laxative. The
ingredient list includes the known laxatives rhubarb root,
cascara bark, and nux vomica seeds which have been used
as strong laxatives in severe constipation in traditional
medicines across the world[124]. It has been proposed that
some of the herbs exert the laxative effect through activity on cholinergic receptors as antagonists to reduce GI
contractility[124,125].
Traditional Chinese medicine (TCM) has provided a
range of different treatment approaches over the centuries, among them a number of TCM herbal mixtures that
are specifically formulated based on the patients’ symptoms[126]. Such individualized medicine is not uncommon
but has the obvious limitation of resisting standardization
and fitting the rigorous clinical trial design that is used as
a major determinant of effectiveness in Western medicine. Tong Xie Yao Fang (TXYF) is one such TCM that has
been studied in a few clinical trials but often adjustments
were made to the herbal combination based on the predominant IBS symptom presentation[127-129]. A review of
12 studies with modified TXYF preparations reached the
general conclusion that the extracts improved IBS symptoms, in particular abdominal pain, distension, flatulence,
and diarrhea [128]. However, the study design and end
points were diverse between these studies complicating a
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direct comparison of outcomes. A more streamlined and
standardized approach to TXYF trials is warranted.
Overall, the use of single and combination herbal
supplements appears promising but should be approached with caution given the lack of rigorous larger
clinical trials. The strongest evidence for the use of herbal
medicines is currently available for peppermint oil preparations and the herbal combination product Iberogast®.
Mind-body therapies
Since there is evidence of the involvement of the enteric
nervous system or brain-gut axis in the pathophysiology
of IBS, the use of mind-body interventions as CAM
treatments may provide benefits in relieving symptoms.
Mind-body therapies are interventions that primarily “focus on the interactions among the brain, mind, body, and
behavior with the intent to use the mind to affect physical
functioning and promote health”[130]. Yoga, Tai-chi, meditation, hypnotherapy, deep-breathing exercises, relaxation
techniques, and acupuncture all fall under this definition.
While yoga, relaxation techniques, and acupuncture are
commonly used as CAM therapies, they involve both
a physical and psychological component with a focus
on influencing physical functions through mechanical
interventions. Meditation, hypnotherapy, and CBT do
not involve a mechanical component but rather seek to
change physiological function through psychological reprogramming entirely[131,132]. Mind-body therapies have
been evaluated for their potential application as CAM in
IBS. Clinical evidence supporting the use of yoga, relaxation, acupuncture, hypnotherapy, and cognitive behavior
therapy is indicating that these CAM interventions show
improvement in IBS symptoms and overall quality of life.
Mechanical CAM interventions
Mechanical interventions are based on direct body interventions such as massage, acupuncture, yoga, and physical exercise (Table 3)[131]. While some interventions may
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not benefit patients with IBS because of the significant
physical involvement that may cause a temporary worsening of symptoms, low impact physical exercise such
as aerobic training, bike riding, and muscle strengthening have shown benefits in maintaining GI function and
reducing flatulence and gas production[90,99,100,133]. One
study indicated that strenuous exercise shows an inverse
relationship with IBS symptoms[91] while another study
pointed to reduction of constipation in IBS-C patients
with mild exercise levels[98]. Johannesson and colleagues
evaluated the impact of regular exercise on IBS symptoms severity scores compared to a control group and
found a significant reduction in symptoms over the
course of 12 wk[133]. It is therefore important to emphasize that a patient should start off with low impact and
light exercise regimens that are not exhausting or causing
increases in abdominal pain or overall IBS symptoms. As
such, mild physical exercise may be considered a lifestyle
change rather than an actual CAM intervention, but guided assistance may benefit IBS patients who seek counseling and advice on respective exercise regimens for their
condition.
To date there is little information about the potential
impact of massage and reflexology treatments on IBS
symptoms. One study compared the use of foot reflexology massage to non-reflexology foot massage and could
not find any significant difference in the small study of
34 patients[134]. However, case reports have indicated that
gut-directed massage may relieve specific symptoms such
as bloating and chronic constipation although such reports were not specific to IBS patients[135-137]. It therefore
remains unknown if reflexology or massage techniques
can provide benefits to IBS patients.
A number of trials investigated the effect of gutdirected and general acupuncture on symptom relief in
IBS patients. It is well known that acupuncture can affect physiological functions in a number of conditions
through regulating various neurotransmitter systems.
It has been shown that application of acupuncture in
IBS patients targets serotonergic, cholinergic, and glutamatergic pathways, can lower blood cortisol levels
related to stress, and can increase the concentration of
endogenous opioids to reduce visceral and global pain
perception[138-140]. A complicating factor in the study of
acupuncture effects are adequate comparison groups.
One commonly used comparison group is sham acupuncture which uses needles as well so to suggest to
patients that they are being treated when the practitioner
does not utilize the specific acupuncture points and only
superficially applies needles[141,142]. What appears to be a
contributing factor to the effectiveness of acupuncture
is the patient-practitioner relationship, especially in IBS
patients where an underlying psychological contribution
to IBS symptoms can be suspected[58,59]. In one study, a
sample of 230 IBS patients were randomly assigned to
receive either acupuncture, sham acupuncture, or remain
on a waitlist for the duration of the trial[143]. Initially both
the true acupuncture and sham acupuncture groups received only sham acupuncture for 3 wk followed by 3
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wk of true acupuncture in half of these patients while
the other half continued receiving sham acupuncture.
Both groups showed significant improvement in global
IBS symptoms compared to the waitlist control group,
but the patients receiving true acupuncture did not differ from the sham acupuncture group thus complicating
interpretation of results related to the actual acupuncture
points being used. Other studies using sham acupuncture
as a comparator have also found that improvements in
quality of life and IBS symptoms did not differ from true
acupuncture points thus potentially indicating that acupuncture for IBS is primarily a placebo response[144,145].
When combined with moxibustion, acupuncture has
shown significant improvements in IBS symptoms with
reduced abdominal pain, gas and bloating being reported
in one study including 29 subjects over a 4 wk, eight session intervention[146]. A Cochrane meta-analysis of studies
including acupuncture suggests that further studies are
warranted to confirm the beneficial effects of such treatments in IBS patients[147].
A mechanical intervention that has been studied in
IBS is yoga as a specific form of exercise and focused
relaxation technique combined[148]. Yoga consists of different poses accompanied by a specific breathing pattern
to focus attention on muscle contraction and relaxation.
There are certain poses that can be utilized to focus on
GI tract motility and abdominal pain perception. There
are only few trials conducted with yoga as the intervention but a number of indicators suggest that yoga may
provide relief of IBS symptoms. One study in 22 male
patients with confirmed IBS-D compared yoga poses and
breathing techniques to conventional treatment over the
course of 8 wk[102]. Overall GI symptoms were reduced in
both groups at the end of the study but the yogic intervention group showed a higher parasympathetic reactivity
leading to improved IBS symptom outcomes whereas
the control group presented with increased gastric activity. Another small clinical trial compared the use of yoga
in adolescents to a wait list group over the course of 8
wk[101]. In the first 4 wk, the yoga intervention group received instructions on daily yoga practices and continued
the poses after the first 4 wk. The control wait list group
received yoga intervention after 4 wk for another month
at which point both groups were compared. This preliminary study indicates that yoga intervention over the
course of a 2 mo period improves GI symptoms in adolescent IBS patients and is well received by youth. Another small yoga intervention study conducted in 20 children
aged 8-18 years with IBS or functional abdominal pain
indicates that yoga does decrease both pain frequency
and pain intensity at the end of intervention and that
this effect also persisted for at least another 3 mo after
the intervention has ended[149]. In addition, adolescents in
this trial reported increased quality of life throughout the
intervention and during follow-up. Although not many
studies have been conducted using yoga as a CAM intervention, the current data suggests that it may provide
benefits in IBS patients by alleviating both pain and GI
symptoms.
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Table 4 Clinical trials on psychological complementary and alternative medicines interventions for irritable bowel syndrome
Intervention

Sample size

Outcome

Ref.

Hypnotherapy Pre- and post-assessment

23

[154]

Hypnotherapy Randomized controlled
trial in children with
functional abdominal
pain or IBS
Hypnotherapy Questionnaire

53

Normalized hypersensitivity pain threshold in hypersensitive group (P =
0.04) after 12 wk of treatment, no significant change in hyposensitive and
normosensitive groups
Significant reduction in pain scores in hypnotherapy group (P < 0.001) compared
to standard medical therapy at 1-yr after intervention

69% of patients were either satisfied or very satisfied with hypnotherapy
following 12 wk intervention, overall improvement in quality of life and GI
symptoms
Randomized, placebo138 in two studies Significant reduction in IBS symptoms in hypnotherapy groups (P < 0.05)
controlled study
(90 and 48)
compared to supportive therapy after 3 mo of intervention
Randomized, placebo90
Significant improvement in overall IBS symptoms in gut-directed hypnotherapy
controlled study
and medical treatment group compared to medical treatment group alone (P
= 0.046) after 12 wk; improvement remained up to 12 mo after intervention in
hypnotherapy group (P = 0.004) compared to medical treatment alone
Pre- and post-assessment
75
Group hypnotherapy decreased symptom severity significantly (P < 0.01) at 3, 6,
and 12 mo post-intervention
Retrospective analysis
208
Significantly higher use of hypnotherapy (P < 0.001) by initial responders
vs non-responders at 2-7 yr follow-up, in total 87% of participants reported
hypnotherapy to be useful
Randomized431
CBT was more effective than education (P = 0.0001) and desipramine was
comparator-controlled
more effective than placebo (P = 0.01) after 12 wk of treatment as assessed by
study in patients with
treatment satisfaction
functional bowel
disorders
Randomized, placebo397
No significant differences between treatment arms for desipramine, cognitive
controlled study in
behavior therapy, and placebo groups
patients with functional
bowel disorders
Randomized controlled
195
Internet-delivered cognitive behavior therapy resulted in adequate relief
trial
of IBS symptoms that was significant compared to internet-delivered stress
management at 6 mo follow-up (P = 0.004)

[160]

Randomized controlled
trial

149

[174]

Randomized controlled
trial

50

Significant reduction in symptom severity scores in CBT plus mebeverine group
compared to mebeverine alone at post-treatment and 3, 6, and 12 mo follow-up
(regression P = 0.001)
Rome-Ⅱ scores significantly decreased (P = 0.001) in patients receiving CBT
in conjunction with standard medical care compared to standard medical care
alone after 2 mo intervention

Randomized controlled
trial

28

[176]

Randomized controlled
trial

76

Randomized, placebocontrolled study

85

Mindfulness
training

Randomized controlled
trial

75

Cognitive
behavior
therapy

Retrospective analysis

75

Psychosocial functioning was significantly improved (P = 0.004) in patients
receiving CBT in addition to standard medical care compare to standard medical
care alone at 3 mo follow-up
Cognitive behavior therapy presented with significant improvements compared
to stress management and attention control groups in reducing visceral
sensitivity (P < 0.0001) compared to baseline at 3 mo follow-up
Internet delivered CBT reduced several IBS symptom parameters (total pain,
diarrhea, bloating primary symptoms all P < 0.001) after 10 wk of intervention
compared to discussion board control group; quality of life and visceral
sensitivity were also significantly improved (P < 0.001) after 3 mo follow up
Women in mindfulness training group showed significant reduction (P = 0.006)
in IBS symptom severity compared to support control group after 8 wk of
intervention which remained significant at 3 mo follow-up (P = 0.001)
Long-term follow-up after 15-18 mo of original intervention resulted in lasting
significant reductions in visceral sensitivity (P < 0.05), increase in quality of life (P
< 0.05), and gastrointestinal symptoms (P < 0.05)

Hypnotherapy
Hypnotherapy

Hypnotherapy
Hypnotherapy

Cognitive
behavior
therapy

Cognitive
behavior
therapy
Cognitive
behavior
therapy and
mindfulness
training
Cognitive
behavior
therapy
Psychotherapy
[cognitive
behavior
therapy]
Cognitive
behavior
therapy
Cognitive
behavior
therapy
Cognitive
behavior
therapy

Study design

83

[159]

[161]
[162]

[163]
[164]

[170]

[171]

[173]

[175]

[177]

[179]

[180]

[181]

IBS: Irritable bowel syndrome; CBT: Cognitive behavior therapy; GI: Gastrointestinal.

Psychological CAM interventions
While mechanical interventions can provide IBS symptom relief, compliance can often be an issue as well as
limited physical ability to follow the treatment (especially
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with exercise and yoga). Other mind-body CAM approaches are solely based on psychological interventions
with hypnotherapy and cognitive behavior therapy showing the most clinical evidence of effectiveness (Table 4).
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Hypnotherapy is based on initiating a suggestive
state for the patient similar to sedation but without loss
of consciousness that allows for heightened senses and
control over body functions affecting mood, pain perception, cardiovascular responses, and gastrointestinal motility[150,151]. Hypnosis and hypnotherapy have been used for
various applications foremost for the treatment of acute
and chronic pain conditions but also to improve mood
or change certain undesirable behaviors[152,153]. It has been
shown that gut-directed hypnotherapy can alleviate IBS
symptoms comparable to current pharmacological treatment approaches[154-156]. Several clinical studies and metaanalysis indicate that 8-12 weekly hypnotherapy sessions
can improve pain, GI motility, mood (improving depressive and anxiety disorders), and overall quality of life of
IBS patients significantly even in the absence of pharmacological treatment[157-161]. Interestingly, in a number
of studies during follow-up the beneficial effects of hypnotherapy remained for at least 10 mo even if patients
did not continue therapy[55,155,162-164]. A Cochrane database
review examined available studies and found a positive
effect associated with hypnotherapy although the effect
size could not be determined due to the heterogeneity
of study designs and the relatively small sample sizes[54].
Although there is clinical evidence for the use of hypnotherapy in treating IBS symptoms, further research utilizing a homogenous study design needs to be emphasized
to support its benefits.
In contrast to hypnosis where the patient is being
influenced and subjected to a subconscious suggestive
state that influences physiological processes, CBT takes
a more direct approach in influencing the conscious
awareness of IBS symptoms and attempts to enable the
patient to overcome the negative attitudes they may have
towards their chronic condition[165-167]. Similar to hypnosis, patients are enabled to change a negatively perceived
situation into a positive outlook which then affects the
actual symptoms. CBT has been shown to be effective in
improving symptoms in a number of chronic disorders
such as obesity, chronic pain, insomnia, or depressive disorders[166,168,169]. While hypnosis can be utilized to directly
affect perception of symptoms, CBT is more geared
towards enabling patients themselves to change their
behavior and thought processes about their condition.
In IBS patients, symptom aggravation may often occur
when patients worry about the condition and focus their
thoughts around them[170,171]. CBT has been shown to improve both the quality of life and reduce symptom severity in IBS patients, especially in regards to pain perception
and comorbid depressive and anxiety disorders[170,172,173].
Comparing the use of CBT as a CAM approach to treating IBS with conventional pharmacological treatment indicates that it does not only improve the direct IBS symptoms such as pain and GI dysmotility, but in addition
also benefits mood and coping with the condition[174-177].
Although the effects of CBT lasted past the intervention
period in some of the trials, the beneficial effects seemed
to wane over time which may indicate a long-term supportive treatment with CBT at least in frequent intervals
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following the initial treatment period. Currently, an ongoing irritable bowel syndrome outcome study evaluates the
long-term effects of self-versus clinician-administered
CBT on IBS symptoms and the economic benefit of this
intervention[178].
Closely related to CBT as a CAM intervention is
mindfulness exercises that promote acceptance instead
of control of IBS symptoms[179,180]. This technique is
often delivered in conjunction with CBT and is more
patient-centered to increase quality of life through coping
mechanisms. In conjunction with CBT, mindfulness exercises have shown a reduction in IBS symptoms beyond
the intervention period up to 3 years[173,181].

INTEGRATIVE APPROACHES AND
CLINICAL IMPLICATIONS TO TREATING
IBS
Most of the clinical trials that have been discussed focus
on the comparison between CAM approaches and standard care with pharmacological therapies in treating IBS
symptoms. This separation often creates a painful choice
for patients that need the immediate relief with medication but also seek long-term alleviation of the symptoms
through a pro-active approach. Integrating both conventional pharmacological care and CAM treatments to provide the best symptom relief and highest quality of life
to IBS patients should therefore be considered by healthcare providers. A number of clinical trials - although
small in sample sizes and number - have shown that a
combination of pharmacotherapy with a CAM treatment
is superior to either treatment alone. As long as the CAM
treatment does not interfere or interact with the pharmacological treatment, both can coexist in the treatment of
IBS symptoms.
A study evaluating the use and cost of CAM by patients with functional bowel disorders (including IBS
patients) reported a number of interesting results[85]. The
most common types of CAM were ginger, massage therapy, and yoga with a median yearly cost of $200, which
was considered significantly less compared to standard
pharmacotherapy. Furthermore, the use of CAM was
associated with female gender, higher education, and comorbid anxiety disorders. Although most of the patients
using CAM (35% of 1012 participating patients) were not
referred by their healthcare provider, those who received
a recommendation from their primary care physician followed the advice. This indicates the important role of
the healthcare provider as a mediator and facilitator for
patients to seek CAM treatments. Several of the CAM
approaches discussed in this review have been recommended or given at least positive consideration by current
professional organizations (ACG and the British Society
for Gastroenterology) to be considered in the treatment
of IBS in addition to pharmacotherapy[2,12]. Another important point that the study reveals is that CAM use is
not based on dissatisfaction with pharmacotherapy but
seems to be rather linked to higher comorbidity with de-
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pressive and anxiety disorders as well as somatization of
their condition[85]. CAM users in this study also showed
a higher symptom severity on the IBS-SSS as well as
gastrointestinal distension. The authors of the study
conclude that CAM use can benefit patients with various
functional bowel disorders and should be made more
widely available potentially through providing insurance
coverage. Medical professionals should recommend
CAM approaches such as hypnotherapy, yoga, cognitive
behavior therapy, or herbal supplements that have shown
benefits to IBS patients that do not experience adequate
symptom relief with pharmacotherapy alone.
In a study that evaluated a gap in effectiveness between
current treatment approaches and treatment outcomes
conducted in the United Kingdom, 32% of general practitioners reported an effectiveness gap for IBS patients in
their practice[86]. The most common reasons given for the
effectiveness gap were lack of effective treatments, adverse
effects of current treatments, and unacceptability of available treatments by patients. These findings are supported by
other studies which indicate a lack of treatment effectiveness in a significant percentage of IBS patients[40,43,182]. The
use of CAM has been shown in randomized controlled
trials as well as in systematic reviews to decrease or close
the effectiveness gap thereby increasing quality of life and
treatment outcomes for IBS patients. The authors of this
study conclude that there is a discrepancy between available evidence for the effectiveness of CAM in various
chronic conditions and its recommendation by current
practice guidelines which often omit such approaches. In
addition, patients appear to be more favorable towards
trying CAM approaches than practitioners thereby most
referrals are initiated by patients themselves or without
including the healthcare provider when considering CAM
treatments in addition to conventional care[86,183,184].
The integrative medical approach has gained significant traction in the last decade with the growth of the
Consortium of Academic Health Centers for Integrative
Medicine[185] to which many well respected United States
institutions belong (Yale University, Stanford University, University of California, Johns Hopkins University,
among others). Integrative medicine as a subdivision
of medical practice is seeking to emphasize on patientcentered care and improve wellness and quality of life
rather than limiting the treatment outcome to a specific
disorder. The definition of integrative medicine remains
somewhat elusive to date ranging from simply adding
CAM treatments to conventional care to a more holistic
healthcare approach overall. While the conventional approach to treating IBS is primarily founded on evidencebased clinical trials and extensive knowledge, the CAM
approach to treating IBS also claims a long tradition of
use and an increasing body of research supporting the
benefits of CAM treatments in IBS. The debate over
integrative medicine continues with defenders of conventional medicine indicating that such a definition should
not exist because treatments with proven benefits will
eventually become the standard of care no matter where
they originated from. However, proponents of integra-
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tive medicine argue that excluding CAM or preventing
patients from seeking CAM treatments in addition to
conventional care will result in reduced quality of life
and worse treatment outcomes. As mentioned above,
this has been supported by various studies. It has been
argued that even if a CAM treatment is not supported by
sufficient evidence-based clinical trials, as long as it does
not cause adverse effects or interfere with conventional
therapy it should not be denied to patients seeking such
treatments. Instead, physicians and healthcare providers
should seek training or knowledge in integrative medicine
to best support their patients. This applies especially to
chronic conditions such as IBS that present with a high
placebo response and where a number of CAM treatments - herbal therapies, probiotics, dietary changes,
acupuncture, yoga, hypnotherapy, and cognitive behavior
therapy - have shown benefits.
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mucosa are reliable indicators of intestinal inflammation
and their role has been mainly studied in discriminating IBD from non-IBD conditions (including IBS) rather
than organic from non-organic diseases. Phagocytespecific proteins of the S100 family (S100A12, calprotectin) are amongst the most promising faecal biomarkers of inflammation. Faecal leukocyte degranulation
markers (lactoferrin, polymorphonuclear elastase and
myeloperoxidase) have also been suggested as diagnostic tools for the differentiation of IBD and IBS. More
recently, additional proteins, including granins, defensins and matrix-metalloproteases, have been discussed
as differential diagnostic markers in IBD and IBS. In
this review, some of the most promising faecal markers, which have the potential to differentiate IBD and
IBS and to advance diagnostic practices, will be discussed.

Abstract

Core tip: Faecal markers of intestinal inflammation represent a practicable, non-invasive, inexpensive and objective diagnostic tool to differentiate organic [inflammatory bowel disease (IBD)] and functional [irritable
bowel syndrome (IBS)] gastrointestinal diseases. Faecal markers have the potential to be incorporated into
standard clinical practice for the routine assessment
of IBS and IBD. Neutrophil-derived faecal biomarkers
show a high diagnostic accuracy in the differentiation of
IBD vs IBS. They can provide reassurance to the physicians that the clinical diagnosis of IBS is correct. Future
progress in our knowledge about the biology of these
proteins and the underlying pathogenesis of IBS will
help translate IBD/IBS research into patient care.

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

Key words: S100A12; Calprotectin; Lactoferrin; M2-pyruvate kinase; Polymorphonuclear elastase; Defensins;
Granins; Irritable bowel syndrome

Irritable bowel syndrome (IBS) is a common functional
gastrointestinal (GI) disorder characterized by unspecific symptoms. In clinical practice it is crucial to distinguish between non-inflammatory functional problems
and inflammatory, malignant or infectious diseases of
the GI tract. Differentiation between these involves the
use of clinical, radiological, endoscopic, histological and
serological techniques, which are invasive, expensive,
time-consuming and/or hindered by inaccuracies arising
from subjective components. A range of faecal markers
now appears to have the potential to greatly assist in
the differentiation of inflammatory bowel disease (IBD)
and IBS. Faecal markers of neutrophil influx into the
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in the majority of patients and a sizeable number require
no testing at all. However, whilst alarm symptoms (“red
flags”) may have a relatively modest predictive value for
identifying organic disease, their presence as exclusion
criteria would result in many missed cases of IBS[11]. It is
this large symptomatic overlap between functional and
organic disease, in conjunction with the current lack of a
biochemical, histopathological, or radiological diagnostic
tests for IBS, which engenders the need for more definitive diagnostic tools[2].

Däbritz J, Musci J, Foell D. Diagnostic utility of faecal biomarkers in patients with irritable bowel syndrome. World J Gastroenterol 2014; 20(2): 363-375 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i2/363.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i2.363

IRRITABLE BOWEL SYNDROME
Irritable bowel syndrome (IBS) is one of the most common gastrointestinal (GI) disorders, with a reported prevalence of approximately 10% to 15% worldwide[1]. The
exact pathogenesis of IBS is only partially understood
but seems to be multifactorial. There is evidence that
heritability and genetics, environment and social learning,
dietary or intestinal microbiota, low-grade inflammation
and disturbances in the neuroendocrine system of the
gut play a central role[2]. There is no medical therapy established to alter the natural history of IBS and most traditional therapies (e.g., bulking agents, antidiarrheals, antispasmodics) focus on improving individual symptoms.
However, these symptom-based therapies have limited
efficacy and as such novel and emerging therapies have
been developed based upon the evolving understanding
of the pathophysiology of IBS[3,4].
Though a variety of GI and extraintestinal symptoms
and presentations are associated with IBS, it is primarily
characterized by symptoms of abdominal pain or discomfort associated with an altered bowel function in the
absence of any organic cause. Patients commonly report
abnormal defecation ranging from diarrhoea to constipation, including a combination of the two, the degree
of which can vary in both severity and duration[5,6]. Four
subtypes of IBS were recognized: IBS with constipation
(IBS-C), IBS with diarrhea (IBS-D), mixed IBS (IBS-M),
and unsubtyped IBS (IBS-U). IBS presents a challenge to
gastroenterologists, with several groups having attempted
to define a set of standardized symptom-based criteria
for the diagnosis of IBS. Although no symptom-based
criteria have ideal accuracy for diagnosing IBS[7], the third
iteration of the Rome criteria (Rome Ⅲ) and the Manning criteria are widely used by clinicians to diagnose
IBS[8,9].
Since many GI disorders present with symptoms
similar to IBS, it is important to exclude other causes.
The diagnosis of IBS should be made using symptoms
based on clinical criteria rather than excluding underlying
organic disease by exhaustive investigation. Routine laboratory studies are normal in IBS and thus only a limited
number of diagnostic studies are used to rule out other
likely conditions. However, patients with alarm symptoms (e.g., fever, weight loss, blood in stools, nocturnal of
progressive abdominal pain), laboratory abnormalities,
abnormal physical findings, and/or a family history of
inflammatory bowel disease (IBD) or colorectal cancer
(CRC) require more extensive evaluation (e.g., imaging
studies and/or colonoscopy)[2,3,10]. Otherwise, a limited
number of diagnostic studies can rule out organic illness

WJG|www.wjgnet.com

Faecal markers of intestinal
inflammation
A simple, reliable, reproducible and non-invasive test,
with the ability to differentiate IBD from other GI condition, such as IBS, would be of substantial clinical utility.
Serological markers (e.g., C-reactive protein, erythrocyte
sedimentation rate) reflect the presence and intensity of a
(systemic) inflammatory process and are not specific for
intestinal inflammatory disease. Radiological and endoscopic techniques are invasive, time-consuming and/or
expensive. Clinical disease (activity) scores are hindered
by inaccuracies arising from subjective components. Faecal markers, however, offer a non-invasive approach to
objectively measuring intestinal inflammation with the
ability to differentiate organic and functional GI diseases.
Stool markers are inexpensive, easily measured and therefore suitable for extensive use. Faecal markers include a
heterogeneous group of substances that either leak from
or are generated by the inflamed intestinal mucosa. The
inflamed hyper-permeable gut mucosa is associated with
increased protein cytokines and markers of neutrophil
activation in faecal samples. Faecal markers of neutrophil influx into the mucosa are promising indicators of
intestinal inflammation and their role has been mainly
studied in discriminating IBD from non-IBD conditions
(including IBS) rather than organic from non-organic diseases (Figure 1). Lactoferrin, polymorphonuclear (PMN)
elastase and myeloperoxidase (MPO) are faecal markers
of neutrophil degranulation. Of the proteins stored in
neutrophilic granules, lactoferrin is the most accurate
marker of intestinal inflammation. Importantly, lactoferrin, MPO and PMN elastase are not only expressed in
neutrophils and show limited stability in stool samples at
room temperature. Other faecal markers including alpha
1-antitrypsin, tumour necrosis factor alpha, lysozyme,
and markers of eosinophil degranulation (e.g., eosinophil
protein X, eosinophil cationic protein) have also been
described as markers of intestinal inflammation but their
clinical utility and/or diagnostic accuracy is inferior and
data on their role in differentiating IBD from IBS are
lacking or very limited[12-20]. The utility of other faecal
markers [e.g., granins, defensins, matrix-metalloproteases
(MMP)] in differentiating organic from functional disease
has not been widely studied. More recently, neutrophilderived S100 proteins have been identified as faecal
markers for differentiating IBD and IBS. Proteins of
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Figure 1 Faecal markers of intestinal inflammation. (1) Initially, unidentified triggers affect the epithelium and lead to an activation of the intestinal immune system;
(2) The initiated immune response involves the influx of different innate immune cells (e.g., granulocytes, monocytes, macrophages) and cells of the adaptive immune
system (e.g., T cells) into the affected mucosa. These cells actively secret inflammatory mediators or release granule proteins by cell degranulation. The contents of
neutrophil granules [ lactoferrin, polymorphonuclear (PMN) elastase, myeloperoxidase (MPO)] have antimicrobial properties. The cytosol is the source of the
damage associated molecular pattern proteins S100A8/A9 ( calprotectin) and S100A12 ( ); (3) During early stages of intestinal inflammation these released proteins spill over from the mucosa into the gut lumen; (4) Some of these factors (including defensins) are also released from the epithelium and the mucus layer; (5) In
direct contact with the intestinal mucosa, the faecal stream contains the specific proteins of mucosal disease. The detection of these markers in faeces indicates the
presence and degree of intestinal inflammation.

the S100 family [S100A8/A9 (calprotectin), S100A12]
are molecules released from the cytosol by activated or
damaged cells under conditions of cell stress, followed
by pro-inflammatory activation of pattern recognition
receptors. S100 proteins are remarkably resistant to degradation by faecal bacteria, making them suitable markers
for gut wall inflammation[14]. Faecal S100A12 and calprotectin are highly sensitive and specific markers of intestinal inflammation and exert a strong influence upon the
pathogenesis of IBD[21]. In this review, some of the most
promising faecal markers, which have the potential both
to differentiate IBD and IBS and to advance diagnostic
practices, will be discussed (Figure 1).

mucosa during inflammation is therefore proportional to
the amount of measured faecal calprotectin[24,25]. Furthermore, calprotectin has not only shown resistance to degradation in faeces and stability at room temperature, but
has also been reported to correlate well with 111Indiumlabelled granulocyte scintigraphy[24,26]. It is these favourable characteristic prerequisites for the validity of a faecal
biomarker that have witnessed the emergence of calprotectin as one of the most studied faecal biomarkers for
intestinal inflammation[27].
Elevated faecal calprotectin levels have been reported
in multiple organic GI diseases when compared with
functional GI diseases (Table 1). In a large-scale study,
Tibble et al[28] determined that at a cutoff value of 10
mg/L, faecal calprotectin had a sensitivity of 89% and a
specificity of 79% for detecting organic disease, which
performed better than the respective values for a positive
Rome Ⅰ criteria diagnosis (85% and 71% respectively).
Following this, Costa et al[29] discussed the value of setting a cutoff point determined by the collective results of
complete GI investigations on all patients with chronic
abdominal pain and diarrhoea. For example, by using a
cutoff of 60 µg/g they were able to produce their optimal diagnostic accuracy, with a sensitivity of 81% and a
specificity of 88%[29]. In another study, for patients presenting with lower GI symptoms, D’Incà et al[30] reported

Calprotectin
S100A8 [also known as calgranulin A and myeloid-related
protein 8 (MRP8)] and S100A9 (calgranulin B, MRP14)
are members of the S100 calcium-binding protein family. Both proteins are linked to the innate immune system
and expressed in granulocytes, monocytes/macrophages
and epithelial cells (Figure 1)[14]. The two proteins exist in multiple isoforms, the most abundant of which is
the S100A8/S100A9 heterodimer (“calprotectin”)[22,23].
Calprotectin constitutes 60% of cytosolic protein in neutrophils and the influx of these neutrophils into the GI
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-
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Symptoms of diarrhea and/or abdominal pain (63)
Intestinal neoplasms (26)
Food allergy (5), infectious enterocolitis (4), familial
Mediterranean fever (1)
CRC (8), upper-GI lesions (44), diverticulosis (15), polyps
(12), colon adenoma (6)
Bacteria infectious bowel disease (41)
-

Reflux esophagitis (6), juvenile polyp (2); eosinophilic GI
disorder (3), others (5)
Microscopic colitis (6), polyps (3), CRC (2), diverticulosis (19)
Coeliac disease (12), diarrhea (14), CRC (7), colitis (6), small
bowel enteropathy (21), diverticulosis (14)
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-

Bacterial (65) and viral (23) enteritis

Other diagnosis (n )

Table 1 Studies investigating faecal markers in the differentiation of inflammatory bowel disease or healthy controls vs irritable bowel syndrome

Clinical disease activity indices;
endoscopy

Endoscopy/histology; clinical disease
activity indices

Colonoscopy/sigmoidoscopy

Colonoscopy/histology

Colonoscopy
Endoscopy and/or radiology
(in selected patients only)
Clinical, radiographic, endoscopic, and
histological criteria, as appropriate
Colonoscopy (in selected patients only),
questionnaires
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Upper or lower endoscopy

Barium follow through
Colonoscopy and/or radiology
Endoscopy, histology and radiology

Mayo clinic or harvey
bradshaw index
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(in selected patients only)
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Radiology and/or colonoscopy
Radiology and/or colonoscopy
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21

0

0

0

50

1

18

47

0

30

43

91

40

23

82

46

0

94

40

24

29

24

7

4

0

0

0

0

Collagenous colitis (1), CRC (1), stricture (1),
coeliac disease (1)
CRC (7)

-

-

-

-

Endoscopy/histology

Colonoscopy (n = 87) or radiology (n = 4)

Faecal CP; rectal sensitivity; colon transit
time; questionnaires
Clinical and endoscopic Mayo score;
faecal CP
Endoscopy/histology

Endoscopy/histology;
immunohistochemistry; faecal CP and LF

a sensitivity, specificity and diagnostic accuracy of 78%, 83% and 80% respectively for diagnosing inflammatory disease, irrespective of diagnosis. Similar results have also been
obtained in the paediatric population[31-33]. Carroccio et al[32] reported specificities which were in line with previous studies, but the sensitivities were far lower. This was attributed
to a combination of a higher potential number of referrals for possible coeliac patients (due to their hospital being a tertiary centre for food intolerance), and the reported high
frequency of negative calprotectin results for patients with coeliac disease. Furthermore, they highlighted the association between false-positive results for faecal calprotectin
and both nonsteroidal anti-inflammatory drug use and liver cirrhosis, believed to be due to the mucosal abnormalities associated with each[34].
In efforts to highlight the potential of faecal calprotectin to distinguish between IBD and IBS specifically, a number of further studies have been performed[26,32,35-40] (Table
1). Langhorst et al[37] confirmed that faecal calprotectin was significantly raised (104 µg/g) in patients with active ulcerative colitis (UC) compared to faecal levels in patients with
IBS (19 µg/g). In a slightly smaller prospective study, Schröder et al[38] reported that faecal calprotectin had a sensitivity of 93% and a specificity of 100% when differentiating
IBD from IBS (cutoff 24.3 µg/g), though the diagnostic accuracy of calprotectin was not statistically significant superior to that of faecal lactoferrin or polymorphonuclear
(PMN) elastase. The distinctly high diagnostic values found in this study were potentially due to a selection bias (their hospital represents a referral centre for IBD), which was
supported by the exceptionally high number of patients suffering from IBD compared to IBS[38]. The comparative diagnostic accuracies between faecal calprotectin and other faecal
markers have also been studied extensively[25,30,35,36,38,39,41,42]. Silberer et al[39] have reported a high and similar diagnostic accuracy of faecal calprotectin and PMN elastase for the
differentiation of chronic IBD and IBS, which was superior to that of other leukocyte proteins in the faeces including lactoferrin and myeloperoxidase (MPO). In another
such study, Schröder et al[38] reported that any combination of calprotectin, lactoferrin and PMN elastase did not improve their diagnostic accuracy in distinguishing between
IBD and IBS, a result supported by other studies[36,38,41].
Correlation of faecal calprotectin with endoscopically and histologically assessed disease has always been the “gold standard” to ascertain its true prognostic value. Schoepfer et al[25]
were able to demonstrate good correlation of faecal calprotectin with endoscopically assessed severity of disease in both Crohn's disease (CD) and UC. These findings were
confirmed by a recent study reporting a significant correlation of faecal calprotectin levels and endoscopic disease activity in 126 included patients with IBD and 32 patients
with IBS[43]. Following from this, the role of faecal calprotectin in being able to distinguish between IBD patients in remission with or without IBS symptoms has been investigated. Faecal calprotectin tends to be increased in subgroups of IBS-positive patients with IBD in remission, regardless of diagnosis[44,45]. Keohane et al[45] reported that both
CD and UC patients with IBS-like symptoms had significantly higher faecal calprotectin levels than those without, most likely indicating the presence of ongoing subclinical inflammation rather than coexisting functional disease. Berrill et al[46] have reported that there is no statistical difference between the faecal calprotectin levels of patients with IBD

Se: Sensitivity; Sp: Specificity; PPV: Positive predictive value; NPV: Negative predictive value; CD: Crohn’s disease; UC: Ulcerative colitis; IBS: Irritable bowel syndrome; HC: Healthy control; CP: Calprotectin; LF: Lactoferrin;
PMNE: Polymorphonuclear elastase; MMP: Matrix-metalloprotease; HBD: Human β-defensin; Cg: Chromogranin; Sg: Secretogranin; MPO: Myeloperoxidase; M2PK: M2-pyruvate kinase; IBD: Inflammatory bowel disease; GI:
Gastrointestinal; CRC: Colorectal cancer; FRT: Faecal rapid test.

Chung-Faye et al[81] 2007

Jeffery et al[82] 2009

> 18.6 µg/g
> 6.64 µg/g
> 124 ng/g
> 4 U/mL
> 50 µg/g
> 3.7 U/mL
> 25 µg/g

CP
LF
PMNE
M2PK
CP
M2PK
CP

Silberer et al[39] 2005

Annaházi et al[86] 2013

Ohman et al[87] 2012

Median
UC: 107 µg/g
IBS: 76 µg/g
HC: 30 µg/g
CgB
< 0.48 nmol/g
SgⅡ > 0.16 nmol/g
MMP-9 > 0.245 ng/mL

HBD2

Langhorst et al[37] 2009
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Figure 2 Diagnostic accuracy of faecal markers in the differentiation of organic gastrointestinal disease vs irritable bowel syndrome. The figure illustrates
statistical measures of the diagnostic performance of different studies on the role of faecal markers in the diagnosis of irritable bowel syndrome. Sensitivities, specificities, positive predictive values (PPV), and negative predictive values (NPV) of different biomarker studies are represented with highest values close to the center of
the “dartboard” (i.e., 100%). Each dot represents a biomarker study and different colors represent the type of the faecal marker (see legend). The size of each dot
represents the number of included study subjects (see scale).

Table 2 Overall diagnostic accuracy of faecal markers in the differentiation of inflammatory bowel disease vs irritable bowel
syndrome in relation to the size of study cohorts

Calprotectin
S100A12
Laktoferrin
M2-PK

Se

n

Sp

n

PPV

n

NPV

n

Ref.

85%
89%
78%
69%

2984
256
1811
330

85%
96%
94%
82%

2984
256
1811
330

81%
98%
91%
64%

2274
256
1376
330

82%
81%
82%
79%

2130
256
1232
330

[25,26,28-33,35,36,38-42,47,81,82,91]
[35,42]
[25,30,36,38,39,41,68,70,71,92]
[81,82]

Se: Sensitivity; Sp: Specificity; PPV: Positive predictive value; NPV: Negative predictive value; n: Number of study subjects; M2PK: M2-pyruvate kinase.

in clinical remission with IBS-type symptoms compared
with those without. While faecal calprotectin may be useful as a noninvasive marker to distinguish patients with IBD
in need of intensified follow-up, the utility of faecal calprotectin as an aid to discriminate between inflammatory and
functional symptoms in IBD patients remains uncertain.
There have also been some interesting results of
other faecal calprotectin analysis techniques. Otten et al[41]
reported that faecal rapid testing of calprotectin had an
associated sensitivity and specificity of 100% and 95%
respectively, at a cutoff value of 15 mg/kg. Interestingly,
these results outperformed those of the standard enzymelinked immunosorbent assay (ELISA) faecal calprotectin
test (Table 1)[41]. Similarly, Sydora et al[47] found that “desk
top” faecal analysis devices reported sensitivities of
56%-100% and specificities of 100% when differentiating between IBD and IBS (cutoff 150 µg/g). However,
these data were generated from a very small cohort (Table
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1), and though showing promise should nonetheless be
treated with caution at present. In addition, it was recently
reported that different faecal calprotectin ELISA kits show a
between-assay variability[48].
Since many disorders present with symptoms similar
to IBS, it is important to exclude other causes like IBD.
Overall, calprotectin is the most widely studied faecal
marker for the differentiation between IBD and IBS and
a sensitive and specific marker of inflammatory activity in
the gut (Table 2, Figure 2). Because of its high diagnostic
accuracy in ruling out intestinal inflammation, many clinicians use faecal calprotectin as a noninvasive screen for
IBD in their patients with IBS symptoms[49].

S100A12
S100A12, also known as calgranulin C or EN-RAGE
(extra cellular newly identified receptor for advanced
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that is found in the secretions of most mucosal surfaces
including tears, saliva, human breast milk, synovial fluid
and serum[64]. Lactoferrin has been shown to exert bacteriocidal activity and is a major component of secondary
granules released during the degranulation of polymorphonuclear neutrophils in response to inflammation[65,66].
In the intestinal lumen, the presence of inflammation
triggers polymorphonuclear neutrophils to infiltrate the
intestinal mucosa, causing a proportional increase of
faecal lactoferrin levels (Figure 1)[67]. Lactoferrin demonstrates reasonable stability in faeces; it is unaffected by
multiple freeze-thaw cycles, though it has been reported
that after 48 h at room temperature, stool concentrations
of lactoferrin declined slightly to 90% of their original
levels[13,39,68].
Several studies have attempted to elucidate the utility of lactoferrin as a marker for intestinal inflammation,
with variable outcomes[69]. Results were more variable
when assessing the capabilities for lactoferrin as a distinguishing marker between IBS and IBD (Table 1). Compared to other proteins stored in neutrophilic granules
such as PMN elastase, MPO, and human neutrophil lipocalin, Sugi et al[13] reported that lactoferrin was a superior
faecal marker of neutrophil-derived intestinal inflammation. D’Incà et al[30] were able to quantify that, in colonoscopy referrals for lower GI symptoms, results of faecal
lactoferrin assays yielded an overall sensitivity, specificity,
positive predictive value (PPV), and diagnostic accuracy
of 80%, 85%, 87% and 81% respectively in identifying
intestinal inflammation. Similarly, Walker et al[70] reported
that all of their included patients with IBS (n = 7) had
normal levels of faecal lactoferrin (cutoff 7.25 µg/mL)
and that the sensitivity, specificity, PPV and negative predictive value (NPV) for distinguishing individuals with
IBD from those without IBD, were 84%, 97%, 99% and
55% respectively. Furthermore, in a recent meta-analysis,
Gisbert et al[69] calculated the mean sensitivities and specificities of faecal lactoferrin in the diagnosis of IBD to
be 80% and 82% respectively. Silberer et al[39] found that
calprotectin and PMN elastase, but not lactoferrin, correlated with the severity of inflammation determined by
ileocolonoscopy and were able to differentiate chronic
IBD from IBS. When comparing receiver operating characteristic (ROC) curves calculated for healthy controls
and patients with IBD, the areas under the curve (AUCs)
for PMN elastase and calprotectin were 0.916 and 0.872
respectively, whilst that for lactoferrin was 0.693[39]. On
the other hand, our recent review of studies on faecal
markers of intestinal inflammation revealed that the diagnostic accuracy of faecal lactoferrin in the differentiation
of IBD vs IBS had sensitivities and specificities between
56%-100% and 61%-100% respectively, with PPVs and
NPVs of 59%-100% and 78%-99% respectively[14] (Table
1). In a more recent study, Sidhu et al[71] were further able
to demonstrate that patients with inactive IBD had significantly higher median faecal lactoferrin levels than those
with IBS. Of particular interest were the results of Otten et
al[41] showing that new faecal rapid testing techniques for
evaluating faecal lactoferrin in the primary care setting were

glycation end-products), is another member of the S100
calcium-binding protein family. In contrast to calprotectin, S100A12 is expressed almost exclusively by neutrophils (Figure 1) and does not form heterodimers with
either S100A8, S100A9 or associate with the heterodimer
S100A8/S100A9[50]. S100A12 was reported to function
as a pro-inflammatory molecule, the binding of which to
RAGE on endothelial cells, mononuclear phagocytes, and
lymphocytes leads to upregulation of pro-inflammatory
cytokines[51]. More recently, it was shown that S100A12 is
a ligand of Toll-like receptor 4, amplifying monocyte activation and thus contributing to organ-specific as well as
systemic inflammation[52]. Not surprisingly, S100A12 has
been implicated in multiple inflammatory disorders[53-55].
S100A12 is strongly upregulated during chronic active
IBD[21] and its release from intestinal mucosal specimens
correlates to the intestinal inflammation status[56].
More recently, the value of S100A12 as a faecal biomarker of inflammatory conditions within the bowel
has been investigated[42,57-62]. de Jong et al[62] showed that
S100A12 was equally distributed in faeces, as well as being temperature stable for up to 7 d. Furthermore, in their
study of 48 children, they reported that faecal S100A12
had a sensitivity of 96% and a specificity of 92% (cutoff
10 mg/kg) when distinguishing between healthy controls and the IBD group (mainly CD)[62]. In the wake of
these findings we assessed the correlation between faecal
S100A12 levels with endoscopic and histological findings
in patients with IBD and IBS[35]. We demonstrated a sensitivity of 86% and a specificity of 96% (cutoff 0.8 mg/kg)
when differentiating active IBD from IBS. Our study also
showed a strong correlation between faecal S100A12 levels
and endoscopically and histologically confirmed intestinal
inflammation in both CD and UC. Our head-to-head comparison of faecal S100A12 and faecal calprotectin showed
that faecal S100A12 was superior in distinguishing active
IBD from IBS[35]. Similarly, in a prospective study of a paediatric population presenting with GI symptoms, Sidler et
al[42] investigated the utility of faecal S100A12 compared to
faecal calprotectin as a marker for intestinal inflammation.
Children diagnosed with IBD (n = 31) had elevated faecal S100A12 (median 55.2 mg/kg) and faecal calprotectin
(median 1265 mg/kg) levels when compared to 30 children
without IBD (median S100A12 1.1 mg/kg; median calprotectin 30.5 mg/kg). The sensitivity and specificity of faecal
S100A12 for the diagnosis of IBD (cutoff 10 mg/kg) were
both 97%, whereas faecal calprotectin had a sensitivity of
100% and a specificity of only 67% (Table 1).
Though more recent studies into the role of S100A12
for diagnosis, prediction of outcomes and monitoring of
disease responses for other GI diseases (including necrotizing enterocolitis and CRC) have been undertaken[58,59,63],
further prospective studies into the role of S100A12 in distinguishing organic from functional disease are required to
consolidate promising initial data (Table 2, Figure 2).

LACTOFERRIN
Lactoferrin is a multifunctional iron binding glycoprotein
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at least comparable to the more standard ELISA tests when
testing 114 patients referred for lower GI endoscopy for
investigation of abdominal complaints (bloating, change in
defecation frequency or consistency, or blood and mucus in
the faeces) (Table 1).
Considering these positive results, the main disadvantages of faecal lactoferrin stem from its non-specificity to
any particular organic disease and by the fact that it is not
solely expressed by degranulated neutrophils. Lactoferrin is secreted endogenously by several mucosal epithelial
cell types and can therefore act as a non-inflammatory
induced source of faecal lactoferrin[72]. Furthermore, it
has been reported that the use of non-steroidal anti-inflammatory drugs may increase the amount of lactoferrin
detected in faeces, probably due to an associated induced
enteropathy[32,73,74].
Similarly to S100 proteins, it should be emphasized
that lactoferrin itself is not a marker of any specific organic disease, but rather of neutrophilic intestinal inflammation[75]. A negative faecal lactoferrin test, therefore,
should only be seen as the absence of significant neutrophilic intestinal inflammation. It has consequently been
proposed that faecal lactoferrin may have a role in excluding underlying inflammatory conditions thus removing
the need for colonoscopy in patients presenting undifferentiated diarrhoea with no alarm symptoms[76]. In studies
designed to compare IBD patients with healthy controls
or IBS, direct comparison of calprotectin and lactoferrin
revealed comparable levels of diagnostic accuracy (Tables
1 and 2)[25,30,36,38,39,41]. These conclusions support the notion that although lactoferrin may be of limited use in the
direct classification or diagnosis of organic disease, it may
yet have utility in IBD diagnosis.

fractoriness in severe paediatric UC, but is still inferior to
a clinical disease activity index[61]. Importantly, it has also
been shown that faecal M2-PK is able to differentiate between patients with IBD or IBS (cutoff 3.7 U/mL) and
that M2-PK and faecal calprotectin are highly significantly
correlated[81]. In this study 67% of included patients (n =
88) had organic GI disease and faecal M2-PK had a sensitivity of 73%, specificity of 74%, PPV of 89%, and a
NPV of 57% for IBD and CRC. These results were comparable to the diagnostic accuracy of faecal calprotectin
(cutoff 25 µg/g) in the same patients with a sensitivity
of 80%, specificity of 74%, PPV of 87%, and a NPV of
65% (Table 1). Jeffery et al[82] showed that, in a setting of
a low prevalence or organic bowel disease, faecal M2-PK
is able to differentiate organic disease from functional
bowel disease (cutoff 4 U/mL) with a sensitivity of 67%,
specificity of 88%, PPV of 47% and a NPV of 94%. In
this study the incidence of functional bowel disorder was
much higher (87% of included patients; n = 91) than in
the aforementioned study (33% of included patients; n
= 43) and the results showed that M2-PK does not perform as well as calprotectin (cutoff 50 µg/g; sensitivity
93%; specificity 92%, PPV 62%, NPV 99%) (Table 1)[82].
The authors concluded that use of calprotectin and M2PK may be particularly advantageous as a rule-out test in
clinical populations with a similar disease prevalence.

POLYMORPHONUCLEAR NEUTROPHIL
ELASTASE
PMN elastase is a neutral serinproteinase, which is released from leucocyte granules as a mediator of inflammation by activation of neutrophils. Elastase is stable for
four days in faeces at room temperature[39]. Silberer et al[39]
showed that faecal PMN elastase levels in patients with
IBS (n = 40) were in the range of healthy persons (n =
40). Faecal PMN elastase and calprotectin correlated with
endoscopically classified severity of intestinal inflammation and yielded similar AUCs when ROC curves were
calculated for healthy persons and patients with IBD (n =
39). The authors concluded that faecal PMN elastase and
calprotectin are able to differentiate between chronic IBD
and IBS. Similarly, Langhorst et al[36] showed that faecal
PMN elastase, calprotectin and lactoferrin differentiate
IBD and IBS. Patients with IBS (n = 54) demonstrated
significantly lower levels of PMN elastase in stools when
compared to patients with endoscopically active IBD (n
= 60) and, interestingly, when compared with endoscopically inactive IBD (n = 25). The specificity and overall
diagnostic accuracy of PMN elastase in patients with IBS
were each 82% and slightly lower than for faecal lactoferrin (83%), faecal calprotectin (87%), and serum CRP
(91%). Schröder et al[38] prospectively evaluated the diagnostic accuracy of faecal PMN elastase alone (cutoff 62
ng/g) and in combination with faecal calprotectin (cutoff
15 µg/g) and/or lactoferrin (cutoff 7.3 µg/g) to detect
intestinal inflammation in patients with IBD (n = 45) and
IBS (n = 31)[38]. The sensitivity, specificity, PPV, and NPV

M2-PYRUVATE KINASE
The glycolytic enzyme M2-pyruvate kinase (M2-PK) is a
multifunctional protein, involved in several nonglycolytic
pathways influencing cellular physiology including immunological responses, cellular growth and apoptosis[77]. The
dimeric isoform of M2-PK (tumor M2-PK) is present in
undifferentiated and proliferating tissues and M2-PK is
upregulated in a range of GI malignancy[78]. The determination of M2-PK in stool samples was proposed as a
new promising screening tool for CRC[79]. The usefulness
of faecal M2-PK for the detection of intestinal inflammation was also studied in patients with IBD since these
patients have increased cell turnover in the GI tract. The
PK stool test requires a single, small and random faecal
sample whilst the enzyme is stable for two days at room
temperature[80]. Czub et al[80] have reported that faecal M2PK could potentially be a useful marker for IBD activity
with a better correlation for UC patients. Likewise, Turner et al[61] showed that faecal M2-PK reflects severity of
paediatric UC by having very high faecal values. Furthermore, the authors demonstrated that faecal M2-PK has,
in contrast to other faecal biomarkers (calprotectin, lactoferrin, S100A12), the best ability to predict steroid re-
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compared faecal MMP-9 levels in patients with UC (n =
47) with those of patients with diarrhea predominant
IBS-D (n = 23) and healthy controls (n = 24). Healthy
controls and patients with IBS-D showed very low faecal MMP-9 levels compared with faecal levels of patients
with UC. The sensitivity and specificity of faecal MMP-9
in distinguishing between UC and IBS-D was 85% and
100%, respectively (cutoff 0.245 ng/mL). Faecal MMP-9
levels correlated significantly with faecal calprotectin levels. The authors suggested that faecal MMP-9 could be a
novel marker to help in the differential diagnosis of patients with diarrhea and abdominal pain. However, this is
the first published study on the diagnostic role of faecal
MMP-9 in IBD and IBS and further studies are needed
to confirm these findings.

of faecal PMN elastase in distinguishing between IBD
and IBS was 84%, 87%, 91% and 79%, respectively, and
increased to 96%, 100%, 100% and 94%, respectively,
when combined with faecal calprotectin ± lactoferrin.
The odds ratio for having intestinal inflammation with
an elevated faecal PMN elastase was 37 (95%CI: 12-116).
However, the results of the study indicate an advantage
of calprotectin over lactoferrin and PMN elastase in the
detection of intestinal inflammation.

Human β-Defensin-2
Defensins belong to the class of protective antimicrobial
peptides and play an important role in the host innate
defense at the mucosal surface of the GI tract (Figure 1).
Human β defensins (HBD) are expressed in the colon
by epithelial cells and plasma cells. HBD-2 plays a crucial
role in determining innate immune responses to bacteria in the gut. Cumulating evidence suggests a special
role for HBD-2 as a marker for intestinal inflammation
in IBD[83]. Interestingly, Langhorst et al[84] reported that
elevated faecal levels of HBD-2 indicate an activation
of innate immunity not only in IBD but also in IBS[37,84].
Faecal HBD-2 levels of patients with IBS (n = 46) were
significantly elevated compared with health controls (n =
24) and similar to those in patients with active UC (n =
30), whereas faecal levels of calprotectin and lactoferrin
did not differ between healthy controls and patients with
IBS. These findings suggest a pro-inflammatory activation of the mucosal innate immune system in patients
with IBS in the absence of endoscopic or histologic signs
of inflammation. These results support the idea that IBS
could be a (low-grade) inflammatory disorder though the
functional significance remains to be established.

GRANINS
Granins are proteins expressed by cells of the enteric,
endocrine, and immune system, and may broadly reflect activity of these systems. Chromogranins (Cg) and
secretogranins (Sg) are precursors of several bioactive
peptides and regulate a number of cellular functions.
Öhman et al[87] assessed the association between faecal
levels of Cg and Sg with IBS. The results showed that,
compared to healthy controls (n = 29), IBS patients (n =
82) demonstrated higher levels of CgA, SgⅡ, and SgⅢ,
but lower levels of CgB. Thus, faecal levels of SgⅡ, Sg
Ⅲ and CgB may be used to discriminate between IBS patients and healthy individuals. However, there was no disease control group included in this study, which therefore
precludes the proper evaluation of faecal granins as diagnostic biomarkers. Faecal granins are however unlikely to
be specific IBS markers since other diseases (e.g., coeliac
disease) also manifest increased Cgs[88]. Furthermore, faecal calprotectin levels were not associated with the faecal
concentrations of granins. Finally, the study design cannot differentiate whether the increased faecal levels of
granins cause IBS or its symptoms, or merely reflect the
phenotype of IBS. Elevation of faecal granins may serve
as a marker for guiding medical treatment of IBS. However, the lack of specificity of faecal granins does not
support the use of these proteins as positive biomarkers
for IBS.

MYELOPEROXIDASE
MPO is another lysosomal protein that is released from
granules of neutrophil granulocytes during inflammation
(Figure 1). MPO produces oxygen radicals during the
neutrophil’s respiratory burst, which are important in the
killing of bacteria. MPO is stable for at least four days in
feces at room temperature[39]. To date, MPO has shown
to be of only limited utility as an inflammatory marker
for IBD[85]. Thus, the use of MPO in the differentiation
between IBS and IBD has not been widely studied (Table
1). In addition, Silberer et al[39] found that MPO separated
healthy controls (n = 40) and patients with IBS (n = 40)
from patients with chronic IBD (n = 39) less effectively
than PMN elastase or calprotectin.

CONCLUSION
Extensive diagnostic tests in the evaluation of patients
with typical symptoms of IBS and the absence of alarm
features are not necessary[89]. A positive diagnostic strategy based on symptom-based criteria and simple blood
tests is not inferior to a strategy of exclusion of organic
disease with multiple unnecessary, expensive, and potentially harmful diagnostic tests and procedures[90]. Faecal
surrogate markers of intestinal inflammation represent a
practicable, inexpensive and objective diagnostic tool to
differentiate organic and functional GI diseases. Neutrophil-derived faecal biomarkers show a high diagnostic accuracy in the differentiation of IBD vs IBS (Table 2) and
could be useful in reducing unnecessary invasive investi-

MATRIX-METALLOPROTEASE 9
MMPs are a family of zinc-dependent endopeptidases
capable of degradation of extracellular matrix proteins.
MMPs are secreted by various cell types including tumor
cells and several immune cell types. MMP-9 is released
from neutrophils and elevated in colonic biopsies, urine,
and blood plasma of patients with UC[86]. Annaházi et al[86]
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gations. Thus, these markers can provide reassurance to
physicians that their clinical diagnosis of IBS is correct.
Further studies are required to more comprehensively
define and compare the role of these faecal proteins in
the diagnosis and pathogenesis IBS. Nonetheless, faecal
biomarkers have the potential to be incorporated into
standard clinical practice for the routine assessment of
IBS and IBD.
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symptom onset. Certain foods may affect on bacterial
metabolism and epigenetic modifications, predisposing
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Core tip: Irritable bowel syndrome (IBS) is a multifactorial disease, whose development and phenotype are
related to both genetic and epigenetic factors. Gene
polymorphisms and epigenetic modifications affect the
function of brain-gut axis and are responsible for many
of the symptoms of the disease. The relationship between environmental factors and IBS shows the effect
of environment on gene expression alteration by epigenetic modification.
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Abstract
Irritable bowel syndrome (IBS) is a functional disorder
characterized by abdominal pain, discomfort and bloating. The pathophysiology of IBS is poorly understood,
but the presence of psychosocial basis is now known.
There is an increasing number of publications supporting the role of genetics in IBS. Most of the variations
are found in genes associated with the brain-gut axis,
revealing the strong correlation of brain-gut axis and
IBS. miRNAs, which play critical roles in physiological
processes, are not well studied in IBS. However, so far
there is found an involvement of alterations in miRNA
expression or sequence, in IBS symptoms. IBS phenotype is affected by epigenetic alteration and environment. Changes in DNA and histone methylation are
observed in patients who suffered childhood trauma
or abuse, resulting in altered gene expression, such as
the glucocorticoid receptor gene. Finally, diet is anoth-
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INTRODUCTION
Irritable bowel syndrome (IBS) is amongst the most
widely recognized functional gastrointestinal disorders
and is remarkably prevalent in the general population, affecting as many as 5%-20% of people worldwide[1]. The
prevalence of IBS is slightly higher in women, with a
variable influence of age across studies. Symptom based
criteria is applied to diagnose the entity. The presence of
chronic or recurrent abdominal pain or discomfort, relieved by defecation and associated with an altered bowel
habit, in the absence of any underlying structural or bio-
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high prevalence and the chronic or recurrent nature of
symptoms[5].
The pathophysiology of IBS is largely unknown
and it is generally considered a multifactorial disorder.
Among the putative mechanisms involved in the pathogenesis of IBS, there is evidence to support the key
role of heritability and genetics factors. It is recognized
that psychological factors and stress appear to be the
primary drivers of symptoms in IBS patients. There is
a hypothesis that IBS patients have a certain personality
with predisposition to develop the disease. Dimensions
of personality that are important in clinical practice include response to stress, attitude toward illness, health
and medical treatment. These constitutional features
may have genetic origins that may be influenced by early
environmental experiences.

Table 1 Genetic alterations on irritable bowel syndrome
Gene

Polymorphism

Serotonergic system
SERT promoter

5-HTTLPR, deletion
rs25531
HTR3A
-42C > T
HTR3B
386A > C
HTR3C
489C > A
HTR3E
rs62625044
Adrenergic and opioidergic system
α2-adrenergic receptor
α2C del 322-325, deletion
α2A-1291C > G
COMT
α2A-1291 C > G
Val158Met
CNR1
(AAT)n triplet repeat
rs806378
CRH-R1
rs7209436
rs242924
BDNF
Val166Met
OPRM1
118A > G
Cytokines
IL-10
-1082 A > G
396 T > G
-819T > G
TNF alpha
-308G > A
-238G > A
GNβ3
825C > T
TLR9+
-1237T > C
2848 G> A
IL1R
Pst-Ⅰ 1970C > T
IL4
-590C > T
-33T
IL6
-174G > C

Ref.
[13-17]
[81]
[50]
[82]
[83]
[50]
[19]
[19,84]
[20]
[21,22]
[23]
[24]
[27]
[27]
[85]
[85]

GENETICS AND IBS
Gene polymorphisms
IBS, as a multifactorial disorder, is also associated with
altered brain-gut axis [6]. A recent study showed that
corticotrophin-releasing hormone (CRH) is involved in
stress-related pathophysiology of IBS and in the inflammation of the intestinal mucosa[7]. Polymorphisms in
genetic factors may influence these mechanisms, and affect brain-gut interrelations[8-10]. Polymorphisms involve
the serotonergic, adrenergic and opioidergic systems, and
genes encoding proteins with immunomodulatory and/
or neuromodulatory features[9,10].

[28-30]
[30]
[34]
[28]
[86]
[32]
[84]
[84]
[86]
[84,87]
[87]
[84,86]

SERT: Serotonin reuptake transporter; COMT: Catechol-O-methyltransferase; CNR1: Cannabinoid receptor 1; CRH-R1: CRH receptor 1; IL: Interleukin; TNF: Tumor necrosis factor.

Serotonergic system
Serotonin [5-hydroxytryptamine (5-HT)] controls gastrointestinal secretion, motility, and visceral perception by
activating at least five types of receptors[10]. Alterations
in 5-HT levels and signaling are present in IBS patients
which may induce diarrhea, nausea, and vomiting[11,12]. So
far, only a few gene polymorphisms are associated with
IBS. Polymorphisms in promoter of serotonin reuptake
transporter (SERT) gene effect on transcription activity
and influence 5-HT reuptake efficiency. In a recent study,
among 9 polymorphisms in promoter region of SERT,
only one polymorphism (insertion/deletion polymorphism) was associated with diarrhea in women with IBS.
The deletion polymorphism decreases expression of the
sodium-dependent serotonin transporter and, thus, reduces reuptake of serotonin[13]. Another study showed a
lower prevalence of the SS genotype (homozygosity for
deletion) in IBS and, particularly, in D-IBS, but this was
only observed in male patients[14] (Table 1).
This polymorphism is also correlated with behavioral
traits and psychiatric disorders and IBS patients homozygous for the deletion present significantly higher risk
for depressive episodes[15]. Another study also associated
insersion/deletion polymorphism with anxiety. Long
allele (insertion) in females is implicated with negative
emotion but acts contrary in males[16]. This allele influences the efficacy of tegaserod treatment. IBS patients

chemical abnormalities, identifies patients with IBS[2].
The syndrome has been subdivided into different
subgroups based on the predominant bowel habit; diarrhea-predominant (D-IBS), constipation-predominant
(C-IBS), or a mixture of both diarrhea and constipation
(M-IBS). The use of these subgroups has received acceptance by most clinical investigators, as it commonly
dictates symptomatic pharmacological management[3].
However, the value of this categorization is under consideration, knowing that each IBS patient could switch
from one subgroup to another over time.
There is a significant variability in the clinical presentation of patients with IBS and they could differ
by predominant stool type, severity and frequency of
pain/discomfort and comorbidities including psychological distress and somatic complaints [4]. Moreover,
IBS symptoms can fluctuate over time. The severity and
intensity of IBS symptoms vary from very mild in patients who do not seek medical attention to very severe
one that may significantly affect quality of life with the
same degree of impairment as major chronic disorders.
Despite the fact that a minority of IBS patients chooses
to consult a physician, IBS is a clinical problem of considerable cost for the health care system because of its
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carrying the long allele respond poorly to treatment[17].

tional repression of targeted mRNAs[37]. miRNAs form
RNA-induced silencing complex, which can prevent the
expression of proteins, either by activating endonuclease
that degrades mRNAs or by blocking translation[38]. miRNAs are connected with physiological processes such as
cell division and death[39], cellular metabolism[40], intracellular signaling[41], immunity[42] and cell movement[43].
Thus, altered miRNA expression can affect these critical
processes, and as a result, lead to various pathological
and occasionally malignant outcomes.
Cancer is one of human diseases clearly associated
with miRNA regulation. miRNAs may involve in tumor
development as tumor suppressors or oncogenes. They
also play roles in tumor invasion and metastasis. Downregulation of miR-15 and miR-16 is correlated with the
pathogenesis of B-cell chronic lymphocytic leukemia[44].
In addition, miR-125b, miR-145, miR-21 and miR-155
expression is associated with the increased risk of breast
cancer [45]. The implication of miRNAs in immunerelated diseases, such as multiple sclerosis (MS), systemic
lupus erythematosus (SLE), and type Ⅰ/Ⅱ diabetes is
also known. In MS, miR-34a, miR-155 and miR-326
are overexpressed[46]. In SLE, increased risk of disease
development is associated with decreased expression of
miR-46a[47]. Several studies show that miRNAs regulate
critical pathways in inflammation, such as pathways correlated with nuclear factor kappa beta. miR-155 and
miR-146 are the best characterized miRNAs which are
implicated in immune-diseases[46,48,49].
The role of miRNAs in IBS is not well studied.
The first association of miRNAs and IBS was from
Kapeller et al[50]. This study showed that the variation
c.*76G>A (rs62625044) in the 3’ untranslated region
(UTR) of the serotonin receptor type 3 subunit genes
HTR3E correlates with D-IBS. This functional variation
is located in the miRNA-510 target site of the gene. The
co-localization of HTR3E and miR-510 in enterocytes
of the gut epithelium and the presence of cis-regulatory
variation show the regulation of serotonin receptor gene
expression by miRNA.
Next evidence came from Zhou et al[51], who evaluated the miRNA expression in blood microvesicles (circular membrane fragments that are shed from the cell
surfaces and accompanies cell activation) and gut tissues
in D-IBS patients and IBS patients with normal membrane permeability. They found that miR-29a expression
was increased in blood microvesicles in the small bowel
and colon tissues of IBS patients with increased permeability. miR-29a is complementary in the 3’ UTR of the
glutamine synthetase gene. These results suggest the role
of glutamine synthetase in the intestinal membrane permeability and the role of miR-29a in regulation of glutamine synthetase and intestinal membrane permeability.

Adrenergic and opioidergic systems
Autonomic system has an important role in gastrointestinal motility, acting via adrenergic receptors. Genetic
variations in α2-adrenergic receptor may change sensory
and motor function in IBS[18]. α2C Del 322-325 deletion, a variation resulting in a loss-of-function phenotype, is associated with C-IBS (constipation IBS)[19]. The
α2A -1291 C>G is associated with D-IBS, but no with
C-IBS[20] (Table 1).
A polymorphism (Val158Met) in catechol-O-methyltransferase, an enzyme metabolizing catecholamines,
showed association with IBS[21]. Patients carrying this polymorphism have a reduced response to pain[22] (Table 1).
Alterations in cannabinoid receptor genes are also
analysed and associated with IBS. A polymorphic (AAT)n
triplet repeat in the 3-flanking region of the cannabinoid
receptor 1 (CNR1) gene is related with IBS and severity
of abdominal pain in IBS[23] (Table 1).
Additionally, single nucleotide polymorphisms (SNPs)
in CRH receptor 1 (CRH-R1), which plays a critical role
in stress-induced pathophysiology of IBS, were studied
for moderating IBS phenotype and negative emotion in
IBS patients (Table 1). Findings of this study showed
association between SNPs and IBS moderation, but no
association was found with negative emotion[24]. Genetic
variation rs806378 in CNR1 is associated with colonic
transit in D-IBS and sensation rating of gas[25] (Table
1). This polymorphism is also correlated with treatment
effectiveness of nonselective cannabinoid receptor agonist, dronabinol[26,27].
Cytokines
Several studies have reported cytokine gene polymorphisms in IBS. Interleukin (IL)-10-1082 G/G, a high producer IL-10 genotype, correlated with lower risk for developing IBS[28,29] (Table 1). Gene SNPs of IL-8 and IL-10
were also analyzed by Romero-Valdovinos et al[30] and an
association between alleles IL-8+ 396G and IL-10-1082A
and IBS was found. These findings were confirmed by
other study[31] (Table 1). TNF alpha (-308 G/A) polymorphism and IBS are correlated, and G/G genotype
may increase risk of IBS. G/A genotype has a protective role[28] (Table 1). A study evaluating GNβ3 825C>T
polymorphism in IBS showed significant interactions
between gastrointestinal infection and T allele in the development of IBS, suggesting gene-environment interactions[32] (Table 1). However, another study replicated
none of these results[33]. Another IL-10 polymorphism
associated with IBS is IL-10-819 T>C. The frequency
of IL-10 -819 CC genotype was significantly higher in
D-IBS[34] (Table 1).
miRNAs and IBS
miRNAs are small (21-23 nucleotides) single-stranded
RNA molecules[35,36]. miRNAs are not translated into
proteins and have regulatory function, such as transla-
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EPIGENETICS AND IBS
Phenotype is the combination of DNA sequence, epigenetic DNA modifications and environmental factors.
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The presence of epigenetic changes in monozygotic
twins, leading to phenotypic alterations, suggests a potential role of epigenetics in IBS[52]. DNA methylation
and histone modification are the most common epigenetic mechanisms. DNA methylation usually silences gene
expression[53]. However, histone acetylation or methylation may activate or not gene transcription[54].
IBS is associated with early life trauma or abuse, and
this condition leads to negative health outcomes and behaviors in adults. Childhood trauma influences somatic
symptoms and neural network development and neuroendocrine system development[55-57]. In a recent study,
IBS patients showed enhanced cortisol response to a visceral stressor. The hypothalamic-pituitary-adrenal (HPA)
axis hyperresponsiveness to stressor is more related to
early adverse life events rather than to the presence of
IBS[55].
Early childhood trauma decreases glucocorticoid
receptor expression by hypermethylation of glucocorticoid receptor gene[58]. Altered glucocorticoid receptor
gene expression, which mediates the negative feedback
of the HPA axis, reduces the capability of HPA to deal
effectively with stress. In animal model of IBS, animals
exposed to perinatal stress had methylation of glucocorticoid receptor promoter, decreased gene expression and
prolonged elevation of corticosterone levels[59].
The impact of early adverse life events on developing IBS or other diseases is being explored lately.
Gluckman et al[60] developed a hypothesis that epigenetic processes, including DNA methylation and histone
modification, partially mediate developmental plasticity.
Another group searched for a mechanism that link the
social environment early in life and long-term epigenetic
programming of behavior and responsiveness to stress.
They took into account data suggesting that DNA methylation is a dynamic process and postmitotic cells may
change methylation pattern responding to different environmental stimuli. This study showed that maternal licking and grooming in the rat triggered activation of 5-HT
receptors, activation of the transcription factor nerve
growth factor-induced gene A and acetylation of the
promoter of the glucocorticoid receptor (mediated by a
histone acetyl transferase), leading to differential epigenetic programming of the glucocorticoid receptor[61].
Alterations in acetylation motif change behavior in
adult offsprings. Except maternal care, diet may also
affect behavioral plasticity[62]. Maternal separation acts
as a stressor and helps adult rats to develop intestinal
mucosal dysfunction, increased HPA axis responses and
anxiety-like behavior[63].
Finally, early life stress increases the levels of proinflammatory cytokines. In IBS patients, levels of IL-6 and
IL-8 were high, as a result of epigenetic glucocorticoid
alterations[64,65]. Upregulation of proinflammatory cytokines influences tryptophan metabolism, resulting on
changes of 5-HT activity[66]. The kynurenine:tryptophan
ratio, which shows tryptophan catabolism, is increased in
IBS patients with severe symptoms, and they were more
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likely to have depression or anxiety.

DIET, NUTRIGENOMICS/
NUTRIGENOMICS AND IBS
It is well documented, that the interplay between genes
and diet may be reflected in susceptibility to various diseases[67]. Scientific studies have demonstrated the effectiveness of dietary therapies in alleviating the symptoms
and even in altering the progression of inflammatory
and autoimmune disorders [68,69]. Concerning the IBS,
even if many patients recognize the impact of specific
diet in symptom occurrence, limited population-based
studies have evaluated the importance of diet in IBS
and its role remains uncertain[70-72]. Diet may contribute
to symptom onset through several mechanisms such
as food allergy and intolerance. Additionally, certain
food may alter the composition of the luminal milieu,
directly or indirectly through effects on bacterial metabolism. Diet is known also to influence the epigenetic
modification of genes[73]. Finally, IBS symptoms may
develop following exposure to food-born pathogens[72].
Furthermore, an increase probability of developing
IBS is associated with the inheritance of a number of
contributory genetic polymorphisms, as well as with the
altered expression of certain genes[74]. The variant forms
of genes often result in an abnormal response to normal
gut bacteria that may be changed through inappropriate diet or environment. Shifts in the bacterial makeup
of the human gut microbiota have been associated with
gut disorders including IBS[75]. In the field of nutritional
research, 2 terms have been established: nutrigenomics
which aims to study how genotype determines optimal
dietary requirements for health on an individual basis,
and nutrigenomics which studies the effect on diet on
DNA structure and gene expression[76]. However, the
most of the nutrigenetic/nutrigenomic work has focused
on cardiovascular disease, type Ⅱ diabetes mellitus or inflammatory bowel disease[77,78] and no study has be done
on IBS. Low FODMAPs diet, that is elimination of fermentable Oligo-, Di- and Mono-saccharides, and Polyols
from diet, is an area of intense investigation for symptoms’ alleviation[79,80]. FODMAPs’ ingestion could result
in the symptomatology of these patients, because they
are osmotically active, they are fermented and through
bacterial overgrowth can cause bloating, pain and the
sequence of symptomatology in IBS. Thus, the application of these approaches in the field of IBS research is
open. It is hoped that the nutrigenomics/nutrigenomics
implementation will promote the understanding of dietgene interactions and facilitate a better characterization
of individual IBS patients for further identification of
nutritional patterns that allow personalized therapies.

CONCLUSION
IBS is a multifactorial disease, whose development and
phenotype are related to both genetic and epigenetic
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factors. Most factors involve in pathogenesis by causing
changes in gene expression. Gene polymorphisms and
epigenetic modifications affect the function of braingut axis and are responsible for many of the symptoms
of the disease. IBS is one of the diseases where the
environmental influence is strong. Early life incidents
and diet habits play an important role in disease development. The relationship between environmental factors
and IBS shows the effect of environment on gene expression alteration by epigenetic modification.
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mones into the lamina propria, which starts a chain reaction that progresses throughout the entire NES. The
changes in the gastrointestinal endocrine cells observed
in IBS patients are highly consistent with the other abnormalities reported in IBS patients, such as visceral
hypersensitivity, dysmotility, and abnormal secretion.
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Core tip: This review presents recent observations in irritable bowel syndrome (IBS) patients that point toward
the existence of an anatomical defect in the gastrointestinal endocrine cells. It includes also an argument that
IBS is an organic disorder and that the abnormalities in
the gastrointestinal endocrine cells can explain the visceral hypersensitivity, dysmotility and abnormal secretion reported in these patients.

Abstract

El-Salhy M, Gundersen D, Gilja OH, Hatlebakk JG, Hausken T.
Is irritable bowel syndrome an organic disorder? World J Gastroenterol 2014; 20(2): 384-400 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i2/384.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i2.384

Irritable bowel syndrome (IBS) is a common gastrointestinal disorder that is generally considered to be
functional because there appears to be no associated
anatomical defect. Stress and psychological factors
are thought to play an important role in IBS. The gut
neuroendocrine system (NES), which regulates all functions of the gastrointestinal tract, consists of endocrine
cells that are scattered among the epithelial cells of the
mucosa, and the enteric nervous system. Although it
is capable of operating independently from the central
nervous system (CNS), the gut NES is connected to
and modulated by the CNS. This review presents evidence for the presence of an anatomical defect in IBS
patients, namely in the gastrointestinal endocrine cells.
These cells have specialized microvilli that project into
the lumen and function as sensors for the luminal content and respond to luminal stimuli by releasing hor-
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INTRODUCTION
Irritable bowel syndrome (IBS) is a common chronic
gastrointestinal disorder with a reported prevalence of
5%-20% and an incidence of about 200 per 100000 of
the world population[1-29]. Patients with IBS suffer from
recurrent abdominal pain/discomfort and altered bowel
habit, which vary in both degree and time pattern between patients: from tolerable to severe, and from daily
symptoms to intervals of weeks/months, respective-
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esis appears to be multifactorial, with several factors suggested to play a role in the process, such as psychological
factors, genetic factors, low-grade chronic intestinal
inflammation, an abnormal gut neuroendocrine system
(NES) and/or altered signaling in this system, dietary factors, and intestinal flora[66].
IBS patients can be roughly divided into two subsets:
sporadic (nonspecific) and postinfectious (PI-IBS)/inflammatory bowel disease (IBD)-associated (IBD-IBS)[66].
Sporadic IBS includes patients who have had symptoms
for a long time and without any associated events, in
particular gastrointestinal or other infections. PI-IBS is
defined as a sudden onset of IBS symptoms following
gastroenteritis in individuals who have previously had no
gastrointestinal complaints, and IBD-IBS is defined in
IBD patients in remission who display IBS symptoms[66].
PI-IBS constitutes about 6%-17% of patients with IBS[67],
and IBD-IBS occurs in 33%-46% of ulcerative colitis patients and 42%-60% of those with Crohn’s disease[68-72].
This article summarizes the published findings on
abnormalities in the gut neuroendocrine cells, discusses
them in view of the currently known facts about IBS,
and presents an argument for IBS being an organic gastrointestinal disorder.

Lumen

Endocrine cell

Epithelial cell

Submucosal ganglion

Submucosa

Muscular layer
Myenteric ganglion

Afferent and efferent nerve fibers

Figure 1 Schematic illustration of the gut neuroendocrine regulatory
system. The endocrine cells are scattered among the epithelial cells and have
specialized microvilli that project into the lumen and function as sensors of the
gut contents, and they respond to luminal stimuli by releasing hormones into
the lamina propria, where they exert their action locally on nearby structures.
These endocrine cells interact with the enteric nervous system, which is in turn
connected to and modulated by the central nervous system through afferent
and efferent nerves.

GUT ENDOCRINE CELLS
The gut contains a large number of endocrine cells that
are dispersed among the epithelial cells of the gut mucosa
in all of the gut segments except for the esophagus[66,73-78].
These cells constitute the largest endocrine organ in the
body and comprise about 1% of all epithelial cells in
the gastrointestinal tract, where they are separated from
one another by epithelial cells[73,74,79-81]. These cells have
specialized microvilli that project into the lumen and
function as sensors for the gut contents and respond to
luminal stimuli by releasing hormones that, in general,
target other parts of the digestive system (Figure 1)[82-94].
There are at least 15 different populations of endocrine
cells in the gastrointestinal tract[60,73-76]. Some of them
[including somatostatin and peptide YY (PYY) cells] have
long slender cytoplasmic processes that project toward
neighboring cells, increasing their paracrine effects (Figure
2)[95]. The distribution, functions, and modes of action of
the most important endocrine/paracrine cells are given in
Table 1[60,75,76,96-108].
Some of the different endocrine cell types are located
in specific areas of the gut, while others (primarily somatostatin and serotonin cells) are found throughout the
gut[73,74,76]. They secrete one or more signaling substances
into the lamina propria, where they exert their action locally on nearby structures (autocrine/paracrine mode)
and/or via an endocrine mode of action (by circulating in
the blood to reach distant targets)[109]. These cells interact
in an integrated manner with each other and with the
enteric nervous system (ENS) and the afferent and efferent nerve fibers of the central nervous system (CNS), in
particular the autonomic nervous system[60,76,99,110]. All of
the cell types in the crypt/villus originate from pluripo-

ly[3,11,30-40]. IBS is more common in females than males, and
in patients younger than 50 years of age[3,11,14,15,19,21,26,30,31,33-40].
IBS is not associated with the development of serious
disease or with an excessive mortality rate[41,42]. However,
it considerably reduces the sufferer’s quality of life, interfering with their education, working ability and social life.
Moreover, IBS represents an economic burden to both
patients and society[23,43-49], since IBS patients visit their
doctors more frequently, undergo more diagnostic tests,
consume more medications, miss more workdays, are less
productive at work, and are hospitalized more frequently
than those without IBS[28,32,39,50-53].
There are no biomarkers for the diagnosis of IBS[54,55],
which is instead based on the assessment of symptoms
such as the Rome Ⅲ criteria[56,57]. IBS patients are subgrouped according to differences in the predominant
bowel symptoms as IBS-diarrhea (D), IBS-constipation
(C), IBS-both diarrhea and constipation (M), and nonsubtyped IBS (patients with insufficient abnormality of
stool consistency to meet the criteria for IBS-C, -D, or
-M)[56,57]. The Rome criteria were introduced to facilitate
positive diagnoses, reduce the costs due to unnecessary
testing, and guide treatment; however, they fall short on
these expectations and are generally neglected in clinical
practice by both general practitioners and gastroenterologists[54,58-64].
IBS is considered to be a functional disorder in the
absence of a known anatomic defect[65], the pathophysiology of which is incompletely understood. The pathogen-
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Table 1 Overview of the main endocrine cells in the gastrointestinal tract
Cell content

Localization

Source of release

Serotonin
(5-HT)

EC cells in the stomach, large and small Noradrenalin; acetylcholine;
intestines
acidification and intraluminal
pressure

Histamine

EC-like cells in the gastric oxyntic mucosa

Actions
Inhibits gastric emptying and stimulates colonic motility;
accelerates small- and large-intestine transit activates the
submucosal sensory branch of the enteric nervous system
that conveys sensation from the gut to the central nervous
system
Stimulates gastric acid secretion

Vagus nerve stimulation and
inhibited by somatostatin
Somatostatin
The stomach, and large and small
Mixed meal and acidification of
Inhibits intestinal contraction; inhibits gut exocrine and
intestines
the stomach
neuroendocrine secretion
Ghrelin
Gastric oxyntic mucosa
Protein and fat ingestion;
Increases appetite and food intake; stimulates gastric and
suppressed by carbohydrate
intestinal motility
ingestion
Gastrin
Gastric antral mucosa
Intraluminal peptides; amino
Stimulates gastric acid secretion and histamine release;
acids; calcium; amines; low pH
trophic action on gastric mucosa; stimulates contraction of
and prostaglandins. Somatostatin
the LES and antrum
inhibits release
CCK
Small intestine, especially the duodenum Intraluminal protein and fat Inhibits gastric emptying; stimulates gallbladder contraction
and inhibited by somatostatin
and intestinal motility; stimulates pancreatic exocrine
secretion and growth; regulates food intake
Secretin
Small intestine, especially the duodenum Acidification and inhibited by
Stimulates pancreatic bicarbonate and fluid secretion;
somatostatin
inhibits gastric emptying; inhibits contractile activity of the
small and large intestines
GIP
Small intestine, especially the duodenum Intraluminal glucose; amino
Incretin action; inhibits gastric acid secretion
acids and fat
Motilin
Small intestine, especially the jejunum
Protein and fat ingestion
Induces phase-III migrating motor complex; stimulates
gastric emptying; stimulates contraction of the LES
Neurotensin
Small intestine
Fat
Stimulates pancreatic section; inhibits gastric secretion;
delays gastric emptying; stimulates colon motility
PYY
Terminal ileum and large intestine
Protein-rich meals
Delays gastric emptying; inhibits gastric and pancreatic
secretion, stimulates the absorption of water and electrolytes;
major mediator of the ileal brake
PP
Terminal ileum and large intestine
Protein-rich meals
Inhibits pancreatic secretion; stimulates gastric acid
secretion; relaxes the gallbladder; stimulates motility of the
stomach and small intestine
Enteroglucagon
Terminal ileum and large intestine
Intraluminal carbohydrates and
Inhibits gastric and pancreatic secretion; reduces gastric
(oxyntomodulin)
fat
motility; has some incretin effect
Chromogranin
All gastrointestinal tract segments
Ingestion of a meal
Induces formation, sorting, and release of secretory granules
of the gut endocrine/paracrine cells; an inflammatory
mediator
CCK: Cholecystokinin; EC: Enterochromaffin; GIP: Gastric inhibitory peptide; LES: Lower esophageal sphincter; PP: Pancreatic polypeptide; PYY: Peptide YY.

A

B

5 μm

20 μm

Figure 2 The gut endocrine cells. A: A chromogranin-A-immunoreactive endocrine cell in the ileum. The endocrine cell extends from the basal membrane of the
mucosa that project into the gut lumen; B: Somatostatin-immunoreactive cells in the gastric oxyntic mucosa. Note the long cytoplasmic processes (arrows), which can
occasionally be seen to end at the base of parietal cells (arrowhead).

tent stem cells of endodermal origin[73,74,111]. Each intestinal crypt contains four to six stem cells that differentiate
into all epithelial cell types including enterocytes, goblet
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cells, Paneth cells, and endocrine cells[112-125]. These cells
regulate several functions of the gastrointestinal tract,
including sensation, motility, secretion, absorption, local
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the stomach (Figure 3), proximal small intestine (duodenum), distal small intestine (ileum), colon (Figure 4), and
rectum of patients with sporadic IBS[130-141]. These abnormalities manifest mostly as changes in the densities of
these cells (i.e., an anatomical defect). The abnormalities
in the different endocrine cells in the various segments of
the gastrointestinal tract of patients with sporadic IBS are
summarized in Table 2. In addition to the abnormalities
observed in the endocrine cells, there are alterations in
the levels of serotonin transporter (SERT), which appear
to be increased in the ileum and decreased in the rectum
of IBS patients[130,141,142].

Table 2 Abnormalities in the densities of gastrointestinal
endocrine/paracrine cells in patients with sporadic irritable
bowel syndrome
Gastrointestinal
segment
Stomach
Oxyntic mucosa

Antrum

Small intestine
Duodenum

Ileum

Large intestine
Colon

Rectum

Endocrine cell type

IBS-D

IBS-M

IBS-C

Ghrelin
Serotonin
Somatostatin
Chromogranin A
Serotonin
Gastrin
Somatostatin
Chromogranin A

High
High
Low
Normal
Normal
High
Low
Normal

Normal
Normal
Low
Normal
Low
High
Low
Low

Low
Low
High
High
High
High
Low
High

Serotonin
CCK
Secretin
GIP
Somatostatin
Chromogranin A
Serotonin
PYY
Chromogranin A

Normal
Low
Low
Low
Low
Low
Low
Normal
Low

Low
Normal
Low

Normal
Normal
Normal
Low
Low
Low
Low
High
Low

Serotonin
PYY
Chromogranin A
Serotonin
PYY
Enteroglucagon
Somatostatin
Chromogranin A

Low
Low
Low
Normal
Low
Low
High
Normal

-

Low
Low
Low
Normal
Low
Low
High
Normal

PI-IBS and IBD-IBS
Similar to sporadic IBS, abnormal endocrine/paracrine
cell densities have been found in both PI-IBS and IBDIBS. However, the nature of these abnormalities is different from those in sporadic IBS (Table 3)[141,143-150].

POSSIBLE ROLE OF GASTROINTESTINAL
ENDOCRINE CELL ABNORMALITIES IN IBS
The mechanisms regulated by gastrointestinal endocrine
cells include gut sensation, motility, and secretion. IBS
patients exhibit visceral hypersensitivity, disturbed gastrointestinal motility, and abnormal gut secretion[65,107,151-153].
The degree to which the abnormalities in these cells observed in IBS patients contribute to these disturbed functions is discussed to below.

CCK: Cholecystokinin; PYY: Peptide YY; GIP: Gastric inhibitory peptide;
IBS-C: Irritable bowel syndrome (IBS) with constipation as the predominant bowel symptom; IBS-D: IBS with diarrhea as the predominant bowel
symptom; IBS-M: IBS with both constipation and diarrhea as the predominant bowel symptoms.

Visceral hypersensitivity
Visceral hypersensitivity has been demonstrated in the
colorectal segment of IBS patients[154-161]. Hypersensitivity
has also been reported in the esophagus, stomach, and
small intestine[162-166]. However, visceral hypersensitivity
is not present in all IBS patients, and a large prospective study found that only 20% of IBS patients showed
hypersensitivity[167]. Furthermore, visceral hypersensitivity does not seem to be a panintestinal disorder[165]; IBS
patients only appear to exhibit rectal hypersensitivity[159].
Whether the severity of abdominal pain is correlated
with colorectal hypersensitivity in IBS remains a matter
of controversy[154,156,168-172].
As mentioned above, serotonin cells have specialized microvilli that project into the gut lumen and act
as sensors for the gut contents, and in particular for increased pressure. Serotonin is released in a regulated and
calcium-dependent manner from serotonin cells into the
surrounding tissues in response to luminal stimuli[173,174].
It activates the sensory branch of the ENS, which is
localized in the submucosal plexus in the submucosa,
and the myenteric plexus in between the smooth muscle
fibers. These sensory branches convey sensation from
the gut to the CNS through the sympathetic and parasympathetic nervous systems (Figure 1)[175-177]. The pain
stimuli activate the cerebral cortex through the thalamus
and permit the recognition of visceral pain[65,177]. Some
studies have found IBS patients to be tolerant of somatic

immune defense, and food intake (by affecting the appetite)[60,73,74,76,110].

ABNORMALITIES IN GUT ENDOCRINE
CELLS IN IBS PATIENTS
Several abnormalities have been reported in all segments
of the gastrointestinal tract of patients with IBS. As
mentioned above, the endocrine cells exert their effects
in part locally; however for some of them the endocrine
mode of action is difficult to elucidate[99]. One example
of this is the serotonin cells. The serotonin that they secrete is taken up into the blood and carried by platelets
as they circulate through the gut[126-129]. Thus, the circulating serotonin is locked within the dense granules of
the platelets, without any possibility of being delivered
to distant targets. Therefore, summarizing and discussing abnormalities in the endocrine cells are considered
separately herein relative to the various segments of the
gastrointestinal tract.
Sporadic IBS
Abnormal endocrine/paracrine cells have been found in
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B
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20 μm

20 μm

20 μm

Figure 3 Ghrelin-immunoreactive cells. A: Ghrelin-immunoreactive cells in the gastric oxyntic mucosa of a healthy subject; B: In a patient with irritable bowel syndrome (IBS) with diarrhea as the predominant bowel symptom (IBS-D); C: In a patient with IBS with constipation as the predominant bowel symptom (IBS-C). The
density of ghrelin cells is higher in IBS-D and lower in IBS-C than in the healthy control.

markedly increase the amount of serotonin available at
its receptors[141,142]. An increase in serotonin at the 5-hydroxytryptamine (5-HT)3 receptors of the ENS sensory
neurons would activate the sensory nerves, which would
then transmit nociceptive information to the nervous
system[99]. Conversely, duodenal and rectal serotonin cell
densities are high in PI-IBS patients, possibly contributing to the development of visceral hypersensitivity.

Table 3 Abnormalities in the densities of gastrointestinal
endocrine/paracrine cells in patients with post infectious
irritable bowel syndrome and inflammatory-bowel-diseaseassociated irritable bowel syndrome
Gastrointestinal
segment
Small intestine
Duodenum

Endocrine cell type

PI-IBS

IBD-IBS

Serotonin
CCK

High
High

-

Serotonin
PYY
PP
Enteroglucagon

High
High
-

High/low
Low
Low
High

Dysmotility
Dysmotility has been reported to occur in all segments of
the gastrointestinal tract of patients with IBS, but mostly
in the small and large intestines[151,153]. Some studies found
lower pressures in the lower esophageal sphincter and
abnormal esophageal contractions in IBS patients[184,185];
however, such esophageal motility abnormalities were
not confirmed in other studies[186,187]. In addition, some
authors have reported abnormal gastric emptying in
patients with IBS[153,188-193], while others did not find any
such abnormality in these patients[161,194-197]. It therefore
seems that abnormalities of gastric emptying do not occur in all IBS patients. Furthermore, while IBS-C patients
often exhibit delayed gastric emptying, rapid gastric emptying is found in IBS-D patients[153,189].
The ghrelin cell density in the gastric oxyntic mucosa
is low and the serotonin cell density in the antrum of the
stomach is high in IBS-C patients, while in IBS-D patients the ghrelin cell density in the gastric oxyntic mucosa is high and the densities of cholecystokinin (CCK) and
secretin cells are reduced in the duodenum[132]. Ghrelin is
a peptide hormone that was first isolated from the stomach, and originates mostly from endocrine cells in the
oxyntic mucosa of the stomach, although small amounts
are expressed in the small intestine, large intestine, and
the arcuate nucleus of the hypothalamus[198-200]. Ghrelin
has several functions, and plays a role in regulating the release of growth hormone from the pituitary gland, which
increases appetite and feeding, and also plays a major role
in energy metabolism[201-204]. Furthermore, ghrelin has
been found to accelerate gastric and small- and large-intestine motility[83,110,205-214]. Serotonin acts on 5-HT1p receptors, which are located on a subset of inhibitory motor
neurons of the myenteric plexus, relaxing the stomach via

Large intestine

CCK: Cholecystokinin; PYY: Peptide YY; PI-IBS: Post infectious irritable
bowel syndrome; IBD-IBS: Inflammatory-bowel-disease-associated irritable bowel syndrome.

pain, and hence the hypersensitivity is confined to the
viscera[158,165,178], while other studies found IBS patients
to have a lower tolerance to somatic pain than healthy
subjects[162,179,180]. Azpiroz et al[167] postulated that the exclusive visceral hypersensitivity experienced by some IBS
patients could be attributable to abnormalities at the level
of the gut, spinal cord, or brain, whereas patients with
both visceral and somatic hypersensitivities have a disturbance above the gut level. Those authors also argued that
a peripheral mechanism is involved in the visceral hypersensitivity in IBS.
The data presented in Table 2 suggest that none of
the abnormalities in the gut endocrine cells could possibly
contribute to the development of the visceral hypersensitivity seen in some sporadic IBS patients. However, it has
been reported that SERT levels are increased in the ileum
and reduced in the rectum of these patients[130,141,142]. The
gut mucosa has a high SERT-producing capacity, since
all of the epithelial cells lining the luminal surface of the
gut express SERT[142,181]. A reduction in SERT results in
impaired intracellular uptake and degradation in the gut
epithelial cells, consequently increasing the availability of
serotonin within the gut mucosa[182,183]. Considering that
the serotonin cell density in sporadic IBS does not differ
from that of a healthy subject, a decrease in SERT would
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Figure 4 Peptide YY-immunoreactive cells. A: In the colon of a healthy subject; B: In a patient with irritable bowel syndrome (IBS). The density of peptide YY cells
in the colon is lower in IBS patients than in healthy controls.

a nitrergic pathway and delaying gastric emptying[98,215-217].
CCK relaxes the proximal stomach in order to increase its
reservoir capacity, and inhibits gastric emptying[218-220]. Secretin also inhibits gastric emptying[76,221]. It is therefore
conceivable that low gastric ghrelin and high serotonin
contribute to the slow gastric emptying in IBS-C, while
the high gastric ghrelin and low intestinal CCK and secretin contribute to the rapid gastric emptying in IBS-D.
Several studies have found small-bowel transit to be
delayed in IBS-C and accelerated in IBS-D[195,222-226]. However, a study from the Mayo clinic found no overall association between these IBS subgroups[161]. Studies on the
motor patterns of the small bowel in IBS yielded contradictory results, which is probably due to marked interand intraindividual variations of small-intestine motor
patterns[194,227-243]. As mentioned above, ghrelin cell density
is low in the gastric oxyntic mucosa and PYY cell density is high in the ileum of IBS-C patients. Since ghrelin
stimulates small-intestine motility and PYY stimulates the
absorption of water and electrolytes, and is a major regulator of the ileal brake[244-249]. Moreover, it inhibits prostaglandin E2 and vasoactive intestinal polypeptide (which
stimulate intestinal fluid secretion)[250-252], it is possible that
the abnormalities in gastric ghrelin and ileal PYY contribute to the slow small-intestine transit in IBS-C. Secretin
inhibits the contractile activity of the small intestine, and
so the high ghrelin cell density and low duodenal secretin
cell density may play a role in the rapid small-intestine
transit in IBS-D.
It has been reported by some that colorectal transit is
delayed in IBS-C and accelerated in IBS-D[153,222,223,253-258].
However, others have found that the colorectal transit
time does not differ between IBS patients and controls[225,253,254]. The myoelectric and motor patterns of the
large intestine of IBS patients have been investigated
by several studies, which have yielded contradictory results[196,254-279]. In IBS-C, ghrelin cell density in the gastric
oxyntic mucosa is low and ileal PYY cell density is high.
Given that ghrelin stimulates intestinal motility and PYY
stimulates the ileal-break, these abnormalities in ghrelin
and PYY may promote the delayed colorectal transit observed in some IBS-C patients. CCK and secretin inhibit
intestinal motility, and the cell densities of both are low in
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the duodenum of IBS-D patients. These factors together
with a high gastric ghrelin cell density may contribute to
the development of the accelerated colorectal transit seen
in IBS-D patients.
In PI-IBS, the serotonin cell densities are high both
in the small and large intestines, and CCK cell density
is high in the small intestine. Serotonin primarily targets
the mucosal projections of the intrinsic primary afferent neurons, which initiate peristaltic and secretory reflexes[156-161,175,280-289]. As mentioned above, CCK stimulates
intestinal motility; thus, high serotonin and CCK levels
could be responsible for the diarrhea seen in PI-IBS.
Abnormal secretion
Few studies have investigated gastrointestinal secretion in
IBS patients. Enhanced intestinal secretion in response
to bile acid perfusion in the ileum has been reported in
these patients[290]. Increased reactivity of the secretory
component of the migrating motor complex has been
observed in the small intestine of IBS patients, and especially in those with IBS-D[291]. Among the abnormalities
in the gut endocrine cells in IBS patients listed in Table 2,
the low duodenal CCK and secretin observed in IBS-D,
and the high ileal PYY cell density observed in IBS-C
are particularly interesting with respect to gut secretions. CCK stimulates the secretion of digestive enzymes
from pancreatic exocrine glands, and secretin stimulates
pancreatic bicarbonate and fluid secretions[218,219]. The
secretion of pancreatic bicarbonate increases the pH of
the gut contents, which are highly acidic after leaving the
stomach, and PYY stimulates the absorption of water
and electrolytes[76]. This change in pH is essential for
lipid digestion, since pancreatic lipase is irreversibly inactivated below pH 4.0[218]. It is tempting to speculate that
IBS-D patients could suffer from fat maldigestion and a
functional pancreatic insufficiency. Indeed, pancreatic enzyme substitution and a low-fat diet have been applied in
clinical practice for these patients, with some success[292].
Moreover, an increase in PYY in the ileum of IBS-C patients may result in increased absorption of water from
the feces, resulting in hard feces that worsen their to obstipation (Figure 4).
In conclusion, there are sufficient grounds to suspect
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that the abnormalities in the gastrointestinal endocrine
cells play a role in the development of visceral hypersensitivity, gastrointestinal dysmotility, and abnormal gastrointestinal secretion.

IBS and IBD-IBS likely have a genetic predisposition
(host related) as well as other factors, such as infectingorganism-associated risk factors[307-315]. Following infection, these patients develop a low-grade inflammation
that manifests as an increased intraepithelial and mucosal
infiltration of lymphocytes and mast cells[143-149,316]. There
is some evidence that inflammation and immune cells
affect the gastrointestinal endocrine cells[317]. The secretion of serotonin by enterochromaffin (EC) cells can be
enhanced or attenuated by the secretory products of immune cells, such as CD4+ T, and also modulates the immune response[126,317]. The EC cells are in contact with or
very close to CD3+ and CD20+ lymphocytes, and several
serotonergic receptors have been identified in lymphocytes, monocytes, macrophages, and dendritic cells[318].
Therefore, it is conceivable that the abnormalities in the
gastrointestinal endocrine cells in PI-IBS and IBD-IBS
are caused by endocrine/immune interactions (i.e., the
endocrine/immune axis), which are in turn caused by
low-grade inflammation in predisposed individuals[319,320].

IS IBS AN ORGANIC DISORDER?
It has long been considered that IBS is caused by psychological stress and/or brain dysfunction, and it is
overrepresented in patients with psychiatric illness/and
or sexually and/or physically abused individuals. During
the past decade there has been rapid progress in our understanding of IBS, and there is accumulating evidence
of a biological etiology for this condition. Research to
establish effective treatments for IBS have been intensified, and societal attitudes toward IBS patients are slowly
changing.
This review presents evidence for an anatomic defect
in IBS patients, namely the gastrointestinal endocrine
cells. However, the data presented on the gastrointestinal
endocrine cells in sporadic IBS were obtained by only
two research groups. Further studies performed by other
researchers involving different patient cohorts are needed
before these observations can be confirmed. Conversely,
while the data for PI-IBS were reported by several research groups from different countries and related to
different patient cohorts, studies on PI-IBS have focused
mainly on serotonin and are mostly restricted to the
rectum. Further studies of other endocrine cells in different segments of the gastrointestinal tract are needed
in PI-IBS. It should be noted that the gastrointestinal
endocrine cells interact in an integrated manner with each
other and the ENS, and together constitute the so-called
neuroendocrine regulatory system of the gut[76,293-295]. It
is thus possible that IBS patients have an abnormality
in the ENS, in addition to those in the endocrine cells.
However, investigating the ENS is very difficult since it
would require whole-wall biopsy sampling under laparoscopic control, which represents a risk for both patients
and controls. Regardless of the ethical issues this raises,
it is unlikely that either patients or healthy subjects would
voluntarily submit to laparoscopy and whole-wall biopsy
sampling.
The abnormalities in the gut endocrine cells differ between sporadic IBS and PI-IBS/IBD-IBS, and their etiologies also appear to be different. Familial aggregation,
twin, and genetic studies provide evidence for a genetic
predisposition in sporadic IBS[296-306], and these patients
describe their symptoms as commencing in childhood,
suggesting the presence of genetically defective gastrointestinal endocrine cells. However, gastrointestinal mucosal cells - including the endocrine cells - have a rapid
turnover, and it is also possible that factors related to luminal content such as diet or bacterial flora can provoke
an increase or decrease in the endocrine cell population.
The etiology of the gastrointestinal endocrine cell
abnormalities in PI-IBS and IBD-IBS appears to differ from that of sporadic IBS. Patients who develop PI-
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CONCLUSION
The gut NES comprises the gastrointestinal endocrine
cells and the ENS[76]. This regulatory system controls
all gastrointestinal functions independently from the
CNS[76,156]. However, the gut NES and the CNS are connected, and the CNS modulates the gastrointestinal functions through this connection[152]. Thus, a defect in the
gut NES should be suspected in patients with IBS[76,294].
The gastrointestinal endocrine cells serve as chemical and
mechanical transducers for afferent projections to the
ENS, and subsequently to the CNS[294,321]. The present
review describes evidence in the literature of an anatomic
defect in the NES in IBS, namely defective gastrointestinal endocrine cells. Therefore, in line with some other
gastroenterologists, we consider it highly likely that IBS is
an organic disorder[107].
The endocrine cells interact in an integrated manner with each other. It is possible that the abnormality
in many endocrine cells of the gut seen in IBS is caused
by a defect in one or more endocrine cell types, which in
turn results in changes in the other endocrine cell types.
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Core tip: Chronic hepatitis B virus (HBV) infection is one
of the leading causes of death across the world due
to its worldwide distribution and potential sequelae.
Advances in knowledge in combination with the development of potent and effective antiviral therapy for
chronic hepatitis B have led to decreased complications
from the virus. Timely use of nucleotide/nucleosides
may improve liver function and increase survival in
patients with hepatic decompensation. Maintained suppression of HBV replication with antiviral therapy halts
the progression of liver disease, may reverse liver fibrosis, and can reduce the development of cirrhosis and
hepatocellular carcinoma.

Abstract

Halegoua-De Marzio D, Hann HW. Then and now: The progress in hepatitis B treatment over the past 20 years. World J
Gastroenterol 2014; 20(2): 401-413 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v20/i2/401.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i2.401

The ultimate goals of treating chronic hepatitis B (CHB)
is prevention of hepatocellular carcinoma (HCC) and
hepatic decompensation. Since the advent of effective
antiviral drugs that appeared during the past two decades, considerable advances have been made not only
in controlling hepatitis B virus (HBV) infection, but also
in preventing and reducing the incidence of liver cirrhosis and HCC. Furthermore, several recent studies have
suggested the possibility of reducing the incidence of
recurrent or new HCC in patients even after they have
developed HCC. Currently, six medications are available for HBV treatment including, interferon and five
nucleoside/nucleotide analogues. In this review, we will
examine the antiviral drugs and the progresses that
have been made with antiviral treatments in the field of
CHB.

INTRODUCTION
In the decades after World War Ⅱ, clinical and epidemiological studies began to differentiate among various
types of hepatitis[1]. However, it was the discovery of
an antigen by Blumberg and his colleagues, now known
as hepatitis B surface antigen (HBsAg), in the serum of
an Australian Aborigine that reacted with the antibody
(now known to be anti-HBs) in serum of a hemophiliac
patient that provided the first clue[2]. Subsequent development of acute hepatitis in a technician in his laboratory
provided the essential link to the illness. For his discovery
and subsequent work on the disease progression related
to hepatitis B virus (HBV), Blumberg received the Nobel

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Prize in Medicine 1976[3,4]. In 1970, Dane et al[5], identified
the whole virus particle (Dane particle) using electron
microscopy. In 1972, hepatitis B e antigen (HBeAg) was
identified by Magnius et al[6]. By the early 1980’s the genome of the virus had been sequenced and the first vaccine (initiated by Millman et al and developed by Hilleman
et al) were tested[7,8]. This plasma vaccine became available
in 1983 and was rightly designated “The First Cancer
Vaccine” by World Health Organization. The close link
between HBV and hepatocellular carcinoma (HCC) was
lucidly documented by Beasley et al[9] in their historical
prospective study of 22707 men in Taiwan (Figure 1).
Since the discovery of the virus, our understanding
and knowledge about the complexities of HBV have
grown tremendously. Chronic HBV infection is one of
the leading causes of death across the world due to its
worldwide distribution and potential sequelae. People
infected with the virus are at risk of developing hepatic
decompensation, liver cirrhosis and HCC with 15% to
40% of individuals developing serious sequelae in their
lifetime[9]. Despite the implementation of effective universal vaccination programs, over 300 million people are
still chronically infected with HBV worldwide with 75%
of infected individuals residing in the Asia-Pacific region[10,11].
Increased knowledge of the natural history of chronic
hepatitis B (CHB) and clinical data demonstrating improved outcomes with medical interventions have led to
publication of various treatment guidelines aimed at providing direction regarding initiation/on-treatment management of antiviral therapy and monitoring of outcome
measures. These advances in knowledge in combination
with the development of potent and effective antiviral
therapy for CHB have led to decreased complications
from the virus[12]. In this review, we will discuss the advances in the understanding of the natural history of
CHB and the progress of anti-HBV treatment over the
past two decades.

viral replication. Different from all known mammalian
DNA viruses, hepadnaviruses replicate using a reverse
transcription of an RNA intermediate[17-19]. Based on this
unique replication cycle of HBV, antiviral therapeutic
strategies have been mainly aimed at the reverse transcription of HBV RNA with nucleotide/nucleoside analogues[20].
The presence of HBV DNA in serum is the best indication of active viral replication. Antibody to HBsAg is
produced in exposure to the envelope antigen and confers protective immunity. Antibody to HBcAg is detectable in all patients who have ever been exposed to HBV.
However, unlike antibody to HBsAg, this antibody is
not protective, but can be helpful in distinguishing acute
from chronic infection if IgM antibody (anti-HBc IgM)
is present. Antibody to HBeAg appears when the antigen
has been cleared and the virus is no longer replicating or
has reduced replication[12].

PATHOGENESIS AND CARCINOGENESIS
OF HEPATITIS B
Liver injury in CHB is the result of the host’s immune responses against HBV; an HLA-class Ⅰ antigen-restricted,
cytotoxic T lymphocyte-mediated response against HBV
antigens expressed on hepatocytes would result in apoptosis and necrosis of the hepatocytes[21]. Accordingly,
CHB is a dynamic state of interactions among HBV, the
patient’s hepatocytes and the immune system. Based on
these interactions, the natural course of CHB can be
divided into different changing phases, although not all
patients go through all of the phases (Figure 2)[22].
The first phase is the “immune tolerant phase” which
consists of HBeAg seropositivity, high viral loads, but
with a normal serum alanine aminotransferase (ALT)
and near-normal liver histology. Adult-acquired chronic
HBV infection usually has a very short “immune tolerant
phase”. In contrast, the perinatally or early childhoodacquired chronic HBV infection has a long “immune tolerant phase”[22-24]. The “immune clearance phase” usually
develops during adolescence or adulthood. This phase
is characterized by positive HBeAg, high serum HBV
levels and increased ALT levels, sometimes complicated
by hepatic decompensation[21]. These events may lead to
progression to fibrosis or development of cirrhosis in
some patients during the HBeAg-positive phase, but may
also result in a declining serum HBV DNA level and may
eventually lead to HBV DNA seroclearance and HBeAg
seroconversion to its antibody (anti-HBe) in most patients. A 3-year clinical study in patients with chronic
hepatitis B, or patients in the “immune clearance phase”,
showed that cirrhosis developed at an estimated annual
incidence of 2.1%, being higher in those seropositive for
HBeAg at entry (2.4%/year)[25]. The estimated annual
incidence of spontaneous HBeAg seroconversion was
reported to be 2%-15%, depending on factors such as
age, ALT level and HBV genotype[26,27]. Following HBeAg
seroconversion, most of the patients enter an “inactive

HEPATITIS B VIRUS
HBV belongs to a group of closely related DNA viruses
termed Hepadnaviruses[13-15]. This family of viruses has
a strong preference for infecting liver cells and has a
similar life cycle in their hosts. The virus consists of a
nucleocapsid and an outer envelope composed mainly of
three HBsAgs, which play a central role in the diagnosis
of HBV infection. The nucleocapsid contains hepatitis B
core antigen (HBcAg), a DNA polymerase-reverse transcriptase, and the viral genome[16]. The genome consists
of a partially double-stranded circular DNA molecule of
about 3200 base pairs in length. The pre-surface 1/presurface 2 and surface genes code for the various HBsAgs.
The protein encoded by the pre-core/core gene undergoes post-translational modification to yield HBeAg,
which is a seromarker for high viral replication[16]. The
viral DNA polymerase-reverse transcriptase is encoded
by the polymerase gene and is of central importance for
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1965: Discovery of
HBV (HBsAg)

1972: HBeAg
discovered
1980: Epidemiology,
pathogenesis/carcinogenesis/
genome sequence

1970: Dane
particle identified

1983: HBV vaccine

1998: Development
of antiviral drugs

Prevention of progression of liver disease including HCC with antiviral therapy
Prevention of recurrence of HCC with antiviral therapy

Dr. Baruch S Blumberg discovered an Antigen in the blood of Australian
Aborigine and named Australia Antigen which was found to be HBsAg.
Made the first HBV vaccine (plasma vaccine Heptavax B). Received Nobel
Prize in Medicine in 1976.

Dr. R Palmer Beasley conducted a study of over 22000 government
workers found that risk of liver cancer is 60 times higher in chronic HBV
infected persons.

Figure 1 Progress in the field of hepatitis B virus. HBV: Hepatitis B virus; HBeAg: Hepatitis B e antigen; HCC: Hepatocellular carcinoma.

phase” with sustained normal serum ALT, low serum
HBV DNA and no or minimal necro-inflammatory histological changes, although some of them may have already
developed advanced fibrosis or cirrhosis[27-29]. Spontaneous HBsAg seroclearance may occur several years after
HBeAg seroconversion at an incidence of 0.7%-2.4% per
year depending on age at time of infection[29].
As early as the 1970’s, chronic infection with the HBV
was associated with the development of HCC. A powerful substantiation of the association between HBV infection and HCC was the results of a prospective cohort
study reported by Beasley et al[9] in 1981. These investigators followed more than 22000 male municipal workers
in Taiwan and found that those who were seropositive
for HBsAg had rates of HCC that were significantly
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greater than were the rates in uninfected controls. They
calculated the relative risk for HCC among those who
were HBV-infected to be 63 compared to uninfected
controls. More recent cohort studies have confirmed
the high risk of HCC in HBsAg-positive individuals as
originally identified in the Beasley study. An example
is the Haimen City cohort that included about 11000
HBsAg-positive subjects followed over a mean period
of 8 years[30]. The mechanism by which HBV infection
causes HCC is not completely understood. Evolution to
HCC may be the direct effect of the virus itself, or it may
be an indirect effect, through the process of the inflammation, regeneration and fibrosis associated with cirrhosis due to the HBV infection[31,32]. HBV DNA has been
shown to become integrated within the chromosomes
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Figure 2 Five phases of chronic hepatitis B. Adapted from Tong et al[37]. ALT: Alanine aminotransferase; Anti-HBc: Hepatitis B core antibody; HBsAg: Hepatitis B
surface antigen; HBeAg: Hepatitis B e antigen; Anti-HBe: Hepatitis B e antibody.

Asia, HBV is the leading cause of chronic hepatitis, cirrhosis, and HCC[37]. The HBV carrier rates in Asia have
been reported to be as high as 20% in the male population of Guangxi Province, China[38]. A recent study,
conducted in China, showed that HBV carrier rates have
fallen to 7.2% in regions where hepatitis B vaccination
programs had been implemented[39]. In South Korea, the
HBV carrier rates ranged from 5.0% to 8.6% in the 1970s
and 1980s and have subsequently declined to 3.7%-5.7%
as a result of national vaccination programs[40,41]. In other
parts of Asia, the HBV infection rates remain high, particularly in countries in which vaccine programs have not
yet been implemented. Notably, the HBsAg rates among
Asians residing in the United States are similar to rates
reported in their countries of origin, especially in firstgeneration immigrants to the United States[42-45]. Therefore, the disease burden from HBV, including mortality
from liver disease progression and development of HCC,
remains a major health problem among Asian Americans
with CHB.

of infected hepatocytes, the integration of viral genetic
material occurring in a critical location within the cellular
genome. The hepatitis B x gene (HBx) product has been
implicated in causing HCC because it is a transcriptional
activator of various cellular genes associated with growth
control[32,33]. The HBx gene expression is also associated
with activation of the Ras-Raf-MAP kinase pathway, an
important cellular pathway that has been implicated in
hepatocarcinogenesis.
HBsAg seroclearance usually confers protection against
HCC but may still carry a risk for HCC although at a
very low rate and usually in patients in whom cirrhosis or
superinfection with other viruses had already developed
before HBsAg seroclearance[34,35]. Studies further indicate
that serum HBV DNA level is associated with cirrhosis
and HCC development in a dose-dependent manner starting from serum HBV DNA level[34-38]. These findings
suggest that HBV replication, with subsequent immunemediated liver injuries, is the primary driving force for
liver disease progression. It has also been identified that
patients of Asian background are at higher risk for HCC
because they are more likely to have been infected early
in life and carcinogenic processes could have taken place
earlier[37]. This may explain why some patients even with
well suppressed viral replication still develop HCC.

PROGRESSION OF HEPATITIS B
TREATMENT
Currently, six treatments are approved for hepatitis B,
including interferon (IFN) (two formulations: IFN and
PEG-IFN) and five nucleotide/nucleoside analogues (lamivudine, adefovir, entecavir, telbivudine and tenofovir)
(Figures 3 and 4)[36,46]. The aim of hepatitis B treatment
is to achieve sustained viral suppression of HBV replication. With viral suppression, the ultimate goal would be
prevention of cirrhosis and HCC. Response to treatment

EPIDEMIOLOGY OF HEPATITIS B
INFECTION
As stated earlier, HBV infection is common and clinically consequential worldwide. In endemic countries, an
estimated 50 million new cases are diagnosed annually. In
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Figure 3 Timeline of approved therapies for chronic hepatitis B. IFN: Interferon.
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Figure 4 Characteristics of approved drugs for treatment of hepatitis B.

is judged based on decrease in serum HBV DNA level,
loss of HBeAg with or without seroconversion to anti
HBe, loss of hepatitis B surface antigen (HBsAg) with or
without seroconversion to HBs antibody, normalization
of serum ALT levels, and a decrease in hepatic inflammation on liver biopsy[46,47].
The importance of monitoring individuals with lowserum HBV DNA and normal ALT levels regardless
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of their HBeAg status has also become recognized in
recent years. Serial ALT and HBV DNA monitoring
every 3 mo for 1 year after the initial diagnosis and 6-12
mo thereafter is usually recommended to detect intermittent flares of hepatitis B[37,48]. This regimen is also useful
to differentiate chronic active HBeAg negative hepatitis
from inactive carriers in recently diagnosed HBV carriers. Treatment should be initiated regardless of the level
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of viremia if active inflammation is also detected on
liver biopsy[37,47,49]. In the case of HBeAg negative CHB,
treatment is continued indefinitely until HBsAg becomes
undetectable. Nonetheless, close follow-up is important,
and prompt retreatment is necessary if elevation of HBV
DNA and ALT levels are observed[37]. Therefore, achieving maximum viral suppression without the development
of antiviral drug resistance, reducing progression to cirrhosis and decreasing the risk of developing HCC are the
primary treatment endpoints.

seroconversion rate increases to 50% with 5 years of
therapy[58-60]. LAM therapy also results in 60%-70% HBV
DNA suppression in HBeAg-negative CHB after 1 year
of therapy[56]. The durability of response is lower than
the interferon therapy regardless of the HBeAg status
and has been reported to range between 50% and 80%
for HBeAg-positive CHB and 20%-25% for HBeAgnegative CHB patients.
Treatment of HBV with LAM has been shown to
slow the rate of development of fibrosis, as well as
decrease of HCC incidence[60-62]. Use of LAM is associated with a significant risk of development of resistance
with prolonged use. Five years of therapy can lead to
65%-70% rate of resistance[59]. However, thorough review of studies investigating the LAM resistance during
CHB treatment revealed a diverse range of methodologies to assess resistance[63]. Studies that use purely genotypic methods report resistance rates at 1 year ranging
from 14% to 32%. However, these may overestimate
clinically relevant resistance. Studies that use virologic
resistance report lower one year resistance rates, ranging from 6.4% to 15.4% and may provide more relevant
measure of resistance. When comparing resistance rates
with antiviral drugs in CHB, it is important to consider
the methodology and definition of resistance used[63]. In
addition, baseline HBV DNA was closely related to the
resistance rate[64] and HBV DNA level at 6 mo on LAM
therapy was an important predictor for LAM resistance
at one year and later[65].
The largest and most compelling study suggesting
that antiviral treatment might decrease the risk of HCC
was a randomized, controlled trial of LAM vs placebo
in patients with advanced chronic hepatitis B and high
serum levels of HBV DNA[60]. The primary outcome of
the study was progression of liver disease, including an
increase in Child-Pugh score, bleeding from esophageal
varices and the development of HCC. The study was
halted early because of a distinct benefit for the group on
LAM treatment compared to the placebo group. Instead
of continuing the study for intended 5 years, all received
LAM at the end of 3 years on trial. In this study, at year 3,
the rate of HCC was 3.9% among LAM recipients vs 7.4%
among placebo recipients (P = 0.047). Other retrospective studies observed similar results[61,66].

Interferon
In 1991, conventional IFNa-2a was the first successful
treatment approved for CHB with widespread use. Its
major mechanism of action is immune modulation, although there is also a weak anti-viral effect[50]. Peg IFNα2a replaced standard IFN in 2005 due to improved pharmacokinetic properties and a less demanding injection
schedule with comparable efficacy. Long-term followup of patients treated with conventional IFN therapy
showed that responders had a decreased incidence of
hepatic decompensation and HCC, and improved overall
survival compared with non responders[51-53]. Forty-eight
weeks of therapy with Peg IFN results in a 27% rate of
HBeAg seroconversion and 25% rate of loss of HBV
DNA. Six months after discontinuation of therapy, the
HBeAg seroconversion rates increased to 32%. Loss of
HBsAg with the appearance of anti-HBs occurred in
4%-6% of patients after 1 year of treatment and 6 mo of
post treatment follow-up[51,54,55]. Even after discontinuation of IFN therapy, 12%-65% of patients lost HBsAg
within 5 years of HBeAg loss. This results in the highest
rate of off-treatment sustained response after 1 year of
therapy[53,54]. Achieving early virological response, defined
as > 2 log10 drop in serum HBV DNA or suppression to
levels below 105 copies/mL in the first 2 wk of therapy,
is associated with induction of long-term remission after
stopping therapy[56,57].
Despite the fixed duration of Peg IFN therapy and
the lack of antiviral drug resistance compared with oral
agents, the use of Peg IFN only accounts for no more
than 10% of all prescriptions for the treatment of CHB
in the United States[54]. This low rate can be explained by
the drug’s substantial side effect profile and the need for
administration by injection.

Adefovir dipivoxil
Adefovir dipivoxil (ADV) was the first nucleotide analogue approved in United States in 2002 for the treatment
of CHB. The arrival of this agent provided new insights
into the treatment of CHB. ADV did not only have increased antiviral potency but also had an intrinsic stereoscopic structure which was an important factor against
the emergence of viral resistance.
One year of therapy with ADV leads to a 12% rate
of HBeAg seroconversion and 53% rate of histological improvement in HBeAg-positive patients[67]. Once
HBeAg seroconversion occurs, it is sustained in 91% of
patients[68]. Like LAM, HBeAg-negative patients require

Lamivudine
Lamivudine (LAM) was the first nucleoside analogue reverse transcriptase inhibitor that was approved for use by
the United States Food and Drug Administration (FDA)
in 1998. Although it is not as used as commonly today
due to the presence of better oral agents with higher
genetic barrier to resistance; it played a major role in the
transition CHB treatment and allowed reduction in cirrhosis and risk of HCC to be achieved with some success.
One-year therapy with lamivudine is associated with
16%-18% rate of HBeAg seroconversion; the HBeAg
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HBV DNA levels[81,82]. The ability to decrease the incidence of HCC in patients with CHB has been the most
exciting attributes of antiviral therapy. Recent report
from Hosaka et al[83] compared the incidence of HCC
in 472 ETV-treated patients and 1143 non-treated HBV
patients. The drug mutation resistance was 0.8% (4/472)
in the ETV group. The cumulative HCC incidence rates
at 5 years were 3.7% and 13.7% for the ETV and control
groups, respectively (P < 0.001). The treatment effect was
found to be greater in patients at higher risk of HCC.

therapy indefinitely with ADV, and resistance is also a
problem with prolonged ADV use. Persistence of viremia after 48 wk of therapy is linked to development of
resistance[69]. Resistance rates of 0%, 3%, 18% and 29%
have been reported at 1, 2, 4 and 5 years of therapy[70].
These high resistance rates and its potential renal toxicity have lead to declining use of ADV in light of newer
therapeutic agents. Furthermore, ADV was highly effective for LAM resistant HBV[71,72].
Entecavir
During the period between 1998 and 2004, LAM and
ADV for treatment naive CHB and ADV for LAM-resistant CHB were the main treatment strategies available for
CHB. In 2005, entecavir (ETV), a nucleoside analogue,
entered the arena when it was approved in United States.
It is a potent inhibitor of HBV polymerase at a dose of
0.5 mg daily resulting in 6.98 log10 copies/mL decrease
in HBV DNA levels compared to a 5.4 log10 copies/mL
reduction with LAM[73]. In clinical studies, patients who
received ETV for 52 wk achieved superior virological
response, with HBV DNA < 400 copies/mL (67% vs
36%), histological improvement (72% vs 62%) and normalization of ALT (78% vs 70%) compared with those
who received LAM[73]. However, there was no difference
between ETV and LAM in achieving HBeAg seroconversion (21% vs 18%). ETV is also superior to LAM in
HBeAg-negative patients, but requires indefinite treatment to maintain viral suppression to prevent relapse[74-76].
ETV demonstrates better virological suppression (91% vs
73%) and improved histology (70% vs 61%). In addition,
analysis of two studies of patients who received continuous ETV for up to 5 years revealed that 94% of patients
continue to have HBV DNA < 300 copies/mL at 5
years[76].
In long term studies, up to 96% of patients (mainly
HBeAg-positive CHB) had histological improvement
and 88% of the patients had improvement in fibrosis
score after 6 years of ETV therapy; this holds true even
in patients with cirrhosis[77]. ETV has also been shown to
be superior to ADV in achieving rapid viral suppression
within 2 wk of therapy. Even though a 48-wk therapy
with ETV compared with ADV was associated with a
higher rate of HBV clearance (58% vs 19%) and ALT
normalization (76% vs 63%), there was no difference in
the rate of HBeAg loss (18% vs 22%) and HBeAg seroconversion (15% vs 22%)[78].
One of the most important differences from LAM
and ADV is that, ETV has a high genetic barrier with
a very low incidence of resistance. The cumulative incidence rate of resistance after 6 years of therapy in
nucleoside-naïve patients remains low at 1.2%[79,80]. The
low resistance rate is related to both profound viral suppression and the requirement of at least 3 sites of genetic
mutations to confer resistance. However, the chance for
ETV resistance is much higher in patients who already
developed LAM resistance[80]. ETV therapy has also been
associated with HBsAg loss, improvement of liver histology, decreased risk of HCC and very low to undetectable
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Telbivudine
While newer treatments for LAM-resistant disease were
still under investigation, telbivudine (TLV), another
nucleoside analogue was approved by the FDA in 2006
for treatment of chronic CHB. In HBeAg-positive CHB
patients, the rate of HBeAg seroconversion with TLV
therapy was 22% and 30% at 1 and 2 years respectively.
Viral suppression was limited to HBV DNA levels of <
300 copies/mL after 1 and 2 years of therapy in 60% and
56% of HBeAg-positive patients[84]. In HBeAg-negative
CHB patients, HBV suppression was noted in 88% and
82% of patients at 1 and 2 years of therapy, respectively[84,85]. Resistance to TLV has been reported to be 21.6%
in HBeAg-positive patients and 8.6% in HBeAg-negative
patients after 1 and 2 years of therapy respectively. Although TLV barrier to antiviral resistance is higher then
LAM, is not recommended as a ﬁrst-line agent[37,48,51].
Although this treatment is not used often due to its high
rate of resistence it is effective and safe for the prevention of mother-to-child transmission of HBV from
chronically infected mothers with a high degree of infectivity late in pregnancy.
Analysis of the baseline characteristics of the patients enrolled in the GLOBE trial revealed important
predictive factors of response to therapy. The strongest
predictors of achieving a good response to TLV therapy
in HBeAg-positive patients were serum HBV DNA < 9
log10 copies/mL, or ALT ≥ 2 times the ULN at baseline
with undetectable serum HBV DNA at week 24 of therapy[86]. Extensive review of TLV for treatment of hepatitis B indicated that there was a specific group of patients
who are likely to achieve good therapeutic response with
TLV. Patients with low baseline HBV DNA who could
achieve negative HBV DNA at week 24 had the best
outcome with TLV[87]. With this data, LAM and TLV can
be used in countries where cost is a major concern by
selecting patients with favorable baseline HBV DNA and
ALT levels. Another important aspect of TLV is its renoprotective effect as recently reported by Gane et al[88]. In
approximately 2500 patients treated with TLV, there was
a trend towards in increased GFR in both compensated
and decompensated CHB. The mechanism of this renoprotective effect by TLV is unknown.
Tenofovir
Rescue therapy for patients with viral resistance to the
nucleoside analogues was the usage of adefovir until
2008 when, tenofovir disoproxil fumarate (TDF), the
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second nucleotide analogue was approved for the treatment of CHB. It is structurally related, but more potent
than ADV. Forty-eight weeks of TDF compared with
ADV therapy in HBeAg-positive CHB resulted in more
patients achieving viral suppression defined as < 400
copies/mL (76% vs 13%), normalization of ALT (68%
vs 54%), histological improvement (67% vs 12%) and
HBsAg loss (3.2% vs 0%)[89]. Data from the TDF trials
revealed an excellent durability of response, with a viral
suppression (HBV DNA < 400 copies/mL) of 99%
and 100% in HBeAg-negative and HBeAg-positive CHB
respectively after 4 years of therapy[90,91]. Sub-analysis of
the Asian subset of 145 patients revealed similar efficacy
(97%) in achieving viral suppression defined as HBV
PCR < 400 copies/mL[92]. Four years of TDF therapy
has led to HBeAg loss in 41% of patients and HBeAg
seroconversion in 29%[91]. TDF is also superior to ADV
in achieving increased viral suppression (93% vs 63%),
an improved inflammatory score and viral suppression
(71% vs 49%) in a phase Ⅲ study of HBeAg-negative
patients[89]. However, besides profound viral suppression, the most impressive characteristic of TDF is that
no resistance has been detected to date with 5 years of
follow up[92,93]. Due to these excellent features, TDF is
recommended as first line agent for treatment-naïve CHB
patients. Furthermore, treatment with TDF for 5 years
showed regression of cirrhosis in 74% of those who
showed cirrhosis at baseline[94].

to reduce inflammation, regress cirrhosis and reduce the
incidence of HCC in patients with CHB. The incidence
of HCC recurrence after resection of HBV-related HCC
is high. Newer data has shown that there is a role for
antiviral therapy for those who have already developed
HCC. Since 2005, there have been retrospective studies,
small and large in numbers that showed improvement
of survival in patients who received concomitant antiviral therapy after curative liver resection and local tumor
ablation[98-102]. Treatment with nucleoside/nucleotide analogues may prevent de novo primary tumors and further
progression of liver disease, thereby decreasing recurrent
HCC. Recent large cohort studies further confirmed the
benefit of antiviral therapy in this group of patients with
decrease in mortality with the antiviral treatment[103,104].
The longest survivors of those who benefited from antiviral therapy following the existing tumor ablation have
reached over 12 years (Hann et al, personal communication). This novel treatment strategy may offer a significant alternative to liver transplantation to relieve the current graft shortage.

VIROLOGIC BREAKTHROUGH,
COMPLIANCE AND SAFETY OF
TREATMENT
As noted above, the development of anti-viral resistance
is a barrier in achieving successful therapy in CHB. In
large retrospective review of 11000 CHB patients on
nucleoside/nucleotide therapy, mean adherence rate
to therapy was 87.8% with 1-year persistence of 81%.
Although adherence to CHB therapy is high, new and
younger age patients tend to be less compliant[105]. In a
study of 148 CHB patients on nucleoside/nucleotide
therapy with mean follow-up of 3 years, 39 patients had
at least one virologic rebound with 38% having no genotypic resistance and 10 patients with further HBV DNA
decline while continued on current re-treatment [106].
Medication non-adherence is a common cause of intermittent virologic rebound and should be addressed
before changing therapy. In a study of 84 patients treated
with LAM, ADV, or ETV who stopped therapy after
reaching defined endpoints, 42% of HBeAg-positive and
47% HBeAg negative patients had virologic relapse with
HBV DNA more than 1000 copies/mL at a mean of 4.3
mo[107].
Concerns about the possible lose of bone mineral
density (BMD) and has been raised from the results of
clinical studies on CHB treatment[108-111]. BMD loss has
been reported in chronic liver disease. However, accelerated BMD loss has been reported in patients specifically
on TDF[108]. This BMD loss has raised concerns regarding
the long term safety of TDF. BMD should be monitored
in patients on TDF with bone density scans and factors
that also contribute to bone loss should be given consideration when selecting a treatment option for CHB[108,109].
Like BMD, renal function is frequently impaired in patients with compensated CHB. These oral antiviral agents

Emtricitabine
Emtricitabine is a nucleoside analogue structurally similar
to LAM. Emtricitabine was approved by the FDA since
2003 for treatment of HIV infection and is not approved
by the FDA for CHB. It is currently being studied as an
add-on to TDF therapy in the form of Truvada (tenofovir
300 mg/emtricitabine 200 mg). Like lamivudine, its use
as monotherapy for treatment of CHB is limited by its
intermediate genetic barrier to resistance. Two years of
emtricitabine therapy is associated with 13% risk of development of resistance[95].
A randomized trial in ADV-experienced patients
showed equal efficacy in viral suppression to < 400 copies/mL between tenofovir and Truvada at 24 wk of
therapy[96]. After 24 wk in the randomized arm, patients
were switched to open label Truvda if they had detectable HBV DNA defined as > 400 copies/mL. Eighty one
per cent of patients in each treatment arm achieved serum HBV DNA < 400 copies/mL at the end of week 48
according to intention-to-treat analysis[96]. The presence
of baseline ADV resistance or LAM resistance did not
impact the efficacy of TDF nor Truvada. Both TDF and
Truvada were equivalent through week 168 of therapy in
achieving viral suppression at a rate of 82%, independent
of pre-existing ADV or LAM-resistant mutations[97].

ROLE OF ANTIVIRALS IN PREVENTION
OF HCC RECURRENCE
With the advent of antiviral therapy, it is now possible
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are all primarily eliminated unchanged through renal
route. Therefore, inpatients with renal insufficiency, dose
reduction and/or increased dose intervals are recommended. Renal impairment is frequent after long-term
treatment with adefovir[110]. Similarly, a decrease of eGFR
has been observed in retrospective cohorts of CHB patients during long-term tenofovir or entecavir-treated[111].

10

11

CONCLUSION
Although a vaccine has been available for hepatitis B
since 1982, this chronic infection is still far from eradicated across the world. Timely use of nucleotide/nucleosides may improve liver function and increase survival in
patients with hepatic decompensation. Maintained suppression of HBV replication with antiviral therapy halt
the progression of liver disease, may reverse liver fibrosis,
and can reduce the development of cirrhosis and HCC.
Due to the availability of effective and potent treatment
options for HBV, there has been a decrease in the proportion of annual liver transplants performed for this
indication[112]. However, one must remember that this can
only achieved with an excellent compliance on the part
of patients, early detection of drug resistance and correct
choice of medications. Nonetheless, current therapies
may not always prevent all adverse sequela. HCC must
be monitored using ultrasound and α-fetoprotein assays
to improve outcomes by increasing early detection and
the chance of curative treatment. Developing safe and
affordable agents as well as management strategies to improve sustained HBV suppression should be the ultimate
goal in the treatment of chronic HBV infection.

12
13

14
15

16

17

18
19

REFERENCES
1
2
3
4
5
6
7

8

9

Ganem D, Prince AM. Hepatitis B virus infection--natural
history and clinical consequences. N Engl J Med 2004; 350:
1118-1129 [PMID: 15014185]
Blumberg BS, Alter HJ, Visnich S. A “new” antigen in leukemia sera. JAMA 1965; 191: 541-546 [PMID: 14239025 DOI:
10.1001/jama.1965.03080070025007]
Lee WM. Hepatitis B virus infection. N Engl J Med 1997; 337:
1733-1745 [PMID: 9392700]
Blumberg BS. Australia antigen and the biology of hepatitis
B. Science 1977; 197: 17-25 [PMID: 325649 DOI: 10.1126/science.325649]
Dane DS, Cameron CH, Briggs M. Virus-like particles in serum of patients with Australia-antigen-associated hepatitis.
Lancet 1970; 1: 695-698 [PMID: 4190997]
Magnius LO, Espmark JA. New specificities in Australia
antigen positive sera distinct from the Le Bouvier determinants. J Immunol 1972; 109: 1017-1021 [PMID: 4116763]
Galibert F, Mandart E, Fitoussi F, Tiollais P, Charnay P.
Nucleotide sequence of the hepatitis B virus genome (subtype ayw) cloned in E. coli. Nature 1979; 281: 646-650 [PMID:
399327 DOI: 10.1038/281646a0]
Szmuness W, Stevens CE, Harley EJ, Zang EA, Oleszko WR,
William DC, Sadovsky R, Morrison JM, Kellner A. Hepatitis
B vaccine: demonstration of efficacy in a controlled clinical
trial in a high-risk population in the United States. N Engl
J Med 1980; 303: 833-841 [PMID: 6997738 DOI: 10.1056/
NEJM198010093031501]
Beasley RP, Hwang LY, Lin CC, Chien CS. Hepatocellular

WJG|www.wjgnet.com

20

21
22

23
24

25

26

409

carcinoma and hepatitis B virus. A prospective study of 22
707 men in Taiwan. Lancet 1981; 2: 1129-1133 [PMID: 6118576
DOI: 10.1016/S0140-6736(81)90585-7]
Hui CK, Leung N, Yuen ST, Zhang HY, Leung KW, Lu L,
Cheung SK, Wong WM, Lau GK. Natural history and disease progression in Chinese chronic hepatitis B patients in
immune-tolerant phase. Hepatology 2007; 46: 395-401 [PMID:
17628874 DOI: 10.1002/hep.21724]
Merican I, Guan R, Amarapuka D, Alexander MJ, Chutaputti A, Chien RN, Hasnian SS, Leung N, Lesmana L, Phiet
PH, Sjalfoellah Noer HM, Sollano J, Sun HS, Xu DZ. Chronic
hepatitis B virus infection in Asian countries. J Gastroenterol
Hepatol 2000; 15: 1356-1361 [PMID: 11197043 DOI: 10.1046/
j.1440-1746.2000.0150121356.x]
Liaw YF, Chu CM. Hepatitis B virus infection. Lancet 2009;
373: 582-592 [PMID: 19217993]
Summers J, Smolec JM, Snyder R. A virus similar to human
hepatitis B virus associated with hepatitis and hepatoma
in woodchucks. Proc Natl Acad Sci USA 1978; 75: 4533-4537
[PMID: 212758 DOI: 10.1073/pnas.75.9.4533]
Mason WS, Seal G, Summers J. Virus of Pekin ducks with
structural and biological relatedness to human hepatitis B
virus. J Virol 1980; 36: 829-836 [PMID: 7463557]
Marion PL, Oshiro LS, Regnery DC, Scullard GH, Robinson
WS. A virus in Beechey ground squirrels that is related to
hepatitis B virus of humans. Proc Natl Acad Sci USA 1980; 77:
2941-2945 [PMID: 6930677 DOI: 10.1073/pnas.77.5.2941]
Halpern MS, England JM, Deery DT, Petcu DJ, Mason WS,
Molnar-Kimber KL. Viral nucleic acid synthesis and antigen
accumulation in pancreas and kidney of Pekin ducks infected with duck hepatitis B virus. Proc Natl Acad Sci USA 1983;
80: 4865-4869 [PMID: 6576362 DOI: 10.1073/pnas.80.15.4865]
Barker LF, Maynard JE, Purcell RH, Hoofnagle JH, Berquist KR, London WT, Gerety RJ, Krushak DH. Hepatitis
B virus infection in chimpanzees: titration of subtypes. J
Infect Dis 1975; 132: 451-458 [PMID: 1185011 DOI: 10.1093/
infdis/132.4.451]
Summers J, Mason WS. Replication of the genome of a hepatitis B--like virus by reverse transcription of an RNA intermediate. Cell 1982; 29: 403-415 [PMID: 6180831]
Klingmüller U, Schaller H. Hepadnavirus infection requires
interaction between the viral pre-S domain and a specific
hepatocellular receptor. J Virol 1993; 67: 7414-7422 [PMID:
8230462]
Pollack JR, Ganem D. Site-specific RNA binding by a hepatitis B virus reverse transcriptase initiates two distinct reactions: RNA packaging and DNA synthesis. J Virol 1994; 68:
5579-5587 [PMID: 7520092]
Chisari FV, Ferrari C. Hepatitis B virus immunopathogenesis. Annu Rev Immunol 1995; 13: 29-60 [PMID: 7612225 DOI:
10.1146/annurev.iy.13.040195.000333]
Chu CM, Karayiannis P, Fowler MJ, Monjardino J, Liaw YF,
Thomas HC. Natural history of chronic hepatitis B virus infection in Taiwan: studies of hepatitis B virus DNA in serum.
Hepatology 1985; 5: 431-434 [PMID: 3997072 DOI: 10.1002/
hep.1840050315]
Yim HJ, Lok AS. Natural history of chronic hepatitis B virus
infection: what we knew in 1981 and what we know in 2005.
Hepatology 2006; 43: S173-S181 [PMID: 16447285]
Fattovich G, Bortolotti F, Donato F. Natural history of
chronic hepatitis B: special emphasis on disease progression
and prognostic factors. J Hepatol 2008; 48: 335-352 [PMID:
18096267]
Liaw YF, Tai DI, Chu CM, Chen TJ. The development of
cirrhosis in patients with chronic type B hepatitis: a prospective study. Hepatology 1988; 8: 493-496 [PMID: 3371868 DOI:
10.1002/hep.1840080310]
Lai M, Hyatt BJ, Nasser I, Curry M, Afdhal NH. The clinical
significance of persistently normal ALT in chronic hepatitis
B infection. J Hepatol 2007; 47: 760-767 [PMID: 17928090 DOI:

January 14, 2014|Volume 20|Issue 2|

Halegoua-De Marzio D et al . Progress in hepatitis B treatment

27

28

29

30

31
32

33

34

35

36
37

38

39

40
41
42

10.1016/j.jhep.2007.07.022]
Chu CM, Liaw YF. Genotype C hepatitis B virus infection
is associated with a higher risk of reactivation of hepatitis B
and progression to cirrhosis than genotype B: a longitudinal
study of hepatitis B e antigen-positive patients with normal aminotransferase levels at baseline. J Hepatol 2005; 43:
411-417 [PMID: 16006001]
Chu CM, Hung SJ, Lin J, Tai DI, Liaw YF. Natural history of
hepatitis B e antigen to antibody seroconversion in patients
with normal serum aminotransferase levels. Am J Med 2004;
116: 829-834 [PMID: 15178498]
Zacharakis GH, Koskinas J, Kotsiou S, Papoutselis M, Tzara
F, Vafeiadis N, Archimandritis AJ, Papoutselis K. Natural
history of chronic HBV infection: a cohort study with up to
12 years follow-up in North Greece (part of the Interreg I-II/
EC-project). J Med Virol 2005; 77: 173-179 [PMID: 16121378]
Evans AA, Chen G, Ross EA, Shen FM, Lin WY, London WT.
Eight-year follow-up of the 90,000-person Haimen City cohort: I. Hepatocellular carcinoma mortality, risk factors, and
gender differences. Cancer Epidemiol Biomarkers Prev 2002; 11:
369-376 [PMID: 11927497]
Blum HE, Moradpour D. Viral pathogenesis of hepatocellular carcinoma. J Gastroenterol Hepatol 2002; 17 Suppl 3:
S413-S420 [PMID: 12472973]
Hann HW, Feitelson M. Hepatocellular Carcinoma Associated with Hepatitis B Virus. In: Carr BI. Hepatocellular Carcinoma: Diagnosis and Treatment. 2nd ed. Totowa: Humana
Press, 2010: 235-257
Muroyama R, Kato N, Yoshida H, Otsuka M, Moriyama M,
Wang Y, Shao RX, Dharel N, Tanaka Y, Ohta M, Tateishi R,
Shiina S, Tatsukawa M, Fukai K, Imazeki F, Yokosuka O,
Shiratori Y, Omata M. Nucleotide change of codon 38 in the
X gene of hepatitis B virus genotype C is associated with an
increased risk of hepatocellular carcinoma. J Hepatol 2006; 45:
805-812 [PMID: 17050029 DOI: 10.1016/j.jhep.2006.07.025]
Chen CJ, Yang HI, Su J, Jen CL, You SL, Lu SN, Huang GT,
Iloeje UH. Risk of hepatocellular carcinoma across a biological gradient of serum hepatitis B virus DNA level. JAMA
2006; 295: 65-73 [PMID: 16391218]
Yang HI, Lu SN, Liaw YF, You SL, Sun CA, Wang LY, Hsiao
CK, Chen PJ, Chen DS, Chen CJ. Hepatitis B e antigen and
the risk of hepatocellular carcinoma. N Engl J Med 2002; 347:
168-174 [PMID: 12124405 DOI: 10.1056/NEJMoa013215]
Hann HW. Active antiviral therapy for chronic hepatitis B
and hepatocellular carcinoma. Minerva Gastroenterol Dietol
2008; 54: 19-30 [PMID: 18299665]
Tong MJ, Pan CQ, Hann HW, Kowdley KV, Han SH, Min
AD, Leduc TS. The management of chronic hepatitis B in
Asian Americans. Dig Dis Sci 2011; 56: 3143-3162 [PMID:
21935699 DOI: 10.1007/s10620-011-1841-5]
Yeh FS, Yu MC, Mo CC, Luo S, Tong MJ, Henderson BE.
Hepatitis B virus, aflatoxins, and hepatocellular carcinoma
in southern Guangxi, China. Cancer Res 1989; 49: 2506-2509
[PMID: 2539905]
Liang X, Bi S, Yang W, Wang L, Cui G, Cui F, Zhang Y,
Liu J, Gong X, Chen Y, Wang F, Zheng H, Wang F, Guo J,
Jia Z, Ma J, Wang H, Luo H, Li L, Jin S, Hadler SC, Wang
Y. Epidemiological serosurvey of hepatitis B in China-declining HBV prevalence due to hepatitis B vaccination.
Vaccine 2009; 27: 6550-6557 [PMID: 19729084 DOI: 10.1016/
j.vaccine.2009.08.048]
Chae HB, Kim JH, Kim JK, Yim HJ. Current status of liver
diseases in Korea: hepatitis B. Korean J Hepatol 2009; 15 Suppl
6: S13-S24 [PMID: 20037275]
Park NH, Chung YH, Lee HS. Impacts of vaccination on
hepatitis B viral infections in Korea over a 25-year period.
Intervirology 2010; 53: 20-28 [PMID: 20068337]
Hann HW, Kim CY, London WT, Whitford P, Blumberg BS.
Hepatitis B virus and primary hepatocellular carcinoma:
family studies in Korea. Int J Cancer 1982; 30: 47-51 [PMID:

WJG|www.wjgnet.com

43
44
45

46
47
48

49
50
51
52

53

54
55

56

57

58

59

410

6288579 DOI: 10.1002/ijc.2910300109]
Yuen MF, Hou JL, Chutaputti A. Hepatocellular carcinoma in
the Asia pacific region. J Gastroenterol Hepatol 2009; 24: 346-353
[PMID: 19220670 DOI: 10.1111/j.1440-1746.2009.05784.x]
Tong MJ, Hwang SJ. Hepatitis B virus infection in Asian
Americans. Gastroenterol Clin North Am 1994; 23: 523-536
[PMID: 7989093]
Hann HW, Hann RS, Maddrey WC. Hepatitis B virus infection in 6,130 unvaccinated Korean-Americans surveyed
between 1988 and 1990. Am J Gastroenterol 2007; 102: 767-772
[PMID: 17397407 DOI: 10.1111/j.1572-0241.2007.01060.x]
Ayoub WS, Keeffe EB. Review article: current antiviral
therapy of chronic hepatitis B. Aliment Pharmacol Ther 2011;
34: 1145-1158 [PMID: 21978243]
Yuen MF, Lai CL. Treatment of chronic hepatitis B: Evolution over two decades. J Gastroenterol Hepatol 2011; 26 Suppl 1:
138-143 [PMID: 21199525]
Keeffe EB, Dieterich DT, Han SH, Jacobson IM, Martin P, Schiff ER, Tobias H. A treatment algorithm for the
management of chronic hepatitis B virus infection in the
United States: 2008 update. Clin Gastroenterol Hepatol 2008;
6: 1315-141; quiz 1286 [PMID: 18845489 DOI: 10.1016/
j.cgh.2008.08.021]
Wiegand J, van Bömmel F, Berg T. Management of chronic
hepatitis B: status and challenges beyond treatment guidelines. Semin Liver Dis 2010; 30: 361-377 [PMID: 20960376]
Dianzani F. Biological basis for the clinical use of interferon.
Gut 1993; 34: S74-S76 [PMID: 7686123]
Lok AS, McMahon BJ. Chronic hepatitis B: update 2009.
Hepatology 2009; 50: 661-662 [PMID: 19714720 DOI: 10.1002/
hep.23190]
Janssen HL, van Zonneveld M, Senturk H, Zeuzem S, Akarca US, Cakaloglu Y, Simon C, So TM, Gerken G, de Man RA,
Niesters HG, Zondervan P, Hansen B, Schalm SW. Pegylated
interferon alfa-2b alone or in combination with lamivudine
for HBeAg-positive chronic hepatitis B: a randomised trial.
Lancet 2005; 365: 123-129 [PMID: 15639293 DOI: 10.1016/
S0140-6736(05)17701-0]
Papatheodoridis GV, Manesis E, Hadziyannis SJ. The longterm outcome of interferon-alpha treated and untreated
patients with HBeAg-negative chronic hepatitis B. J Hepatol
2001; 34: 306-313 [PMID: 11281561]
Zoulim F, Perrillo R. Hepatitis B: reflections on the current
approach to antiviral therapy. J Hepatol 2008; 48 Suppl 1:
S2-19 [PMID: 18304680]
Buster EH, Hansen BE, Lau GK, Piratvisuth T, Zeuzem S,
Steyerberg EW, Janssen HL. Factors that predict response of
patients with hepatitis B e antigen-positive chronic hepatitis
B to peginterferon-alfa. Gastroenterology 2009; 137: 2002-2009
[PMID: 19737568 DOI: 10.1053/j.gastro.2009.08.061]
Lau GK, Piratvisuth T, Luo KX, Marcellin P, Thongsawat S,
Cooksley G, Gane E, Fried MW, Chow WC, Paik SW, Chang
WY, Berg T, Flisiak R, McCloud P, Pluck N. Peginterferon
Alfa-2a, lamivudine, and the combination for HBeAg-positive chronic hepatitis B. N Engl J Med 2005; 352: 2682-2695
[PMID: 15987917 DOI: 10.1056/NEJMoa043470]
Lau DT, Everhart J, Kleiner DE, Park Y, Vergalla J, Schmid P,
Hoofnagle JH. Long-term follow-up of patients with chronic
hepatitis B treated with interferon alfa. Gastroenterology 1997;
113: 1660-1667 [PMID: 9352870 DOI: 10.1053/gast.1997.v113.
pm9352870]
Liaw YF, Leung NW, Chang TT, Guan R, Tai DI, Ng KY,
Chien RN, Dent J, Roman L, Edmundson S, Lai CL. Effects of
extended lamivudine therapy in Asian patients with chronic
hepatitis B. Asia Hepatitis Lamivudine Study Group. Gastroenterology 2000; 119: 172-180 [PMID: 10889166]
Lok AS, Lai CL, Leung N, Yao GB, Cui ZY, Schiff ER, Dienstag JL, Heathcote EJ, Little NR, Griffiths DA, Gardner
SD, Castiglia M. Long-term safety of lamivudine treatment in patients with chronic hepatitis B. Gastroenterol-

January 14, 2014|Volume 20|Issue 2|

Halegoua-De Marzio D et al . Progress in hepatitis B treatment

60

61

62

63

64

65

66

67

68

69

70

71

72

ogy 2003; 125: 1714-1722 [PMID: 14724824 DOI: 10.1053/
j.gastro.2003.09.033]
Liaw YF, Sung JJ, Chow WC, Farrell G, Lee CZ, Yuen H,
Tanwandee T, Tao QM, Shue K, Keene ON, Dixon JS, Gray
DF, Sabbat J. Lamivudine for patients with chronic hepatitis B and advanced liver disease. N Engl J Med 2004; 351:
1521-1531 [PMID: 15470215 DOI: 10.1056/NEJMoa033364]
Eun JR, Lee HJ, Kim TN, Lee KS. Risk assessment for the
development of hepatocellular carcinoma: according to ontreatment viral response during long-term lamivudine therapy in hepatitis B virus-related liver disease. J Hepatol 2010;
53: 118-125 [PMID: 20471129 DOI: 10.1016/j.jhep.2010.02.026]
Dienstag JL, Goldin RD, Heathcote EJ, Hann HW, Woessner
M, Stephenson SL, Gardner S, Gray DF, Schiff ER. Histological outcome during long-term lamivudine therapy. Gastroenterology 2003; 124: 105-117 [PMID: 12512035 DOI: 10.1053/
gast.2003.50013]
Hann HW, Gregory VL, Dixon JS, Barker KF. A review of
the one-year incidence of resistance to lamivudine in the
treatment of chronic hepatitis B: Lamivudine resistance.
Hepatol Int 2008; 2: 440-456 [PMID: 19669319 DOI: 10.1007/
s12072-008-9105]
Chae HB, Hann HW. Baseline HBV DNA level is the most
important factor associated with virologic breakthrough in
chronic hepatitis B treated with lamivudine. World J Gastroenterol 2007; 13: 4085-4090 [PMID: 17696226]
Yuen MF, Sablon E, Hui CK, Yuan HJ, Decraemer H, Lai
CL. Factors associated with hepatitis B virus DNA breakthrough in patients receiving prolonged lamivudine therapy.
Hepatology 2001; 34: 785-791 [PMID: 11584376 DOI: 10.1053/
jhep.2001.27563]
Matsumoto A, Tanaka E, Rokuhara A, Kiyosawa K, Kumada
H, Omata M, Okita K, Hayashi N, Okanoue T, Iino S, Tanikawa K. Efficacy of lamivudine for preventing hepatocellular
carcinoma in chronic hepatitis B: A multicenter retrospective
study of 2795 patients. Hepatol Res 2005; 32: 173-184 [PMID:
16024289 DOI: 10.1016/j.hepres.2005.02.006]
Marcellin P, Chang TT, Lim SG, Tong MJ, Sievert W, Shiffman ML, Jeffers L, Goodman Z, Wulfsohn MS, Xiong S, Fry J,
Brosgart CL. Adefovir dipivoxil for the treatment of hepatitis
B e antigen-positive chronic hepatitis B. N Engl J Med 2003;
348: 808-816 [PMID: 12606735 DOI: 10.1056/NEJMoa020681]
Hadziyannis SJ, Tassopoulos NC, Heathcote EJ, Chang TT,
Kitis G, Rizzetto M, Marcellin P, Lim SG, Goodman Z, Wulfsohn MS, Xiong S, Fry J, Brosgart CL. Adefovir dipivoxil for
the treatment of hepatitis B e antigen-negative chronic hepatitis B. N Engl J Med 2003; 348: 800-807 [PMID: 12606734]
Locarnini S, Qi W, Arterburn S. Incidence and predictors of
emergence of adefovir resistant HBV during four years of
adefovir dipivoxil (ADV) therapy for patients with chronic
hepatitis B (CHB). Hepatology 2005; 42: 17A
Hadziyannis SJ, Tassopoulos NC, Heathcote EJ, Chang
TT, Kitis G, Rizzetto M, Marcellin P, Lim SG, Goodman Z,
Ma J, Brosgart CL, Borroto-Esoda K, Arterburn S, Chuck
SL. Long-term therapy with adefovir dipivoxil for HBeAgnegative chronic hepatitis B for up to 5 years. Gastroenterology 2006; 131: 1743-1751 [PMID: 17087951 DOI: 10.1053/
j.gastro.2006.09.020]
Peters MG, Hann Hw Hw, Martin P, Heathcote EJ, Buggisch P, Rubin R, Bourliere M, Kowdley K, Trepo C, Gray
Df Df, Sullivan M, Kleber K, Ebrahimi R, Xiong S, Brosgart
CL. Adefovir dipivoxil alone or in combination with lamivudine in patients with lamivudine-resistant chronic hepatitis
B. Gastroenterology 2004; 126: 91-101 [PMID: 14699491 DOI:
10.1053/j.gastro.2003.10.051]
Perrillo R, Hann HW, Mutimer D, Willems B, Leung N, Lee
WM, Moorat A, Gardner S, Woessner M, Bourne E, Brosgart
CL, Schiff E. Adefovir dipivoxil added to ongoing lamivudine in chronic hepatitis B with YMDD mutant hepatitis B
virus. Gastroenterology 2004; 126: 81-90 [PMID: 14699490 DOI:

WJG|www.wjgnet.com

73

74

75

76

77

78

79

80

81
82

83

84

411

10.1053/j.gastro.2003.10.050]
Chang TT, Gish RG, de Man R, Gadano A, Sollano J, Chao
YC, Lok AS, Han KH, Goodman Z, Zhu J, Cross A, DeHertogh D, Wilber R, Colonno R, Apelian D. A comparison
of entecavir and lamivudine for HBeAg-positive chronic
hepatitis B. N Engl J Med 2006; 354: 1001-1010 [PMID:
16525137 DOI: 10.1056/NEJMoa051285]
Shouval D, Lai CL, Chang TT, Cheinquer H, Martin P,
Carosi G, Han S, Kaymakoglu S, Tamez R, Yang J, Tenney
D, Brett-Smith H. Relapse of hepatitis B in HBeAg-negative
chronic hepatitis B patients who discontinued successful entecavir treatment: the case for continuous antiviral therapy.
J Hepatol 2009; 50: 289-295 [PMID: 19070393 DOI: 10.1016/
j.jhep.2008.10.017]
Lai CL, Shouval D, Lok AS, Chang TT, Cheinquer H, Goodman Z, DeHertogh D, Wilber R, Zink RC, Cross A, Colonno
R, Fernandes L. Entecavir versus lamivudine for patients
with HBeAg-negative chronic hepatitis B. N Engl J Med
2006; 354: 1011-1020 [PMID: 16525138 DOI: 10.1056/NEJMoa051287]
Chang TT, Lai CL, Kew Yoon S, Lee SS, Coelho HS, Carrilho
FJ, Poordad F, Halota W, Horsmans Y, Tsai N, Zhang H,
Tenney DJ, Tamez R, Iloeje U. Entecavir treatment for up to
5 years in patients with hepatitis B e antigen-positive chronic
hepatitis B. Hepatology 2010; 51: 422-430 [PMID: 20049753
DOI: 10.1002/hep.23327]
Chang TT, Liaw YF, Wu SS, Schiff E, Han KH, Lai CL, Safadi
R, Lee SS, Halota W, Goodman Z, Chi YC, Zhang H, Hindes
R, Iloeje U, Beebe S, Kreter B. Long-term entecavir therapy
results in the reversal of fibrosis/cirrhosis and continued
histological improvement in patients with chronic hepatitis B.
Hepatology 2010; 52: 886-893 [PMID: 20683932 DOI: 10.1002/
hep.23785]
Leung N, Peng CY, Hann HW, Sollano J, Lao-Tan J, Hsu
CW, Lesmana L, Yuen MF, Jeffers L, Sherman M, Min A,
Mencarini K, Diva U, Cross A, Wilber R, Lopez-Talavera J.
Early hepatitis B virus DNA reduction in hepatitis B e antigen-positive patients with chronic hepatitis B: A randomized
international study of entecavir versus adefovir. Hepatology
2009; 49: 72-79 [PMID: 19065670 DOI: 10.1002/hep.22658]
Tenney DJ, Pokornowsky KA, Rose RE, Baldick CJ, Eggers
BJ, Fang J, Wichroski MJ, Diva UA, Xu D, Wilber RB, BrettSmith H, Iloeje UH. Entecavir maintains a high genetic barrier to HBV resistance through 6 years in naive patients. J
Hepatol 2009; 50 (Suppl 1): S10
Tenney DJ, Rose RE, Baldick CJ, Pokornowski KA, Eggers
BJ, Fang J, Wichroski MJ, Xu D, Yang J, Wilber RB, Colonno
RJ. Long-term monitoring shows hepatitis B virus resistance
to entecavir in nucleoside-naïve patients is rare through
5 years of therapy. Hepatology 2009; 49: 1503-1514 [PMID:
19280622 DOI: 10.1002/hep.22841]
Chu CM, Liaw YF. Hepatitis B surface antigen seroclearance
during chronic HBV infection. Antivir Ther 2010; 15: 133-143
[PMID: 20386068 DOI: 10.3851/IMP1497]
Chen YC, Sheen IS, Chu CM, Liaw YF. Prognosis following
spontaneous HBsAg seroclearance in chronic hepatitis B
patients with or without concurrent infection. Gastroenterology 2002; 123: 1084-1089 [PMID: 12360470 DOI: 10.1053/
gast.2002.36026]
Hosaka T, Suzuki F, Kobayashi M, Seko Y, Kawamura Y,
Sezaki H, Akuta N, Suzuki Y, Saitoh S, Arase Y, Ikeda K,
Kobayashi M, Kumada H. Long-term entecavir treatment
reduces hepatocellular carcinoma incidence in patients with
hepatitis B virus infection. Hepatology 2013; 58: 98-107 [PMID:
23213040 DOI: 10.1002/hep.26180]
Lai CL, Gane E, Liaw YF, Hsu CW, Thongsawat S, Wang Y,
Chen Y, Heathcote EJ, Rasenack J, Bzowej N, Naoumov NV,
Di Bisceglie AM, Zeuzem S, Moon YM, Goodman Z, Chao G,
Constance BF, Brown NA. Telbivudine versus lamivudine
in patients with chronic hepatitis B. N Engl J Med 2007; 357:

January 14, 2014|Volume 20|Issue 2|

Halegoua-De Marzio D et al . Progress in hepatitis B treatment

85

86

87

88

89

90

91

92

93

94

95

96

2576-2588 [PMID: 18094378 DOI: 10.1056/NEJMoa066422]
Liaw YF, Gane E, Leung N, Zeuzem S, Wang Y, Lai CL,
Heathcote EJ, Manns M, Bzowej N, Niu J, Han SH, Hwang
SG, Cakaloglu Y, Tong MJ, Papatheodoridis G, Chen Y,
Brown NA, Albanis E, Galil K, Naoumov NV. 2-Year GLOBE
trial results: telbivudine Is superior to lamivudine in patients
with chronic hepatitis B. Gastroenterology 2009; 136: 486-495
[PMID: 19027013 DOI: 10.1053/j.gastro.2008.10.026]
Chan HL, Heathcote EJ, Marcellin P, Lai CL, Cho M, Moon
YM, Chao YC, Myers RP, Minuk GY, Jeffers L, Sievert W,
Bzowej N, Harb G, Kaiser R, Qiao XJ, Brown NA. Treatment
of hepatitis B e antigen positive chronic hepatitis with telbivudine or adefovir: a randomized trial. Ann Intern Med 2007;
147: 745-754 [PMID: 17909201 DOI: 10.7326/0003-4819-147-1
1-200712040-00183]
Hann HW. Telbivudine: an effective anti-HBV drug for
chronic hepatitis B patients with early on-treatment responses. Expert Opin Pharmacother 2010; 11: 2243-2249 [PMID:
20698726]
Gane E, Chan HLY, Deray G, Piratvisuth T, Zeuzem S, Jia
J, Ren H, Uddin A, Bosset B, Dong Y, Trylesinski A. Renal
function improves with long-term telbivudine therapy in
patients with chronic hepatitis B Analysis of the Clinical data
Base. 14th International Workshop on Co-morbidities and
Adverse Drug Reactions in HIV; 2012 Jul 19-21; Washington,
DC
Marcellin P, Heathcote EJ, Buti M, Gane E, de Man RA,
Krastev Z, Germanidis G, Lee SS, Flisiak R, Kaita K, Manns
M, Kotzev I, Tchernev K, Buggisch P, Weilert F, Kurdas OO,
Shiffman ML, Trinh H, Washington MK, Sorbel J, Anderson J, Snow-Lampart A, Mondou E, Quinn J, Rousseau F.
Tenofovir disoproxil fumarate versus adefovir dipivoxil for
chronic hepatitis B. N Engl J Med 2008; 359: 2442-2455 [PMID:
19052126 DOI: 10.1056/NEJMoa0802878]
Marcellin P, Buti M, Krastev Z, Gurel S, Di Bisceglie AM,
Odin JA, Dusheiko GM, Heathcote EJ, Borroto-Esoda K,
Coombs DH, Mondou E, Anderson J. Continued efficacy and
safety through 4 years of tenofovir disoproxil fumarate (TDF)
treatment in HBeAg negative patients with chronic hepatitis
B (study 102): preliminary analysis. Hepatology 2010; 52 (4
Suppl): 555A
Heathcote EJ, Gane EJ, De Man R, Lee SS, Flisiak R, Manns
MP. Long term (4 years) efficacy and safety of tenofovir disoproxil fumarate (TDF) treatment in HBeAg-positive patients
(HBeAg) with chronic hepatitis B (Study 103): preliminary
analysis. Hepatology 2010; 52: 556A
Gane E, Lee SL, Heathcote EJ, Sievert W, Trinh H. Four years
efficacy and safety of tenofovir didoproxil fumarate (TDF)
in asians with HBeAg-positive and HBeAg-negative chronic
hepatitis B (CHB), preliminary analysis. Hepatology 2010; 52:
559A
Marcellin P, Buti M, Gane EJ, Krastev Z, Flisiak R, Germanidis G, Washington KM, Barnes CN, Flaherty JF, Bornstein
JD, McHutchison JG, Heathcote EJ. Five years of Treatment
with Tenofovir DF for Chronic Hepatitis B Infection is Associated with Sustained Viral Suppression and Significant Regression of Histological Fibrosis and Cirrhosis. 62th Annual
Meeting of the American. Association for the Study of Liver
Diseases; 2011 Nov 6-9; San Francisco
Afdhal N, Buti M, Fung S, Gane E, Faherty J, Martins E,
Bekele N, Bornstein J, Marcellin P. Factors associated with
regression of cirrhosis in patients with chronic hepatitis B infection treated with tenofovir disoproxil fumarate. J Hepatol
2012; 56: S196 [DOI: 10.1016/S0168-8278(12)60510-8]
Lim SG, Ng TM, Kung N, Krastev Z, Volfova M, Husa P,
Lee SS, Chan S, Shiffman ML, Washington MK, Rigney A,
Anderson J, Mondou E, Snow A, Sorbel J, Guan R, Rousseau
F. A double-blind placebo-controlled study of emtricitabine
in chronic hepatitis B. Arch Intern Med 2006; 166: 49-56 [PMID:
16401810 DOI: 10.1001/archinte.166.1.49]

WJG|www.wjgnet.com

97

98

99

100

101

102

103

104

105

106

107

108

412

Berg T, Marcellin P, Zoulim F, Moller B, Trinh H, Chan S,
Suarez E, Lavocat F, Snow-Lampart A, Frederick D, Sorbel J, Borroto-Esoda K, Oldach D, Rousseau F. Tenofovir
is effective alone or with emtricitabine in adefovir-treated
patients with chronic-hepatitis B virus infection. Gastroenterology 2010; 139: 1207-1217 [PMID: 20600025 DOI: 10.1053/
j.gastro.2010.06.053]
Berg T, Marcellin P, Moller B, Zoulim F, Trinh H, Chan S,
Suarez E, Lavocat F, Snow-Lampart A, Frederick D, Sorbel
J, Borroto-Esoda K, Oldach D, Rousseau F. Tenofovir disoproxil fumarate (TDF) versus emtricitabine plus TDF (FTC/
TDF) for treatment of chronic hepatitis B (CHB) in patients
with persistant viral replication recieving adefovir dipivoxil:
final week 168 results. Hepatology 2010; 52: 95A
Piao CY, Fujioka S, Iwasaki Y, Fujio K, Kaneyoshi T, Araki
Y, Hashimoto K, Senoh T, Terada R, Nishida T, Kobashi H,
Sakaguchi K, Shiratori Y. Lamivudine treatment in patients
with HBV-related hepatocellular carcinoma--using an untreated, matched control cohort. Acta Med Okayama 2005; 59:
217-224 [PMID: 16286955]
Kuzuya T, Katano Y, Kumada T, Toyoda H, Nakano I, Hirooka Y, Itoh A, Ishigami M, Hayashi K, Honda T, Goto H.
Efficacy of antiviral therapy with lamivudine after initial
treatment for hepatitis B virus-related hepatocellular carcinoma. J Gastroenterol Hepatol 2007; 22: 1929-1935 [PMID:
17914972 DOI: 10.1111/j.1440-1746.2006.04707.x]
Kubo S, Tanaka H, Takemura S, Yamamoto S, Hai S, Ichikawa T, Kodai S, Shinkawa H, Sakaguchi H, Tamori A, Habu
D, Nishiguchi S. Effects of lamivudine on outcome after liver
resection for hepatocellular carcinoma in patients with active
replication of hepatitis B virus. Hepatol Res 2007; 37: 94-100
[PMID: 17300703 DOI: 10.1111/j.1872-034X.2007.00013.x]
Kim BK, Park JY, Kim do Y, Kim JK, Kim KS, Choi JS, Moon
BS, Han KH, Chon CY, Moon YM, Ahn SH. Persistent hepatitis B viral replication affects recurrence of hepatocellular
carcinoma after curative resection. Liver Int 2008; 28: 393-401
[PMID: 18028321 DOI: 10.1111/j.1478-3231.2007.01625.x]
Hann HW, Bergin D, Coben R, DiMarino AJ. Prevention of
new hepatocellular carcinoma with concomitant antiviral
therapy in chronic hepatitis B patients whose initial tumor
was successfully ablated. Int J Cancer 2011; 128: 739-742
[PMID: 20473872 DOI: 10.1002/ijc.25382]
Chan AC, Chok KS, Yuen WK, Chan SC, Poon RT, Lo CM,
Fan ST. Impact of antiviral therapy on the survival of patients after major hepatectomy for hepatitis B virus-related
hepatocellular carcinoma. Arch Surg 2011; 146: 675-681
[PMID: 21690443 DOI: 10.1001/archsurg.2011.125]
Wu CY, Chen YJ, Ho HJ, Hsu YC, Kuo KN, Wu MS, Lin JT.
Association between nucleoside analogues and risk of hepatitis B virus–related hepatocellular carcinoma recurrence
following liver resection. JAMA 2012; 308: 1906-1914 [PMID:
23162861 DOI: 10.1001/2012.jama.11975]
Chotiyaputta W, Peterson C, Ditah FA, Goodwin D, Lok AS.
Persistence and adherence to nucleos(t)ide analogue treatment for chronic hepatitis B. J Hepatol 2011; 54: 12-18 [PMID:
20888661 DOI: 10.1016/j.jhep.2010.06.016]
Hongthanakorn C, Chotiyaputta W, Oberhelman K, Fontana
RJ, Marrero JA, Licari T, Lok AS. Virological breakthrough
and resistance in patients with chronic hepatitis B receiving
nucleos(t)ide analogues in clinical practice. Hepatology 2011;
53: 1854-1863 [PMID: 21618260 DOI: 10.1002/hep.24318]
Liang Y, Jiang J, Su M, Liu Z, Guo W, Huang X, Xie R, Ge
S, Hu J, Jiang Z, Zhu M, Wong VW, Chan HL. Predictors of
relapse in chronic hepatitis B after discontinuation of antiviral therapy. Aliment Pharmacol Ther 2011; 34: 344-352 [PMID:
21671967 DOI: 10.1111/j.1365-2036.2011.04738.x]
Gill US, Al-Shamma S, Burke K, Ross V, Marley R, Kooner P,
Foster GR, Kennedy PTF. Factors determining bone mineral
density loss in chronic hepatitis B patients: is tenofovir disoproxil fumarate the main culprit? Gut 2011; 60: A230 [DOI:

January 14, 2014|Volume 20|Issue 2|

Halegoua-De Marzio D et al . Progress in hepatitis B treatment
Hepatol 2012; 27: 306-312 [PMID: 21777281 DOI: 10.1111/
j.1440-1746.2011.06852.x]
111 Gish RG, Clark MD, Kane SD, Shaw RE, Mangahas MF,
Baqai S. Similar risk of renal events among patients treated
with tenofovir or entecavir for chronic hepatitis B. Clin Gastroenterol Hepatol 2012; 10: 941-96; quiz e68 [PMID: 22507876
DOI: 10.1016/j.cgh.2012.04.008]
112 Kim WR, Benson JT, Hindman A, Brosgart C, FortnerBurton C. Decline in the need for liver transplantation for
end stage liver disease secondary to hepatitis B in the US.
Hepatology 2007; 46: 238A

10.1136/gut.2011.239301.486]
109 Murray KF, Szenborn L, Wysocki J, Rossi S, Corsa AC, Dinh
P, McHutchison J, Pang PS, Luminos LM, Pawlowska M,
Mizerski J. Randomized, placebo-controlled trial of tenofovir
disoproxil fumarate in adolescents with chronic hepatitis
B. Hepatology 2012; 56: 2018-2026 [PMID: 22544804 DOI:
10.1002/hep.25818]
110 Kim YJ, Cho HC, Sinn DH, Gwak GY, Choi MS, Koh KC,
Paik SW, Yoo BC, Lee JH. Frequency and risk factors of
renal impairment during long-term adefovir dipivoxil
treatment in chronic hepatitis B patients. J Gastroenterol

P- Reviewers: Fernandez-Rodriguez CM, Gilles G
S- Editor: Song XX L- Editor: A E- Editor: Zhang DN

WJG|www.wjgnet.com

413

January 14, 2014|Volume 20|Issue 2|

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748/wjg.v20.i2.414

World J Gastroenterol 2014 January 14; 20(2): 414-424
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

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

TOPIC
BRIEF
HIGHLIGHT
ARTICLE
WJG 20th Anniversary Special Issues (9): Hepatitis B virus

Outcomes and management of viral hepatitis and human
immunodeficiency virus co-infection in liver transplantation
Stephen E Congly, Karen E Doucette, Carla S Coffin
Key words: Hepatitis B virus; Human immunodeficiency
virus co-infection; Hepatitis C virus; Co-infection; Liver
transplantation

Stephen E Congly, Carla S Coffin, Liver Unit, Division of Gastroenterology and Hepatology, University of Calgary, Calgary,
AB T2N 4Z6, Canada
Karen E Doucette, Division of Infectious Diseases, University
of Alberta, Edmonton, AB T6G 2R3, Canada
Author contributions: Congly SE, Doucette KE and Coffin CS
contributed to this paper equally.
Correspondence to: Carla S Coffin, MD, MSc, FRCPC, Liver
Unit, Division of Gastroenterology and Hepatology, University of
Calgary, 6D21, Teaching, Research and Wellness Building 3280,
Hospital Drive, Calgary, AB T2N 4Z6,
Canada. cscoffin@ucalgary.ca
Telephone: +1-403-5925049 Fax: +1-403-5925090
Received: September 24, 2013 Revised: October 22, 2013
Accepted: November 3, 2013
Published online: January 14, 2014

Core tip: Liver transplantation is not contraindicated in
viral hepatitis patients co-infected with human immunodeficiency virus. Patients should meet standard listing
criteria for liver transplantation. Management of these
patients should be done through a multidisciplinary
management approach including pharmacists and infectious diseases physicians.
Congly SE, Doucette KE, Coffin CS. Outcomes and management of viral hepatitis and human immunodeficiency virus
co-infection in liver transplantation. World J Gastroenterol
2014; 20(2): 414-424 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i2/414.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i2.414

Abstract
Liver transplantation for human immunodeficiency virus
(HIV) positive patients with viral hepatitis co-infection
is increasingly offered in many North American and
European liver transplant centers. Prior studies have
demonstrated acceptable post-transplant outcomes and
no increased risk of HIV complications in patients coinfected with hepatitis B virus (HBV). However, liver
transplantation in HIV positive patients with hepatitis
C virus (HCV) has poorer outcomes overall, requiring careful selection of candidates. This review aims
to summarize the published literature on outcomes
after transplant in HIV patients with HBV or HCV related end-stage liver disease and recommendations for
management. In particular the pre-transplant factors
impacting outcomes in HCV/HIV co-infected candidates
and importance of multidisciplinary management will
be discussed.

INTRODUCTION
Liver transplantation offers the promise of improved
quantity and quality of life for patients with end stage
liver disease with 1-year survival approaching 90%[1].
Historically, HIV infection was considered to be a contraindication to transplantation[2] with early outcomes in
the pre-highly active anti-retroviral (HAART) era being
abysmal[3]. With the improvement of HAART, patients
with HIV have comparable life expectancy to the general
population[4,5]; similar to those with other chronic medical
conditions, such as diabetes. As such, liver transplant is
now considered a potential treatment option to the over
1.1 million infected with HIV in the United States[6] and
34 million worldwide[7].
Patients living with HIV have a significant burden
of liver disease; one large series suggests that liver disease is related to over 14% of all cause mortality[8] with

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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three-quarters of this being attributable to hepatitis B
virus (HBV) or hepatitis C virus (HCV) infection. The
increased burden of co-infection with HBV or HCV in
HIV patients relates to similar mechanisms of transmission of the viruses such as sexual or vertical transmission,
blood transfusion or intravenous (iv) drug use. In areas of
low HBV endemicity, such as North America and Western Europe, HIV and HBV co-infections occur primarily
in immigrant populations and in adult populations due
to shared sexual and percutaneous modes of transmission[9]. The prevalence of HBV co-infection in Western
countries has been reported as between 6%-14%[10] with
rates of co-infection in endemic areas such as Africa and
southeast Asia nearing 30%[11]. For HCV, the rates of coinfection also reflect the shared risk factors for transmission with approximately 10% acquired through high risk
sexual exposures and the vast majority via blood-borne
contact[12]. The global burden of HIV co-infection is significant with approximately 7 million persons co-infected
with HCV and 4 million with HBV worldwide[13,14].

therapy; pooled analysis showed sustained virological
response rates of 38% overall with genotypes 1 and 4
being 25% and genotype 2 and 3 being 60%[34] although
the addition of protease inhibitors may lead to similar
responses in genotype 1 infections[35]. The evidence that
HIV disease activity is aggravated by HCV co-infection
is controversial[36]. Nonetheless, achieving adequate control of the HIV with the use of HAART is important as
it may reduce mortality as compared to no treatment[37]
and reduce the rate of fibrosis to that of a HCV monoinfected patient[38] albeit may not completely achieve fibrosis regression[39].

OUTCOMES AFTER LIVER
TRANSPLANTATION IN HCV/HIV
CO-INFECTION
The published outcomes of HCV/HIV co-infected
patients with regards to survival and HCV recurrence
were analyzed in a recent meta-analysis[40]. This analysis
compared HIV/HCV co-infected patients to those infected with HCV alone. There was no difference between
groups with regards to the rate of acute cellular rejection
(OR = 0.88; 95%CI: 0.44-1.76) or with regards to HCV
recurrence rates (OR = 0.66; 95%CI: 0.27-1.59) although
the evidence quality is described as being low. A significant reduction in survival was seen in co-infected patients
compared to the HCV mono-infected population (HR =
2.81; 95%CI: 1.47-5.37) although this again was based on
weaker evidence overall. More recently, there have been
two large prospective multicenter cohort studies examining outcomes of HCV-HIV co-infection published. In
Spain, a series of 86 consecutive HCV-HIV co-infected
patients were compared to a matched series of 252 HCV
mono-infected patients[41]. Patients with HIV were eligible if they met Spanish consensus guidelines[42] including CD4+ T cell counts > 100 cells/L (> 200 cells/L with
history of opportunistic infection), suppressed HIV viral
load and no AIDS defining events other than Pneumocystis
pneumonia, esophageal candidiasis or tuberculosis.
In this cohort, 55% of the population had genotype 1
HCV infection and 15% were co-infected with HBV; the
median model for end-stage liver disease (MELD) score
at the time of transplant was 16 and the waitlist time was
4 mo. Notable differences between the HCV comparison group and the HCV/HIV co-infected group were
lower rates of genotype 1 in the HCV mono-infected
group, lower rates of acute rejection and lower rates
of significant fibrosis (> Stage 2) with post-transplant
recurrence of the HCV. Survival in the HCV/HIV coinfected group was similar in the first year (88% vs 90%)
but diverged at 3 years (62% vs 76%) and 5 years post
transplant (54% vs 71%). Similar rates and trends were
seen for graft survival. Factors predicting poor survival
on multivariate analysis included HCV genotype 1 and an
increased donor risk index; having a low HCV RNA level
had a significant protective effect. Low center experience

IMPACT OF VIRAL HEPATITIS/HIV
CO-INFECTION
Patients co-infected with either HBV or HCV have more
aggressive liver disease than those with mono-infection.
In a large epidemiological study of 23441 patients infected with HIV, HIV-HBV co-infected patients were
reported to have a 3-fold higher risk of liver related mortality compared to HBV mono-infection[8]. Differences
in survival were demonstrated in the early HAART era; a
Taiwan study showed a 5-year survival of 75% in patients
with HIV and chronic hepatitis B [positive serum hepatitis B surface antigen (HBsAg)] versus approximately 90%
survival in HBsAg-negative, HIV infected patients[15]. A
subsequent meta-analysis of the co-infected population
was concordant with this finding, although HAART did
reduce the risk of death from 1.6 (95%CI: 1.07-2.39) to
1.28 (95%CI: 1.03-1.60)[16]. Accordingly, HIV co-infected
patients without HAART seem to have more aggressive
HBV-related liver disease and progression to cirrhosis[17].
As well, HBV co-infection has also been demonstrated
to adversely impact HIV patient outcomes either with or
without HAART[18,19].
In HCV/HIV co-infection, the HCV disease course
is negatively impacted with an increased HCV viral load
as compared to HCV mono-infected patients[20] as well
as accelerated fibrosis progression[21-24]. Insulin resistance
in HCV mono-infected patients has been associated with
increased fibrosis and impaired response to treatment[25,26]
although in the co-infected population the impact of
insulin resistance is less clear[27-30]. HCV co-infected patients have increased healthcare resource utilization[31]
and increased mortality[32] versus those living with HCV
alone. Treatment of HCV is often more complex, due to
the interaction between HCV and HIV medications[33].
Further complicating matters is that co-infected patients
have inferior responses to interferon and ribavirin based
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Table 1 Summary of outcomes post orthotopic liver transplant in hepatitis C virus/human immunodeficiency virus co-infection
1

Ref.

Study period

Country

Patients

Median follow-up (mo)

Survival

Graft survival

Terrault et al[2]

2003-2010

United States

89

32

Miro et al[41]

2002-2006

Spain

84

44

72% 1 yr
53% 3 yr
NR

Duclos-Vallée et al[43]

1999-2005

France

35

44

De Vera et al[44]

1997-2005

United States

27

27

Ragni et al[94]

1997-2001

United States

15

17

Vennarecci et al[95]

2002-2006

Italy

11

26

Anadol et al[96]

1997-2011

Germany

19

613

76% 1 yr
60% 3 yr
88% 1 yr
62% 3 yr
54% 5 yr
82% 1 yr
73% 2 yr
51% 5 yr
67% 1 yr
56% 3 yr
33% 5 yr
80% 1 yr
57% 3 yr
36% 5 yr
83% 1 yr
58% 3 yr2
58% 5 yr

NR

63% 1 yr
52% 3 yr
31% 5 yr
NR

NR
NR

Studies with ≥ 10 patients; 2Survival reported for cohort of 12, including one hepatitis B virus/human immunodeficiency virus co-infected patient; 3For all
patients. NR: Not reported.

1

was also independently associated with an increased risk
of death.
The main North American experience published to
date is based on data from the National Institutes of
Health-sponsored Solid Organ Transplantation in HIV
study. This multicenter United States trial compared a
group of 86 HIV/HCV co-infected patients to HCV
mono-infected patients and to all transplants in patients
over the age of 65 years using the United Network for
Organ Sharing (UNOS) database[2]. Eligible patients had
similar entry criteria to the Spanish study including a
CD4+ T cell count > 100 cells/L for 6 mo and being on
a stable HAART regimen for at least 3 mo with undetectable viral loads; patients intolerant to HAART were
allowed entry if they were predicted to have suppression
of HIV post transplant based on past medication exposure and anti-HIV drug resistance testing. There was a
more liberal policy regarding opportunistic infections in
that after April 2002, patients with treated opportunistic
infections (excluding lymphoma, visceral Kaposi’s sarcoma, chronic cryptosporidiosis and progressive multifocal
leukoencephalopathy) were eligible for enrolment in the
trial.
In this study, the HCV/HIV group was younger,
had a lower body mass index (BMI), longer warm graft
ischemic time and were more likely to have a deceased
donor transplant than the HCV mono-infected group.
More patients in the co-infected group received antiHCV treatment. The co-infected group had significantly
poorer survival compared to the HCV mono-infected
population with 1-year survivals of 76% vs 92% and 3
year survivals of 60% vs 79%. The graft survival was also
worse in HCV/HIV coinfected patients with 1-year graft
survival rates of 72% vs 88% and 3 year graft survival of
53% vs 74%. The only factor identified as a risk factor for
patient survival in this group was HIV infection. Risk factors for losing graft function included having a combined
liver-kidney transplant (HR = 3.8), BMI < 21 kg/m2 (HR
WJG|www.wjgnet.com

= 3.2), HCV+ donor (HR = 2.5) and an older donor (HR
= 1.3/decade). Table 1 summarizes the data from the
larger HCV trials published to date.
Based on the literature, several major risk factors for
poor transplant survival in the HCV/HIV co-infected
population have been reported. These include high MELD
scores[43,44], HCV genotype 1[41], African descent[44], as well
as viral load[41,44]. Few studies have looked at factors impacting graft survival; Terrault et al[2] identified that receiving either a HCV+ graft or an older organ, undergoing a
simultaneous liver-kidney transplant or being underweight
decreased graft survival. Fibrosing cholestatic hepatitis
(FCH), an often fatal complication of hepatitis C post
transplant is relatively uncommon in the mono-infected
population with an incidence of about 5%-8%[41,45,46].
The incidence is increased in the co-infected population
by two to three fold with the largest series suggesting a
prevalence of 19%[41,44,47]. Commonly associated factors
for FCH in the mono-infected population including acute
rejection and older donor age[48] were not identified as
predictors in the co-infected population[47].

OUTCOMES AFTER LIVER
TRANSPLANTATION IN HBV AND HIV
CO-INFECTION
In general, the results for HBV/HIV co-infected patients
are very good and are similar to that of HBV monoinfected patients. One of the largest published series of
HBV/HIV co-infected patients undergoing transplant
consists of 22 patients predominantly from the Solid
Organ Transplantation in HIV Multi-Site Study[49]. Patients were required to have either undetectable HIV viral
loads or be predictably suppressible, CD4+ T cell count
> 100 cells/L, absence of prior opportunistic infections
and no history of visceral Kaposi’s sarcoma. Post transplantation, patients received a combination of hepatitis
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Table 2 Summary of outcomes post orthotopic liver transplant in hepatitis B virus/human immunodeficiency virus co-infection
Study period

Country

n Median follow-up (mo)

Survival

Graft survival

Comments

Coffin et al[49]

2001-2007

United States

22

42

Tateo et al[97]

1999-2007

France

13

32

85% 1 yr
85% 3 yr
100%

85% 1 yr
85% 3 yr
100%

Anadol et al[96]

1997-2011

Germany

10

611

About 50% had detectable HBV pre
transplant
1 co-infected with HDV, 2 with HCV, 4
with HCV and HDV

NR

Schreibman et al[98]

1999-2006

United States

8

NR

Norris et al[99]

1995-2003

United Kingdom

4

22

90% 1 yr
80% 5 yr
75% 1 yr
75% 3 yr
100% 1 yr

Ref.

NR

2 co-infected with HCV, 1 fulminant hepatic
failure

NR

1

For entire series. HBV: Hepatitis B virus; HCV: Hepatitis C virus; NR: Not reported; HDV: Hepatitis D virus.

B immune globulin (HBIG) and antiviral therapy with
indefinite use of HBIG targeting anti-HBs titers of >
100 IU/L; HBV antiviral treatment was based on their
treatment prior to transplant. Co-infected patients were
compared to patients with HBV undergoing transplantation at the University of California, San Francisco.
Overall, the co-infected group was younger (median
age 47 years vs 58 years), included more males (100% vs
65%) and fewer were transplanted for HCC as a primary
indication (9% vs 25%). Both groups had similar donor
characteristics other than the co-infected group receiving
younger donors (39 years vs 51 years); immunosuppression regimens in the co-infected population were more
likely to use cyclosporine and less likely to be receiving
mycophenolate mofetil. The three-year survival of 85%
was not significantly different to the HBV mono-infected
population; there was no evidence of HBV disease activity in either group. Similar positive outcomes have been
seen in other small trials (Table 2).

have a satisfactory psychosocial assessment. Patients with
a history of substance abuse, including alcohol, must be
abstinent and have completed a treatment program. Most
programs, including ours, require a minimum of 6 mo of
abstinence even though this interval is arbitrary[52].
Patients should be on a stable treatment regimen for
their HIV with documented adherence and viral loads
being undetectable for at least a 6-mo interval. Preferred
antiretroviral agents as part of the HAART regimen
include raltegravir, efavirenz, maraviroc and rilpivirine.
Zidovudine and protease inhibitors are avoided when
possible due to significant anemia and drug interactions
respectively. Most nucleoside reverse transcriptase inhibitors can be used. Didanosine and stavudine are the only
agents truly contraindicated given the risk of potentially
fatal lactic acidosis. Antiretroviral therapy is now recommended in all HIV-infected patients, regardless of CD4
count, assuming they understand the risks and benefits
of therapy and are committed to adherence[53]. In the
context of potential transplantation and subsequent immunosuppression as well as the numerous options for
therapy currently, we would recommend all patients be
on HAART prior to transplant.
Current guidelines from the American Society of
Transplantation (AST), based on the National Institutes
of Health studies, suggest that patients with no AIDS defining conditions should have a CD4+ T cell count > 100
cells/L and for patients with AIDS defining disease, a
CD4+ T cell count > 200 cells/L for at least 3 mo before
transplant[54]. In practice, there may be significant variation between centers. In our center, we require a CD4
count ≥ 150 cells/L for at least 6 mo or, if the CD4
count is between 100-150, as is not uncommon in those
with portal hypertension and hypersplenism, the CD4%
should be ≥ 20% for at least 6 mo. Patients treated with
interferon based anti-HCV treatment experience a drop
in their absolute CD4 counts[55]. Therefore, to accurately
reflect their immune status in the context of transplantation, they should have their CD4 count performed prior
to beginning interferon treatment; a reasonable interval
would be 4-6 mo. We consider a history of multi-drug
resistant HIV a relative contraindication to transplantation given the potential challenges of controlling HIV
post transplant; however as newer options for therapy
continue to be developed, this needs to be reviewed on a

ECONOMIC STUDIES OF CO-INFECTED
LIVER TRANPLANTATION
Liver transplant has significant cost to payers with estimated costs of transplant in the HCV mono-infected
population of $169000 USD initially and subsequent
annual costs of $38000[50]. Very limited study has been
done on the economic impact of HIV on the cost of
transplantation. One study estimated that the presence
of HIV adds an additional cost of approximately $38000
to the cost of liver transplantation[40]. Further economic
analyses to assess cost-effectiveness are needed.

SELECTION OF HIV POSITIVE PATIENTS
FOR LIVER TRANSPLANTATION
Patients with HIV should meet the generally accepted
indications for liver transplant as patients without HIV
including advanced liver disease with a MELD of at least
15 or having an indication for an appealed MELD score
(i.e., MELD exception points) such as hepatocellular carcinoma, hepatopulmonary syndrome or portopulmonary
syndrome[51]. They must be able to tolerate the surgery
from a cardiovascular and respiratory standpoint and
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Table 3 Contraindications to liver transplantation in human immunodeficiency virus positive patient
Condition

Comment

Progressive multifocal leukoencephalopathy
Cryptosporidiosis
Lymphoma
Visceral Kaposi’s sarcoma
Encephalopathy, HIV-related

Chronic intestinal > 1 mo duration
Primary CNS
Cutaneous KS considered if remission with immune reconstitution and no active/vascular residual
cutaneous lesions on physical exam and chest CT scan
Unless diagnosed prior to HAART and resolved on HAART with marked improvement in mental status
and increased CD4+ T-cell count and no evidence of progression of CNS disease and are otherwise
considered eligible from a functional standpoint

HIV: Human immunodeficiency virus; CNS: Central nervous system; CT: Computerized tomography; KS: Kaposi’s sarcoma; HAART: Highly active anti
retroviral therapy.

case by case basis by the infectious diseases consultant to
assess the likelihood of HIV viral breakthrough and the
potential for future options.
In general, most opportunistic infections (OI) are not
absolute contraindications to transplantation; absolute
contraindications are listed in Table 3, which are congruent with the AST guidelines[54]. Patients should have been
successfully treated for the OI with a reasonable interval
of time elapsing following the completion of therapy to
allow for immune reconstitution with HAART; we suggest at least 12 mo since the infection. Consultation with
an infectious diseases specialist with regards to the risk
of recurrence post transplant as well as the need for any
additional prophylactic therapies post transplant is also
recommended.
For the HIV/HCV co-infected patient, simultaneous
liver-kidney transplantation is not recommended given
poor outcomes [2] as compared to the mono-infected
HCV patient[56]. Similarly, HCV positive grafts should
be avoided in HIV co-infected patients given inferior
survival[2]. Patients should ideally have a BMI > 21 kg/
m2; in otherwise acceptable candidates with BMIs < 21
kg/m2, nutritional supplementation and reassessment
once the BMI exceeds 21 is reasonable; this is in keeping
with the 2013 AST guidelines[54]. We would suggest that
patients with natural MELD scores > 25 be reviewed
on a case by case given the worse outcomes seen in this
population. Additionally, it is recognized that co-infected
patients have more rapid deterioration of liver disease
and a higher risk of death on the list than mono-infected
patients[1,57], thus a detailed discussion of potential benefit of live donor liver transplantation should occur. At
this time, we do not recommend re-transplantation of
patients with HIV/HCV co-infection outside of study
protocols given the poor 42% 3 year survival seen in a
small series of 14 patients[58].

HCV will likely offer significant improvement in transplant outcomes given the adverse effects of recurrent
HCV in the co-infected [44] and mono-infected HCV
populations[59] as well as increased mortality on the waitlist[60]. However, treatment can be challenging due to the
interaction of novel directly acting anti-HCV agents (i.e.,
viral protease and polymerase inhibitors) with HAART[33]
especially in the context of advanced liver disease and
risk of decompensation. If treatment is not feasible,
complications of liver disease should be managed similar
to the non-HIV infected population.
For patients with HIV-HBV co-infection, the ideal
antiretroviral regimen should contain tenofovir, with appropriate dose adjustment for renal function. If tenofovir
is poorly tolerated, entecavir is suggested in conjunction with a fully suppressive HIV treatment regimen. If
patients have any history of lamivudine exposure, given
high rates of lamivudine resistant HBV in the co-infected
population, it is recommended that if entecavir is used, it
be at a 1 mg dose daily.
Both HBV/HIV and HCV/HIV co-infected patients
with HCC seem to have a higher risk of tumor progression outside of most transplant centers’ criteria including
the current UNOS standard of the Milan criteria[61], and
total tumor volume[62]. Given this, we would obtain imaging every 3 mo to monitor tumor development. As well,
given that an α-fetoprotein (AFP) rise of > 15 μg/L per
month is associated with a poor prognosis in this population[63], it is suggested that AFP be done monthly as a
marker of tumor progression.

SUMMARY OF RECOMMENDATIONS FOR
THE PRE-TRANSPLANT MANAGEMENT
OF THE PATIENT WITH HIV AND VIRAL
HEPATITIS CO-INFECTION

Immunosuppression
Overall, immunosuppression in the HIV co-infected
population is similar in principle to that of the monoinfected patient. The use of an induction agent is controversial; however, given high rejection rates seen[2], we
feel that the use of the interleukin 2 inhibitor basiliximab
as a steroid sparing agent is reasonable. Thymoglobu-

SUMMARY OF RECOMMENDATIONS FOR
THE POST TRANSPLANT MANAGEMENT
OF THE HIV/VIRAL HEPATITIS COINFECTED PATIENT

In co-infected HCV patients, successful treatment of
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Table 4 Drug-drug interactions: Antiretrovirals and immunosuppressants
Steroids
PI

[54,102]

Calcineurin inhibitors
(cyclosporine/tacrolimus)

Significant
increase

mTOR inhibitors
(sirolimus, everolimus)

Significant increase in immunosuppression levels
in general.
Calcineurin inhibitor levels may increase or
decrease with exposure to either amprenavir or
fosamprenavir
NNRTI
Mild decrease
Mild decrease in level
in level
NRTI
No effect
No effect
Integrase inhibitors
No effect
Increased with elvitegravir

Antimetabolites
(mycofenylate mofitl)

Significant increase in Generally no effect; levels may decrease
immunosuppression
with nelfinavir, lopinavir/ritonavir
levels

Mild decrease in level No effect on immunosuppressant levels.
May decrease nevirapine levels
No effect
May be increased with zidovudine
Increased with
Increased with elvitegravir
elvitegravir
No effect
No effect

CCR5-agonists
Fusion inhibitors

PI: Protease inhibitor; mTOR: Mammalian target of rapamycin; NNRTI: Non-nucleoside reverse transcriptase inhibitors; NRTI: Nucleoside reverse
transcriptase inhibitors; CCR5: Chemokine receptor type.

lin would not be recommended given the high rate of
graft loss seen in the HIV renal transplant group due
to increased HCV replication[64]. The maintenance immunosuppression regimen in HIV-positive recipients is
not well defined, and even less is known in HCV/HIV
in co-infected patients[54]. Most programs have used calcineurin inhibitors as the backbone of the maintenance
protocol with cyclosporine potentially having some in
vivo suppression of HIV[65] although cyclosporine may
put patients at higher risk of rejection as compared to tacrolimus[64] and may lead to poorer outcomes in the HCV
population[66]. Mycophenolate mofetil as an adjunct agent
may have anti-HCV[67] and anti HIV effects[68,69]. Sirolimus may be considered as a calcineurin inhibitor-sparing
agent in the context of renal insufficiency. As well, sirolimus may reduce HIV replication through blocking of the
HIV entry receptor, CCR5[70], has antitumor properties in
HCC[71] and demonstrated improved outcomes in a small
series of HIV/HCV coinfected patients[72]. However,
analysis of the Scientific Registry of Transplant Recipients database showed worse graft survival and overall
HCV patient survival[73] as well as an increased risk of
hepatic artery thrombosis[74]. Thus the risk-benefit ratio
of sirolimus will need to be carefully considered.
Medication management in HIV positive transplant
recipients is challenging due to bidirectional drug interactions between immunosuppressants and antiretrovirals
which may lead to altered drug exposure, toxicity, rejection or poorly controlled HIV[75]. Close communication
between pharmacists managing the HIV antivirals and
immunosuppression will be critical. Therefore, both the
HIV team and the transplant teams should be informed
about any medication changes. Antiretroviral therapy
should be given up to the time of transplant and then
restarted as soon as possible post transplant once oral
therapy is tolerated and ideally no longer than a week
post operatively; generally in well suppressed patients
before transplant, the HIV viral loads will not rebound
within that time-frame. If there is poor oral absorption,
HAART levels may be sub-therapeutic leading to in-
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creased risk of resistance and viral breakthrough. The key
drug-drug interactions are summarized in Table 4.
Prophylaxis
In HBV patients post transplant, most patients initially
receive HBIG as prophylaxis for recurrent infection[76].
The use of a potent HBV medication such as tenofovir
or entecavir is also recommended. Likely, with suppression of HBV with a newer nucleos(t)ide analogue, HBIG
may be able to be stopped in many patients[77-79] or may
not even be required[80]. In the context of a HBV-HIV
co-infected patient, until further data exists with regards
to HBIG sparing therapy, we would use HBIG in combination with tenofovir or entecavir with consideration
of indefinite HBIG use due to a high incidence of occult
HBV post liver transplant as well as to account for possible anti-HBV drug interruptions.
Given the immunodeficiency from the HIV as well as
the antirejection medication, infection prophylaxis is critical (Table 5). From an infection standpoint, perioperative
prophylaxis to cover gastrointestinal pathogens, including
Enterococcus, as well as Candida in those at high risk, in addition to cytomegalovirus prophylaxis with valganciclovir
is identical to patients without HIV. All co-infected patients should remain on lifelong prophylaxis for Pneumocystis jirovecii pneumonia with one tablet of single strength
trimethoprim/sulfamethoxazole daily. For those intolerant, alternatives include monthly inhaled pentamidine,
oral dapsone or atovaquone.
Summary of post transplant management issues in
HIV/viral hepatitis co-infection
Rejection: Patients with HIV are at increased risks of
acute cellular rejection[2,41]; careful monitoring is required.
Given the increased risk, protocol biopsies are recommended peritransplant at baseline, 6 mo, 12 mo and then
annually subsequently. When rejection is clinically suspected, a biopsy should be obtained. The preferred method to treat rejection is to increase calcineurin inhibitor
levels or sirolimus levels depending on the agent being
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Table 5 Post transplant prophylaxis
Post transplant prophylaxis
PJP prophylaxis
CMV
Fungal
HBV (in HBV co-infected patients)

Comment
Trimethoprim/sulfamethoxazole SS one tablet daily life long
Alternatives: Dapsone 100 mg daily, pentamidine 300 mg inhaled or iv monthly or atovaquone 1500 mg daily[54]
Valganciclovir 900 mg daily1; oral (1 g tid) or iv (5 mg/kg daily) ganciclovir for 3 mo in D+/R-; prophylaxis or preemptive monitoring and therapy in R+
High risk patients2 should receive Fluconazole 400 mg po daily × 14 d minimum[100]
Life long HBIG targeting 100 IU/L plus either tenofovir or entecavir

1

Valganciclovir is not FDA approved for use in liver transplantation; many centers use this agent off label[101]; 2High risk features include repeat or prolonged
surgery, high transfusion requirements, renal failure, colonization with Candida or Choledochojejunostomy[100]. PJP: Pneumocystis jeroveci pneumonia; SS:
Single strength; CMV: Cytomegalovirus; HBV: Hepatitis B virus; HBIG: Hepatitis B immunoglobulin; FDA: United States Food and Drug Administration.

used, as well as increasing mycophenolate mofetil levels.
Use of anti-lymphocyte depleting agents, such as thymoglobulin, is to be avoided if possible due to prolonged
immunosuppression of T cells with thymoglobulin[81].
High dose steroids in the context of HCV co-infection
leads to more aggressive disease activity and rapid progression in fibrosis[82].

CONCLUSION
Significant advances have been made with regards to
transplanting patients with HIV including those with viral hepatitis co-infection. Transplanted HBV co-infected
patients obtain similar outcomes to the HBV mono-infected patient with outcomes less successful in the HCV
co-infected population. Treatment of HCV offers the
best chance of improved outcomes. Many new treatment
strategies for HCV are in advanced stages of development including pan-genotypic interferon free regimens
and it is likely these regimens will allow for easier treatment of HCV and improved survival post transplant.
Historically, in the United States, organs could not be
knowingly transplanted from donors with HIV by federal
law[88] with similar policies existing in Canada[89,90] Given
the current armamentarium of antiretroviral medications
and the ability to suppress HIV, there is potentially a pool
of organs that could be used to benefit patients with
HIV; one model suggests that over 500-600 patients with
HIV could benefit from receiving organs from donors
also infected with HIV[91]. A series of 14 patients with
HIV receiving HIV positive kidneys has showed good 1
year outcomes suggesting that this may be a viable option[92]. Recent passage of the HIV Organ Policy and Equity Act changes previous federal policy and enables HIV
positive organs to be used in HIV positive patients[93].
With this development, further research can then be
conducted with regards to outcomes and determining the
appropriate population these organs can be used in. In
the future, further delineation of the optimal HCV/HIV
co-infected candidate will be identified so as to bring outcomes closer to that of the HCV mono-infected patient.

Occult HBV: In patients who have occult HBV (HBsAg
negative, HB core antibody positive), we would suggest annual monitoring of HBsAg levels. Given most
HAART regimens includes medication that has activity
for HIV and HBV, such as tenofovir, emtricitabine or lamivudine, reactivation is low risk, especially with the use
of tenofovir.
Recurrent HCV: Treatment of the hepatitis C should
be offered post-transplantation when there is histologic
evidence of recurrent disease. Earlier therapy in disease
may be associated with improved outcomes in the monoinfected population[83] and thus consideration could be
given to starting therapy in all HIV/HCV co-infected
liver transplantation recipients once stable and on low
dose maintenance immunosuppression. HIV/transplant
pharmacists should be consulted with regards to drug selection given the complex three-way interactions between
HCV protease inhibitors, antiretroviral agents and immunosuppressants.
Treatment of hepatitis C is critical with the presentation of fibrosing cholestatic hepatitis (FCH) given its
marked effect on survival. Currently, the typical treatment
is the use of pegylated interferon and ribavirin with a
median survival of 22 mo; this is about 20% the survival
of co-infected HCV-HIV patients without fibrosing cholestatic hepatitis[47]. Recently, there has been two reports
of the use of a protease inhibitor (telaprevir and boceprevir[84]) including in a co-infected patient[85] with good
effect, although careful monitoring of the calcineurin inhibitors is needed with both telaprevir and boceprevir[86].
One case report exists of the combination of sofosbuvir
and daclatasvir being successfully used to treat FCH[87];
these drugs are not yet commercially available. Thus,
consideration may be currently given to triple therapy for
managing FCH given its abysmal prognosis with likely
better-tolerated and more efficacious therapy to come.

WJG|www.wjgnet.com

REFERENCES
1

2

420

Kim WR, Stock PG, Smith JM, Heimbach JK, Skeans MA,
Edwards EB, Harper AM, Snyder JJ, Israni AK, Kasiske
BL. OPTN/SRTR 2011 Annual Data Report: liver. Am J
Transplant 2013; 13 Suppl 1: 73-102 [PMID: 23237697 DOI:
10.1111/ajt.12021]
Terrault NA, Roland ME, Schiano T, Dove L, Wong MT,
Poordad F, Ragni MV, Barin B, Simon D, Olthoff KM, Johnson L, Stosor V, Jayaweera D, Fung J, Sherman KE, Subramanian A, Millis JM, Slakey D, Berg CL, Carlson L, Ferrell
L, Stablein DM, Odim J, Fox L, Stock PG. Outcomes of liver
transplant recipients with hepatitis C and human immunodeficiency virus coinfection. Liver Transpl 2012; 18: 716-726

January 14, 2014|Volume 20|Issue 2|

Congly SE et al . Viral hepatitis HIV co-infection liver transplantation

3
4

5

6

7

8

9
10
11
12

13

14
15

16

17

[PMID: 22328294 DOI: 10.1002/lt.23411]
Gordon FH, Mistry PK, Sabin CA, Lee CA. Outcome of orthotopic liver transplantation in patients with haemophilia.
Gut 1998; 42: 744-749 [PMID: 9659174]
Lohse N, Hansen AB, Pedersen G, Kronborg G, Gerstoft J,
Sørensen HT, Vaeth M, Obel N. Survival of persons with and
without HIV infection in Denmark, 1995-2005. Ann Intern
Med 2007; 146: 87-95 [PMID: 17227932]
Nakagawa F, May M, Phillips A. Life expectancy living with
HIV: recent estimates and future implications. Curr Opin
Infect Dis 2013; 26: 17-25 [PMID: 23221765 DOI: 10.1097/
QCO.0b013e32835ba6b1]
Centers for Disease Control and Prevention. Monitoring selected national HIV prevention and care objectives by using
HIV surveillance data-United States and 6 U.S. dependent
areas-2010. HIV Surveillance Supplemental Report 2013; 18
(No. 2, part B) [Internet]. 2013. Available from: URL: http://
www.cdc.gov/hiv/topics/ surveillance/resources/reports/
#supplemental
Joint United Nations Programme on HIV/AIDS, United
Nations. Global Report: UNAIDS Report on the Global AIDS
epidemic: 2012 [Internet]. [Geneva]: UNAIDS; 2012 [cited 2013
Sep 3]. Available from: URL: http://www.unaids.org/en/media/unaids/contentassets/documents/epidemiology/2012/
gr2012/20121120_UNAIDS_Global_Report_2012_en.pdf
Weber R, Sabin CA, Friis-Møller N, Reiss P, El-Sadr WM,
Kirk O, Dabis F, Law MG, Pradier C, De Wit S, Akerlund B,
Calvo G, Monforte Ad, Rickenbach M, Ledergerber B, Phillips AN, Lundgren JD. Liver-related deaths in persons infected with the human immunodeficiency virus: the D: A: D
study. Arch Intern Med 2006; 166: 1632-1641 [PMID: 16908797
DOI: 10.1001/archinte.166.15.1632]
McGovern BH. The epidemiology, natural history and prevention of hepatitis B: implications of HIV coinfection. Antivir Ther 2007; 12 Suppl 3: H3-13 [PMID: 18284178]
Alter MJ. Epidemiology of viral hepatitis and HIV co-infection. J Hepatol 2006; 44: S6-S9 [PMID: 16352363 DOI: 10.1016/
j.jhep.2005.11.004]
Koziel MJ, Peters MG. Viral hepatitis in HIV infection.
N Engl J Med 2007; 356: 1445-1454 [PMID: 17409326 DOI:
10.1056/NEJMra065142]
Eisenbach C, Merle U, Stremmel W, Encke J. Liver
transplantation in HIV-positive patients. Clin Transplant
2009; 23 Suppl 21: 68-74 [PMID: 19930319 DOI: 10.1111/
j.1399-0012.2009.01112.x]
Soriano V, Puoti M, Peters M, Benhamou Y, Sulkowski
M, Zoulim F, Mauss S, Rockstroh J. Care of HIV patients
with chronic hepatitis B: updated recommendations from
the HIV-Hepatitis B Virus International Panel. AIDS
2008; 22: 1399-1410 [PMID: 18614862 DOI: 10.1097/
QAD.0b013e3282f8b46f]
Soriano V, Vispo E, Labarga P, Medrano J, Barreiro P. Viral
hepatitis and HIV co-infection. Antiviral Res 2010; 85: 303-315
[PMID: 19887087 DOI: 10.1016/j.antiviral.2009.10.021]
Sheng WH, Kao JH, Chen PJ, Huang LM, Chang SY, Sun
HY, Hung CC, Chen MY, Chang SC. Evolution of hepatitis
B serological markers in HIV-infected patients receiving
highly active antiretroviral therapy. Clin Infect Dis 2007; 45:
1221-1229 [PMID: 17918088 DOI: 10.1086/522173]
Nikolopoulos GK, Paraskevis D, Hatzitheodorou E, Moschidis Z, Sypsa V, Zavitsanos X, Kalapothaki V, Hatzakis
A. Impact of hepatitis B virus infection on the progression
of AIDS and mortality in HIV-infected individuals: a cohort
study and meta-analysis. Clin Infect Dis 2009; 48: 1763-1771
[PMID: 19435436 DOI: 10.1086/599110]
Di Martino V, Thevenot T, Colin JF, Boyer N, Martinot M,
Degos F, Coulaud JP, Vilde JL, Vachon F, Degott C, Valla D,
Marcellin P. Influence of HIV infection on the response to interferon therapy and the long-term outcome of chronic hepatitis B. Gastroenterology 2002; 123: 1812-1822 [PMID: 12454838

WJG|www.wjgnet.com

18

19

20

21

22

23

24

25
26

27

28

29

421

DOI: 10.1053/gast.2002.37061]
Chun HM, Roediger MP, Hullsiek KH, Thio CL, Agan BK,
Bradley WP, Peel SA, Jagodzinski LL, Weintrob AC, Ganesan A, Wortmann G, Crum-Cianflone NF, Maguire JD, Landrum ML. Hepatitis B virus coinfection negatively impacts
HIV outcomes in HIV seroconverters. J Infect Dis 2012; 205:
185-193 [PMID: 22147794 DOI: 10.1093/infdis/jir720]
Tsai MS, Chang SY, Lo YC, Yang CJ, Sun HY, Liu WC, Wu
PY, Hung CC. Hepatitis B virus (HBV) coinfection accelerates immunologic progression in patients with primary
HIV infection in an area of hyperendemicity for HBV infection. J Infect Dis 2013; 208: 1184-1186 [PMID: 23840045 DOI:
10.1093/infdis/jit299]
Neukam K, García-Rey S, Cifuentes C, Macías J, Mira JA,
Vázquez MJ, Parra-Sánchez M, Palomares JC, Merchante
N, Di Lello FA, Pineda JA. HIV-coinfection leads to a modest increase in plasma HCV-RNA load in patients with
chronic HCV infection. Antiviral Res 2012; 95: 212-215 [PMID:
22750672 DOI: 10.1016/j.antiviral.2012.06.009]
de Lédinghen V, Barreiro P, Foucher J, Labarga P, Castéra
L, Vispo ME, Bernard PH, Martin-Carbonero L, Neau D,
García-Gascó P, Merrouche W, Soriano V. Liver fibrosis on
account of chronic hepatitis C is more severe in HIV-positive
than HIV-negative patients despite antiretroviral therapy. J
Viral Hepat 2008; 15: 427-433 [PMID: 18221303 DOI: 10.1111/
j.1365-2893.2007.00962.x]
Soto B, Sánchez-Quijano A, Rodrigo L, del Olmo JA, GarcíaBengoechea M, Hernández-Quero J, Rey C, Abad MA, Rodríguez M, Sales Gilabert M, González F, Mirón P, Caruz A,
Relimpio F, Torronteras R, Leal M, Lissen E. Human immunodeficiency virus infection modifies the natural history of
chronic parenterally-acquired hepatitis C with an unusually
rapid progression to cirrhosis. J Hepatol 1997; 26: 1-5 [PMID:
9147999]
Mohsen AH, Easterbrook PJ, Taylor C, Portmann B, Kulasegaram R, Murad S, Wiselka M, Norris S. Impact of human immunodeficiency virus (HIV) infection on the progression of liver fibrosis in hepatitis C virus infected patients.
Gut 2003; 52: 1035-1040 [PMID: 12801963]
Benhamou Y, Bochet M, Di Martino V, Charlotte F, Azria
F, Coutellier A, Vidaud M, Bricaire F, Opolon P, Katlama C,
Poynard T. Liver fibrosis progression in human immunodeficiency virus and hepatitis C virus coinfected patients.
The Multivirc Group. Hepatology 1999; 30: 1054-1058 [PMID:
10498659 DOI: 10.1002/hep.510300409]
Romero-Gómez M. Insulin resistance and hepatitis C. World
J Gastroenterol 2006; 12: 7075-7080 [PMID: 17131467]
Laurito MP, Parise ER. Association between insulin resistance and sustained virologic response in hepatitis C
treatment, genotypes 1 versus 2 and 3: systematic literature
review and meta-analysis. Braz J Infect Dis 2013; 17: 555-563
[PMID: 24055394 DOI: 10.1016/j.bjid.2013.02.009]
Hull MW, Rollet K, Moodie EE, Walmsley S, Cox J, Potter M, Cooper C, Pick N, Saeed S, Klein MB. Insulin resistance is associated with progression to hepatic fibrosis
in a cohort of HIV/hepatitis C virus-coinfected patients.
AIDS 2012; 26: 1789-1794 [PMID: 22739388 DOI: 10.1097/
QAD.0b013e32835612ce]
Ryan P, Resino S, Miralles P, Cosín J, López JC, Moreno
S, Catalán P, Ramírez M, Gutiérrez I, Berenguer J. Insulin
resistance impairs response to interferon plus ribavirin in
patients coinfected with HIV and hepatitis C virus. J Acquir
Immune Defic Syndr 2010; 55: 176-181 [PMID: 20577091 DOI:
10.1097/QAI.0b013e3181e5b1f0]
Merchante N, de los Santos-Gil I, Merino D, GonzálezSerrano M, Mira JA, Sanz-Sanz J, Fernández-Fuertes E, RuizMorales J, del Valle J, Macías J, Moro A, Pineda JA. Insulin
resistance is not a relevant predictor of sustained virological
response to pegylated interferon plus ribavirin in HIV/HCV
co-infected patients. J Hepatol 2009; 50: 684-692 [PMID:

January 14, 2014|Volume 20|Issue 2|

Congly SE et al . Viral hepatitis HIV co-infection liver transplantation

30

31

32

33

34

35

36

37

38

39

40

41

42

19231001 DOI: 10.1016/j.jhep.2008.10.032]
Merchante N, Macías J, Ramayo E, Vergara S, García-García
JA, Mira JA, Corzo JE, Gómez-Mateos JM, Lozano F, Pineda
JA. Insulin resistance is not associated with liver fibrosis
progression in HIV/hepatitis C virus-coinfected patients. J
Viral Hepat 2006; 13: 449-456 [PMID: 16792538 DOI: 10.1111/
j.1365-2893.2005.00708.x]
Linas BP, Wang B, Smurzynski M, Losina E, Bosch RJ,
Schackman BR, Rong J, Sax PE, Walensky RP, Schouten J,
Freedberg KA. The impact of HIV/HCV co-infection on
health care utilization and disability: results of the ACTG
Longitudinal Linked Randomized Trials (ALLRT) Cohort. J
Viral Hepat 2011; 18: 506-512 [PMID: 20546501 DOI: 10.1111/
j.1365-2893.2010.01325.x]
Ananthakrishnan AN, McGinley EL, Fangman J, Saeian
K. Hepatitis C/HIV co-infection is associated with higher
mortality in hospitalized patients with hepatitis C or HIV. J
Viral Hepat 2010; 17: 720-729 [PMID: 20002558 DOI: 10.1111/
j.1365-2893.2009.01232.x]
Rodríguez-Torres M. Focus on drug interactions: the challenge of treating hepatitis C virus infection with directacting antiviral drugs in the HIV-positive patient. Curr Opin
Infect Dis 2013; 26: 50-57 [PMID: 23242341 DOI: 10.1097/
QCO.0b013e32835c2027]
Davies A, Singh KP, Shubber Z, Ducros P, Mills EJ, Cooke G,
Ford N. Treatment outcomes of treatment-naïve Hepatitis C
patients co-infected with HIV: a systematic review and metaanalysis of observational cohorts. PLoS One 2013; 8: e55373
[PMID: 23393570 DOI: 10.1371/journal.pone.0055373]
Martel-Laferrière V, Brinkley S, Bichoupan K, Posner S,
Stivala A, Perumalswami P, Schiano T, Sulkowski M, Dieterich D, Branch A. Virological response rates for telaprevirbased hepatitis C triple therapy in patients with and without
HIV coinfection. HIV Med 2013; Epub ahead of print [PMID:
24025147 DOI: 10.1111/hiv.12086]
Rockstroh JK, Mocroft A, Soriano V, Tural C, Losso MH,
Horban A, Kirk O, Phillips A, Ledergerber B, Lundgren J.
Influence of hepatitis C virus infection on HIV-1 disease
progression and response to highly active antiretroviral therapy. J Infect Dis 2005; 192: 992-1002 [PMID: 16107951 DOI:
10.1086/432762]
Qurishi N, Kreuzberg C, Lüchters G, Effenberger W,
Kupfer B, Sauerbruch T, Rockstroh JK, Spengler U. Effect of antiretroviral therapy on liver-related mortality
in patients with HIV and hepatitis C virus coinfection.
Lancet 2003; 362: 1708-1713 [PMID: 14643119 DOI: 10.1016/
S0140-6736(03)14844-1]
Bräu N, Salvatore M, Ríos-Bedoya CF, Fernández-Carbia
A, Paronetto F, Rodríguez-Orengo JF, Rodríguez-Torres M.
Slower fibrosis progression in HIV/HCV-coinfected patients
with successful HIV suppression using antiretroviral therapy. J Hepatol 2006; 44: 47-55 [PMID: 16182404 DOI: 10.1016/
j.jhep.2005.07.006]
Thein HH, Yi Q, Dore GJ, Krahn MD. Natural history of
hepatitis C virus infection in HIV-infected individuals and
the impact of HIV in the era of highly active antiretroviral
therapy: a meta-analysis. AIDS 2008; 22: 1979-1991 [PMID:
18784461 DOI: 10.1097/QAD.0b013e32830e6d51]
Health Quality Ontario. Kidney and liver organ transplantation in persons with human immunodeficiency virus: An
Evidence-Based Analysis. Ont Health Technol Assess Ser 2010;
10: 1-56 [PMID: 23074407]
Miro JM, Montejo M, Castells L, Rafecas A, Moreno S,
Agüero F, Abradelo M, Miralles P, Torre-Cisneros J, Pedreira
JD, Cordero E, de la Rosa G, Moyano B, Moreno A, Perez
I, Rimola A. Outcome of HCV/HIV-coinfected liver transplant recipients: a prospective and multicenter cohort study.
Am J Transplant 2012; 12: 1866-1876 [PMID: 22471341 DOI:
10.1111/j.1600-6143.2012.04028.x]
Miró JM, Torre-Cisnero J, Moreno A, Tuset M, Quereda C,

WJG|www.wjgnet.com

43

44

45

46

47

48

49

50

51
52

53

54
55

422

Laguno M, Vidal E, Rivero A, Gonzalez J, Lumbreras C, Iribarren JA, Fortún J, Rimola A, Rafecas A, Barril G, Crespo M,
Colom J, Vilardell J, Salvador JA, Polo R, Garrido G, Chamorro L, Miranda B. [GESIDA/GESITRA-SEIMC, PNS and
ONT consensus document on solid organ transplant (SOT)
in HIV-infected patients in Spain (March, 2005)]. Enferm Infecc Microbiol Clin 2005; 23: 353-362 [PMID: 15970168]
Duclos-Vallée JC, Féray C, Sebagh M, Teicher E, RoqueAfonso AM, Roche B, Azoulay D, Adam R, Bismuth H,
Castaing D, Vittecoq D, Samuel D. Survival and recurrence
of hepatitis C after liver transplantation in patients coinfected with human immunodeficiency virus and hepatitis
C virus. Hepatology 2008; 47: 407-417 [PMID: 18098295 DOI:
10.1002/hep.21990]
de Vera ME, Dvorchik I, Tom K, Eghtesad B, Thai N, Shakil
O, Marcos A, Demetris A, Jain A, Fung JJ, Ragni MV. Survival of liver transplant patients coinfected with HIV and
HCV is adversely impacted by recurrent hepatitis C. Am J
Transplant 2006; 6: 2983-2993 [PMID: 17062005 DOI: 10.1111/
j.1600-6143.2006.01546.x]
Satapathy SK, Sclair S, Fiel MI, Del Rio Martin J, Schiano T.
Clinical characterization of patients developing histologically-proven fibrosing cholestatic hepatitis C post-liver transplantation. Hepatol Res 2011; 41: 328-339 [PMID: 21426450
DOI: 10.1111/j.1872-034X.2011.00781.x]
Schluger LK, Sheiner PA, Thung SN, Lau JY, Min A, Wolf
DC, Fiel I, Zhang D, Gerber MA, Miller CM, Bodenheimer
HC. Severe recurrent cholestatic hepatitis C following orthotopic liver transplantation. Hepatology 1996; 23: 971-976
[PMID: 8621177 DOI: 10.1002/hep.510230505]
Antonini TM, Sebagh M, Roque-Afonso AM, Teicher E,
Roche B, Sobesky R, Coilly A, Vaghefi P, Adam R, Vittecoq
D, Castaing D, Samuel D, Duclos-Vallée JC. Fibrosing cholestatic hepatitis in HIV/HCV co-infected transplant patientsusefulness of early markers after liver transplantation.
Am J Transplant 2011; 11: 1686-1695 [PMID: 21749638 DOI:
10.1111/j.1600-6143.2011.03608.x]
Verna EC, Abdelmessih R, Salomao MA, Lefkowitch J,
Moreira RK, Brown RS. Cholestatic hepatitis C following
liver transplantation: an outcome-based histological definition, clinical predictors, and prognosis. Liver Transpl 2013; 19:
78-88 [PMID: 23081888 DOI: 10.1002/lt.23559]
Coffin CS, Stock PG, Dove LM, Berg CL, Nissen NN, Curry
MP, Ragni M, Regenstein FG, Sherman KE, Roland ME,
Terrault NA. Virologic and clinical outcomes of hepatitis B
virus infection in HIV-HBV coinfected transplant recipients.
Am J Transplant 2010; 10: 1268-1275 [PMID: 20346065 DOI:
10.1111/j.1600-6143.2010.03070.x]
McAdam-Marx C, McGarry LJ, Hane CA, Biskupiak J, Deniz
B, Brixner DI. All-cause and incremental per patient per year
cost associated with chronic hepatitis C virus and associated
liver complications in the United States: a managed care
perspective. J Manag Care Pharm 2011; 17: 531-546 [PMID:
21870894]
O’Leary JG, Lepe R, Davis GL. Indications for liver transplantation. Gastroenterology 2008; 134: 1764-1776 [PMID:
18471553 DOI: 10.1053/j.gastro.2008.02.028]
Rice JP, Lucey MR. Should length of sobriety be a major
determinant in liver transplant selection? Curr Opin Organ
Transplant 2013; 18: 259-264 [PMID: 23492643 DOI: 10.1097/
MOT.0b013e32835fb94b]
Panel on Antiretroviral Guidelines for Adults and Adolescents. Guidelines for the use of antiretroviral agents in HIV1-infected adults and adolescents [Internet]. Available from:
URL: http://aidsinfo.nih.gov/contentfiles/lvguidelines/
adultandadolescentgl.pdf
Blumberg EA, Rogers CC. Human immunodeficiency virus in solid organ transplantation. Am J Transplant 2013; 13
Suppl 4: 169-178 [PMID: 23465009 DOI: 10.1111/ajt.12109]
HCV working group of the Collaboration of Observational

January 14, 2014|Volume 20|Issue 2|

Congly SE et al . Viral hepatitis HIV co-infection liver transplantation

56

57

58

59
60

61

62

63

64

65

66

67

HIV Epidemiological Research in Europe (COHERE) in
EuroCoord. Effect of hepatitis C treatment on CD4+ T-cell
counts and the risk of death in HIV-HCV-coinfected patients:
the COHERE collaboration. Antivir Ther 2012; 17: 1541-1550
[PMID: 22869294 DOI: 10.3851/IMP2263]
del Pozo AC, Martín JD, Rodriguez-Laiz G, Sturdevant M,
Iyer K, Schwartz M, Schiano T, Lerner S, Ames S, Bromberg
J, Thung S, de Boccardo G. Outcome of combined liver
and kidney transplantation in hepatitis C: a single-center
long-term follow-up experience. Transplant Proc 2009; 41:
1713-1716 [PMID: 19545713 DOI: 10.1016/j.transproceed.200
9.02.103]
Murillas J, Rimola A, Laguno M, de Lazzari E, Rascón J,
Agüero F, Blanco JL, Moitinho E, Moreno A, Miró JM. The
model for end-stage liver disease score is the best prognostic
factor in human immunodeficiency virus 1-infected patients
with end-stage liver disease: a prospective cohort study.
Liver Transpl 2009; 15: 1133-1141 [PMID: 19718643 DOI:
10.1002/lt.21735]
Gastaca M, Aguero F, Rimola A, Montejo M, Miralles P,
Lozano R, Castells L, Abradelo M, Mata Mde L, San Juan
Rodríguez F, Cordero E, Campo Sd, Manzardo C, de Urbina JO, Pérez I, Rosa Gde L, Miro JM. Liver retransplantation in HIV-infected patients: a prospective cohort study.
Am J Transplant 2012; 12: 2465-2476 [PMID: 22703615 DOI:
10.1111/j.1600-6143.2012.04142.x]
Burton JR, Everson GT. Management of the transplant recipient with chronic hepatitis C. Clin Liver Dis 2013; 17: 73-91
[PMID: 23177284 DOI: 10.1016/j.cld.2012.09.013]
Ragni MV, Eghtesad B, Schlesinger KW, Dvorchik I, Fung JJ.
Pretransplant survival is shorter in HIV-positive than HIVnegative subjects with end-stage liver disease. Liver Transpl
2005; 11: 1425-1430 [PMID: 16237709 DOI: 10.1002/lt.20534]
Mazzaferro V, Regalia E, Doci R, Andreola S, Pulvirenti A,
Bozzetti F, Montalto F, Ammatuna M, Morabito A, Gennari L. Liver transplantation for the treatment of small
hepatocellular carcinomas in patients with cirrhosis. N
Engl J Med 1996; 334: 693-699 [PMID: 8594428 DOI: 10.1056/
NEJM199603143341104]
Toso C, Trotter J, Wei A, Bigam DL, Shah S, Lancaster J,
Grant DR, Greig PD, Shapiro AM, Kneteman NM. Total tumor volume predicts risk of recurrence following liver transplantation in patients with hepatocellular carcinoma. Liver
Transpl 2008; 14: 1107-1115 [PMID: 18668667 DOI: 10.1002/
lt.21484]
Vibert E, Duclos-Vallée JC, Ghigna MR, Hoti E, Salloum C,
Guettier C, Castaing D, Samuel D, Adam R. Liver transplantation for hepatocellular carcinoma: the impact of human immunodeficiency virus infection. Hepatology 2011; 53: 475-482
[PMID: 21274869 DOI: 10.1002/hep.24062]
Stock PG, Barin B, Murphy B, Hanto D, Diego JM, Light J,
Davis C, Blumberg E, Simon D, Subramanian A, Millis JM,
Lyon GM, Brayman K, Slakey D, Shapiro R, Melancon J,
Jacobson JM, Stosor V, Olson JL, Stablein DM, Roland ME.
Outcomes of kidney transplantation in HIV-infected recipients. N Engl J Med 2010; 363: 2004-2014 [PMID: 21083386
DOI: 10.1056/NEJMoa1001197]
Sokolskaja E, Olivari S, Zufferey M, Strambio-De-Castillia
C, Pizzato M, Luban J. Cyclosporine blocks incorporation of
HIV-1 envelope glycoprotein into virions. J Virol 2010; 84:
4851-4855 [PMID: 20181694 DOI: 10.1128/JVI.01699-09]
Irish WD, Arcona S, Bowers D, Trotter JF. Cyclosporine versus tacrolimus treated liver transplant recipients with chronic hepatitis C: outcomes analysis of the UNOS/OPTN database. Am J Transplant 2011; 11: 1676-1685 [PMID: 21564522
DOI: 10.1111/j.1600-6143.2011.03508.x]
Henry SD, Metselaar HJ, Lonsdale RC, Kok A, Haagmans
BL, Tilanus HW, van der Laan LJ. Mycophenolic acid
inhibits hepatitis C virus replication and acts in synergy
with cyclosporin A and interferon-alpha. Gastroenterol-

WJG|www.wjgnet.com

68

69

70

71

72

73

74

75

76

77

78

79

80

423

ogy 2006; 131: 1452-1462 [PMID: 17101321 DOI: 10.1053/
j.gastro.2006.08.027]
Hawley T, Spear M, Guo J, Wu Y. Inhibition of HIV replication in vitro by clinical immunosuppressants and chemotherapeutic agents. Cell Biosci 2013; 3: 22 [PMID: 23672887
DOI: 10.1186/2045-3701-3-22]
Margolis DM, Kewn S, Coull JJ, Ylisastigui L, Turner D,
Wise H, Hossain MM, Lanier ER, Shaw LM, Back D. The
addition of mycophenolate mofetil to antiretroviral therapy
including abacavir is associated with depletion of intracellular deoxyguanosine triphosphate and a decrease in plasma
HIV-1 RNA. J Acquir Immune Defic Syndr 2002; 31: 45-49
[PMID: 12352149]
Heredia A, Amoroso A, Davis C, Le N, Reardon E, Dominique JK, Klingebiel E, Gallo RC, Redfield RR. Rapamycin
causes down-regulation of CCR5 and accumulation of antiHIV beta-chemokines: an approach to suppress R5 strains of
HIV-1. Proc Natl Acad Sci USA 2003; 100: 10411-10416 [PMID:
12915736 DOI: 10.1073/pnas.1834278100]
Menon KV, Hakeem AR, Heaton ND. Meta-analysis: recurrence and survival following the use of sirolimus in liver
transplantation for hepatocellular carcinoma. Aliment Pharmacol Ther 2013; 37: 411-419 [PMID: 23278125 DOI: 10.1111/
apt.12185]
Di Benedetto F, Di Sandro S, De Ruvo N, Montalti R, Ballarin R, Guerrini GP, Spaggiari M, Guaraldi G, Gerunda
G. First report on a series of HIV patients undergoing
rapamycin monotherapy after liver transplantation. Transplantation 2010; 89: 733-738 [PMID: 20048692 DOI: 10.1097/
TP.0b013e3181c7dcc0]
Watt KD, Dierkhising R, Heimbach JK, Charlton MR. Impact
of sirolimus and tacrolimus on mortality and graft loss in
liver transplant recipients with or without hepatitis C virus:
an analysis of the Scientific Registry of Transplant Recipients
Database. Liver Transpl 2012; 18: 1029-1036 [PMID: 22641474
DOI: 10.1002/lt.23479]
Molinari M, Berman K, Meeberg G, Shapiro JA, Bigam D,
Trotter JF, Kneteman N. Multicentric outcome analysis of
sirolimus-based immunosuppression in 252 liver transplant
recipients. Transpl Int 2010; 23: 155-168 [PMID: 19765266
DOI: 10.1111/j.1432-2277.2009.00969.x]
van Maarseveen EM, Rogers CC, Trofe-Clark J, van Zuilen
AD, Mudrikova T. Drug-drug interactions between antiretroviral and immunosuppressive agents in HIV-infected
patients after solid organ transplantation: a review. AIDS
Patient Care STDS 2012; 26: 568-581 [PMID: 23025916 DOI:
10.1089/apc.2012.0169]
Congly SE, Burak KW, Coffin CS. Hepatitis B immunoglobulin for prevention of hepatitis B virus infection and recurrence after liver transplantation. Expert Rev Clin Immunol
2011; 7: 429-436 [PMID: 21790285 DOI: 10.1586/eci.11.30]
Wesdorp DJ, Knoester M, Braat AE, Coenraad MJ, Vossen
AC, Claas EC, van Hoek B. Nucleoside plus nucleotide analogs and cessation of hepatitis B immunoglobulin after liver
transplantation in chronic hepatitis B is safe and effective.
J Clin Virol 2013; 58: 67-73 [PMID: 23880162 DOI: 10.1016/
j.jcv.2013.06.035]
Fung J, Chan SC, Cheung C, Yuen MF, Chok KS, Sharr W,
Chan AC, Cheung TT, Seto WK, Fan ST, Lai CL, Lo CM. Oral
nucleoside/nucleotide analogs without hepatitis B immune
globulin after liver transplantation for hepatitis B. Am J Gastroenterol 2013; 108: 942-948 [PMID: 23629601 DOI: 10.1038/
ajg.2013.111]
Teperman LW, Poordad F, Bzowej N, Martin P, Pungpapong S, Schiano T, Flaherty J, Dinh P, Rossi S, Subramanian
GM, Spivey J. Randomized trial of emtricitabine/tenofovir
disoproxil fumarate after hepatitis B immunoglobulin withdrawal after liver transplantation. Liver Transpl 2013; 19:
594-601 [PMID: 23447407 DOI: 10.1002/lt.23628]
Gane EJ, Patterson S, Strasser SI, McCaughan GW, Angus

January 14, 2014|Volume 20|Issue 2|

Congly SE et al . Viral hepatitis HIV co-infection liver transplantation

81

82
83
84

85

86

87

88

89

90

91

PW. Combination of lamivudine and adefovir without hepatitis B immune globulin is safe and effective prophylaxis
against hepatitis B virus recurrence in hepatitis B surface
antigen-positive liver transplant candidates. Liver Transpl
2013; 19: 268-274 [PMID: 23447403 DOI: 10.1002/lt.23600]
Carter JT, Melcher ML, Carlson LL, Roland ME, Stock PG.
Thymoglobulin-associated Cd4+ T-cell depletion and infection risk in HIV-infected renal transplant recipients. Am J
Transplant 2006; 6: 753-760 [PMID: 16539632 DOI: 10.1111/
j.1600-6143.2006.01238.x]
Ciesek S, Wedemeyer H. Immunosuppression, liver injury
and post-transplant HCV recurrence. J Viral Hepat 2012; 19:
1-8 [PMID: 22187942 DOI: 10.1111/j.1365-2893.2011.01548.x]
Roche B, Samuel D. Hepatitis C virus treatment pre- and
post-liver transplantation. Liver Int 2012; 32 Suppl 1: 120-128
[PMID: 22212582 DOI: 10.1111/j.1478-3231.2011.02714.x]
Al Nahdi N, Ford JA, Greanya ED, Harrigan JA, Tse I,
Steinbrecher UP, Erb SR, Yoshida EM. First successful treatment of post-liver transplant hepatitis C fibrosing cholestatic
hepatitis with boceprevir, peginterferon and ribavirin in a
pre-transplant null responder. Ann Hepatol 2013; 12: 156-160
[PMID: 23293209]
Antonini TM, Furlan V, Teicher E, Haim-Boukobza S, Sebagh M, Coilly A, Bonhomme-Faivre L, Peytavin G, RoqueAfonso AM, Vittecoq D, Samuel D, Taburet AM, DuclosVallée JC. Successful anti-hepatitis C virus therapy with
telaprevir in an HIV/hepatitis C virus co-infected patient
with a severe recurrence of hepatitis C virus infection on the
liver graft. AIDS 2013; 27: 2655-2657 [PMID: 23939241 DOI:
10.1097/01.aids.0000432539.77711.f4]
Kiser JJ, Burton JR, Anderson PL, Everson GT. Review and
management of drug interactions with boceprevir and telaprevir. Hepatology 2012; 55: 1620-1628 [PMID: 22331658 DOI:
10.1002/hep.25653]
Fontana RJ, Hughes EA, Bifano M, Appelman H, Dimitrova
D, Hindes R, Symonds WT. Sofosbuvir and daclatasvir combination therapy in a liver transplant recipient with severe
recurrent cholestatic hepatitis C. Am J Transplant 2013; 13:
1601-1605 [PMID: 23593993 DOI: 10.1111/ajt.12209]
OPTN. OPTN Policy 2 Minimum Procurement Standards
for an Organ Procurement Organization (OPO) [Internet].
Available from: URL: http://optn.transplant.hrsa.gov/PoliciesandBylaws2/policies/pdfs/policy_2.pdf
Health Canada. Guidance Document for Cell, Tissue and
Organ Establishments-Safety of Human Cells, Tissues and
Organs for Transplantation [Internet]. Available from: URL:
http://www.hc-sc.gc.ca/dhp-mps/brgtherap/reg-init/
cell/cto_gd_ld-eng.php
Government of Canada. Safety of Human Cells, Tissues and
Organs for Transplantation Regulations (SOR/2007-118) [Internet]. Available from: URL: http://laws-lois.justice.gc.ca/
eng/regulations/SOR-2007-118/

Boyarsky BJ, Hall EC, Singer AL, Montgomery RA, Gebo
KA, Segev DL. Estimating the potential pool of HIV-infected
deceased organ donors in the United States. Am J Transplant 2011; 11: 1209-1217 [PMID: 21443677 DOI: 10.1111/
j.1600-6143.2011.03506.x]
92 Muller E, Barday Z, Mendelson M, Kahn D. Renal transplantation between HIV-positive donors and recipients justified.
S Afr Med J 2012; 102: 497-498 [PMID: 22668948]
93 Library of Congress. S.330-113th Congress (2013-2014) HIV
Organ Policy Equity Act [Internet]. Available from: URL:
http://beta.congress.gov/bill/113th/senate-bill/330
94 Ragni MV, Belle SH, Im K, Neff G, Roland M, Stock P, Heaton N, Humar A, Fung JF. Survival of human immunodeficiency virus-infected liver transplant recipients. J Infect Dis
2003; 188: 1412-1420 [PMID: 14624365 DOI: 10.1086/379254]
95 Vennarecci G, Ettorre GM, Antonini M, Santoro R, Perracchio L, Visco G, Santoro E. Liver transplantation in HIVpositive patients. Transplant Proc 2007; 39: 1936-1938 [PMID:
17692658 DOI: 10.1016/j.transproceed.2007.05.076]
96 Anadol E, Beckebaum S, Radecke K, Paul A, Zoufaly A,
Bickel M, Hitzenbichler F, Ganten T, Kittner J, Stoll M,
Berg C, Manekeller S, Kalff JC, Sauerbruch T, Rockstroh
JK, Spengler U. Orthotopic liver transplantation in humanimmunodeficiency-virus-positive patients in Germany.
AIDS Res Treat 2012; 2012: 197501 [PMID: 22900154 DOI:
10.1155/2012/197501]
97 Tateo M, Roque-Afonso AM, Antonini TM, Medja F,
Lombes A, Jardel C, Teicher E, Sebagh M, Roche B, Castaing D, Samuel D, Duclos-Vallee JC. Long-term follow-up of
liver transplanted HIV/hepatitis B virus coinfected patients:
perfect control of hepatitis B virus replication and absence
of mitochondrial toxicity. AIDS 2009; 23: 1069-1076 [PMID:
19417577 DOI: 10.1097/QAD.0b013e32832c2a37]
98 Schreibman I, Gaynor JJ, Jayaweera D, Pyrsopoulos N,
Weppler D, Tzakis A, Schiff ER, Regev A. Outcomes after
orthotopic liver transplantation in 15 HIV-infected patients.
Transplantation 2007; 84: 697-705 [PMID: 17893602 DOI:
10.1097/01.tp.0000282873.24648.5b]
99 Norris S, Taylor C, Muiesan P, Portmann BC, Knisely AS,
Bowles M, Rela M, Heaton N, O’Grady JG. Outcomes of
liver transplantation in HIV-infected individuals: the impact
of HCV and HBV infection. Liver Transpl 2004; 10: 1271-1278
[PMID: 15376307 DOI: 10.1002/lt.20233]
100 Silveira FP, Kusne S. Candida infections in solid organ
transplantation. Am J Transplant 2013; 13 Suppl 4: 220-227
[PMID: 23465015 DOI: 10.1111/ajt.12114]
101 Razonable RR, Humar A. Cytomegalovirus in solid organ
transplantation. Am J Transplant 2013; 13 Suppl 4: 93-106
[PMID: 23465003 DOI: 10.1111/ajt.12103]
102 Tseng A. Antiretroviral Interactions With Transplant Medications [Internet]. Available from: URL: http://www.hivclinic.ca/main/drugs_interact_files/transplant-int.pdf
P- Reviewers: Diamantis I, Fisher RA, He JY, Kawaguchi T
S- Editor: Gou SX L- Editor: A E- Editor: Zhang DN

WJG|www.wjgnet.com

424

January 14, 2014|Volume 20|Issue 2|

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748/wjg.v20.i2.425

World J Gastroenterol 2014 January 14; 20(2): 425-435
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

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

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (9): Hepatitis B virus

Core promoter: A critical region where the hepatitis B virus
makes decisions
Jorge Quarleri
Key words: Hepatitis B virus; Core promoter; Variants;
Basal core promoter; Transcription regulation

Jorge Quarleri, Instituto de Investigaciones Biomédicas en Retrovirus y Sida, Universidad de Buenos Aires, CONICET, Buenos
Aires C1121ABG, Argentina
Author contributions: Quarleri J solely contributed to this paper.
Correspondence to: Jorge Quarleri, PhD, Instituto de Investigaciones Biomédicas en Retrovirus y Sida, Universidad de Buenos Aires, CONICET, Buenos Aires C1121ABG,
Argentina. quarleri@fmed.uba.ar
Telephone: +54-11-45083689 Fax: +54-11-4508 3705
Received: August 23, 2013
Revised: September 17, 2013
Accepted: October 19, 2013
Published online: January 14, 2014

Core tip: This review summarized the progress in our
understanding of the core promoter of hepatitis B virus.
This critical genomic region is involved in regulating
hepatitis B virus (HBV) gene expression and viral replication, involving both host and virus-derived factors
on its regulation. Such pivotal functions appear modified when genomic variations are detected and clinical
implications are characterized. This review emphasizes
several aspects of the HBV core promoter molecular
biology and highlights its role on HBV life cycle. Finally,
the most frequent genomic variations with their consequent clinical correlations are described.

Abstract
The core promoter (CP) of the viral genome plays an
important role for hepatitis B virus (HBV) replication as
it directs initiation of transcription for the synthesis of
both the precore and pregenomic (pg) RNAs. The CP
consists of the upper regulatory region and the basal
core promoter (BCP). The CP overlaps with the 3’-end
of the X open reading frames and the 5’-end of the precore region, and contains cis -acting elements that can
independently direct transcription of the precore mRNA
and pgRNA. Its transcription regulation is under strict
control of viral and cellular factors. Even though this
regulatory region exhibits high sequence conservation,
when variations appear, they may contribute to the
persistence of HBV within the host, leading to chronic
infection and cirrhosis, and eventually, hepatocellular
carcinoma. Among CP sequence variations, those occurring at BCP may dysregulate viral gene expression
with emphasis in the hepatitis B e antigen, and contribute to disease progression. In this review these molecular aspects and pathologic topics of core promoter
are deeply evaluated.

Quarleri J. Core promoter: A critical region where the hepatitis B virus makes decisions. World J Gastroenterol 2014;
20(2): 425-435 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i2/425.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i2.425

INTRODUCTION
Hepatitis B virus (HBV) infection is a major cause of
acute and chronic hepatitis, liver cirrhosis and hepatocellular carcinoma worldwide. Nearly 350 million are chronically infected carriers and are at high risk of complications from cirrhosis and primary liver cancer. Among
these HBV carriers, 7%-30% are believed to be infected
with HBV variants that express little or no hepatitis B e
antigen (HBeAg)[1].
The HBV is an enveloped virus, containing a partially
double-stranded DNA genome that is replicated via an
RNA intermediate using its own encoded reverse transcriptase (RT). The HBV RT does not have proofreading
or editing activity, therefore, together with this enormous

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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daily virion production, errors inevitably occur during
replication. The rate of HBV virion production (up to
1011 virions per day) is considerably higher than for human immunodeficiency virus (HIV) and hepatitis C virus,
and approximately 10-fold higher than for other DNA viruses. The half-life of HBV in plasma ranges from 1 to 3
d whilst the half-life of an infected hepatocyte is 10-100
d. The error rate of the HBV pol has been calculated as
10-7 per nucleotide per day. Therefore, on a daily base,
approximately 1014 nucleotides are replicated with potentially 107 base pairing errors[2].
The major viral translational products include the
precore and core, polymerase, large, medium and small
envelope proteins and the X-protein as transcriptional
regulator are encoded by four overlapping genes. The
lifecycle of HBV includes viral attachment and entry, viral uncoating in the cytoplasm and entry of the partially
double-stranded genome into the nucleus. In the nucleus
the covalently closed circular DNA (cccDNA) is synthesized in the form of a viral minichromosome, creating
a stable intermediate responsible for the persistence of
the virus and rebound viraemia after withdrawal of antiviral therapy in some patients. The lack of cccDNA in
artificial host cells (e.g., hepatocytes of HBV transgenic
mice) suggests that host specific factors may regulate
cccDNA formation. However, in a model of hepatocyte
nuclear factor 1α (HNF1α)-null HBV transgenic mice
Raney et al[3] have reported that HBV cccDNA in the
nucleus as well as its potential precursor protein-free relaxed circular HBV DNA in the cytoplasm were present
in the hepatocytes, suggesting that cycling of viral replication intermediates into the nucleus may occur in this in
vivo model system.
The cccDNA is the template for transcription of pregenomic (pg) RNA as well as subgenomic mRNAs, which
are translated into the viral proteins in the cytoplasm.
Encapsidation follows the binding of the polymerase and
core to the pgRNA in the cytoplasm. Synthesis of the
minus-strand DNA by reverse transcription and partial
synthesis of the plus-strand is accomplished by the HBV
polymerase within the nucleocapsid. At this point the
nucleocapsids are enveloped by budding into the endoplasmic reticulum followed by secretion from the cell or
return to the nucleus to amplify the cccDNA reservoir in
the nucleus[4].
The typical course of hepatitis B infection involves
an HBeAg-positive phase with high serum HBV DNA
levels. Subsequently, patients undergo a process of seroconversion in which HBeAg is lost and antibodies to
HBeAg (anti-HBe) appear. Generally this signals the decline of HBV DNA to levels that are not detectable by
unamplified assays and a return of aminotransferase to
normal values. Among some patients, for reasons that are
not yet clear, the immune pressure associated with seroconversion selects for HBV variants that express little or
no HBeAg. Although the patient may develop anti-HBe,
active HBV DNA replication continues with associated
liver damage[1,5].

WJG|www.wjgnet.com

The core promoter region regulates transcription of
the pre-core region. Therefore certain mutations in this
region can affect HBeAg synthesis without adversely affecting the ability of the HBV to replicate[6-9].
The primary aim of this literature review is to describe the molecular biology, function and variants of the
hepatitis B virus core promoter.

HBV GENOMIC STRUCTURE AND
ORGANIZATION
The HBV genome is a partly double stranded DNA
composed of a minus (-) and a plus (+) strand that has
evolved structurally to a compact genetic organization
(Figure 1). At the 5’-end of the two strands, exhibits
short cohesive end regions that contain two direct repeats
(DRs) termed DR1 and DR2 that allow to maintain the
circular configuration and are essential for viral replication[10]. The whole genome is carrying in the full-length
coding (-) strand DNA (3.2 kb), while the incomplete
non-coding (+) strand DNA region extends to around
two-thirds of the genome length with a variable 3’-end.
The viral polymerase is covalently linked to the (-) strand
DNA. This strand also contains on both, 5’- and 3’-ends,
an 8-9-nucleotide-long terminal redundancy, termed “r”
that is critical for the formation of relaxed circular (rc)
DNA synthesis. Once the viral (-) strand DNA synthesis
is completed, a residual short RNA oligomer derived
from the 5’-end pgRNA remains covalently bond to the
5’-end of the (-) strand DNA to serve as a template for
(+) strand DNA synthesis. A small quantity (5%-10%) of
double-stranded linear DNA can also be found packaged
into the nucleocapsid instead of rcDNA. During infection, both forms of viral DNA (circular and linear) can
be transformed to cccDNA in the hepatocyte nucleus.
The HBV genome contains four overlapping open
reading frames (ORFs) (P, preC/C, preS/S and X) encoded by the (-) strand with six start codons, four promoters (preS1, preS2, core and X), and two enhancer
elements (ENⅠ and ENⅡ) located upstream of the core
promoter. The viral genome also contains a common 3’
polyadenylation signal in the core gene and a number of
cis -acting signals essential for DNA replication.
Seven viral proteins (HBe; core; large, medium and
small envelopes; polymerase; and HBx) are produced by
translation of the polyadenylated and capped viral RNA
transcripts (3.5, 2.4, 2.1 and 0.7 kb). The open reading
frame (ORF) P comprised four distinguishable domains
that encode viral DNA polymerase (Pol, 90 kDa) exhibiting multiple functions and involving the terminal protein,
the spacer -that exhibits no enzymatic function-, the polymerase and reverse transcriptase activity -that catalyzes
viral genomic synthesis-, and the fourth domain that encodes ribonuclease H[11]. The ORF preC/C partially overlaps with ORF P and encodes the precore-core protein
(HBeAg), the core protein (HBc), and the pgRNA. The
pgRNA is initiated five nucleotides downstream from
the precore initiation codon; it serves as a template for

426

January 14, 2014|Volume 20|Issue 2|

Quarleri J. HBV core promoter
PreS2/HBsAg mRNA

PreS1 mRNA
PreS2

S1

Pre

Precore mRNA/pgRNA

S

(-) Strand

EN

Ⅰ

P

kb
3.5 kb
2.4 kb
2.1 kb
0.7

5'

DR

2

DR

C

EN
Ⅱ

1

/B

CP

(+) Strand

5'

PreC

X

HBx mRNA

Figure 1 Genomic organization of hepatitis B virus. The inner circle depicts the rcDNA including the complete minus-strand DNA and the incomplete plus-strand
DNA. The direct repeats, DR1 and DR2, as well as the two enhancers, ENⅠ and ENⅡ, are shown. The outer circle depicts the four viral RNAs, the core (C) or
pgRNA, the pre-S (L) mRNA, the S mRNA, and the X mRNA. The common 3’-ends (poly-A) of the three mRNAs are indicated by the curve lines. The four proteincoding regions are shown including the precore (PC) and core genes, the polymerase gene, and the X gene. The envelope genes pre-S1 (L), pre-S2 (M), and surface
(S) overlap with the polymerase open reading frame.

the translation of core protein (p21) and the viral DNA
synthesis by reverse transcription within the nascent nucleocapsids. The precore polypeptide (p25) is generated
from the preC transcript, it is not packaged into viral nucleocapsids instead it is proteolytic cleaved in both N and
C termini when it moves to the secretory pathway to generate the mature secreted soluble HBeAg (p17)[11] (Figure
2). The synthesis of three integral envelope glycoproteins
(large L, medium M and small S) is directed by the ORF
preS/S, located within ORF P (between the spacer and
the RT domains). The three glycoproteins contain HBsAg and they have distinct N-terminal domains because
they use three in-frame AUG start codons[12]. The smallest ORF X overlaps with ORF P. It encodes for the small
protein HBx (17 kDa) which shares no homology with
any known gene. This ORF is only found in all mammalian hepadnaviruses and plays a central role in the pathogenesis of HBV-induced hepatocellular carcinoma[13,14].

ENⅡ) as cis-acting elements to control HBV transcription of the four 3.5, 2.4, 2.1 and 0.7 kb mRNAs, which
have heterogeneous 5’-ends, with the exception of preS1,
which lacks a TATA box and produces transcripts with a
defined 5’-end[15].
The transcription of HBV mRNA can be modulated
by both ENⅠ and ENⅡ[16]. ENⅠ(approximately 200 bp
long) is the main stimulating element and up-regulates
significantly preC and HBx mRNAs but has little effect
on surface protein mRNAs. Its location partially overlaps
the X promoter and exhibits binding sites for ubiquitous
(NF1, AP1 and NFkB) and liver-specific [LRH-1/hB1F,
HNF1, HNF3b, HNF4 and CCAAT/enhancer binding protein (C/EBP)] transcription factors[17,18]. ENⅠ
contains three distinct domains: a 5’ modulator element,
a central core domain, and a 3’domain that overlaps with
the HBx ORF. The central core domain contains the
enhancer activity and binding sites for HNF3, RFX1,
EFC, NF1, and a retinoic acid response element (RARE),
which interacts with HNF4, the peroxisome proliferatoractivated receptor α-retinoid X receptor α (PPAR/RXR
α) heterodimers and Chicken ovalbumin upstream promoter transcription factors (COUP-TF). Interestingly, signal transducer and activator of transcription-3 (STAT-3)
factor may bind to NF1- and HNF3-binding sites and in-

REGULATION OF HBV DNA
TRANSCRIPTION
HBV promoters and enhancers
The HBV genome contains four promoters (core, preS1,
preS2 and X) and two enhancers Ⅰ and Ⅱ (ENⅠ and
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HBeAg (p17)

Pregenomic RNA

HBcAg (p21)

Figure 2 Transcription and translation of hepatitis B virus precore. The core promoter region regulates the transcription of precore mRNA and pregenomic RNA
from the same open reading frame. The precore mRNA is translated into precore protein, which is processed at the N-terminal and C-terminal ends to HBeAg, a secretory protein. Pregenomic RNA is reverse transcribed into HBV DNA and also translated into core protein (HBcAg), which overlaps with HBeAg. HBcAg: Hepatitis B
core protein antigen; HBeAg: Hepatitis B e antigen.

crease ENⅠfunction. Despite the 5’ modulator element
and the 3’ domain have no enhancer activity, the former
can interact with C/EBP and HNF1 transcription factors and increase the central core domain activity. ENⅡ
is located upstream of the core promoter and increases
preferentially the transcription of the preS1, preS2, and
X promoters as well as the pg/pc mRNAs. ENⅡ contains two regions, ⅡA and ⅡB, that act concomitantly
as potent enhancer elements that bind various transcription factors such as C/EBP, RXR, PPAR, HNF4, HNF3,
FTF, hepatic leukemia factor and Sp1[19,20].
The preS1 and preS2 promoters control the envelope
protein expression. The first one controls the transcription of the L mRNA (2.4 kb) while the preS2 promoter
controls the transcription of S and M mRNAs (2.1 kb),
and it seems to be stronger than the preS1 promoter and
leads to the production of more S and M surface proteins, which is necessary for virus secretion[21].
The transcription of HBx is under the control of its
own promoter X to generate an approximately 0.7 kblong RNA. The X promoter has no TATA box, but its
sequence is located upstream of the transcription initiation site and overlaps with the ENI 3’-end[13,22].

overlapping but genetically distinct core promoters that
overlap the 3’ end of the X ORF and the 5’ end of the
pre-C/C ORF and direct the transcription of both preC
and pregenomic RNAs[23].
The core promoter (CP, nt1575-1849) of the viral
genome has a pivotal role in the replication and morphogenesis of the virus[24] (Figure 3). It directs initiation
of transcription for the synthesis of both the precore
mRNA and pgRNA. The CP consists of the BCP (nt
1743-1849) and the upper regulatory region (URR, nt
1613-1742), the latter containing both positive and negative regulatory elements that modulate promoter activity[25]. The BCP is sufficient for accurate initiation of
both pre-C mRNA and pgRNA transcription in vivo. BCP
contains major nuclear binding sites which is recognized
by a variety of the nuclear receptors super family, including HNF4 and PPARα-RXRα heterodimer and a series
of transcription factors such as C/EBP to regulate the
transcription both the pre-core RNA and the core RNA.
Different biological functions of pre-core and pregenomic RNA, as well as differential regulation of BCP by
these transcriptional factors may have profound effects
on HBV replication and pathogenesis.
The BCP minimal essential sequence is a 108-bp fragment (nts 1742-1849) that contains direct repeat 1 (DR1)
which is required for reverse transcription[26]. It overlaps
with the 3’-end of the X ORF and the 5’-end of the
precore region, and contains cis-acting elements that can

MOLECULAR BIOLOGY OF THE HBV
CORE PROMOTER REGION
The 3.5 kb RNA synthesis is regulated by two partially
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Figure 3 Molecular biology of the hepatitis B virus core promoter. The core promoter (CP) overlaps the 3’-end of the X open reading frame (ORF) and the 5’-end
of the pre-C/C ORF. The CP comprises the upper regulatory region (URR) and the basic core promoter (BCP). The former involves a negative regulatory element (NRE)
and a core upstream regulatory sequence (CURS) which can be further subdivided into two domains: CURS-A and CURS-B. The sequence of enhancer II and binding
sites hepatocyte nuclear factor 1, 3 and 4 (HNF1, HNF3, HNF4) are shown. SPI: S promoter; DR: direct repeat.

independently direct transcription of the precore mRNA
and pgRNA, both of which are about 3.5 kb in length[27].
The URR comprises the negative regulatory element
(NRE, nt 1613-1636) and the core upstream regulatory
sequence (CURS, nt 1636-1742)[28]. The NRE, upstream
of ENⅡ, can repress both ENⅡ and CURS in differentiated liver cells. It exhibits a minor inhibitory effect on
its own but is strongly repressive in the presence of EN
Ⅱ. At least three different subregions are distinguished:
NRE-α, NRE-β and NRE-γ which suppress strongly the
CP activity. NRE-γ also suppresses ENⅡ activity. The
activity of the NRE is cell-type dependent which could
be ascribed to a differential regulation by cell type-dependent protein factors[23,29].
The CURS acts as a regulatory region neither as a
promoter nor with ENⅡ participation. It can be subdivided into two domains: CURS-A (nts 1636-1703) and
CURS-B (nts 1704-1743). The former can exert a positive regulatory effect on the BCP, although to a lesser
degree than does the whole CURS. It can be subdivided
in several sequence motifs, namely, α (nts 1646-1668)
which is able to bind different transcription factors, γ (nts
1671-1686) and δ (nts 1687-1703), which positively regulate BCP activity; in contrast, β (nts 1704-1714) regulates
negatively[26].
The ENⅡ element regulates the activity of the CP
and partially overlaps the BCP and URR. Sequences lo-
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cated directly at 5’ of the BCP can positively regulate this
promoter in a liver-specific manner through cis-acting elements in the CURS overlapping ENⅡ. Further upstream
there are sequences that can negatively modulate the promoter through the NRE.
Sequences within the ENⅠ (nts 1074-1234) can also
activate the BCP which is required for augmenting the
CP extremely weak promoter activity. This whole region
contains nucleotide motifs that constitute transcription
factor binding sites, imparting at the same time liver cell
specificity for optimal function of these elements. This
interaction between the cis-acting elements with ubiquitous and liver-specific transcription factors is absolutely
necessary for liver-specific expression from the CP.
Moreover, the interaction between these trans-acting factors and the cis-acting elements allows the virus to coordinately or differentially regulate the transcription of the
two mRNAs[27]. Moreover, the stimulation of the BCP by
ENⅡ and CURS can be repressed by the effect of the
upstream NRE[30].
The liver tropism of HBV may involve different factors including the BCP and the enhancers as well as the
interaction of viral cis-acting elements with transacting
factors present in various cell types and during different stages of liver cell differentiation[18]. The cooperative
interaction of different liver enriched and ubiquitous factors is necessary for liver-specific expression from the CP.
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Several transcriptional factors bind to regulatory sequence
elements of the CP such as C/EBP, HNF1, and HNF3.
Multiple members of the nuclear receptor superfamily
of transcription factors, including HNF4, RXR, PPAR,
COUP-TF1 and apoAⅠ regulatory protein (ARP1), bind
this regulatory element and differentially regulate synthesis of pre-C mRNA and pgRNA[19]. Their effects depend
on their interactions: for example, binding of HNF4 and
TR2 may repress preC RNA synthesis, whereas PPAR α
and RXR α can mediate its activation, and COUP-TF1
can inhibit both preC and pgRNA synthesis. Human Sp1
transcription factor increases the synthesis of pgRNA by
binding to three binding sites, but has no effect on the
synthesis of pre-C mRNA[21]. By binding to the AT-rich
regions of the CP the ubiquitous TBP plays an important
role in the regulation of transcription. Thus, the synthesis
of pre-C mRNA and pgRNA occurs from separate promoters which are in turn, differentially regulated[28].
Selection of the transcription initiation sites of pre-C
mRNA and pgRNA is not liver-cell specific and the URR
is not required for the precise initiation of either RNA
type[21,31]. The 5’-ends of pre-C mRNAs are more varied
than are those of pgRNA. The latter has been mapped to
a single nt region: 1815 ± 5 whereas the 5’-ends of pre-C
mRNA map to nts 1785-1786 and 1791-1797. Such
discrepancy could be ascribed to the presence of three
TATA-like boxes (AT-rich regions) within the BCP that
are not canonical TATA box (TATAAA) and a fourth
TATA-like box that controls the transcription of pgRNA.
The three AT-rich sequences: TA1, 5’-AGATTA-3’ (nts
1750-1755); TA2, 5’-TTAAA-3’ (nts 1758-1762); and
TA3, 5’-TATTA-3’ (nts 1771-1775); are located 20-35 bp
5’ to the pre-C mRNA start sites and can bind recombinant TATA-binding protein (TBP) as well as are required
for the optimal transcription of pre-C mRNA. TA4,
5’-CATAAATT-3’ (nts 1788-1795), functions as both
a TBP-binding site for initiation of transcription 25-30
bp downstream at the start site of pgRNA, and as the
initiator (Inr) sequence for some of the pre-C mRNAs.
The Inr is a minimal promoter element that overlaps the
transcription start site. The 5’ boundary of the pgRNA
promoter is at nt 1788, the first nt of its TATA box-like
sequence. The pre-C Inr consists of 5’-CATA-3’ (nts
1788-1791), overlaps the pre-C mRNA initiation sites
and resembles the optimal Inr sequence: 5’-CA(T/G)T-3’.
Using mutational studies it was shown that the 3’ boundary of this Inr element is at nt 1792. On the other hand,
the pgRNA Inr element is the sequence 5’-CAACT-3’ (nt
1817-1821) that overlaps the transcription initiation sites
of pgRNA and two of its bases match the two most important bases of the optimal Inr sequence. Therefore, the
15-nt sequence (1788-1802) is sufficient to direct the initiation of both pre-C and pgRNA because it contains the
TATA-like element of the pregenome promoter and the
Inr of the pre-C promoter. The transcription of pre-C
mRNA and pgRNA is regulated in a coordinate manner
although the transcription of the two mRNA species can
be separated. Sequences in the URR can stimulate the expression of both messages to a similar extent[28].
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The pgRNA starts 3’ to the precore AUG and is
translated into the core and polymerase proteins. As well,
it serves as the template for the synthesis of the negative
DNA strand of the virus by reverse transcription after
encapsidation within the neosynthesized core particle[10].
The precore mRNA, which is slightly longer than the
pgRNA and is initiated upstream of the precore start
codon, is the template for the translation of the precore/
core protein that is post-translationally processed by proteolysis to produce HBeAg, as previously described.

BASAL CORE PROMOTER VARIANTS
Considering its pivotal role in viral replication, sequence
variations within the CP in natural isolates is restricted.
Nevertheless, several studies have focused on mutations
within this region and, in particular, BCP because it may
dysregulate viral gene expression and contribute to disease progression. In the CP, two highly conserved regions
involved in the regulation of transcription have been
identified: nts 1770-1808 and nts 1813-1849. When mutations in these regions occur, they are present in viral population with coexistence of wild-type variants that must
have a compensatory effect, overcoming the potentially
lethal effect of the mutation and allowing viral replication
to proceed (Table 1). The pre-C mRNA initiation sites
map within the first region[28,32] as does TA4 that controls
pgRNA synthesis. Mutations within TA4 severely reduce
the synthesis of pgRNA, leaving synthesis of the pre-C
mRNAs unaffected[27,31]. In addition, this region has been
shown to be essential for the trans-activating function of
X protein[33]. The second conserved region contains the
initiation site of pgRNA transcription[28,32] as well as coding for the C-terminal of the X protein. The overlap of
this region with the 5’-end of the pre-C ORF containing
DR1 is a further reason for the low sequence divergence.
Mutations in the CP region may have repercussions on
viral gene expression and/or replication, with a concurrent impact on viral pathogenesis.
The double mutation A1762T and G1764A in the
BCP has been described in various disease states or settings of HBV infection[34-37]. The presence of the double
mutation is clearly associated with downregulation of
HBeAg production, as demonstrated by transfection
studies[7,9]. There is evidence to suggest that the double
BCP mutation results in decreased levels of the precore
mRNA and therefore diminished production of HBeAg.
Taking into consideration that HBV BCP contains a
binding site for nuclear receptors, the double mutation
selectively abolishes the binding of several nuclear receptors without affecting that of HNF4. It could stimulate
the expression of the precore RNA and the core RNA
from the core promoter of both the wild-type (WT)
HBV and the double mutant, although its effect on the
former was more prominent. The 1762/1764 double
mutation also creates a binding site for the transcription
factor HNF1 and changes two amino acids in the overlapping X protein sequence. HNF1, which did not affect
the wild type BCP, suppressed the precore RNA expres-

430

January 14, 2014|Volume 20|Issue 2|

Quarleri J. HBV core promoter
Table 1 More frequent basal core promoter mutations and their clinical relevance
Nucleotide position

Clinical relevance

1762T + 1764A
Chronic HBV
(BCP double mutant) Fulminant hepatitis
Decrease in HBeAg production and increase viral replication
Diminished binding of a liver-specific transcription factor, resulting in a decrease in HBeAg, but unchanged amounts of HBV
pregenomic RNA
Enhance viral replication through the combined effects of X gene mutations and the appearance of a HNF-1 transcription factor
binding site
Elevated ALT (diminishing circulating HBeAg levels → augment the host immune response to HBV-infected hepatocytes →
increasing hepatocyte apoptosis)
More often in patients with HBV genotypes that have 1858C (i.e., genotype C)
1762T
HBeAg seroconversion and histological inflammation
1764A
No suppression on HBV RNA transcription and only slightly decreases the efficiency of virus replication
1653T
Usually together with the 1762T + 1764A in patients with fulminant hepatitis and hepatocellular carcinoma
1753-1757
Together with the 1762T + 1764A mutation, have been detected in patients with fulminant hepatitis and in patients with HCC
ALT levels and histological changes
1764A/T + 1766A/G Found in active and inactive disease in conjunction with 1810T + 1811T double mutation
1762A1766A mutation, together with 1762T, was found in fulminant hepatitis and HCC patients
The 1764T + 1766G mutation was found in a patient with fulminant recurrent hepatitis after liver transplantation, but was absent
in patients with fulminant hepatitis.
1766T + 1768A
Fulminant hepatitis
Together with 1762T + 1764A, in a patient with recurrent hepatitis following liver transplantation
With 1764A in a HBeAg-negative asymptomatic carrier
Exacerbation of HBV infection and created two overlapping low-affinity HNF1 sites
BCP: Basal core promoter; HBV: Hepatitis B virus; HNF-1: Hepatocyte nuclear factor 1; ALT: Alanine transaminase; HCC: Hepatocellular carcinoma.

sion of the double mutant. Furthermore, the X protein
did not affect the HNF4 activity on the core promoter
and affected the HNF1 activity on the core promoter of
only the double mutant[38] (Table 1).
During in vivo infection its increased presence could
be temporally correlated with HBe seroconversion often
preceding HBeAg clearance by many years[39] but still
there are discrepant results on its relationships with the
HBeAg negativity considering that some of the studies were performed at different stages of chronic liver
disease. More recently its presence was also related with
higher viral load levels[40] in opposite with other previous
findings[7,41]. These discrepancies could be associated with
the upregulation of pgRNA production, promoting encapsidation and core protein production[42] whereas others, however, reported decreased precore mRNA levels,
but wild-type levels of replication and gene expression[42].
Such differences observed in transcript levels when
BCP mutations are detected could be explained by the
alteration of a nuclear receptor binding site for HNF1
that appears to be essential for this activity. By using the
woodchuck animal model and the woodchuck hepatitis
virus (WHV), such variations in the HNF1 binding site
diminished significantly the synthesis of viral pgRNA[43].
The BCP double mutation is correlated with the
L130M and V131I mutations in the overlapping X ORF
gene product. The removal of the nuclear receptor
binding site had no effect on the transcription of HBV
mRNAs as was shown by transfection studies in Huh7
hepatoma cells, the two codon change in the X protein
suppressed both transcripts, and the creation of the
HNF1 site restored the pgRNA level[44]. In addition, between both, the T1762 change is decisive for the mutant
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phenotype as was revealed by analysis of revertants with
either one or the other of the BCP mutations[7]. Studies
from chronically infected patients have provided further
information regarding the double A1762T/G1764A
mutation in relation to genotype[45,46]. Compared with
genotype A and B cases, patients with genotypes C and
D have lower rates and usually delayed onset of spontaneous HBeAg seroconversion. HBV-genotype C has a
higher frequency of A1762T/G1764A mutation and preS
deletion, and a higher viral load than genotype B. Similarly, genotype D has a higher prevalence of BCP A1762T/
G1764A mutation than genotype A[47]. The A1762T/
G1764A BCP mutations in genotype C isolates correlated
with increased replication capacity, while the A1752G/T
mutation found in genotype B isolates correlated with
low replication capacity[48]. Interestingly, genotype C isolates with wild-type BCP sequences replicated less efficiently than genotype B isolates, due to less efficient transcription of the pgRNA, but more efficient virion release
was observed with the former[49]. Core promoter changes
are significantly more common in patients infected with
HBV genotypes exhibiting C at nucleotide 1858, while
precore stop codon changes appears exclusively in those
genotypes that have T at nucleotide 1858. Nevertheless,
the double BCP and the precore stop codon mutations
are far from being mutually exclusive[50]. Among HBV
genotype C infected patients from China, those acutely
infected with BCP/precore mutant viruses had higher
viral load than chronic patients with the mutant virus but
both showed a lower prevalence of A1762T/G1764A,
G1896A, and G1899A, but higher prevalence of T1758C
mutations. The T1758C and A1762T/G1764A mutations
appeared as mutually exclusive[51].
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tion[63-64].

The double mutation has been detected with increased frequency in patients with fulminant hepatitis,
including children, those with HBeAg- and anti-HBepositive chronic hepatitis, and HCC patients, but less frequently in asymptomatic chronic carriers. In addition, it
has been detected in immunosuppressed, liver transplant,
and seronegative patients. Interestingly, it was recently
reported that BCP T1762/A1764 mutant is an independent risk factor for progression to cirrhosis rather than
hepatocellular carcinoma (HCC) in chronic HBV infection[52]. There are differences in the prevalence of such
variants between studies in various settings, and this may
relate to differences between prevalent genotypes, the importance of which is not always recognized and therefore
not clearly reported[53-56]. Very recently Yang et al[57] have
postulated that a quantitative analysis of the BCP double
mutation (and G1896A) can predict interferon-induced
HBeAg seroconversion.
The BCP mutations, as mentioned here, have been
found in patients regardless of HBeAg status. However,
in anti-HBe-positive patients, the double mutation was
often accompanied by T1753C/G mutation. In addition, other point mutations upstream and downstream
of T1762/A1764 have been described, occurring either
alone or in combination with the double mutation, and in
different settings, including chronic hepatitis, fulminant
hepatitis B, HCC, and liver transplantation[46,58,59]. More
recent studies have identified additional mutations in
the BCP region that are prevalent in HCC patients, and
particularly novel individual and combination patterns of
mutations in the X/precore region of HBV genotype D1
as predictors of HCC[46]. These include T1673/G1679,
G1727, C1741, C1761, A1757/T1764/G1766, T1773,
T1773/G1775 and C1909 (Table 1).
The mutations G1613A (NRE) and C1653T, both
of which tended to also occur simultaneously in HCC
patients may suppress HBeAg production, enhanced viral
DNA synthesis, and bound RFX1 with higher affinity.
Since the 1762/1764 mutations overlap with the X ORF
and lead to amino acid changes in the X protein (L130M
and V131I, respectively), this double substitution on its
own or together with G1386A (V5M) was encountered
at a significant rate in HCC patients by activating NF[60]
κB activity . Synergistic effects of A1896, C1653T and
T1762/A1764 mutations in genotype C2 on development
of hepatocellular carcinoma has been reported[61]. Thus,
to summarize, T1653, V1753, T1762, A1764, T1766,
and A1768 have been found to occur more frequently in
HCC patients[62].
The double BCP mutation was found to be associated with increased risk of HCC independent of genotype, while the precore A1896 mutation was associated
with decreased risk. According the the Risk Evaluation
of Viral Load Elevation and Associated Liver Disease/
Cancer-Hepatitis B Virus study, the infection by genotype B strains exhibiting the BCP double mutation over
a 10-year period increases 23% the risk of developing
HCC. Likewise, the presence of family history of HCC
multiplies the risk of HCC at each stage of HBV infec-
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OTHER CORE PROMOTER VARIANTS
Core promoter mutations other than those at positions
1762 and 1764 can have major impact on viral DNA
replication and HBeAg expression[34]. In vitro studies reveal that CP mutants with additional mutations (T1753C
and/or C1766T) replicated at high level (Table 1). When
mutational complexes were assayed, the 1762/1764/1766
and 1753/1762/1764/1766 showed higher replication
rates and lower HBeAg expression than 1762/1764 mutations alone, whereas the 1753/1762/1764 variant was
not much different from the double BCP mutant. Single
mutations including T1753C/A/G (V), 1762/1764,
A1846T, G1896A, 1899 and A/G1913, as well as triple
mutations 1753/1762/1764 and 1762/1764/1766 or
T1768A, were more frequently detected in patients with
acute-on-chronic liver failure than in patients with chronic hepatitis, and mostly associated with genotype B- than
C-infected patients[65].
Deletions within the CP region -mostly at BCP- and
varying in length from 1 to 21 bp have been reported
once again in different settings. These include fulminant
hepatitis, chronic hepatitis, asymptomatic infection, serologically silent infection, HCC, renal dialysis with atypical
HBsAg-negative infections characterized by either the
presence of viral antibodies alone or no serological markers, and liver and renal transplantation, HIV coinfection[66]; they are also found in patients who have survived
hematological malignancies or solid tumors[28,67]. Such
deletion variants are often characterized by low viremia
levels, and may need help from the wild-type virus for
survival[68]. Likewise, reduced levels of transcription and
progeny virus production were obtained by transfection with clones having an 8 bp deletion in the BCP (nt
1768-1775)[69]. It appears, therefore, that the strain genetic
background in which the BCP and G1896A mutations
arise, in relation to additional ones, determine replication rate, expression of HBeAg, and pathogenicity[23]. A
limited number of reports have shown the presence of
deletions in the URR[70,71] or in the region of the CP overlapping the pre-C ORF[72].
Insertions within the BCP have been described in
patients with CH[73] and in those undergoing orthotopic
liver transplantation[74]. One patient who had a fulminant
exacerbation of CH after heart transplantation was reported to be infected with a high-replicating HBV variant
carrying an 11-bp insertion in the CP[75]. This insertion
occurred shortly before, or during, FH and created a
binding site for HNF1. Thus, the emergence or presence
of a novel HNF1, or putative HNF3, site may be related
to fulminant exacerbating hepatitis in immunosuppressed
patients. This concurs with the presence of such strains
in renal transplant patients with severe liver disease but
not in those with mild disease[28,71]. Simultaneous detection of deletion and insertion at BCP was recently reported in a single patient with HCC from South Africa
with concomitant presence of other variations that could

432

January 14, 2014|Volume 20|Issue 2|

Quarleri J. HBV core promoter

accelerate the HCC development[76].
The G1862T substitution affecting codon 17 of
the precore protein of the virus was only observed in
patients infected with genotype B. This variant was five
times more common in patients with fulminant hepatitis
than in chronic carriers. The G1862T mutation leads to
substitution of valine for phenylalanine, affecting the - 3
position in the signal peptidase recognition motif, impairing the processing of the precore/core protein into
HBeAg[77]. A similar behavior was described for viral variants carrying the C1856T mutation. It leads to P15S substitution at precore. This amino acid change affects the
signal peptide also, and may therefore affect production
of HBeAg from the precursor precore/core, but there
are no experimental data supporting this proposition at
the moment[23]. This variant was initially found by chance
while sequencing the complete HBV genome of an HIV
positive patient with a strange serological profile[78], and then
in Hong Kong Chinese patients with chronic hepatitis[79].
HBV possesses the smallest genome of any virus
known to infect man. Therefore, it is not surprising that
HBV utilizes its genetic material economically. The core
promoter is an emblematic model of this strategy whose
DNA harbors several pivotal functions. Its sequence involves three critical elements (ENⅡ, BCP, and the overlapping X ORF) which are able to execute critical viral
functions (stimulate the S, X, and CP; regulate the transcription of both pre-C mRNA and pgRNA; encode the
X protein with trans-activating functions, respectively).
Its integrity appears essential to maintain viral replication,
and variation may contribute to the persistence of HBV
within the host, leading to chronic infection and, eventually, cellular transformation.
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Core tip: There is a need for disinfectants with proven
virucidal activity against the hepatitis B virus (HBV).
Feasible HBV infectivity assays are not available; therefore, the establishment of surrogate models for HBV
infection is of high importance. This paper reviews the
application of the most promising and feasible assay,
the use of the duck hepatitis B virus, which can be
propagated in vitro in primary duck embryonic hepatocytes. The paper also describes how and why this model can be used to evaluate the efficacy of disinfectants
against HBV.

Abstract
The hepatitis B virus (HBV) is considered to be a major public health problem worldwide, and a significant
number of reports on nosocomial outbreaks of HBV infections have been reported. Prevention of indirect HBV
transmission by contaminated objects is only possible
through the use of infection-control principles, including the use of chemical biocides, which are proven to
render the virus non-infectious. The virucidal activity of
biocides against HBV cannot be predicted; therefore,
validation of the virucidal action of disinfectants against
HBV is essential. However, feasible HBV infectivity assays have not yet been established. Thus, surrogate
models have been proposed for testing the efficacy of
biocides against HBV. Most of these assays do not correlate with HBV infectivity. Currently, the most promising and feasible assay is the use of the taxonomically
related duck hepatitis B virus (DHBV), which belongs
to the same Hepadnaviridae virus family. This paper
reviews the application of DHBV, which can be propagated in vitro in primary duck embryonic hepatocytes,
for the testing of biocides and describes why this model
can be used as reliable method to evaluate disinfectants for efficacy against HBV. The susceptibility levels
of important biocides, which are often used as ingredi-

WJG|www.wjgnet.com

Sauerbrei A. Is hepatitis B-virucidal validation of biocides
possible with the use of surrogates? World J Gastroenterol
2014; 20(2): 436-444 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i2/436.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i2.436

WHY EVALUATE BIOCIDES FOR THEIR
EFFICACY AGAINST HEPATITIS B
VIRUS?
Approximately 350 million people, 5% of the total
population, are chronically infected with the hepatitis B
virus (HBV)[1]. Thus, the hepatitis B is considered to be
a major public health problem worldwide. Furthermore,
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nosocomial infections resulting from HBV, in patients
during hospitalization and interventional procedures, as
well as in health care workers, have been described[2,3].
Although infections attributed to transfusion of contaminated blood or blood products and transmission from
infected health care workers have been reduced over the
past decades by prophylactic measures, such as HBV
screening of blood or vaccination of health care workers, there is still a significant number of reports about
nosocomial outbreaks of HBV infections[4-7]. Common
transmission pathways include the use of multi-dose
vials[8], dental or biopsy equipment[9], dialysis units[10],
contaminated finger-stick devices[11,12], contaminated acupuncture needles[13], reuse of syringes[14], endoscopes[15],
or unsafe surgical and injection procedures[16-19]. Prevention of indirect HBV transmission by contaminated
objects is only possible through the use of fundamental
infection-control principles, including the use of chemical biocides[15,20], which are proven to destroy the viral
infectivity. Thus, HBV must be inactivated as a result of
the disinfection of instruments, surfaces, and biological
materials. The use of biocides with proven microbiocidal
activity against the pathogens most likely to contaminate
a patients’ environment has been recommended by the
United States Healthcare Infection Control Practices
Advisory Committee as part of their guidelines to prevent the transmission of infectious agents in health care
settings[21].
In general, HBV can be inactivated by chemical biocides, such as formaldehyde, glutaraldehyde or peracetic
acid, which possess broad-spectrum virucidal activity
according to the norm EN 14476:2007[22]. However, like
all enveloped viruses[23], HBV is thought to be relatively
sensitive to biocides. A German guideline for testing the
virucidal activity of chemical disinfectants in the medical
field characterizes disinfectants effective against enveloped viruses as biocides with limited virucidal activity. In
contrast, disinfectants effective against non-enveloped
and enveloped viruses are defined as biocides with virucidal activity[24,25]. Thus, broad-spectrum biocides, of
which there are few, are not required for the inactivation of HBV like other blood-borne viruses. However,
validation of the virucidal action of disinfectants against
HBV is essential because the virucidal activity of biocides
against HBV cannot be predicted[26]. In addition, human
blood plasma protects the virus from inactivation. In the
literature, HBV has been described as an enveloped virus
that may be difficult to inactivate[27]. The virus possesses
a relatively high thermal and dry resistance. At 25  ℃ and
a relative air humidity of 42%, the HBV can be infectious
for more than 1 wk[28]. Therefore, the virucidal efficacy
of biocides against HBV must be validated using reliable
and robust laboratory methods.

rucidal activity of biocides are infectivity assays, which
measure the infectivity of viruses in cell culture systems
after the virus has been exposed to the biocide in suspension[24,25]. Recently, more practice-relevant methods have
been developed, testing viral infectivity after exposure
to viruses dried on non-porous surfaces[29]. These procedures mimic the conditions found in actual practice.
A crucial component of these assays is that the tested
viruses can easily be propagated in cell cultures and the
infectivity can be determined reliably by the evaluation
of virus-induced cytopathic changes or other methods
detecting viral antigens, which are produced during the
viral replication cycle. However, the in vitro propagation
of non-cytopathogenic HBV is difficult, especially in
obtaining human liver cells. Historically, the virucidal efficacy of biocides has been stringently determined in vivo
through the use of chimpanzee infection assays, albeit
with decreased sensitivity[30-34]. Currently, animal protection and economic reasons prohibit the use of higher primates for routine tests of commercial products[35]. For in
vitro infectivity testing, the use of the hepatoma cell line
HepG2[36], which has been described in the literature[27,37],
has been debated[38]. In comparison, re-differentiated
HepaRG cells[39] are well accepted and reproducible as an
HBV infectivity system[38]. The specificity of this HBV
infection model has been determined by both the neutralization capacity of HBV envelope protein-specific
antibodies and the competition with an envelope-derived
peptide. However, this infectivity system has not been
applied in the past for testing the hepatitis B-virucidal
activity of biocides. The reasons for this are the following: HepaRG cells are very expensive, can only be used
in highly HBV-specialized laboratories and require highly
concentrated HBV suspensions or human sera with a
high viral load. Thus far, the most promising HBV infectivity assay seems to be the use of primary hepatocyte
cultures derived from Tupaias, small-squirrel-like animals
living in Southeast Asia[38,40]. However, the availability of
Tupaia hepatocytes is limited, thus the model is too costly
for routine use. Furthermore, purified virus must contain
approximately 109 particles/mL to demonstrate an inactivation factor of at least 104[38]. The virus can be obtained
from human serum by sedimentation in a density gradient[41].
Thus, surrogate models have often been reported for
testing the efficacy of biocides against HBV. To measure
the virucidal activity of disinfectants against HBV, Hilfenhaus et al[42] and Thraenhart et al[35] validated the integrity of viral DNA using a polymerase chain reaction (PCR)
technique. Several groups[43,44] have also examined HBV
inactivation by measuring the enzymatic activity of the
viral DNA polymerase. In addition, the destruction of
HBV antigenicity and the decrease in the immunochemical reactivity of different HBV antigens, such as HBsAg,
HBcAg and HBeAg, was outlined to verify the virucidal
efficacy of alcohol antiseptic, formaldehyde and peracetic
acid-containing disinfectants[26,45,46]. Finally, the irreversible morphological alterations of HBV particles were
determined to be an indicator of HBV inactivation by

METHODS FOR TESTING THE EFFICACY
OF BIOCIDES AGAINST HBV
The most common methods for the evaluation of vi-
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chemical biocides[43,47,48]. However, this test is subjective,
and there is a qualitative but not a quantitative measurement. In conclusion, all of the abovementioned studies
have shown that the results do not correlate with HBV
infectivity.

DHBV is the in vitro assay. This protocol is in accordance
with the recommendations of the United States Environmental Protection Agency[67].
Viral propagation of DHBV in duck embryonic hepatocytes is not trivial because DHBV is a non-cytopathogenic virus. This approach requires that additional tests,
such as immunofluorescence [68], PCR [69] or Southern
blotting[70], be used to verify the growth of the virus. Additionally, viral propagation requires a source of DHBVfree Pekin ducks, appropriate eggs for the preparation of
embryonic hepatocytes, in vitro cultures of hepatocytes,
and congenitally infected Pekin ducks as source of the
virus. It is advantageous that experimental investigations on embryonated hen and duck eggs are, in general,
regarded experimentally as in between in vivo and in vitro
systems and do not conflict with ethical and legal aspects
of animal protection[71].

DUCK HEPATITIS B VIRUS AS A
SURROGATE VIRUS FOR HBV
The most promising and feasible assay for the evaluation
of hepatitis B-virucidal efficacy of biocides is the use of
the taxonomically related duck hepatitis B virus (DHBV)
belonging to the same family-Hepadnaviridae-and within
the genus Avihepadnavirus, while HBV is in the genus Orthohepadnavirus[49]. DHBV shares many physical properties
with the closely related HBV but a sequence comparison
of the two viruses indicated that there is a low nucleotide
identity[49,50]. Furthermore, there are differences in the
genome size (3.2 kb for Orthohepadnaviruses and 3.0 kb
for Avihepadnaviriruses), and the host range of the viruses
is restricted to mammals (Orthohepadnaviruses) or birds
(Avihepadnaviruses). In addition, the Avihepadnaviriuses have
larger core proteins and lack M surface protein[49]. In contrast to the Orthohepadnaviruses, some envelope proteins
of the Avihepadnaviruses are not glycosylated but are phosphorylated. In addition, the proteins of the envelope are
not connected by disulfide bridges and instead contain
lysine side chains[51]. The model infection of DHBV in
Pekin ducks has been used extensively for studying aspects of HBV infection in humans[50,52]. It has been concluded that DHBV and HBV differ primarily between
the hosts they infect and the nature of the disease they
produce. This has no bearing on the ability of disinfectants to abolish infectivity of the viruses[53]. Furthermore,
the DHBV model has similar disinfectant inactivation
kinetics to those observed in the limited studies of HBV
transmission in chimpanzees[31,54]. Thus, DHBV infectivity tests have been used for testing the virucidal activity
of chemical biocides against HBV in the United States
and Australia[54-57] and have been proposed in Europe[58].
It is of great value that the DHBV is maintained in
domestic duck flocks through vertical transmission from
viremic ducks. The virus infects the developing liver in
ovo and is not sufficiently recognized by the host immune
system to produce hepatitis and liver disease or to eliminate the virus[49,59]. Thus, DHBV can be propagated in vivo
in ducklings or in vitro in primary duck embryonic hepatocytes to assess viral infectivity[56,60-62]. Several authors have
reported using in vivo DHBV assays[54,55,63-65]. To estimate
DHBV infectivity, the diluted viral suspensions exposed
to the biocides are injected intraperitoneally or intravenously into naïve ducklings not infected with DHBV. The
ducklings are euthanized 2 wk later, and their livers are
removed to be analyzed for DHBV DNA using PCR[66].
However, these in vivo tests conflict with ethical and legal
aspects of animal protection. Therefore, the preferred
method for testing the efficacy of disinfectants against
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IN VITRO DUCK HEPATITIS B VIRUS
MODEL FOR TESTING VIRUCIDAL
EFFICACY OF BIOCIDES
In Germany, an assay protocol for testing DHB-virucidal
efficacy of biocides by DHBV infection of primary
duck embryonic hepatocytes has been established and
successfully evaluated for virucidal testing in several
studies[68,72,73]. The primary duck embryonic hepatocytes
were obtained from fertilized Pekin eggs and incubated
for 21 d[68]; the liver tissue was harvested from several
embryos[74]. A crucial step was to ensure the absence of
DHBV in the source tissue using a qualitative PCR technique[68,75]. To digest the liver tissue, a solution comprised
of trypsin, ethyl diamine tetraacetate solution, phosphatebuffered saline and glucose was effective. Digestion of
the liver could be inhibited by the addition of fetal calf
serum[69,76,77]. DHBV-negative cells were seeded in 24-well
culture plates not containing collagen 1 such as CellBINDTM (Corning, Acton, United States)[74]. This step
is necessary to ensure stable attachment of hepatocytes
to the surface of culture vessels for successful DHBV
propagation (Figure 1). The optimal growth medium
can be modified according to previous reports[69,78,79].
This medium supports the maintenance of differentiating hepatocytes, which is important for the susceptibility
of cells to the virus and for DHBV replication[60,80-82]. A
suitable microenvironment can be achieved by coating
the growth surface with Matrigel or other substrates containing extracellular matrix molecules[83,84]. Alternatively,
the use of co-culture systems of hepatocytes with nonparenchymal liver cells has been described as a suitable
method to maintain hepatocyte differentiation in vitro[85,86].
The use of hepatocytes cryopreserved by the suspension method is also suitable when freshly isolated
cells from the liver of duck embryos are not available
due to seasonal differences[74]. Growth medium[74] was
supplemented with 10% fetal calf serum and suitable
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Figure 1 Primary duck embryonic hepatocytes grown in CeLLBINDTM
plates at day 3 of cultivation. Monolayers of hepatocytes, which show typical
polygonal morphology, are interrupted by areas of non-parenchymal cells (light
microscopy, phase contrast, x 200).

Figure 2 Detection of duck hepatitis B virus-specific surface antigen six
days after inoculation of primary duck embryonic hepatocytes by indirect
immunofluorescence. Polyvalent rabbit anti-DHBs (kindly provided by Dr. D.
Glebe, Institute of Medical Virology, National Reference Centre for Hepatitis B
and D, Justus Liebig University, Giessen, Germany) and goat anti-rabbit IgG
Alexa Fluor® 488 (Life Technologies, Darmstadt, Germany) were used as antibodies (fluorescence microscopy, x 125).

cryoprotective agents, such as 10% DMSO or cryosafe-1.
The freeze-thaw process does not significantly reduce the
susceptibility of primary duck embryonic hepatocytes to
DHBV infection, suggesting no loss of viral receptors on
the cell surface.
As virus pool, DHBV-containing serum from congenitally infected ducks must be used[72,73]. Sera should
contain between 106.0 and 108.0 tissue culture infective
doses 50% of DHBV per mL, corresponding to 109.0 and
1011.0 DHBV genomic copies. To avoid reduction of viral
titers, the uninterrupted storage of aliquots at -80  ℃ is
strongly recommended. One should, however, be aware
that the Pekin duck is an unreliable source of the test virus, which causes difficulties for standardization. Another
disadvantage is that the titers of infectious virus are often
too low to detect sufficient reduction of viral titers especially when cytotoxic biocides are tested[73]. On the other
hand, the DHBV prepared from the DHBV DNA-transfected hepatoma cell line D2[87] is not suitable for testing
virucidal efficacy of biocides either because this virus is
more sensitive than the wild type DHBV naturally occurring in the serum of Pekin ducks[72].
Virucidal tests are recommended to be carried out in
accordance with national guidelines for testing the virucidal efficacy of chemical disinfectants in human medical areas[25]. At the end of the chosen exposure time, the
test compounds must be immediately removed from the
mixture of virus and test formulation by rapid dilution
of samples or the use of sephadex-based methods[88],
particularly when cytotoxic residues must be removed.
However, previous experience has shown that sephadex
columns can withhold the infectious virus, thus leading
to inaccurate results. It is recommended that the primary
duck embryonic hepatocytes are infected at day 4 of cultivation. Due to the in vitro method of preparing of hepatocytes, the type I interferon system is stimulated, thereby
inhibiting DHBV replication during the first 2-3 d after
primary cell plating[89,90]. Thus, 4 d post-infection, a high
number of DHBV-infected hepatocytes are infected[68,69].
On the other hand, DHBV-negative hepatocytes lose
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their susceptibility to DHBV infection after the day 5 of
cultivation[60,80]. This results from the dedifferentiation
of hepatocytes and/or the loss of the cellular receptor
for virus attachment. The presence of DMSO in the cell
culture medium is also critical for this process because
DMSO not only allows maintenance of viral replication
but also prolongs the susceptibility of cultured hepatocytes to DHBV infection[80]. Following viral infection,
the cells should be incubated for at least 6 d to achieve
infection rates of approximately 40% as shown by specific fluorescence, a surrogate marker of productive viral
infection[68].
Indirect immunofluorescent antigen staining has been
recommended for detection of DHBV surface(s) antigen
in primary duck embryonic hepatocytes to verify DHBV
infection[68,72]. To this end, a polyvalent rabbit anti-DHBs
antiserum that is not commercially available must be
used. As shown in Figure 2, the infected hepatocytes can
be easily identified because they appear in clusters[79]. A
4-log10 reduction of infectivity (inactivation ≥ 99.99%)
is regarded as evidence of sufficient virucidal activity[25].
As the guidelines of the United States Environmental
Protection Agency[56] state, an in vitro assay requires a
demonstration of at least 3-log10 reduction in viral titers
beyond any disinfectant dilutions that exhibit cell culture
cytotoxicity. Although fluorescent analysis has a subjective output and requires experience for the analysis of
results, indirect immunofluorescence can be employed
for routine testing and has been applied to detect a variety of human and animal viruses[91]. An advantage of this
method is that the efficacy of biocides against DHBV
infection can be rigorously evaluated because production
of DHBV surface proteins in hepatocytes is a late step
in the viral life cycle and correlates well with the production of mature virus particles[92]. In contrast, PCR-based
methods identify the presence of viral DNA, but this
may not necessarily correlate with the number of infectious virus particles[93].
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Table 1 Studies published in the literature to evaluate the
efficacy of biocides against duck hepatitis B virus
Year

Country

Ref.

Evaluated biocides or
inactivation procedures

1991

Australia1

Murray et al[54]

Glutaraldehyde; mix of
glutaraldehyde, nonionic alcohol derivate,
quaternary compound and triethyleneglycol surfactant
Sodium hypochlorite; sodium
dichloroisocyanurate
Glutaraldehyde
Photochemical inactivation by
8-methoxypsoralen
Glutaraldehyde; ethylene
oxide
Hydrogen peroxide
Glutaraldehyde
Photoinactivation by
dimethylmethylene blue
N-alkyl dimethyl benzyl
ammonium chloride; alkyl
dimethyl benzyl ammonium
chloride
Ethylene oxide
Ethylene oxide
Peracetic acid; povidoneiodine; formaldehyde
Ortho-phthalaldehyde
Ethanol; isopropanol;
peracetic acid; glutaraldehyde;
formaldehyde

1993 United Kingdom1 Tsiquaye et al[63]
1996
1998

Australia1
United States2
1

Deva et al[94]
Eble et al[70]
[55]

Chaufour et al

1999

Australia

1999
2000
2001

Australia1
Australia1
United States2

Vickery et al[64]
Vickery et al[95]
Wagner et al[96]

2002

United States2

Wang et al[69]

2004
2005
2006

United States2
Australia2
Germany2

Moore et al[97]
Druce et al[65]
Sauerbrei et al[72]

2008
2012

United States2
Germany2

Roberts et al[98]
Sauerbrei et al[73]

Table 2 Minimal concentrations and contact times for
the duck hepatitis B virus-virucidal activity of ethanol,
isopropanol, peracetic acid, glutaraldehyde and formaldehyde
against duck hepatitis B virus in the presence of a protein
load of 10% fetal calf serum
Biocide
Ethanol
Isopropanol
Peracetic acid
Glutaraldehyde
Formaldehyde

Contact time (min)

40
40
0.01
0.05
0.05
0.1
0.7

1
1
2
1
2
0.5
30

Results of quantitative suspension tests are shown[73].

needed. These results show that the DHBV, as an enveloped virus, is considered to be relatively sensitive to
inactivation by virucides. Limited, unpublished data with
HBV and Tupaia hepatocytes corroborate these findings
(personal communication: D. Glebe, Institute of Medical Virology, National Reference Centre for Hepatitis B
and D, Justus Liebig University, Giessen, Germany). This
is also in agreement with the susceptibility of levels of
HBV detected by direct chimpanzee inoculation[30]. Thus,
the results presented for DHBV are likely also valid for
HBV. However, it must be considered for the interpretation of the in vitro data obtained by the quantitative
suspension test that recommendations for the application of the agents in practice can be concluded only to
a limited extent. Such favourable conditions as during
the homogeneous suspension are seldom to be found in
practice. Thus, results of the suspension test should not
be regarded as practical application in every case but they
allow conclusion of the efficacy of single disinfectants
and, therefore, they also allow to compare the efficacy
of different disinfectants[25]. For comparison, information on stability of HBV published by the World Health
Organization[99] is summarized in Table 3. These biocides
or measures, including concentrations, temperatures and
contact times, are recommended for clinical practice to
destroy infectious HBV. In contrast, Table 2 lists the
minimal concentrations and contact times for the duck
hepatitis B-virucidal activity of several biocides in the
quantitative suspension test in which a protein load of
10% fetal calf serum was used. When selecting the most
effective method for destroying infectious HBV, it should
be taken into account that the amounts of serum HBV
varies considerably among HBV-infected patients [100].
Thus, there can be differences in methods according to
the level of viremia in patients.
Additionally, the study by Sauerbrei et al[73] has shown
that biocides tested against DHBV are efficacious against
the vaccinia virus strain Lister or the modified vaccinia
Ankara strain[101], which are used in guidelines for the
declaration of limited virucidal activity of biocides[25].
The testing of these viruses does not present any difficulties; therefore, it can be expected that in the absence
of more direct tests, the results of DHBV, and even of

1

DHBV in vivo test system; 2DHBV in vitro assay. DHBV: Duck hepatitis B
virus.

EVALUATION OF BIOCIDES USING DUCK
HBV
Several study groups in Australia, the United States, the
United Kingdom and Germany have used the DHBV
in vivo test system and the DHBV in vitro assay to evaluate the DHB-virucidal efficacy of chemical biocides or
photochemical inactivation procedures. Table 1 gives an
overview of the evaluated biocides and procedures of
each study group. The majority of groups waived the in
vivo test system. Since the year 2000, DHBV in vitro assays have been used almost exclusively. A recent study
determined the DHB-virucidal activity of the following
five different chemical biocides: ethanol, isopropanol,
peracetic acid, glutaraldehyde and formaldehyde, which
are often ingredients present in commercially available
disinfectants[73]. Testing was carried out as modified quantitative suspension test[25] in the presence of a protein
load of 10% fetal calf serum. Table 2 lists the minimal
concentrations and contact times to reach virucidal efficacy. This means that ≥ 40% ethanol or isopropanol,
≥ 0.05% peracetic acid and ≥ 0.1% glutardiaaldehyde
within ≥ 1 min significantly inactivate infectious DHBV
corresponding to a 4-log10 reduction in viral titers. For
a 0.7% formaldehyde solution, which resulted in high
hepatocytotoxicity, a longer contact of ≥ 30 min is
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Table 3 Information on the stability of hepatitis B virus
[99]
published by the World Health Organization
Biocide/
measure
Sodium
hypochlorite

Sodium
hypochlorite
Glutaraldehyde

Concentration/
temperature

Contact
time

0.25%

3 min

5%

10

Remarks

Antigenicity of
hepatitis B surface
antigen is destroyed,
infectivity is probably
destroyed
10 min Inactivation of virus

2%
5 min
(room temperature)
Glutaraldehyde
2% (98  ℃)
2 min
Formaldehyde
5%
2 min
Isopropanol
70%
2 min
Ethanol
80% (11  ℃)
2 min
Autoclaving
121  ℃
20 min
Heat sterilization
160  ℃
1h

11

Inactivation of virus
Inactivation of virus
Inactivation of virus
Inactivation of virus
Inactivation of virus
Lost of infectivity
Lost of infectivity

12

13

the vaccinia virus or its modified Ankara strain, may be
extrapolated to HBV. Therefore, the surrogate DHBV
model can provide highly valuable data for the susceptibility of HBV to disinfectants.

14
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liver stiffness via transient elastography, acoustic radiation force impulse imaging, real-time elastography, or
magnetic resonance elastography. Although significant
advances have been made, most work to date has addressed the diagnostic utility of these techniques in
the context of cirrhosis caused by chronic hepatitis C
infection. In the present review, we examine the advantages afforded by use of non-invasive methods to
diagnose cirrhosis in patients with CHB infections and
the utility of such methods in clinical practice.
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Abstract

Core tip: Chronic hepatitis B (CHB) infection is associated with significant morbidity and mortality because it
can progress to cirrhosis or hepatocellular carcinoma.
Early diagnosis of liver cirrhosis in CHB patients is
important to prevent the disease progression. Noninvasive diagnosis has been developed remarkably and
showed high diagnostic accuracy for cirrhosis. New
methods and the combination of non-invasive diagnosis
tools may contribute to the improvement to diagnose
the cirrhosis with CHB.

Chronic hepatitis B (CHB) infection is a major public
health problem associated with significant morbidity and mortality worldwide. Twenty-three percent of
patients with CHB progress naturally to liver cirrhosis,
which was earlier thought to be irreversible. However,
it is now known that cirrhosis can in fact be reversed by
treatment with oral anti-nucleotide drugs. Thus, early
and accurate diagnosis of cirrhosis is important to allow
an appropriate treatment strategy to be chosen and to
predict the prognosis of patients with CHB. Liver biopsy
is the reference standard for assessment of liver fibrosis. However, the method is invasive, and is associated
with pain and complications that can be fatal. In addition, intra- and inter-observer variability compromises
the accuracy of liver biopsy data. Only small tissue
samples are obtained and fibrosis is heterogeneous in
such samples. This confounds the two types of observer variability mentioned above. Such limitations have
encouraged development of non-invasive methods for
assessment of fibrosis. These include measurements
of serum biomarkers of fibrosis; and assessment of
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hepatitis B (CHB) virus surface antigen (HBsAg) carriers and it is estimated that over 200000 CHB patients die
worldwide each year from cirrhosis[1,2]. The prognosis
is worse in those infected by hepatitis B virus (HBV) in
areas in which the virus is endemic. The annual rate of
progression from chronic hepatitis to cirrhosis is 2%-5%
in HBV e antigen-positive and 3%-10% in e antigennegative patients[3].
Early diagnosis of liver cirrhosis in CHB patients
is important because cirrhosis per se is an independent
predictor of mortality. The 1-year mortality rates vary
from 1% in patients with early-stage cirrhosis to 57% in
those with decompensated disease[4-6]. In addition, the
5-year cumulative risk that a cirrhotic patient will develop
hepatocellular carcinoma is 10%-17%[3]. Diagnosis of
cirrhosis in CHB patients may trigger early initiation of
antiviral treatment, which improves clinical outcomes.
Also, development of complications in such patients is
monitored regularly[7,8].
Traditionally, cirrhosis has been diagnosed with the
aid of clinical information, including laboratory and imaging data. However, such methods have their limitations,
and a liver biopsy has usually been required to confirm a
diagnosis of liver cirrhosis.
Cirrhosis occurs in response to chronic liver injury
and constitutes the final stage of progressive hepatic fibrosis characterized by distortion of hepatic architecture
and formation of regenerative nodules[9]. If a liver biopsy
sample is to be adequately diagnostic, the sample should
be at least 2-3 cm in length and contain more than 11
complete portal tracts[10]. However, it is usually difficult to
fulfill these requirements. Also, the evaluation of simultaneous biopsies taken from the left and right lobes yielded
different fibrosis scores in 33% of patients[11]. Intra- and
inter-observer variation contribute to test variability[12].
Biopsy is associated with a bleeding risk of 1%[13] and a
mortality rate of approximately 0.01%[14].
Therefore, it is necessary to investigate the new diagnostic methods for improving the limitations and complications of liver biopsy. Non-invasive modalities, including transient elastography (TE), acoustic radiation force
impulse imaging (ARFI), real-time elastography (RTE),
and magnetic resonance elastography (MRE), have been
developed to overcome the problems discussed above.
Also, markers of cirrhosis have been sought in blood.
Such non-invasive modalities have attracted much attention[15-22]. In the present review, we examine the roles
played by non-invasive diagnostic modalities in terms of
assessment of cirrhosis and prediction of the prognosis
of CHB patients.

to diagnose liver cirrhosis in CHB patients.
First, history-taking is a basic clinical approach. For
example, a family or past history of HBV infection is an
important clue to decide whether cirrhosis may or may
not be caused by HBV. The histories of blood transfusion, needle injury, and sexual activity are important factors for the route of infection.
Second, physical examination is both simple and essential. Spider angioma, splenomegaly, hepatomegaly, a
distended abdomen, the presence of shifting fluid, and
pitting edema suggestive of portal hypertension, all aid
in the diagnosis of liver cirrhosis in CHB patients. Blood
samples should be evaluated for the presence of HBV
surface antigen, platelet count, albumin level, prothrombin time, and total bilirubin concentration. Simple blood
test data do not afford great sensitivity in diagnosis of
cirrhosis, but one meta-analysis found that the presence
of ascites [likelihood ratio (LR) = 7.2], a platelet count <
160000/mm3 (LR = 6.3), and spider nevi (LR = 4.3) were
all usefully predictive of cirrhosis[23]. These simple blood
tests, and data from physical examination, are necessary
to evaluate the severity of cirrhosis, being parameters
used to derive Child-Pugh or Model for End-Stage Liver
Disease (MELD) scores for cirrhotic patients.
Third, imaging modalities including ultrasound, abdominal computed tomography (CT), and magnetic resonance imaging (MRI), can aid in detection of cirrhosis or
hepatocellular carcinoma in HBV patients. Liver cirrhosis
is typically associated with splenomegaly, hepatomegaly,
a coarse echo pattern of the liver parenchyma, nodularity
of the liver surface, a blunt angle, ascites, and thrombus
of the portal vein[24-27]. The sensitivity, specificity, positive predictive value (PPV), negative predictive value
(NPV), and accuracy of ultrasound used to predict the
presence of HBV-related cirrhosis were 77.8%, 92.5%,
87.5%, 86.0%, and 86.6%, respectively, and were higher
in CHB patients than in those with chronic hepatitis C
(CHC)[27]. Such radiological findings are also important
when abdominal CT or MRI is used to diagnose liver cirrhosis. Additionally, other radiological findings including
the velocity of portal flow, the shape of the hepatic vein
waveform (as revealed by Doppler testing), and the caudate lobe/right lobe ratio with use of the main or right
portal vein to set the lateral boundary (as revealed on CT
or MRI), are useful[24,28-30]. Of these parameters, a caudate
lobe/right lobe ratio over 0.65 is suggestive of the presence of liver cirrhosis. The sensitivity, specificity, and
accuracy of this measure were 84%, 100%, and 94%, respectively[30]. Liver surface nodularity, a platelet count less
than 100000/mm3, an albumin level less than 3.5 g/dl,
and an international normalized prothrombin time ratio
of 1.3 or more, are also associated with liver cirrhosis.
Each of these findings is associated with a specificity and
sensitivity of 90% and 61%, respectively, in terms of cirrhosis diagnosis[31].
An overview of clinical history, physical examination,
and review of laboratory and imaging test data, combine
to aid in the diagnosis of HBV-caused cirrhosis. The use

CLASSICAL DIAGNOSIS OF LIVER
CIRRHOSIS USING CLINICAL
INFORMATION
Clinicians usually take a clinical history, conduct a physical examination, and review laboratory and imaging data
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of clinical strategies that combine elements of these diagnostic modalities is crucial to diagnose cirrhosis in CHB
patients and to plan suitable treatment.

was less (grades 1-2) (median of 19.2 kPa in the former
patients vs 11.9 kPa in the latter; P = 0.009). The results
of liver biopsy and LSM differed in CHB patients with
cirrhosis, principally when necro-inflammatory activity of
grades 3-4 significantly increased the LSMs.
In addition, serum levels of aminotransferases must
be considered when interpreting TE data from hepatitis
B patients because alanine aminotransferase (ALT) flares
(which are frequent in CHB patients) cause TE values
to be artificially inflated[45]. Thus, patients with higher
ALT levels tend to have greater LSMs than do those with
lower ALT levels, even when the stage of liver fibrosis
is identical. Thus, TE values of CHB patients should be
interpreted cautiously because it is possible that patients
with low-grade fibrosis may score as false-negatives
whereas those with high ALT levels may yield falsepositive values. In patients with normal ALT levels, the
optimal cutoff values for reliable detection of cirrhosis
ranged from 8.4 to 12.0 kPa. However, in patients with
elevated ALT levels [> 1-5-fold the upper limit of normal (ULN)], the optimal cutoff values ranged from 8.4
to 13.4 kPa[19]. Kim et al[46] suggested that an appropriate
LSM cutoff value in CHB patients with ALT ≤ ULN
was 10.1 kPa, but 15.5 in those with ALT > ULN and
ALT < 2 × ULN. When only patients with ALT < ULN
were studied, the cutoff values allowing discrimination of
each stage of fibrosis were reduced, and the sum of LSM
sensitivity and specificity increased.
Both the total bilirubin level and the time of performance of LSM have been explored in terms of the ability to predict development of cirrhosis in CHB patients.
The total bilirubin level was significantly associated with
changes in LSMs. However, the LSM was not reduced
when measured soon after the levels of ALT and total
bilirubin normalized[47]. This suggests that normalization
of the LSM may occur only after laboratory measurements on serum return to normal. Therefore, biochemical findings should be well-stabilized before LSMs can be
considered reliable.
LSM data did not differ when the detector was placed
in the fifth, sixth, and seventh intercostal spaces[48]. All
LSMs accurately predicted development of cirrhosis. It
was not necessary that the site of LSM should correspond to the liver biopsy site in cirrhotic HBV patients.
A meta-analysis of 50 studies found that the mean
AUROC for reliable diagnosis of significant fibrosis and
cirrhosis was 0.94, with an optimal cutoff LSM of 13.01
kPa[49]. TE diagnosed severe fibrosis or cirrhosis more
reliably than less advanced fibrotic stages. The data suggest that TE is an excellent tool for use in clinical practice
to confirm the presence of cirrhosis when other clinical
data are not definitive.
Another meta-analysis of the data of nine studies
showed that use of TE to diagnose cirrhosis was associated with 87% sensitivity and 91% specificity[50]. TE
affords good diagnostic accuracy when used to quantify
the extent of liver fibrosis in patients with either CHB or
CHC. Chon et al[51] performed a meta-analysis of 18 stud-

TRANSIENT ELASTOGRAPHY
Measurement of liver stiffness
TE is a representative noninvasive method used to diagnose cirrhosis or assess the extent of fibrosis using
ultrasound elastography. The propagation velocity of
transient shear waves of low amplitude and frequency (50
Hz) is affected by the elasticity of the liver parenchyma.
If the waves propagate rapidly, the fibrotic burden is
large[32]. The outcome is expressed as a pressure (thus in
kilopascals; kPa) and ranges from 2.5 to 75 kPa (normal,
5 kPa)[33-35]. The reliability of the technique has been reported to be over 60% and the median interquartile range
less than 30%[36-38]. The generator is placed over an interspace of the ribcage of the right upper quadrant. The
test usually takes 5-10 min. Typically, 10 or more measurements are taken but three valid measurements suffice
to reliably diagnose liver fibrosis in CHB patients[39].
Diagnostic performance
Most studies have found that TE performs well when
used to diagnose and measure the extent of liver fibrosis
in patients with CHC infection or other liver conditions[40-42]. TE also afforded acceptable diagnostic accuracy in CHB patients[18-20]. Marcellin et al[20] reported that
TE used to diagnose cirrhosis in CHB patients had a diagnostic accuracy of 94%, a sensitivity of 57%, a specificity of 97%, a PPV of 67%, and an NPV of 96%. When
maximal sensitivity and specificity are required, the cutoff
value falls to 11.0 kPa (sensitivity 93%, specificity 87%,
PPV 38%, and NPV 99%). Chan et al[19] found that TE
yielded a good diagnostic performance in clinical practice.
The maximal diagnostic accuracy was associated with a
cutoff of 13.4 kPa but this value was 12.0 kPa when the
sum of sensitivity and specificity was maximized. A liver
stiffness measurement (LSM) cutoff value can easily be
determined for each particular clinical requirement. A
highly sensitive cutoff is useful when screening for earlystage cirrhosis whereas a highly specific cutoff would aid
in detection of significant fibrosis or cirrhosis. A cutoff
affording a high diagnostic accuracy would be valuable
to ensure correct diagnosis. Interestingly, the cutoffs
obtained by maximizing the sum of sensitivity and specificity, the area under the receiver operating characteristic
(AUROC) curve, and diagnostic accuracy, were slightly
lower for CHB than CHC patients. This is because the
extent of fibrosis is slightly less in the former patients[43].
Cirrhosis in CHB patients is more macronodular in nature than in patients with CHC or alcoholic liver disease.
Kim et al[44] found that LSMs and biopsy data were
not in agreement with measures of necro-inflammatory
activity in CHB patients. LSMs were significantly higher
in cirrhotic patients in whom such activity was maximal
(grades 3-4; grade 4 is termed F4) than when the activity
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ies with 2772 patients and found that the cutoff value
for detection of cirrhosis in Asian CHB patients was
11.7 kPa, with a sensitivity and specificity of 84.6% and
81.5%, respectively. The mean AUROC for diagnosis of
cirrhosis was 0.929.

The probe is usually placed between the ribs on the
right side (e.g., in segment 8) to reduce the effect of cardiac motion on measurement. Thus, the device is located
approximately where a liver biopsy is usually performed
1 cm under the capsule. Minimal scanning pressure is applied and the patient is asked to stop breathing for a moment, to minimize motion[62-64]. Data can also be obtained
from the left lobe, which always appears to be stiffer than
the right lobe, although data from both lobes correlate
well with the stage of fibrosis[65]. The difference in measurement may be explained by variation in the pressure
with which the ultrasonographic probe is placed. The
probe is not directly applied to the right lobe because the
chest wall intervenes to prevent direct probe contact with
the liver.

Advantages and disadvantages of TE
TE data are reproducible and the results have been validated in detail. The procedure time is less than 5 min. It
is easy to evaluate patients either at the bedside or in the
outpatient clinic. TE is useful when employed to followup disease progression and to predict hepatic events preceding cirrhosis[52].
However, it is difficult to obtain TE data from obese
patients [those with a body mass index (BMI) above 28
kg/m2] and patients with narrow intercostal spaces, ascites, space-occupying tissue abnormalities, extrahepatic
cholestasis, or congestion[15,53,54]. The difficulty of reliably
measuring liver stiffness in patients with ascites is a major
disadvantage, because ascites is a typical sign of cirrhosis.
Recently, an XL TE probe (as distinct from the standard M probe) has been used to gather data from obese
patients. The XL probe afforded the best diagnostic performance of all probes tested and a relatively low level
of measurement failure[55]. Compared to the M probe,
the XL probe operates at a lower frequency (3.5 MHz vs
5 MHz), is longer (ultrasound transducer focal length of
50 mm vs 35 mm), yields vibration of greater amplitude
(peak-to-peak 3 mm vs 2 mm), and has a greater depth of
measurement (35-75 mm vs 25-65 mm). Failure of LSM
using the M probe occurred in 29.1% of patients with
BMIs of 30 kg/m2 or more, but the failure rate was only
6.8% when the XL probe was employed.
Interestingly, eating prior to performance of TE can
compromise the accuracy of LSMs in both CHC patients
and those with other conditions [56,57]. The impact of
ingestion on liver stiffness values is proportional to the
stage of fibrosis, being maximal in patients with cirrhosis.
This is because liver stiffness increases as portal blood
flow and the hepatic vein pressure gradient rise after a
meal[58]. Therefore, it is necessary for a patient to fast for
at least 2 h prior to performance of TE.

Diagnostic performance
ARFI SWV diagnostic cutoff values of 1.75-2.00 m/s
have been reported in patients with liver cirrhosis[62-67].
Chen et al[68] explored the association between spleen stiffness and advanced liver fibrosis. The optimal cutoff value
was 3.32 m/s for detection of cirrhosis (80.0% sensitivity, 88.4% specificity, 55.5% PPV, 96.0% NPV). However,
these data should be interpreted with caution because the
proportion of HBV patients in the tested population was
too small to allow the diagnostic performance of ARFI
in cirrhotic HBV patients to be evaluated. ARFI has been
used to examine patients with a variety of liver diseases,
principally hepatitis C infection.
Friedrich-Rust et al[69] were the first to use ARFI to
assess the severity of liver fibrosis in HBV patients. In
this prospective European multicenter study, the median
SWV was 0.76-2.96 m/s in CHB patients. In terms of
Metavir fibrosis scores, the median velocities were 1.10
m/s for F0 patients, 1.14 m/s for F1 patients, 1.23 m/s
for F2 patients, 1.60 m/s for F3 patients, and 1.75 m/s
for F4 patients. The accuracy of cirrhosis diagnosis was
0.97. The cutoff for diagnosis of significant fibrosis (F
grade ≥ 2) was 1.39 m/s with a sensitivity of 50%, a
specificity of 90%, a PPV of 67%, an NPV of 73%, a
positive likelihood ratio of 5.125, and a negative likelihood ratio of 0.554. However, no optimal cutoff for
diagnosis of cirrhosis in CHB patients was derived, because the number of patients with F3/F4 fibrosis was
too small. The diagnostic accuracy of ARFI in HBV
patients with different degrees of fibrosis was lower than
reported in previous studies on CHC patients who had
fibrosis ranging from mild to significant, or cirrhosis. The
accuracy of ARFI when used to detect mild fibrosis was
66% in HBV patients compared to 73% in studies on
patients with CHC and other liver diseases. The accuracy
values were 73% and 82%-90% in patients with significant fibrosis, 94% and 90%-99% in those with severe
fibrosis, and similar (97% and 87%-99%) in those with
cirrhosis[62-72]. Further randomized prospective studies are
required to determine whether ARFI data are influenced
by underlying liver disease.
One meta-analysis reviewed 36 reports on ARFI im-

ACOUSTIC RADIATION FORCE IMPULSE
IMAGING
Measurement of liver stiffness
ARFI, which employs conventional B-mode sonography, is an alternative to TE. ARFI mechanically excites
tissue for a brief period via delivery of a high-intensity
acoustic pulse to a region of interest (ROI). Shear waves
propagate and generate localized tissue displacement[59].
The shear-wave velocity (SWV) is recorded in m/s and
quantified in a region smaller than that examined when
TE is employed (10 mm long and 6 mm wide). The ROI
can be chosen by the operator. The SWV increases with
stiffness. Thus, the SWV is an intrinsic and reproducible
property of tissue[59-61].
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aging of CHB patients and those with other liver diseases. In terms of diagnosis of patients of F grade ≥ 3, the
mean AUROCs of studies including and excluding HBV
patients were 0.87 (95%CI: 0.85-0.90) and 0.92 (95%CI:
0.89-0.95), respectively[73]. Thus, AFRI afforded good diagnostic accuracy when used to detect cirrhosis.

head to stretch the intercostal muscles. After B-mode
examination, the elastographic mode is selected. It is
easy to verify the position of the liver because the elastographic images may be superimposed on B-mode
reference images. The probe pressure may be varied
manually. A small compression plate is usually attached to
the ultrasonic probe so that stable tissue compression is
attained and the stress field transmitted more uniformly.
Tissue elasticity is color-coded (red: soft; blue: hard) in
terms of magnitude and superimposed on conventional
two-dimensional (2D) images[83], allowing anatomical correspondence to be noted.

Advantages and disadvantages
In contrast to TE, ARFI yields real-time information
on the extent of liver stiffness during observation using
B-mode ultrasonography. Also, liver tissue can be directly
targeted, with exclusion of small non-parenchymatous
areas (for example, blood vessels). If a patient has a large
right-side tumor or ascites, it is difficult to measure LSM
using TE. In such instances, ARFI can be employed to
diagnose cirrhosis. As ARFI is performed using a conventional ultrasound instrument, ARFI and standard ultrasound examination may be performed using the same
machine in the same session. This is convenient for CHB
patients, who are usually examined ultrasonographically
once or twice per year.
The major disadvantage of ARFI is that no long-term
follow-up validation studies have been performed. Also,
ARFI values, in contrast to TE values, have a narrow
range (0.5-4.4 m/s). This makes it difficult to define precise cutoff values that can be used to make decisions on
patient management.
Cassinotto et al[55] reported that ARFI was (like TE)
less efficient in obese patients. This is because the ultrasound beam travels poorly through thick fatty soft tissue.
Thus, ARFI cannot be used as a first-line examination
modality for obese patients.
An advantage of ARFI is the ability to measure LSM
in both the right and left lobes of the liver. However,
upon simultaneous liver biopsy of both lobes, a betweenlobe difference of at least one fibrosis stage was noted in
only 33% of patients, and liver cirrhosis was evident in
only one biopsy in 14.5% of cases[11].
Acute cellular infiltration, increased central venous
pressure, and cholestasis, can cause the extent of liver
fibrosis to be overestimated. These possibilities should be
considered when interpreting elastography data[74-76]. As
is true of TE measurements, food intake also increases
ARFI-measured liver stiffness[77].

Diagnostic performance
Only a few reports on use of RTE to evaluate CHB patients have appeared. Xie et al[84] used RTE to calculate
elastic strain ratios (elastic strain values of liver tissue in
the ROI/strain values of intercostal muscle in the ROI)
in patients with different degrees of liver fibrosis. The
diagnostic cut-off ratios were 1.10 in patients with substantial liver fibrosis and 0.60 in those with cirrhosis. The
detection sensitivities for substantial fibrosis and cirrhosis
were 77.8% and 50.0%, respectively, and the specificities 80.0% and 96.7%. The positive predictive values
were 80.0% and 71.4% and the negative predictive values
77.8% and 92.2%.
Wang et al[85] described the diagnostic performance of
an elasticity index obtained using RTE, and the aspartate
aminotransferase (AST) to platelet ratio index (APRI)
used to stage liver fibrosis in CHB patients. The AUROCs for detection of cirrhosis were 0.66 and 0.23, respectively. The diagnostic accuracies of both tests used to
assess the stage of liver fibrosis (except cirrhosis) in CHB
patients were high. In terms of elasticity index distribution by Metavir fibrosis stage, the cut-off value was 90.31
for cirrhosis.
Advantages and disadvantages
RTE reveals relative tissue strain in real time by measuring tissue displacement. RTE can be used (as can ARFI)
to evaluate liver fibrosis patients with ascites or who are
severely obese. Eleven stiffness parameters are measured,
and changes in tissue stiffness are thus evaluated systematically and sensitively.
However, RTE requires further clinical validation.
Although strain images are usually clear, artifacts include
multiple reflections at the surface of the liver; echo-free
areas filled by thick blood vessels, ribs and lungs; and lack
of wave penetration. Also, if the probe pressure is excessive, the elastic relationship will vary (elasticity is nonlinear). In addition, pressure is not uniformly transmitted to
the liver because that tissue is slightly deformed by heartbeats. However, good images can be obtained simply by
applying the probe lightly to right-side intercostal regions.
New quantitative analysis systems can measure tissue
compression caused by the rhythmic beats of the heart
and blood vessels; no manual compression is required.
This minimizes the capacity for human error.

REAL-TIME ELASTOGRAPHY
Measurement of liver stiffness
RTE is a novel noninvasive ultrasound modality measuring liver elasticity, and has recently been used to quantitatively assess the extent of liver fibrosis[78-81]. As with
ARFI, RTE uses a modified version of standard ultrasound equipment. RTE propagates a shear wave through
the liver and echo signals are captured in real time.
Friedrich-Rust et al[79] and Kanamoto et al[82] examined the
utility of RTE in evaluation of liver fibrosis.
No special skills are required. A patient is placed in
a supine position with the right arm extended above the
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routine liver MRI; clinicians can simultaneously assess
structural disease, liver stiffness, and fat and iron levels.
Serum ALT level is a known confounding factor
when fibrosis is detected using TE; liver stiffness is positively correlated with serum ALT levels[95,96]. However,
MRE has exhibited no such association[89], probably because MRE and TE assess different mechanical properties.
However, MRE is quite expensive, and is not yet
widely available. MRE cannot be used to evaluate patients
who are claustrophobic or fitted with heart pacemakers.
MRE is more time-consuming than are other ultrasoundbased elastographic methods. MRE cannot be performed
on iron-overloaded livers because of signal-to-noise limitations.

MAGNETIC RESONANCE
ELASTOGRAPHY
Measurement of liver stiffness
MRE is not yet widely available. The technique uses a
modified phase-contrast method to image the propagative characteristics of a shear wave traversing the liver[86].
A probe is placed against the patient’s back. Measurements are obtained from the anterior segment of the
right lobe (the region of the liver that is usually biopsied).
Liver stiffness is measured by delineating an ROI of at
least 100 mm2 in the liver parenchyma, avoiding the edges
of the tissue, large vessels (> 3 mm in diameter), and fissures. Low-frequency vibrations are emitted and the MRI
spin echo sequence is used to gather data. Mean liver
stiffness is expressed in kPa using a formula deriving a
shear modulus, which is one-third the modulus of Young
used in TE evaluation[87].

SERUM BIOMARKERS
Measurement of liver stiffness
Diagnostic serum biomarkers of liver fibrosis and cirrhosis have been well-validated. Although marker levels are
highly reproducible, they are not specific for liver disease
and do not allow easy discrimination of intermediate
stages of fibrosis[95]. Score panels based on combined
blood test data are also of limited utility in differentiating
the stages of fibrosis. Biomarkers detect cirrhosis more
readily than intermediate stages of fibrosis[97,98]. However,
the clinical utility of markers in diagnosis of liver cirrhosis requires further verification.

Diagnostic performance
From a clinical viewpoint, MRE affords excellent accuracy
when used to differentiate significant fibrosis from mild
fibrosis or absence of fibrosis, and cirrhosis from other
stages of liver fibrosis[88,89]. MRE has a high negative predictive value (97%) when used to exclude the presence of
fibrosis[90]. A meta-analysis reviewing five studies employing MRE showed that the technique performed well diagnostically when used to evaluate liver cirrhosis attributable
to different causes. The sensitivity of the technique was
92% and the specificity 96% when used differentiate F0-2
fibrosis from fibrosis of grades F3-4[91].
Venkatesh et al[92] found that MRE was an accurate
non-invasive method when used to detect and stage fibrosis in CHB patients. The diagnostic performance of
MRE was significantly higher than those of serum fibrosis markers. The optimally discriminatory cutoff MRE
value was 4.33 kPa for diagnosis of cirrhosis in CHB patients, with a sensitivity of 100%, a specificity of 100%, a
PPV of 91.3%, and an NPV of 100%. Use of MRE was
associated with a 14.3% error rate. Therefore, MRE is a
valuable non-invasive test when used to detect and stage
liver fibrosis in CHB patients.
Interestingly, the MRE cutoff value for diagnosis of
cirrhosis in CHB patients (4.33 kPa) was lower than that
reported for CHC patients (6.20 kPa)[93] but similar to that
associated with diagnosis of advanced fibrosis in NASH
patients (4.3 kPa)[94]. This suggests that the cutoff values
of diagnostic MRE data differ for diseases that vary in
etiology. However, such results require confirmation in
large-scale studies.

Diagnostic performance
Several serum markers have been evaluated in terms of
the ability to diagnose liver cirrhosis. These include the
FibroTest, the APRI, the prothrombin index (PI), the
AST/ALT ratio (the AAR), the Lok index, and the Goteborg University cirrhosis index (the GUCI)[99,100]. The FibroTest and biopsy data performed similarly when used
to diagnosis significant fibrosis in CHC patients[98,101-104].
One large study (of 913 CHC and 284 HBV patients)
prospectively compared the most popular patented tests
(the FibroTest, the Fibrometre, and the Hepacore) with
a nonpatented test (the APRI); the AUROC values for
cirrhosis ranged from 0.77 to 0.86 and no significant
among-test differences in scores were evident[105]. Although nonpatented tests such as the Forns index, the
FIB-4, and the APRI may lack the performance of the
patented tests, the former tests are inexpensive, easy to
perform, and widely available. However, few serum biomarkers have been evaluated in terms of the ability to
define the stage of liver cirrhosis in CHB patients. The
results of studies on CHC patients cannot be directly
applied to CHB patients because CHB infection is associated with a specific type of pathogenesis. Thus, dedicated
validation of marker utility in CHB patients is required.
The FibroTest has been studied extensively over the
last 5 years and is currently the best-understood serum
marker panel used to detect fibrosis[106]. Application of

Advantages and disadvantages
MRE affords a significantly higher accuracy and technical success rate than other non-invasive modalities. MRE
scans the entire liver and thus does not select an acoustic
window. MRE can be used to evaluate obese patients or
those with ascites. MRE can be easily incorporated into
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0.84. Zeng et al[114] developed a non-invasive combination
model including age and measurements of serum alpha2-macroglobulin, hyaluronan, and γ-glutamyl transpeptidase. The AUROCs were 0.77-0.84. The expected rate of
misdiagnosis was around 20%, similar to that reported in
hepatitis C patients. However, it may be inappropriate to
apply the test in real clinical settings. Recently, “proteome”
technology has been used to study liver fibrosis. A total
of 30 features predictive of significant fibrosis and cirrhosis were identified in 46 CHB patients. The AUROCs
were high, being 0.906 and 0.921 for detection of advanced fibrosis and cirrhosis, respectively[115]. However,
the method is rather complicated and may not be applicable to large-scale testing.
A meta-analysis[116] of data from 30 studies using the
FibroTest and biopsy (3501 CHC and 1457 CHB patients) found that the mean standardized AUROC for diagnosis of significant fibrosis was 0.84, and did not differ
significantly between patients with CHC (0.85) and CHB
(0.80).

the FibroTest to CHB patients was associated with AUROCs of 0.77-0.78 for detection of significant fibrosis
and cirrhosis, with 85.0% sensitivity and 52.0% specificity[107,108].
The APRI is a simple test that combines AST level
with platelet count to predict the occurrence of significant
fibrosis and cirrhosis in CHC patients. Venkatesh et al[92]
showed that serum AST levels differed significantly between patients with low-grade and advanced fibrosis, but
ALT levels did not. The APRI was helpful for discriminating CHB patients with advanced fibrosis from those
with mild-to-moderate conditions. When the APRI cutoff was set at 0.5 for CHB patients, the AUROC for prediction of significant fibrosis was 0.673[109] and the PPV
and NPV 30% and 87%, respectively. In other words, the
APRI can reliably be used to exclude the presence of significant fibrosis.
Hui et al[109] developed a predictive model based on
body mass index (BMI) and the data of three routine
laboratory tests, which had an AUROC of 0.79 when
used to assess the fibrosis stage of CHB patients. The
laboratory data were bilirubin, albumin, platelet, and ALP
levels. The PPV was 38% when a cutoff of 0.15 was applied and 53% when the cutoff was 0.5. The results suggest that the model should be used primarily to identify
patients lacking significant fibrosis.
Sebastiani et al[110] reported that sequential use of
the APRI, the FibroTest, and liver biopsy data, greatly
improved diagnostic performance compared to use of
a single non-invasive test in CHB patients. The sequential combination was developed to detect cirrhosis in
HBV patients. The need for liver biopsy was reduced by
50%-80%. All of the FibroTest, the APRI, the AAR, and
the GUCI were only 77.5%-86.1% accurate in terms of
cirrhosis detection when used individually. The FibroTest
showed the best PPV, NPV, and AUROC for cirrhosis
detection (90%, 87.1%, and 0.76, respectively). However,
the sequential combination afforded excellent accuracy
(100%) in terms of detection. Stepwise combination algorithms featuring the APRI, the FibroTest, and biopsy,
afforded excellent performance (0.95 AUROC and 98.3%
NPV for cirrhosis).
Montazeri et al[111] suggested that serum hyaluronate
level might predict extensive liver fibrosis and inflammation in CHB patients. Zhang et al[112] suggested that use of
the APRI test in combination with hyaluronic acid (HA)
measurement could serve to detect moderate-to-severe
fibrosis in CHB patients. When the APRI was used alone
to this end, the sensitivity, specificity, PPV, and NPV were
44.7%, 84.3%, 41.3%, and 84.7%, respectively. The diagnostic performance of the APRI was low in terms of discrimination of fibrosis stages in such patients. However,
when an APRI score of ≥ 1.5 was used in combination
with an HA cutoff of > 300 ng/ml, moderate-to-severe
fibrosis was accurately predicted in CHB patients (98.9%
of specificity and 93.7% of PPV).
Lebensztejn et al[113] reported that the AUROC of
combined hyaluronan and laminin measurements was
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Advantages and disadvantages
The inter-laboratory reproducibilities of the FibroMeter,
FibroTest, and APRI tests, and combinations thereof,
are excellent[117]. The APRI test is inexpensive and widely
available (being nonpatented). However, these tests perform less well than does TE in terms of cirrhosis diagnosis. Also, test results are not immediately available[95]. The
tests are not specific for liver disease and do not discriminate among the intermediate stages of fibrosis. Test results can be influenced by comorbidities, and critical data
interpretation is required. False-positive FibroTest and
Hepascore results are yielded by patients with Gilbert’s
syndrome or hemolysis, because such patients exhibit hyperbilirubinemia[118]. Similarly, acute hepatitis can produce
false-positive results in the APRI, Forns index, FIB-4, or
Fibrometer tests.

DIAGNOSIS OF DECOMPENSATED
CIRRHOSIS
Recently, noninvasive ultrasound- and MRI-based elastographic techniques have allowed the relationships between liver or spleen stiffness and portal pressure to be
explored. Use of TE revealed a statistically significant
association of these parameters with the hepatic venous
pressure gradient of CHC patients[119,120], and a correlation with the grade of esophageal varices was evident[121].
Talwalkar et al[122] used MRE to show that splenomegaly,
mean spleen stiffness, and serum platelet count were
potentially associated with the presence of esophageal
varices. Neither the mean liver stiffness value nor the
mean spleen volume was significantly associated with the
presence of esophageal varices. A cutoff spleen stiffness
value of over 10.5 kPa identified all cirrhotic patients
with esophageal varices.
Ye et al[123] reported that the liver stiffness cutoff value
of ARFI was 1.88 m/s for diagnosis of liver cirrhosis in
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Comparison of RTE and other elastographic modalities
Colombo et al[125] compared the utility of TE, RTE, and
ARFI in diagnosis of liver fibrosis. TE and ARFI exhibited high diagnostic accuracies (AUROCs 0.9) when used
to diagnose cirrhosis. All three methods afforded fair
(AUROC = 0.7) to good (AUROC = 0.8) diagnostic accuracy when used to diagnose all fibrosis (F1-4 Metavir
grades) and significant fibrosis (F2-4 Metavir grades). Of
the various modalities, TE exhibited the best diagnostic
performance (AUROCs of 0.878 for fibrosis and 0.897
for significant fibrosis, respectively). TE and ARFI were
highly accurate when used to diagnose cirrhosis.
Friedrich-Rust et al[79] found that the AUROCs for
diagnosis of significant fibrosis and cirrhosis using TE
and RTE were 0.84 vs 0.69, and 0.97 vs 0.65, respectively.
RTE was less accurate than TE when used to predict
liver fibrosis. However, upon direct comparison of TE,
RTE, and ARFI in 74 Korean patients, the cut-off values for diagnosis of cirrhosis were 8.60 kPa (AUROC
= 0.786; sensitivity, 81.0%; specificity, 64.2%); 1.39 m/s
(AUROC = 0.807; sensitivity, 90.5%; specificity, 66.0%);
and 2.79 (AUROC = 0.767; sensitivity, 81.0%; specificity,
64.2%), respectively[126]. TE and ARFI, rather than RTE,
are the best modalities for non-invasive assessment of
liver fibrosis. However, all three methods reliably predict
cirrhosis.

CHB patients (AUROC = 0.97; sensitivity, 95.7%; specificity, 91.8). Interestingly, spleen stiffness values were also
determined in the cited study, to aid in diagnosis of cirrhosis and esophageal varices. The spleen stiffness cutoff value was 2.72 m/s for diagnosis of liver cirrhosis
(AUROC = 0.96; sensitivity, 88.4%; specificity, 93.2%).
The optimal spleen stiffness cutoff predicting varices was
3.16 m/s (AUROC = 0.83). In this report, portal hypertensions could not be graded according to liver stiffness,
but a significant linear correlation was evident between
spleen stiffness and varices grade.

COMPARISONS OF MODALITIES USED
TO DIAGNOSE CIRRHOSIS
TE and ARFI
Lupsor et al[66] found that both ARFI and TE data were
strongly correlated with the stage of fibrosis, and TE was
superior when used to predict early-stage disease in patients with chronic hepatitis C. However, Ebinuma et al[65]
found that the diagnostic powers of the two techniques
were almost identical. Neither mode detected low-grade
fibrosis effectively, but diagnostic capacities rose as the
stage of fibrosis advanced.
ARFI and TE were compared in a meta-analysis
of eight studies involving 518 patients. TE afforded a
slightly higher diagnostic accuracy for cirrhosis (mean
AUROC difference: 0.04)[124]. The mean AUROC of all
published studies on the use of ARFI to detect cirrhosis
in CHB patients was 0.90. However, most studies had
small sample numbers and the study populations were
heterogeneous.
Friedrich-Rust et al[69] found that ARFI and TE performed similarly when used to diagnose liver fibrosis
in CHB patients. ARFI afforded excellent performance
when used to diagnose advanced fibrosis, but differentiation of mild fibrosis was in need of improvement. When
a low cutoff of 1.03 m/s was used to exclude significant
fibrosis, and a high cutoff of 1.39 m/s to confirm significant fibrosis, 38% of patients were correctly classified
using ARFI.
Cassinotto et al[55] compared the use of ARFI, TE
with the M and XL probes, and the FibroTest, in evaluation of 321 patients (39 with HBV infections). In terms
of cirrhosis diagnosis, no significant difference was evident between ARFI elastography and TE with the M or
XL probes. However, the diagnostic performance of TE
was significantly better than that of the FibroTest.

Comparison of elastography and serum biomarker
measurements
In terms of detection of cirrhosis, AUROC analysis
indicated that the APRI test was superior to the elastic
strain ratio determined using real-time elastography, and
the Forns index[84]. This suggests that the APRI should
be used to diagnose cirrhosis in preference to calculation
of the elastic strain ratio. When the AUROCs of spleen
stiffness measurement and APRI were compared, the
overall diagnostic performance of the former test in prediction of liver fibrosis stages was superior to that of the
APRI[68]. The diagnostic accuracy of the FibroTest was
comparable to those of elastographic methods. APRI
scoring has been shown to be inferior to FibroTest- and
TE-based evaluations[127,128].
Other methods for diagnosis of liver cirrhosis
Hu et al[129] measured newly maximal accumulative respiration strain (MARS) values obtained from hepatic tissue
image analysis of CHB patients. Each value represents
the average strain of hepatic tissue in the ROI at different
stages of the respiratory cycle. The MARS values were
correlated with fibrotic stage. The diagnostic accuracy
rate for cirrhosis had an AUROC of 0.75. However, the
performance of MARS was inferior to that of TE.

Comparison of TE and MRE
In a comparative study, MRE was superior to both TE
and APRI when used to assess liver fibrosis, affording
accuracies of over 98% in diagnosis of all categories of
fibrosis[89]. The AUROC of MRE was 0.998 for diagnosis of liver cirrhosis and the technical success rate was
higher than that associated with ultrasound elastography
(AUROC = 0.930), APRI (AUROC = 0.820), and a combination of TE with APRI (AUROC = 0.944).
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COMBINATION OF LSM WITH OTHER
MODELS OF FIBROSIS PREDICTION
The use of combination models has been proposed to
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Table 1 Diagnostic performance of non-invasive diagnostic methods in predicting cirrhosis with chronic hepatitis B
Ref.

Year

Modality

Patients (n )

Cut-offs ≥ F4

Myers et al[107]

2003

Biomarkers

209

Hui et al[109]

2005

Biomarkers

235

Zeng et al[114]

2005

Biomarkers

200

Marcellin et al[20]

2009

TE

173

Chan et al[19]

2009

TE

161

Kim et al[18]
Kim et al[52]

2009
2010

Kim et al[138]

2010

TE
TE
TE
LSPI4

91
104
52
330

Hu et al[129]
Ye et al[123]

2010
2011

28
264

Xie et al[84]

2012

Wang et al[85]

2012

Cassinotto et al[55]

2013

Friedrich-Rust et al[69]

2013

Venkatesh et al[92]

2013

MARS
ARFI
Spleen ARFI
RTE7
APRI
RTE
APRI
TE8
TE9
ARFI
TE
MRE

0.21
0.41
0.81
> 0.151
> 0.51
> 3.01
> 8.71
18.2 kPa2
11 kPa2
13.4 kPa2
12 kPa3
10.3 kPa
10.1 kPa
15.5 kPa
385
625
426
946
20.32%
1.88 m/s
2.72 m/s
-0.6

71
71
75
75
285
254
92
92
64

90.31
14.1 kPa
10.1 kPa

4.33 kPa

Standard reference AUROC
Biopsy

0.780

Biopsy

0.791
0.791
0.770
0.770
0.930
0.930
0.930

Biopsy
Biopsy
Biopsy
Biopsy
Biopsy
Biopsy
Biopsy

Biopsy
Biopsy
Biopsy
Biopsy
Biopsy
Biopsy
Biopsy
Biopsy
Biopsy
Biopsy
Biopsy

0.803
0.849
0.867
0.956

0.750
0.970
0.960
0.797
0.930
0.660
0.930
0.910
0.880
0.970
0.930
0.980

Se

Sp

85.0% 52.0%
54.0% 80.0%
18.0% 99.0%
88.0% 50.0%
37.0% 88.0%
94.8% 44.1%
35.3% 95.2%
57.0% 97.0%
93.0% 87.0%
75.0% 93.0%
79.0% 92.0%
59.0% 78.0%
86.7% 88.1%
66.7% 100.0%
98.0% 69.2%
85.9% 93.8%
96.3% 67.4%
67.5% 97.7%
100.0%
95.7% 91.8%
88.4% 93.2%
50.0% 96.7%
71.4% 80.0%
77.0% 92.0%
85.0% 82.0%
100.0% 95.2%

Accuracy

PPV

NPV

93.0
94.0
38.0
89.0
89.0
82.0
-

43.0
53.0
92.0
38.0
53.0
70.1
91.1
67.0
38.0
78.0
76.0
68.0
87.5
100.0
82.9
95.5
73.3
96.4
71.4
93.8
74.0
76.0
91.3

92.0
81.0
75.0
92.0
81.0
86.1
51.6
96.0
99.0
92.0
93.0
72.0
77.1
72.9
95.7
81.3
95.1
76.4
92.2
40.0
93.0
96.0
100.0

1

cut-off value for significant fibrosis; 2cut-off value with maximum of diagnosis accuracy; 3cut off value with a maximum sum of sensitivity and specificity;
Liver stiffness measurement × spleen diameter/platelet count; 5cut-off value with normal alanine aminotransferase (ALT); 6cut-off value with high ALT;
7
Elastic strand ratio; 8M probe; 9XL probe. LSPI: Liver stiffness measurement - spleen diameter to platelet ratio index; TE: Transient elastography; ARFI:
Acoustic radiation force impulse imaging; RTE: Real-time elastography; MRE: Magnetic resonance elastography; MARS: Maximal accumulative respiration
strain; Se: sensitivity; Sp: specificity; PPV: Positive predictive value; NPV: Negative predictive value; AUROC: Area under the receiver operating characteristic.
4

increase the diagnostic performance of tests for liver
cirrhosis, although elastography alone accurately predicts histological cirrhosis. The combined use of the
Enhanced Liver Fibrosis (ELF) test with either ARFI or
TE in patients with multi-origin cirrhosis increased the
diagnostic accuracy of liver cirrhosis[130]. The PPV and
NPV of ARFI-plus-ELF were 73% and 100%, and those
of TE-plus-ELF 64% and 100%, respectively.
The ultimate validation of liver fibrosis as a marker
of liver injury is the prognostic value thereof in terms of
morbidity and mortality. In recent studies on non-CHB
patients, the TE test and measures of serum fibrosis
markers were prognostically more valuable than liver biopsy data[131-133]. However, long-term follow-up studies on
ARFI are required.
Chung et al[126] explored the efficacies of combinations of LSM modalities (TE, ARFI, and RTE) with
platelet count in terms of increasing the diagnostic power
for liver disease of varying etiology. Cutoff ratios of
LSM/(platelet count) used to predict cirrhosis were no
more effective than the LSM data alone. However, the
ratios predicted significant fibrosis (grade ≥ F2) more effectively than did LSM data alone.
The diagnostic performance of TE in CHB patients
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can be improved by combining test data with those of
fibrosis serum marker levels derived using the APRI,
Fib-4, Fibrometer and FibroTest[134-136]. Wong et al[137] reported that agreement between a high LSM and a high
Forns index value improved diagnostic specificity (from
99% to 100% and from 87% to 98% in training and validation cohorts, respectively). Kim et al[138] derived optimal
predictive threshold values of the LSM/spleen diameter
to platelet ratio index (LSPI; LSM × spleen diameter/
platelet count) for detection of cirrhosis in terms of ALT
level. The AUROC was 0.956, thus slightly higher than
the AUROC of 0.919 afforded by use of TE data alone.
When used to diagnose cirrhosis in patients with normal
ALT levels, use of an LSPI predictive threshold value of
38 was associated with 98.0% sensitivity and 69.2% specificity, whereas a threshold value of 62 was associated
with 85.9% sensitivity and 93.8% specificity. Similarly, in a
high-level ALT group, an LSPI predictive threshold value
of 42 was associated with 96.3% sensitivity and 67.4%
specificity, whereas a threshold of 94 was associated with
67.5% sensitivity and 97.7% specificity.
Kim et al[46] found that optimal LSM cutoff values varied with ALT level, and use of an index (a ratio) combining data on age, spleen size, and platelet level, enhanced
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LSM performance when used to diagnose cirrhosis in
CHB patients (AUROCs = 0.917 in patients with ALT ≤
upper ULN; 0.909 in those with ALT ≤ 2 × ULN; and
0.894 in all patients).
Evaluation of hepatitis B patients using elastography
increased the accuracy of these measures when used to
diagnose cirrhosis. Increasing acceptance of the utility of
combination modalities is expected to reduce the requirement for liver biopsy. The combination methods enhance
diagnostic accuracy and reduce the number of liver biopsies needed to evaluate cirrhotic CHB patients. An optimal choice of diagnostic modality requires the conduct
of large-scale validation studies in a variety of patient
populations. Also, the cost-effectiveness of combination
models requires future attention.
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Core tip: In this review paper, we summarize the distinct hepatitis B virus (HBV) mutation patterns related
to clinical severity and the molecular epidemiologic
traits in Korean chronic patients based on previous
reports. Generally, several lines of evidence have led
to the conclusion that a combination of the exclusive
predominance of genotype C2, which is prone to mutations, the high prevalence of basal core promoter
double mutations, and the presence of distinct immune
responses against HBV proteins in the Korean population may generate the distinct HBV variants rarely or
not encountered in other areas, which results in distinct
clinical manifestations in Korean chronic patients.

Abstract
Hepatitis B virus (HBV) infection is a global health
problem and more than 350 million people worldwide
are chronic carriers of the virus. Despite the recent
dramatic decline in HBV chronic patients through successful programs of hepatitis B surface antigen vaccination, South Korea is still recognized as an endemic area
of HBV infection. HBV infections in South Korea exhibit
several distinct features in epidemiologic and clinical aspects. In this review paper, we summarize the distinct
HBV mutation patterns related to clinical severity and
the molecular epidemiologic traits in Korean chronic
patients based on previous reports. Generally, several
lines of evidence, including our previous results, have
led to the conclusion that a combination of the exclusive predominance of genotype C2, which is prone to
mutations, the high prevalence of basal core promoter
double mutations, and the presence of distinct immune
responses against HBV proteins in the Korean population may generate the distinct HBV variants rarely or
not encountered in other areas, which results in distinct
clinical manifestations in Korean chronic patients. This
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INTRODUCTION
Hepatitis B virus (HBV) infection is a global health problem, and more than 350 million people worldwide are
chronic carriers of the virus[1]. The infection is associated
with a large spectrum of clinical manifestations ranging from acute or fulminant hepatitis to various forms
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tocol targeting the partial S gene (541 bp) found that all
HBV strains from 209 Korean chronic patients belonged
to genotype C2 (100%)[8]. Other studies based on serology[28] and polymerase chain reaction (PCR) restriction
fragment length polymorphism analysis, or genotypicspecific PCR[29], also support these results. The exclusive
predominance of genotype C infection without coexistence with other genotypes is the most distinct epidemiologic trait shown in Korean chronic patients[8], and this
may affect the clinical manifestations of Korean chronic
patients as well as the virological traits such as mutation
frequency.

of chronic infection, including asymptomatic carriers,
chronic hepatitis, cirrhosis, and hepatocellular carcinoma
(HCC)[2]. HBV vaccination was first introduced into the
Korean population in 1983[3], and it dramatically reduced
the prevalence of hepatitis B surface antigen (HBsAg)
positive chronic carriers from more than 10% to 3.7% in
2007 during a period of approximately 30 years[4].
Despite the recent dramatic decline in HBV chronic
patients through the successful program of HBsAg vaccination, South Korea is still recognized as an endemic
area of HBV infection. HBV infections in South Korea
have exhibited some distinct features from both epidemiologic and clinical aspects. First, among the Organisation for Economic Co-operation and Development
nations, South Korean infections have exhibited the highest incidence of HCC that is primarily induced by HBV
infection[5]. Second, relatively lower antiviral responses
against alpha interferon and/or lamivudine were found in
Korean patients compared with patients in other countries[6]. Third, of particular note, it was reported that only
genotype C2 infections, which are known to be more
prone to mutations and are related to greater severity in
liver diseases compared with genotype B[7], were found
in an exclusive manner in this area[8], which contribute to
the distribution of characteristic HBV mutation patterns
related to the progression of liver diseases. These features lead to the hypothesis that there may be a distinct
naturally occurring HBV mutation related to clinical severity and lower antiviral responses in chronic patients in
South Korea. In order to prove this hypothesis, we have
attempted to determine the HBV variants related to the
progression of liver diseases, particularly HCC, and to
analyze the mutation frequency in HBV encoding antigens from Korean patients[9-22].
In this review paper, we summarize the distinct HBV
mutation patterns related to the clinical severity and molecular epidemiologic traits in Korean chronic patients,
primarily focusing on the mutation patterns of 4 regions,
preS[9,15,16], surface (S)[12,13,20], precore/core (preC/C)[11,17],
and X[14,18,22].

MUTATION FREQUENCY AND PATTERNS
IN THE PRES REGION IN KOREAN
CHRONIC PATIENTS
The envelope of HBV is composed of three forms of
HBsAg sharing 226 amino acids at the C-terminus: the
large (coded using the preS1/S2/S gene), middle (the
preS2/S gene), and small (the S gene) envelope proteins.
During the viral life cycle, at least two essential functions
have been attributed to the preS domain: attachment to
the hepatocyte membrane and budding of the virus at
the endoplasmic reticulum (ER)[30,31]. Thus far, several
lines of evidence that mutants occurring naturally in
the preS region correlate with more progressive forms
of liver disease have been documented[32-34]. The mutations, particularly deletions, in the preS region may affect
the ratio between the small and large envelope proteins,
which results in the ER stress associated with the aggravation of liver disease. Furthermore, integration of the
truncated large or middle envelope protein into the host
chromosome enhances the potential development of
HCC by increasing the transactivating capacity[35].
Our report regarding the prevalence of preS deletions
in Korean chronic patients demonstrated that a relatively
high level of preS deletions was found in Korean chronic
patients (30.8%, 37/120 patients)[16]. The comparisons
of the clinical information between chronic patients with
and without preS deletions indicated that patients with
deletions were older (54.3 ± 12.7 vs 45.1 ± 18.2, P =
0.006), had more severe liver disease (liver cirrhosis and
HCC; 73% vs 41%, P = 0.001), and had a higher HBV
DNA level (378.4 vs 70, P = 0.009) than those without
the deletion. These results suggest that the acquisition of
preS deletions may contribute to the progression into severe types of disease such as HCC and liver cirrhosis, at
least in genotype C-infected Korean chronic patients[16].
Although preS deletion in Korean chronic patients
was significantly associated with severe forms of liver diseases, a difference between the preS1 and preS2 deletions
in relation to HCC and liver cirrhosis was found. For example, preS1 deletions were observed more frequently in
HCC patients than in patients with liver cirrhosis [32.5%
(13/40 patients) vs 19.9% (4/21 patients)], and the opposite was observed in preS2 deletion variants [15.0% (6/40

DISTRIBUTION OF HBV GENOTYPES IN
KOREAN CHRONIC PATIENTS
HBV has been divided into eight genotypes, types A-H,
based on one of the following criteria: an intergroup
divergence of 8% or greater in terms of its complete
genome nucleotide sequence or a 4.1% divergence or
greater for the surface antigen gene[23-25]. These genotypes
reflect the geographical distribution of HBV. It has also
been suggested that the area-specific localization of HBV
genotypes is associated with anthropologic history[26]. In
addition, remarkable differences have been reported in
the clinical and virological characteristics of patients infected with different genotypes[27]. For example, in Asia,
genotype C has been found to have a greater ability to induce disease than genotype B[7]. Our previous molecular
epidemiologic study based on the direct sequencing pro-
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Table 1 Mutations in 4 hepatitis B virus regions related to the progression of liver diseases in Korean chronic patients
Region

Mutations related to severe liver diseases

PreC/C

PreC
C

PreS

preS1
preS2

S
X

S
X

W28* [HCC 12/35 (34.3%) vs LC+ CH + C 5/35 (14.3%)]
P5H/L/T [HCC 5/35 (14.3%) vs LC + CH + C 0/35 (0%)]
E83D [HCC 4/35 (11.4%) vs LC + CH + C 0/35 (0%)]
I97F/L [HCC 13/35 (37.1%) vs LC + CH + C 4/35 (11.4%)]
L100I [HCC 6/35 (17.1%) vs LC + CH + C 1/35 (2.9%)]
Q182K/* [HCC 4/35 (11.4%) vs LC + CH + C 0/35 (0%)]
W4P/R [HCC 13/96 (13.5%) vs CH 0/32 (13.2%)]
PreS1 start deletion [HCC 9/40 (22.5%) vs C 1/38 (2.6%)]
F141L [HCC 26/99 (26.3%) vs LC 2/52 (3.8%)]
PreS2 deletion [HCC 35/99 (35.4%) vs CH 6/45 (13.3%)]
W182* [HCC + LC 56/176 (31.8%) vs CH + C 17/99 (17.2%)]
V5M/L [HCC 30/60 (50.0%) vs LC 11/42 (26.2%)]
P38S [HCC 13/60 (21.7%) vs C 2/41 (4.9%)]
H94Y [HCC 24/60 (40.0%) vs C 2/41 (4.9%)]
I127T/N [HCC 22/60 (36.7%) vs CH 6/41 (14.6%)]
KV130MI [HCC 52/60 (86.7%) vs CH 25/41 (61.0%)]

P value
0.093
0.020
0.039
0.024
0.046
0.039
0.028
0.048
0.001
0.020
0.010
0.024
0.023
< 0.001
0.023
0.004

Ref.
Kim et al[11]
Kim et al[11]
Kim et al[11]
Kim et al[11]
Kim et al[11]
Kim et al[11]
Lee et al[9]
Mun et al[16]
Mun et al[15]
Mun et al[15]
Lee et al[12]
Kim et al[22]
Kim et al[22]
Kim et al[22]
Kim et al[22]
Kim et al[22]

HCC: Hepatocellular carcinoma; LC: Liver cirrhosis; CH: Chronic hepatitis; C: Carrier.

patients) vs 38.1% (8/21 patients)], which suggests that
the preS1 and preS2 deletions cause different patterns of
disease progression, at least in Korean chronic patients[16].
Furthermore, a discrepancy between the two deletion
groups according to hepatitis B e antigen (HBeAg) serostatus was also observed. While the preS1 deletion was
not related to the HBeAg serostatus (HBeAg negative vs
HBeAg positive; 21.3% vs 18.6%), the frequency of preS2
deletions was positively related to the HBeAg negative
serostatus (HBeAg negative vs HBeAg positive; 23% vs
6.8%, P = 0.02), which implies that preS2 may be more
sensitive to the host immune response than preS1[16].
A total of four types of specific mutations in the
preS region, i.e., two types in the preS1 region (preS1
start codon deletion[16] and W4P/R mutation[9]) and two
types in the preS2 region (preS2 deletion[16] and F141L
mutation[15]), were related to disease progression in Korean chronic patients (Table 1). The deletion type of
the preS1 start codon, which leads to the deletion of 11
amino acids at the N-terminus of the large surface protein characteristic of genotype D, exhibited a very high
prevalence in HCC patients [22.5% (9/40) HCC vs 5.3%
(1/38) asymptomatic carriers, P = 0.048][16]. It has been
reported that some genotype D strains lead to intracellular retention of surface proteins in mixed infections with
genotype A, which could induce hepatic carcinogenesis
through activating the ER stress pathway[36]. Although the
exact mechanism remains to be elucidated, the possible
cause of HCC in the deletions of the preS1 start codon
might be similar to the genotype D case described above.
This deletion type was also found in two of three Korean
HCC patients in a previous report[21], but it has rarely
been found in chronic patients from other countries.
Therefore, the possibility that the deletion of the preS1
start codon might be prevalent among Korean patients
cannot be excluded. Our recent report[10] that the preS1
start deletion was found with a high frequency in Korean
patients related to HBV occult infection also strongly
supports this hypothesis.
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Furthermore, our recent molecular epidemiologic
study based on real time PCR introduced novel preS1
substitutions (W4P/R) that were significantly related to
severe liver diseases in Korean chronic patients infected
with genotype C [HCC and liver cirrhosis (12.4%, 19/153
patients) vs chronic hepatitis and carrier (1.1%, 1/94
patients), P < 0.001], which changes the tryptophan to
proline or arginine at the 4th codon from the preS1 start.
Surprisingly, all W4P/R mutants (20 patients) were found
in male patients only, which implies that the W4P/R mutation may occur predominantly in males[9]. Therefore,
our study led to the conclusion that W4P/R may make
an important contribution to the disease severity in male
chronic patients infected with genotype C. It may also
provide a partial explanation as to the relatively high ratio
of male to female incidence of HCC generation in Korean chronic patients. To our knowledge, W4P/R is the
first mutation of the virus gene associated with gender
disparity[9].
Our previous molecular epidemiologic study based
on the MboⅡ PCR restriction fragment length polymorphism analysis method proved that two types of preS2
mutations, i.e., the preS2 deletion and F141L mutation,
were significantly related to severe forms of liver diseases
in Korean chronic patients[15]. Of these two mutations,
several lines of evidence have already suggested that the
preS2 deletion correlates with more progressive forms of
liver disease through affecting the ratio between the small
and large envelop proteins, which results in the ER stress
associated with the aggravation of liver disease[37]. The relationship of the F141L mutation to disease progression
was first introduced by our study. Our data demonstrated
that F141L mutations, but not preS2 deletion, are significantly prevalent in HCC patients compared with patients
with any other stage of liver disease and even LC patients, which suggests that F141L and preS2 deletion affect
different stages in the progression of liver disease[15]. While
pre-S2 deletions may have a function in the transition from
chronic hepatitis to liver cirrhosis, the F141L mutation have
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a pivotal function in the progress from liver cirrhosis to
HCC. Using a functional study based on the stable cell lines,
we proved that large surface proteins with the F141L mutation could contribute to the pathogenesis of HCC through
the induction of cell proliferation and transformation[15].
It should also be noted that two types of preS deletion related to disease progression in Korean chronic
patients, i.e., the deletion in preS1 start codon and preS2
deletion, were also significantly prevalent in HBV occult
subjects compared with chronic patients at the carrier
stage[10], which indicates that they may induce a mechanism such as the defect in the secretion of virions or HBsAg leading to ER stress, which can explain both occult
infection and disease progression.

Recently, we introduced a novel mutation type in the
outside MHC regions of S gene (sW182*) that resulted
in a premature stop at codon 182 in the S gene of genotype C[12]. Our molecular epidemiologic study based on
a multi-probe real time PCR proved that the prevalence
of sW182* was significantly higher in patients with progressive forms of the disease (HCC and liver cirrhosis)
than in patients with less severe forms of the disease
(chronic hepatitis and carrier) [31.8% (56/176 patients)
vs 17.2% (17/99 patients), P = 0.010][12] (Table 1). Furthermore, an in vitro study based on the stable cell lines
stable expressing the S protein with sW182* also strongly supported its relationship with HCC[12]. Interestingly,
sW182* has been reported to be the most frequently
encountered mutation among occult infections related to
HBsAg mutations in Korean patients, which suggests the
possibility of its horizontal transfer among the Korean
population[10]. Comparison of the clinical data between
patients with and without the sW182* mutation demonstrated that the HBV DNA levels of patients with variants were significantly lower than those with wild types,
which indicates that there may be mechanisms that lower
the DNA level itself. One potential mechanism is that
the truncated S protein could interrupt the formation
of normal virions, leading to a loss of infectivity and, in
turn, DNA levels. The study using the full HBV genomic DNA harboring the sW182* mutation proved that it
failed to form normal HBV virions, which also provided
a likely explanation as to its prevalence in subjects with
HBV occult infections as well as patients with severe
types of liver diseases[12].

MUTATION FREQUENCY AND PATTERNS
IN THE S REGION IN KOREAN CHRONIC
PATIENTS
The S gene of HBV contains a dominant neutralizing
epitope, termed the “a” determinant, in the major hydrophilic region (MHR) of the S gene, which spans amino
acid positions 100-160. The “a” determinant is widely
regarded to be located between amino acids 124 and
147 of HBsAg[38]. Mutations in MHR, particularly the
“a” determinant, are known to be associated with the
generation of vaccine escape variants or persistent infection by reducing the binding affinity between the HBsAg
and antibody to the HBsAg[39]. It is important that the
prevalence and types of variants of the S gene found in
endemic populations should be monitored, because this
will affect policy decisions relating to vaccine and diagnostic reagents design[40,41]. When compared with previous results obtained in Japanese patients with genotype
C by Ogura et al[42], our previous report demonstrated
that there were several distinct epidemiologic traits in
the prevalence of S variants in Korean chronic patients.
First, an unexpectedly higher prevalence of naturally occurring MHR variants (46.5%, 47/101) was observed in
the Korean patients compared with 24% prevalence in
Japanese patients. Second, a relatively higher mutation
frequency (37.3%, 22/59) and unique mutation patterns
were observed in positions outside the “a” determinant
region, while most mutations in Japanese patients were
concentrated inside the “a” determinant region[20]. These
traits observed in Korean patients may result from the
exclusive predominance of the genotype C prone to
mutations, which could influence the virological aspects
of the HBV populations in the region[43]. Furthermore,
the possibility of the presence of distinct immune pressures against HBV antigens in Korean patients cannot
be excluded, and these could induce the distinct HBV
mutation patterns that are not encountered in other areas.
Our recent report regarding HBV occult infections demonstrating the presence of several novel HBsAg variants
related to occult infections in Korean patients strongly
supports this hypothesis[10].
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MUTATION FREQUENCY AND PATTERNS
IN THE PREC/C REGION IN KOREAN
CHRONIC PATIENTS
The HBV C protein (HBcAg), which is the protein shell
of the virus core, is 183 residues long, of which 149 residues of the N-terminal are the assembly domain[44]. HBcAg is the principal target for the host immune response,
particularly cytotoxic T lymphocyte attacks, in which
non-synonymous mutations may lead to the production
of immune escape variants, resulting in the persistence of
HBV[45,46]. Moreover, since the mutation of HBcAg can
lead to simultaneous mutations in HBeAg, which is a key
HBV immune-regulatory protein, and can profoundly affect the natural course of HBV chronic infection[47].
Our previous report regarding the mutations in the
precore/core (preC/C) region from 70 Korean chronic
patients led to several significant results. First, a positive
relationship between the preC/C mutation frequency and
old age [wild type (36.9) vs mutation (51.9), P = 0.001]
was found[11], which indicates that the accumulation of
preC/C mutations during the natural course of chronic
hepatitis B contributes to the persistent infection of HBV
in areas where vertical infection is predominant. Second,
the preC/C mutations were found more frequently in
immuno-active regions than in immuno-inactive regions
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Our previous report using a cohort of 267 Korean
patients demonstrated that the prevalence of deletions
or insertions in the X region was significantly higher in
patients with severe liver disease, HCC, or cirrhosis of
the liver (7.2%, 10/132) compared with patients who
were carriers or had chronic hepatitis (1.5%, 2/135) (P
= 0.017)[14], which implies that the deletions or insertions
in the X region may contribute to disease progression in
Korean patients with genotype C infection.
Our other report regarding mutations in the X regions
from a cohort of 184 Korean patients demonstrated
that a total of five mutation types (V5M/L, P38S, H94Y,
I127T/N, and K130M and V131I) affecting the six codons were related to clinical severity[22] (Table 1). Several
noteworthy findings regarding these mutations are as follows. First, the V5M/L mutation first discovered during
the present study was always significantly more frequent
in HCC patients than in other patients, even patients with
liver cirrhosis (Table 1) [HCC (50%) vs liver cirrhosis
(26.2%), P = 0.024][22], which implies that it has a pivotal
function in the progression from liver cirrhosis to HCC.
Second, three mutations (H94Y, I127V/I, and K130 and
V131) were also related to mutational “hot spots” of
the overlapped enhancer II (H94Y: C→T of nt 1653) or
BCP (I127T/N:T→V of nt 1753, K130M and V131I: A
→T of nt 1762 and G→A of nt 1764). In particular, the
double mutations of K130 and V131 overlapped in the
BCP mutations were observed with the highest frequency
(66.1%, 123/184 patients), which strongly supports the
previous result of the very high prevalence of BCP in
Korean chronic patients[22]. The recent study using a large
cohort of Taiwanese showed that the prevalence of the
BCP double mutation was significantly higher in patients
infected with HBV genotype C than in those infected
with HBV genotype B (43.0% vs 21.4%; P < 0.001)[54].
But, even the prevalence of BCP double mutation in
genotype C infected Taiwanese (43.0%) is lower than that
in genotype C infected Korean (66.1%).
Third, two types of mutation, i.e., V5M/L [HBeAg
negative (40%) vs HBeAg positive (19.1%), P = 0.004]
and H94Y [HBeAg negative (30.4%) vs HBeAg positive
(22.6%), P = 0.087], were related significantly and nearly
significantly to HBeAg negative serostatus, respectively[22].
Fourth, three mutation types, i.e., V5M/L [K130M and
V131I (36.6%) vs no mutation (8.2%), P < 0.001], H94Y
[K130M and V131I (35%) vs no mutation (6.6%), P <
0.001], and I127T/N [K130M and V131I (31.7%) vs no
mutation (11.5%), P = 0.003], were strongly related to the
BCP mutations[22]. This implies that the subsequent substitutions in specific codons of the X region following
BCP double mutations may have a pivotal function in the
progression of liver disease, at least in Korean chronic
patients. Our previous report that the deletions of long
lengths and amino acid substitutions followed by BCP
double mutations[19] might contribute to the diversity of
HBV quasispecies strongly supports this hypothesis.
In summary, our data suggest that an accumulation of
mutations in the X region, in particular the subsequent

(2.2% vs 1.7%, P = 0.016)[11], which implies that the host
immune pressure at the T cell level is the significant
driving force of the preC/C mutations[48,49]. Notably, a
significant higher level of mutation rates in the major
histocompatibility complex (MHC) class Ⅱ restricted
region (2.3% vs 1.7%, P = 0.009), but not in the MHC
class Ⅰ restricted region, was found when compared with
the immuno-inactive region, which indicates that former,
i.e., the target of the CD4 T helper cell, is more prone to
mutations induced by the host immune response than the
latter, i.e., the target of the CD8 cytotoxic T cell[11]. Third,
five mutations in the C region (C-P5H/L/T, C-E83D,
CI97F/L, C-L100I, and C-Q182K/*) and one in the
preC (preC-W28*), which is known to be a HCC-related
preC mutation at nucleotide 1896 (G→A)[17,50], were found
to be related to HCC patients compared with patients
in other stages of the disease[11] (Table 1). It should be
noted that four of the five HCC-related C mutations, i.e.,
C-P5H/L/T, C-E83D, C-I97F/L, and C-L100I, were
located in the MHC class Ⅱ restricted regions (one at aa
1-20 and three at aa 81-105), which implies that evasion
of the CD4 T cell-mediated immune response, primarily
through mutations in the “hot spot” region of aa residue
81-105, has a function in the hepatocarcinogenesis of
chronic patients infected with genotype C[11]. Of the five
HCC-related mutations in the C region, two types (CL100I and C-Q182K/*) were introduced for the first
time in that study[11]. Collectively, our data indicates that
the HBV variants in the C region, particularly in the
MHC class Ⅱ restricted regions, may contribute to the
HCC progress in chronic patients infected with genotype
C via immune evasion of the CD4 T cell-mediated immune response. It also implies the presence of a distinct
immune pressure at the CD4 T cell level against HBcAg
in the Korean population, which results in contributing
to the HBV persistent infections via the generation of
immune evading HBcAg variants[11].

MUTATION FREQUENCY AND PATTERNS
IN THE X REGION IN KOREAN CHRONIC
PATIENTS
HBV X protein (HBx) has been the focus of significant
attention in recent years because it is strongly implicated
in hepatocarcinogenesis. It is a 154-amino acid protein
with an N-terminal negative regulatory domain and a
C-terminal transactivation domain. The HBx protein is
multifunctional and affects gene transcription, signaling
pathways, genotoxic stress responses, cell-cycle control,
and apoptosis; it also has an essential function in viral
replication[51,52]. Several reports have demonstrated that
specific point mutations in the HBx gene are related to
severe forms of liver disease, such as cirrhosis of the
liver and/or HCC[22,53]. In addition, deletions, especially
COOH terminal truncations or insertions, have also been
frequently detected in tissues and sera samples in HCC
patients[14].
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4 major factor
in korean
chronic
patients

4

Exclusive predominance of genotype C2

2

High prevalence of vertical (perinatal) infection

3

High prevalence of HBV variants with BCP double mutations

The presence of distinct immune pressure against HBV proteins

Figure 1 The 4 major factors in Korean chronic patients leading to distinct clinical or epidemiologic
traits for hepatitis B virus. Combinatorial effect of 4
major factors (1) exclusive predominance of genotype
C2; (2) high prevalence of perinatal infection; (3) high
prevalence of basic core promoter mutations; and
(4) the presence of distinct immune pressure) could
generate distinct hepatitis B virus (HBV) variants or diverse quasispecies during the natural course of chronic
hepatitis B, resultantly leading to distinct clinical or
epidemiological traits in Korean chronic patients. HCC:
Hepatocellular carcinoma; CHB: Chronic hepatitis B.

The generation of distinct HBV variants or diverse quasispecies
in chronic patients during the natural course of CHB

HCC generation via
enhanced transacting
capacity

The progression into
severe liver diseasea via
persistent infection
Distinct clinical or
epidemiologic traits
in Korean patients
High relapse after antiviral
treatment

Emergence of diverse
occult infection related
variants

mutations in specific codons following the BCP double
mutations, contributes to disease progression in Korean
patients with chronic genotype C infections (Figure 1).

sponsible for the generation of highly diverse HBV variants related to occult infections that have been observed
in Korean patients[10] (Figure 1).

CONCLUSION
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Core tip: Treatment with oral nucleoside/tide analogues
brought a new paradigm in the management of hepatitis B surface antigen-positive kidney transplant recipients, resulting in effective viral suppression, reduced
hepatic complications, and improved patient survival,
without compromising renal allograft outcome. Entecavir has replaced lamivudine as first-line therapy for
treatment-naïve subjects given the propensity of lamivudine for selecting resistance. Due to the nephrotoxicity of adefovir and tenofovir, the optimal management
of drug-resistant hepatitis B virus (HBV) remains to be
defined. Other important measures to prevent HBVrelated complications in renal transplant patients include early vaccination in non-immune subjects, donorrecipient matching of HBV status, and surveillance for
liver cancer and cirrhosis.

Abstract
Chronic hepatitis B virus (HBV) infection adversely influences the clinical outcomes of renal transplant recipients
owing to increased hepatic complications. Management
of HBV infection in kidney transplant recipients presents
a challenge to clinicians, especially in endemic regions.
Interferon precipitates renal allograft dysfunction. Treatment with lamivudine, the first oral nucleoside analogue
available, resulted in effective viral suppression, reduced liver-related complications, and improved patient
survival so that medium-term data showed comparable patient survival rates between hepatitis B surface
antigen-positive and HBsAg-negative kidney transplant
recipients in the era of effective antiviral therapies. Entecavir has replaced lamivudine as first-line therapy for
treatment-naïve subjects in view of the propensity for
drug resistance with the latter. Management of HBV
infection in kidney transplant patients needs to take
into consideration the nephrotoxicity of nucleoside/tide
analogues such as adefovir and tenofovir. Prevention of
HBV-related complications in kidney transplant recipients starts much earlier prior to transplantation, with
vaccination of patients with chronic kidney disease and
donor-recipient matching with regard to HBV status. In
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INTRODUCTION
Hepatitis B virus (HBV) infection confers a significantly
negative impact on the clinical outcomes of kidney allograft recipients. The inferior patient survival in hepatitis
B surface antigen-positive (HBsAg+) renal transplant patients compared with the HBsAg-negative counterparts
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is attributed to increased hepatic complications such
as chronic hepatitis and cirrhosis, fibrosing cholestatic
hepatitis, and hepatocellular carcinoma[1-10]. Prevention
and management of HBV infection in patients with
renal failure is a major issue in endemic regions such as
Asia, when the HBV carrier rate in the general population can exceed 10%. The reported prevalence of HBV
infection among dialysis patients in the United States is
often below 1.0%, whereas the prevalence rate is between
7.0% and 15% in the Asian-Pacific region[11-13]. While the
incidence of HBV infection among dialysis patients has
declined significantly over the past three decades because
of widespread implementation of infection control measures, reduced need for transfusion and adherence to safe
transfusion practices, and the introduction of HBV vaccination to neonates in many countries, over 350 million
subjects worldwide carry HBV and thus it will remain a
significant clinical issue for some time[14]. In this context,
a considerable number of HBsAg-positive patients will
undergo kidney transplantation[15].

tion in kidney transplant recipients are generally similar
to patients without renal disease, but due to the immunosuppressed state these individuals are more susceptible
to progressive liver disease and severe life-threatening
complications like fibrosing cholestatic hepatitis[10]. The
significantly inferior survival of HBsAg-positive kidney
transplant recipients in the “no-treatment” era was regarded unavoidable, and much of the mortality occurred
relatively early, due to severe progressive liver disease[2-7,9].
In a meta-analysis of six observational studies, HBsAgpositivity was associated with a 2.49-fold risk of death
after renal transplantation[22]. Liver-related complications
were significantly increased in subjects with detectable serum HBV DNA or were HBeAg-positive[23]. The 10-and
20-year patient survival rates in HBsAg-positive kidney
transplant recipients without anti-viral therapy were 85%
and 71% respectively (vs 98% and 95% at 10 and 20 years
in HBsAg-negative patients)[24].
Before the availability of oral nucleoside/tide analogues, chronic HBV infection was managed with interferon therapy. Interferons offer the advantage of sustained response with a finite duration of therapy in both
HBeAg-positive and HBeAg-negative patients[25]. However, there has been data suggesting that the efficacy of
interferon might be lower in endemic regions where most
patients contract the infection during infancy, compared
to non-endemic areas where the infection is contracted
during adulthood[26,27]. Moreover, interferon should be
avoided in kidney allograft recipients as it commonly precipitates allograft dysfunction and rejection[28,29], although
one study suggested that interferon treatment might not
be associated with acute rejection in HCV-positive kidney
transplant recipients with low rejection risk[30]. With the
advent of oral nucleoside/tide analogues which suppress HBV replication effectively, there was a dramatic
change in the clinical course of HBsAg-positive kidney
transplant recipients and a new paradigm of therapeutic
management.

PREVENTION OF DE NOVO HBV
INFECTION IN RENAL TRANSPLANT
RECIPIENTS
An effective immunization program in dialysis and
chronic kidney disease patients is the cornerstone to
prevent de novo HBV infection in renal transplant recipients. HBV vaccination should be given early in the course
of chronic kidney disease owing to the relatively poor
response in patients with significant renal impairment[16].
In the dialysis population, higher doses of vaccine are
recommended, with post-vaccination and subsequent annual testing and booster administration if anti-HBs titer
falls below 10 IU/L[17]. Intra-dermal injection may be
considered in non-responders to enhance the vaccination
efficacy[18]. The donor-recipient matching with regard to
their HBV serological status significantly affects the risk
of de novo HBV infection post-transplant. One must not
transplant an HBsAg-positive allograft into a recipient
who is negative for both HBsAg and anti-HBs, or de
novo infection would occur and the course is often aggressive[19]. The risk of HBV transmission from HBsAgnegative anti-HBc positive donors to HBsAg-negative
recipients is low, and the risk is even lower if the recipient
is anti-HBs positive[20]. Accumulating experience suggests
that it is safe to transplant an HBsAg-positive kidney to
an HBsAg-negative recipient who has anti-HBs antibody
under HBV immunoglobulin cover[21].

IMPACT OF NUCLEOSIDE/TIDE
ANALOGUE THERAPY ON THE
OUTCOMES OF HBSAG-POSITIVE RENAL
TRANSPLANT RECIPIENTS
The current options of nucleoside/tide analogues include
lamivudine, entecavir, telbivudine, adefovir and tenofovir
(Table 1). The objective of treatment is to prevent HBVrelated complications in these immunosuppressed individuals, and the indication to start treatment is based on
the commencement of immunosuppressive therapy (the
“prophylactic” approach) or the evidence of impending
HBV reactivation (the “pre-emptive” approach). Due
to a paucity of data, the optimal duration of antiviral
treatmentin HBsAg-positive kidney transplant recipients
remains undefined. Preliminary experience suggests that
while most patients would require lifelong anti-viral suppression discontinuation may be cautiously attempted

CLINICAL OUTCOMES OF HBSAGPOSITIVE RENAL TRANSPLANT
RECIPIENTS IN THE PRE-ANTIVIRAL
NUCLEOSIDE/TIDE ANALOGUE ERA
The clinical manifestations and diagnosis of HBV infec-
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Table 1 The major clinical trials regarding the use of oral nucleoside/tides for HBsAg-positive kidney transplant recipients
Oral Nucleoside/tides

Study design

n

Major treatment outcomes

Lamivudine
Rostaing et al[32] (1997)
Chan et al[1] (2002)

Prospective
Prospective

6
11

LAM as initial Rx → ALT normalization and HBV DNA undetectability in 4/6 patients
LAM as initial Rx → ALT normalization and HBV DNA undetectability in all patients;
e-seroconversionrate (21.4%); markedly improved patient survival when compared to historical controls
who had no anti-viral Rx (P < 0.001)
LAM as initial Rx → HBV-DNA undetectability [91% (95%CI: 86%-96%)], ALT normalization [81%
(95%CI: 70%-92%)] and LAM-resistance [18% (95%CI: 10%-37%)] after 12 mo; e-seroconversion rate
(0%-46%) in 4 trials
LAM as initial Rx → HBV undetectability (57%) andALT normalization (57%) after 3 mo; LAM-resistance
(57%) after median of 15 mo
LAM as initial Rx → HBV DNA undetectability (46.7%) after 2 yr
LAM as initial Rx → LAM-resistance (64%) after 4 yr; improved long-term patient survival (83% vs 34%
at 20-yr, P = 0.006) when compared to historical controls who had no anti-viral Rx

Fabrizi et al[33] (2004)

Thabut et al[34] (2004)
Filik et al[31] (2006)
Yap et al[24] (2010)

Meta-analysis 184

Prospective

14

Prospective 15
Retrospective 38

Adefovir
Fontaine et al[37] (2005)

Prospective

11

Kamar et al[40] (2009)

Prospective

11

Retrospective

4

Prospective

11

Tse et al[43] (2010)
Lampertico et al[41] (2011)
Lai et al[42] (2012)

Entecavir
Kamar et al[48] (2008)
Hu et al[47] (2012)
Tenofovir
Daudé et al[52] (2011)

Retrospective 14

Prospective
Prospective

Prospective

ADV as mono-therapy for LAM-resistant KTR → 5 log ↓ HBV DNA after 1 yr, only 1 patient had
transient deterioration of allograft function
ADV for LAM-resistant KTR → significant ↓ in HBV DNA (P = 0.01) and ALT normalization after 12 mo,
↑serum creatinine and proteinuria after 24 mo (P = 0.02)
ADV for LAM-resistant KTR → 4 log ↓ HBV DNA and significant ↓ ALT levels (P = 0.029) after 18 mo,
no significant change in allograft function
ADV as add-on Rx to LAM for LAM-resistant KTR → HBV undetectability (88%) after 3 yr; no significant
changes in renal function and proteinuria
ADV as mono- (n = 5) or add-on (n = 9) therapy in LAM-resistant KTR → HBV DNA undetectability [5
(35.7%) and 6 (42.8%) patients]after 12 and 24 mo with no virological breakthrough; ALT normalization
in 13 patients (92.8%) after 1 yr; moderate to severe renal insufficiency (29%)

10

ETV for ADV-resistant (n = 9) or LAM-resistant (n = 1) KTR → HBV DNA undetectability (50%) after
16.5 mo
27 ETV in KTR patients without LAM-resistance → HBV DNA undetectability (96% and 100%) after 12 and
24 mo, with no virological breakthrough
3

TFV as mono-therapy → HBV DNA undetectability (43%); no changes in allograft function

ADV: Adefovir; ALT: Alanine transaminase; ETV: Entecavir; LAM: Lamivudine; KTR: Kidney transplant recipients; TFV: Tenofovir; HBV: Hepatitis B virus.

after stabilization, with success, in carefully selected lowrisk patients[1].

rate in HBsAg-positive renal transplant recipients was
81% and such results were nearly comparable to HBsAgnegative patients[24]. Although antiviral treatment has led
to reduced mortality as a result of decreased hepatic complications (P = 0.036), liver-related deaths still accounted
for 40% of mortalities in HBsAg-positive patients in
the era of effective antiviral therapies, and 22.2% of all
deaths that occurred in patients who had received antiviral treatment[24]. Prolonged treatment with lamivudine
is associated with progressive increase in drug resistance
and the cumulative probability of developing lamivudineresistance was approximately 60% after 69 mo[24,33-35]. The
emergence of lamivudine resistance can be associated
with liver dysfunction, although one recent study showed
that drug resistance did not have a significant negative
impact on liver stiffness score, rate of HBeAg seroconversion rate, incidence of liver failure or hepatocellular
carcinoma, or patient survival over 10-14 years of followup when rescue antiviral therapies are available[24].

Lamivudine
Since lamivudine is the first amongst this class of drugs
available for clinical use, it has yielded the majority of
data on the management of HBsAg-positive renal transplant recipients. Lamivudine given as either prophylactic
or pre-emptive treatment was proven superior to salvage
therapy when liver dysfunction is evident[11,31]. Data from
our group and other investigators have demonstrated that
lamivudine was effective in suppressing HBV DNA and
improving liver transaminase levels[1,22,32]. A meta-analysis
which pooled data from 14 prospective clinical trials (a
total of 184 patients) supported these observations[33].
With lamivudine as initial treatment, the mean rate of
effective HBV DNA suppression, HBeAg clearance, alanine transaminase (ALT) normalization, and lamivudineresistance was 91% (95%CI: 86%-96%), 27% (95%CI:
16%-39%), 81% (95%CI: 70%-92%), and 18% (95%CI:
10%-37%) respectively after a mean duration of 14 mo.
The frequency of HBeAg seroconversion and lamivudine
resistance correlated positively with treatment duration.
Most importantly, treatment with lamivudine was associated with significantly improved patient survival[1,10,24].
With the use of lamivudine, the 10-year patient survival
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Adefovir
Adefovir has similar activity against both wild-type and
lamivudine-resistant HBV, this drug is nephrotoxic and
the major clinical application of this antiviral agent is for
the management of lamivudine-resistance[36]. Data regarding the management of lamivudine-resistance in kid-
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All RRT patients
Check HBsAg, Anti-HBc and Anti-HBs
If HBsAg-ve and anti-HBs-ve: HBV vaccination

HBsAg+ donor → HBsAg- recipient

Only when recipient is anti-HBs+ve

HBsAg+ recipient

Treatment-naive

Already on LAM/ETV

Pre-operative HBIG
Anti-viral Rx to donor and recipient if
donor HBV DNA+ or HBeAg+

Prophylactic OR Pre-emptive
approach

Repeat HBV serology after
transplantation

ETV as first line therapy

Monitor LFT/HBV DNA/ AFP/USG

For virological breakthrough or genotypic resistance:
Consider switch to ADV/TFV
Monitor allograft function

Figure 1 Management algorithm of hepatitis B virus infection in renal transplant recipients. ADV: Adefovir; AFP: Alpha-fetoprotein; ETV: Entecavir; HBIG:
Hepatitis B hyperimmune globulin; HBV: Hepatitis B virus; HBsAg: Hepatitis B surface antigen; LAM: Lamivudine; LFT: Liver function test; RRT: Renal replacement
therapy; TFV: Tenofovir; USG: Ultrasonography.

ney transplant recipients is relatively limited[37-39]. Prior to
the availability of alternative nucleoside/tide analogues, it
was the usual practice to continue lamivudine in patients
who had developed lamivudine-resistance. Since the introduction of adefovir, there have been reports on its
short-term efficacy either as mono- or add-on therapy in
kidney transplant recipients[37-42]. The study by Fontaine et
al[37] examined the use of adefovir as monotherapy in 11
post-kidney transplant patients with dosage adjustment
according to renal function. Adefovir treatment led to a
significant decline in serum HBV DNA with no virological breakthrough at one year and the drug was well-tolerated. Others have reported that adefovir as add-on therapy to lamivudine resulted in undetectable HBV DNA
levels in 35.7%, 42.8% and 88.0% of lamivudine-resistant
renal transplant recipients after 12, 24 and 36 mo[41,42].
There was no virological breakthrough and normalization
of ALT was achieved in 92.8% of patients after 12 mo
of treatment[42]. However, the virological response could
be variable and relatively slow when compared with treatment-naïve subjects[43]. Nevertheless, rescue therapy with
adefovir resulted in significantly better viral suppression
and liver biochemistry compared with continuation of
lamivudine (75% vs 14.3% had persistent normalization
of ALT), and the clinical response was sustained for at
least 24 mo[24]. Evidence of nephrotoxicity was observed
in 30%-50% of renal allograft recipients despite dosage
adjustment, and could necessitate treatment discontinuation[41,42]. In our experience, using adefovir in patients
with serum creatinine below 150 μmol/L or creatinine
clearances above 40 mL/min appeared safe, without
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evidence of worsening of renal allograft function during
follow-up[24]. However, one must appreciate that the antiviral activity of adefovir at the currently approved dose
is relatively weak, and efficacy could be further reduced
with dose adjustment according to renal dysfunction.
Entecavir, tenofovir and telbivudine
Entecavir is effective in both treatment-naïve and lamivudine-resistant patients[44,45]. In immunosuppressed treatment-naïve post-renal transplant patients who required
prolonged antiviral administration, entecavir is preferred
due to its high resistance barrier and favorable safety profile[44,46]. A recent 2-year prospective study showed that
the use of entecavir in treatment-naïve renal transplant
recipients resulted in undetectable HBV DNA levels in
70%, 74%, 96% and 100% of patients after 12, 24, 52
and 104 wk respectively[47]. In this study, entecavir was
associated with a more potent response than lamivudine
and the tolerability profile was favorable. Experience regarding the use of entecavir in renal transplant recipients
who had developed lamivudine- or adefovir-resistance
had been examined in a small study with 10 solid organ
transplant recipients (8 kidney allograft recipients)[48].
Treatment with entecavir resulted in an appreciable drop
in HBV DNA levels and a 50% HBV undetectability in
both HBeAg-positive and HBeAg-negative patients after 16.5 mo of therapy. Previously we had also reported
the efficacy and tolerability of entecavir in lamivudineresistant kidney allograft recipients, and showed that
the virological response could be variable and relatively
slower compared with treatment-naïve subjects[24,43]. Thus
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the response to entecavir in lamivudine-resistant subjects,
and the subsequent emergence of entecavir-resistance,
should be carefully monitored[49].
Tenofovir shows high efficacy in the treatment of
treatment-naïve or lamivudine-resistant HBV infection[45,50]. There is little data in the renal transplant setting,
and there is concern on its potential nephrotoxicity[51].
Daudé et al[52] reported the favorable short-term virological response and renal function stability in 7 solid organ
transplant recipients (3 kidney allograft recipients) with a
follow-up of 12 mo. Larger studies with longer follow-up
duration are warranted to ascertain the long-term efficacy
and effect on kidney allograft function. There is currently
no data on the use of telbivudine in renal transplant recipients but it would be worthwhile to explore the use of
this agent in treatment-naïve kidney allograft recipients
given its relatively low resistance rate, lack of nephrotoxicity, and the relatively lower cost compared with other
nucleoside/tide analogues[53,54].

4

5

6

7

8

9

CONCLUSION
The outcome and management of HBsAg-positive
kidney transplant recipients have changed dramatically
over the past few decades (Figure 1). Prior to the advent
of effective and safe therapy, HBV infection had such
a severe negative impact on patient survival that some
centres regarded HBsAg sero-positivity as a contraindication against kidney transplantation. In the era of effective
nucleoside/tide analogue therapy the 8-10 year survival
rate of HBsAg-positive kidney transplant recipients is approaching that of HBsAg-negative subjects. The access
to optimal therapy is limited by the cost of drugs in some
places, unfortunately often in endemic regions when the
treatment is needed most. The management of patients
with drug resistant HBV infection remains a challenge,
as is the nephrotoxic impact of some effective anti-viral
agents. Apart from the treatment of HBV infection with
anti-viral agents, the importance of regular surveillance
for liver complications cannot be over-emphasized. In
this regard, the data clearly shows that early detection of
liver tumour with ultrasound and alpha-fetoprotein level
measurement markedly increases the resection rate and
patient survival[55-57].
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Limitations of liver biopsy and non-invasive diagnostic
tests for the diagnosis of nonalcoholic fatty liver disease/
nonalcoholic steatohepatitis
Yoshio Sumida, Atsushi Nakajima, Yoshito Itoh
The NAFIC score, calculated from the levels of ferritin,
fasting insulin, and type Ⅳ collagen 7S, is useful for the
diagnosis of NASH, while the NAFLD fibrosis score and
the FIB-4 index are useful for excluding NASH in cases
of advanced fibrosis. This article reviews the limitations
and merits of liver biopsy and noninvasive diagnostic
tests in the diagnosis of NAFLD/NASH.
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Core tip: Liver biopsies remain a gold standard, although the procedure has several limitations for the
diagnosis of nonalcoholic steatohepatitis (NASH). The
NAFIC score, calculated from the levels of ferritin, fasting insulin and type Ⅳ collagen 7S, is useful for diagnosing NASH, while the nonalcoholic fatty liver disease
fibrosis score and the FIB-4 index are useful for excluding NASH in cases of advanced fibrosis.

Abstract
It is estimated that 30% of the adult population in
Japan is affected by nonalcoholic fatty liver disease
(NAFLD). Fatty changes of the liver are generally diagnosed using imaging methods such as abdominal
ultrasonography (US) and computed tomography (CT),
but the sensitivity of these imaging techniques is low
in cases of mild steatosis. Alanine aminotransferase
levels may be normal in some of these patients, warranting the necessity to establish a set of parameters
useful for detecting NAFLD, and the more severe form
of the disease, nonalcoholic steatohepatitis (NASH).
Although liver biopsy is currently the gold standard for
diagnosing progressive NASH, it has many drawbacks,
such as sampling error, cost, and risk of complications.
Furthermore, it is not realistic to perform liver biopsies
on all NAFLD patients. Diagnosis of NASH using various biomarkers, scoring systems and imaging methods,
such as elastography, has recently been attempted.
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is the most
prevalent form of chronic liver disease in the world. According to a cooperative study group comprised of 10 institutions in Japan [Japan Study Group of NAFLD (JSGNAFLD)], 29.7% of health checkup examinees (41.0%
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of men and 17.7% of women) had NAFLD[1], making
it a major national disease of the 21st century. The longterm outcomes of NAFLD patients have been reported
in several studies. Compared with matched control
populations, NAFLD patients have an increased overall
mortality, with the most common cause of death being
cardiovascular disease (28% of total deaths). In addition,
there is an increased risk of death from a variety of extrahepatic malignancies (25% of total deaths) and from
liver disease (13% of total deaths), which is the third
leading cause of death for these patients and the eleventh leading cause in the general population[2]. NAFLD
can be classified as either nonalcoholic steatohepatitis
(NASH) or simple steatosis. NASH carries a high risk of
liver disease-related mortality such as deaths from hepatic
cirrhosis and hepatocellular carcinoma. Simple steatosis,
however, has a low risk of liver disease-related mortality.
NASH can be differentiated from simple steatosis only
by liver biopsy and is diagnosed when all of the following 3 criteria are met: (1) macrovesicular fatty change of
hepatocytes; (2) inflammatory cell infiltration; and (3)
ballooning degeneration of hepatocytes. However, liver
biopsy is invasive, has drawbacks such as sampling error and cost and is not possible for all NAFLD patients.
Thus, it is necessary to establish a method to efficiently
detect progressive NASH in NAFLD patients to decrease
liver disease-related mortality. This review summarizes
the current limitations and problems of liver biopsy and
noninvasive diagnostic methods for NAFLD/NASH in
Japan and other countries and outlines future prospects
for improved diagnostic practices.

below 0.9, the sensitivity is not high, and fatty liver cannot be ruled out even if the L/S ratio is 0.9 or higher[8].
Particularly, in cases of obesity and metabolic syndrome
and in the absence of other factors inducing abnormal
liver function, NAFLD/NASH should be considered
even if fatty liver is not evident by imaging. It has been
revealed that NAFLD/NASH is latently present in patients who are monitored for liver disorder of unknown
causes. When liver biopsy was performed in 354 patients
with abnormal liver function and in whom the disease
could not be definitely diagnosed serologically, 64% had
NAFLD[9]. In another study, liver biopsy was performed
in 81 patients with chronic abnormal liver function of
unknown cause, and simple steatosis and NASH were
observed in 41 and 26 patients, respectively[10], suggesting
the importance of performing liver biopsy. The severity
of fatty change is not correlated with the advancement
of fibrosis; rather, it decreases with the progression of
fibrosis in NASH. Therefore, the grade of fatty change
from imaging analysis should not be employed as an
evaluation criterion for NAFLD severity. Magnetic resonance (MR) spectroscopy is reportedly the most accurate
method for the quantification of fatty change[7,11-13], but
currently, its use is limited to research.
The usefulness of US for the diagnosis of NAFLD
is evaluated, to some extent, because of its simplicity. Recently, quantification of fatty change using US
to supplement elastography has also occasionally been
reported, and further development of this application
is expected[14]. It is impossible to differentiate between
NASH and simple steatosis using any imaging methods.
At the same time, certain US and CT findings, such as irregularity of the liver surface, blunt margins of the liver,
and splenomegaly, suggest the presence of chronic liver
diseases, including NASH with advanced fibrosis, and
can indicate the need for further attention. It has recently
been reported that the differentiation between NASH
and simple steatosis is possible using contrast-enhanced
US[15].

NAFLD DIAGNOSIS
According to the latest guidelines established by the
American Association for the Study of Liver Diseases
(AASLD)[3], NAFLD is diagnosed when the following 4
criteria are met: (1) fatty change of the liver is observed
by imaging or histologically; (2) no marked alcohol drinking habit is present (ethanol intake of < 210 g/wk for
men and < 140 g/wk for women); (3) no presence of
other factors inducing fatty change of the liver; and (4)
no concomitant factors causing chronic liver disease are
present. This section of the review focuses on diagnostic
imaging methods and scoring systems for fatty change of
the liver.

Scoring systems for diagnosing fatty change of the liver
Because imaging has limited diagnostic value for NAFLD,
as described above, the prediction of fatty change of the
liver from general laboratory test values has been investigated. As shown in Table 1, various indices have been
proposed, including the fatty liver index (FLI)[16], NAFLD
liver fat score, hepatic steatosis index (HSI)[17], and Steato
Test (ST)[18]. According to a report from Italy[19], FLI,
calculated from the body mass index (BMI), waist circumference, and γ-glutamyl transferase (γGT) and triglyceride (TG) levels, is an independent risk factor for liverrelated mortality. HSI, formulated based on data from
approximately 10000 Korean patients, is a simple index
calculated only from BMI, the aspartate aminotransferase
(AST)/alanine aminotransferase (ALT) ratio (AAR), sex,
and the presence or absence of diabetes mellitus (DM)[17]
Both the sensitivity and specificity of HSI are favorable
compared to that observed in other scoring systems. A
validation study involving Japanese patients is expected.

Usefulness and limitations of imaging methods in
diagnosing fatty change of the liver
Simple, minimally invasive ultrasonography (US) is used
for the imaging diagnosis of fatty liver in many cases.
However, the sensitivity is low in mild cases with a fatty
change of less than 20%-30%[4,5]. The dependency of the
diagnosis on the subjective judgments of operators is also
problematic[6]. Computed tomography (CT) is objective
and capable of measuring the amount of visceral fat[6,7],
but radiation exposure and cost are negative aspects of
this methodology. Moreover, although fatty liver is diagnosed when the liver-to-spleen CT ratio (the L/S ratio) is
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Table 1 Indexes for the prediction of liver steatosis
Index

FLI
NAFLD liver
fat score1
HSI

ST

Author
(nation)

Paper (yr)

No. of subjects
(fatty liver/ nonfatty liver)

Bedogni
(Italy)
Kontronen
(Finland)
Lee (South
Korea)

BMC
Gastroenterology (2006)
Gastroenterology (2009)

228/268

Poynaud
(France)

Comp Hepatol
(2005)

Park
(South
Korea)

Korean J Hepatol
(2011)

145/311

Bajaj
(India)

Indian J Med Res
(2009)

39/82

Dig Liver Dis (2010)

Parameters

BMI, waist circumference,
triglyceride, γGT
470
MetS, type Ⅱ diabetes, IRI,
AST, AST/ALT ratio
5362/5362
8 × AST/ALT ratio + BMI
(sex- and age- + (+ 2 for females, + 2 for
matched)
diabetes)
744/140
12 parameters4

ALT/AST > 1.5 (= 1 point)
γGT > 50 IU/L (= 1 point)
TG > 150 mg/dL (= 1
point)
BMI
23-24.9 (= 2 points)
≥ 25 (= 3 points)
IRI +1.6 × BMI + 1.9 × FPG

Cutoff Sens- Speci- AUROC
values itivity ficity
< 30
> 60
-0.64

87.0% 64.0%
61.0% 86.0%
86.0% 71.0%

< 30
> 36

93.1% 92.4%

0.84

US

0.872
0.863
0.812

MRS

Biopsy

US

3

71.7% 75.9%

0.792
0.803
0.863
0.723
0.797

1.6

84.6% 76.0%

0.76

0.30
0.72

90%

90.0%

Diagnostic
methods for
hepatic steatosis

US

US

1

PNPLA3 did not improve diagnostic accuracies; 2Estimation group; 3Validation group; 4Alanine aminotransferase (ALT), α2-macroglobulin, apolipoprotein
A-I, haptoglobin, total bilirubin, γ-glutamyl transferase (γGT), cholesterol, triglycerides, glucose, age, gender and body mass index (BMI). ROC: Receiver
operating characteristics curve; US: Ultrasonography; MetS: Metabolic syndrome; MRS: Magnetic resonance spectroscopy, IRI: Immuno-reactive insulin;
FPG: Fasting plasma glucose. FLI: Fatty liver index; HSI: Hepatic steatosis index; ST: Steato Test; AST: Aspartate aminotransferase; NAFLD: Nonalcoholic
fatty liver disease; AUROC: Area under the receiver operating characteristic curve.

Pros and cons of liver biopsy for NAFLD
There is some controversy surrounding whether liver biopsy should be actively performed to make a definite diagnosis of NAFLD and its prognosis and to differentiate
it from other diseases or if it should be avoided as much
as possible[20]. Liver biopsy is essential to the definite diagnosis of NASH and is considered very useful in differentiating NASH from other diseases, making a prognosis,
and judging the effects of therapeutic intervention. However, liver biopsy is inefficient in many non-advanced cases and has several drawbacks, such as sampling error and
high cost, as described below. Furthermore, pathologists
differ in their diagnosis and recognition of liver biopsy
results, and there is no established treatment method for
NASH even when it is diagnosed by liver biopsy. In the
guidelines recently published by the AASLD, liver biopsy
is suggested for complications of metabolic syndrome
and a high serum ferritin level in patients with NASH, as
well as in those suspected of having advanced fibrosis[3].

curate diagnosis of NASH is dependent on the length of
the specimens[22], with a necessary length of 15-16 mm
or longer to accurately evaluate fibrosis[23]. Ratziu et al[24]
excised and compared two percutaneous liver biopsy
samples from each of 51 NAFLD patients and observed
that the consistency in fatty change was relatively high
(78%), but the fibrosis stage was different between the
two samples in 41% of the patients. In 35% of the cases
with bridging fibrosis observed in one sample, only mild
or no fibrosis was noted in the other sample. The inconsistency in ballooning degeneration of hepatocytes, an
essential feature for the diagnosis of NASH, was 18%,
suggesting that NASH may be overlooked when only one
sample is collected. In other reports, the results differed
by one or more stages between specimens biopsied from
the left and right lobes in 30% of the patients[25], and the
inflammatory findings were more inconsistent than those
of fatty change and fibrosis between biopsied specimens
from the left and right lobes[26]. The assessment criteria
for the pathological diagnosis recently proposed by the
AASLD specify that the right lobe should be biopsied
first, and when the left lobe is biopsied before treatment,
a sample should also be biopsied from the left lobe after
treatment to judge the therapeutic effect[27].

Limitations of liver biopsy
Sampling error: Only 1/50000 of the whole liver tissue is sampled during a liver biopsy, for which sampling
error is of concern. To prevent sampling errors, it is essential to collect a sufficient amount of tissue; the use
of a thick needle[21] and collection of 2 or more samples
with a sufficient length are recommended. Making an ac-

Inter- and intra-observer variability: Inter- and intraobserver variability also presents a serious problem for
the pathological diagnosis of NAFLD. Younossi et al[28]
reported that the evaluations of fatty change (κ = 0.64)
and fibrosis (κ = 0.60) were highly consistent among observers, but that the evaluation of inflammatory activity
was inconsistent at a high rate (κ =0.33). It has also been

CURRENT STATUS AND PROBLEMS
OF LIVER BIOPSY FOR DIAGNOSIS OF
NASH: IS LIVER BIOPSY NECESSARY?
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Table 2 Pathological criteria for the diagnosis of nonalcoholic steatohepatitis
Criteria (yr)

Classifications

Definitions of NASH

Characteristics

Matteoni (1999)

Type 1: steatosis alone
Type 2: steatosis with inflammation
Type 3: steatosis with hepatocyte balloning
Type 4: Type 3 plus MDB or fibrosis
Steatosis (0-3)
Inflammation (0-3)
Hepatocyte balloning (0-2)

Type 3 or 4

Depend on the subjective judgments of observers
(existence of hepatocyte balloning)
Well correlation with liver-related mortality
Inflammation is not included
Numerical score
Low sensitivity, NAS ≥ 4 may be better
Fibrosis is not included
No significant correlation with liver-related mortality
Recommended use for assessing the therapeutic effect
during clinical studies
Inflammation is not included
Well correlation with Matteoni’s classification
Can diagnose so-called burned-out NASH
Essential validation study

NAS (2005)

Total scores: 5 to 8

Total: 0 to 8
Younossi (2011)

Steatosis
Hepatocyte balloning
MDB
Fibrosis

Steatosis
+ Hepatocyte balloning
or + MDB
or + Fibrosis

MDB: Mallory-Denk bodies; NAS: Nonalcoholic fatty liver disease activity score; NASH: Nonalcoholic steatohepatitis.

shown that inter-observer variability remained even when
training in histopathological observation was provided in
an effort to reduce these inconsistencies[29]. In that study,
the post-intervention κ value (0.39) was not significantly
different from the pre-intervention κ value (0.27). Measures to solve this problem are needed.

these findings, the following consensus has been reached
in Japan: the gold standard for the diagnosis of NASH
is liver biopsy, and NASH is diagnosed when all of the
following 3 pathological findings are observed (i.e., those
in types 3 and 4 of Matteoni’s classification): (1) macrovesicular fatty change of hepatocytes; (2) inflammatory
cell infiltration; and (3) ballooning degeneration of hepatocytes. However, the differentiation between types 2 and
3 of Matteoni’s classification depends on the judgment
of ballooning degeneration of hepatocytes, which is
subjectively made by observers. Thus, the Nonalcoholic
Steatohepatitis Clinical Research Network (NASH-CRN)
proposed the classification of these two types by scoring
the severities of fatty change (0-3 points), inflammation
(0-3), and ballooning degeneration of hepatocytes (0-2)
(0-8 points in total) by a system termed the NAS scoring
system[37]. Cases with a score of 5 or higher or 2 or lower
are regarded as NASH and non-NASH, respectively, and
those with a score between these values are regarded as
borderline cases. A NAS validation study was performed
at NASH-CRN-affiliated institutions, and the utility of
the system was reported in the United States. However,
some researchers deem a NASH threshold of 5 points or
higher as too insensitive, and they believe that it should
be set at 4 or higher[38]. NAS is markedly reproducible,
requires no special staining, is applicable for pediatric
NASH, and is useful for assessing therapeutic effects in
clinical studies. However, NAS is incapable of diagnosing NASH in patients with burned-out NASH, in whom
fatty changes and inflammatory cell infiltration resolving
in fibrosis has progressed; i.e., inflammatory findings have
been improved by treatment and only fibrosis remains.
Moreover, a divergence has been reported in pathological
diagnosis using NAS between general and liver-specialized pathologists[39]. It has recently been reported in the
United States that Matteoni’s classification scheme more
faithfully reflects the diagnosis and prognosis of NASH
than NAS[40]. In the future, NAS may be used as an index
for judging therapeutic effects rather than as a diagnosis tool for NASH. Therefore, it is desirable to employ
Matteoni’s classification when a diagnostician skilled in

Risk and complications: Regarding the complications
of liver biopsy, the incidence of pain is reportedly 20%,
but it increases to 84% when a mildly unpleasant feeling
is included in the assessment. The incidence of serious
complications and mortality has been reported to be
0.3%-0.57% and 0.01%, respectively[30-32]. To decrease
complications, operators that are trained by an instructor
with sufficient experience should perform biopsies, and
operation with a US guide and the use of an aspirationtype biopsy needle are recommended[33,34].
Problems with pathological diagnosis: The pathological features of typical NASH, in addition to fat deposition in hepatocytes, include inflammatory cell (neutrophil
and lymphocyte) infiltration in lobules, ballooning degeneration of hepatocytes, Mallory-Denk bodies, pericellular
fibrosis, sinusoidal fibrosis, giant mitochondria, eosinophilic necrosis, and iron deposition. However, few NASH
patients show all of these typical findings, and there are
no integrated criteria to diagnose NASH based on them.
Matteoni et al[35] classified NAFLD into 4 types: type 1, fat
deposition alone; type 2, fat deposition and inflammatory
cell infiltration in the parenchyma; type 3, fat deposition
and ballooning degeneration of hepatocytes; and type 4,
type 3 criteria plus Mallory-Denk bodies or fibrosis. The
authors observed that the liver disease-related mortality
during an approximately 8-year follow-up period was only
1.7% in the type 1-plus-type 2 group, but significantly
increased to 11% in the type 3-plus-type 4 group. They
proposed the definition of types 3 and 4 as NASH from
a prognostic viewpoint (Table 2). Later, Rafiq et al[36]
followed the course for a longer period and reported
that liver disease-related mortality was only 2.7% in the
first group but was 17.5% in the second group. Based on
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for screening NASH[48]. Although these are very encouraging results, currently, this assay is not commercially
available. Furthermore, as each study utilized a study-specific cut-off value, there is not an established congruent
cut-off value for identifying steatohepatitis. According
to the AASLD guidelines, CK18 is not recommended in
routine clinical practice[3].

diagnosing NASH is present. Matteoni’s classification is
useful for routine clinical practice, single-facility clinical
studies, and investigation of long-term prognosis, such as
carcinogenesis. However, NAS is useful for multicenter
clinical studies involving several diagnosticians, many
patients, and evaluation of the short-term therapeutic effects of drugs. According to a new definition of NASH
proposed by Younossi et al[41], NASH is diagnosed for
(1) any degree of steatosis along with centrilobular ballooning and/or Mallory-Denk bodies or (2) any degree
of steatosis along with centrilobular pericellular/perisinusoidal fibrosis or bridging fibrosis. Younossi’s criteria
almost perfectly agree with Matteoni’s classification, and
these two definitions of NASH correlated significantly
with the prediction of a higher liver-related mortality
rate. Younossi’s criteria, which placed high importance
on the presence of fibrosis, would enable the diagnosis
of burned-out NASH in patients. Finally, Younossi’s criteria are now accepted by the NAFLD/NASH clinical
practice guideline committee (under the chairmanship of
Prof. Sumio Watanabe, Juntendo University) organized
by the Japan Society of Gastroenterology. In Japan, the
diagnosis of NASH will be based on the presence of hepatic steatosis plus ballooning, Mallory-Denk bodies, or
fibrosis in the near future (Table 2).

Differentiation between NASH and simple steatosis
Yilmaz et al[45] extensively reviewed biochemical diagnostic tests for differentiating simple steatosis from
NASH. Here, we summarize scoring systems including
multiple serum tests. The first evaluation of NASH was
the HAIR scoring system, reported from Australia. This
system comprises three scored components-hypertension
(HTN), ALT level, and insulin resistance (IR)-that were
established based on data from 105 weight loss surgerytreated obese patients[49]. Later, Palekar et al[50] of the
Mayo Clinic investigated 80 NAFLD patients and reported the use of six criteria - age ≥ 50 years old, female
sex, BMI ≥ 30 kg/m2, AST ≥ 45 IU/L, AAR ≥ 0.8,
and hyaluronic acid ≥ 55 ng/mL - of which any three,
when met, allowed the diagnosis of NASH with a sensitivity and specificity of 74% and 66%, respectively. The
NashTest, developed in Europe, predicts the disease on
the basis of 13 parameters[51]. A recently proposed equation (2.627 × ln [AST] + 2.13 for DM) comprises only 2
items, AST and the presence or absence of DM, attaching greater importance to simplicity[52]. Campos et al[53]
proposed a NASH clinical scoring system composed of
HTN, type 2 DM, AST ≥ 27 IU/L, ALT ≥ 27 IU/L,
sleep apnea syndrome, and race (other than blacks).
Nice’s French group recently reported the Nice model,
in which CK18, ALT, and the presence or absence of
metabolic syndrome is scored[54]. However, it is unclear
whether these scoring systems are applicable for Japanese
NAFLD patients because these reports from Western
countries were based on severely obese patients treated
with bariatric surgery, and no validation study has been
adequately performed.
In Japan, Shimada et al[55] reported that early NASH
and simple steatosis could be differentiated by a combination of 3 values: adiponectin (≤ 4.0 μg/mL), homeostasis model assessment of insulin resistance (HOMA-IR)
(≥ 3.0), and type 4 collagen 7S (≥ 5.0 ng/mL). However, adiponectin cannot be measured at general practice
sites. JSG-NAFLD proposed the NAFIC score, which
comprises three items-ferritin, fasting insulin, and type
4 collagen 7S - for the screening of NASH. These three
variables were extracted as factors independently contributing to NASH in an analysis of 177 NAFLD patients.
The NAFIC system assigns one point for 200 (female)
or 300 (male) ng/mL or higher ferritin, one point for 10
μU/mL or higher fasting insulin, and two points for 5.0
ng/mL or higher type 4 collagen 7S. The total of these
points is regarded as the NAFIC score (Table 3), and the
possibility of NASH is high when the NAFIC score is 2
or higher. The usefulness of this scoring system has been
verified in a validation study involving 442 patients[56].

Miscellaneous: Liver biopsies may be performed at
outpatient clinics to reduce costs overseas, but biopsy
patients are hospitalized for several days in Japan. Performing liver biopsies for all NAFLD patients in Japan,
estimated at 10 million, would be prohibitively expensive,
and no cost-benefit analysis has been performed to date.
In regard to the follow-up after liver biopsy, Toyoda et al[42]
reported a very low follow-up rate in NAFLD patients
compared with that in viral hepatitis patients, suggesting
the need for more patient education.

NONINVASIVE DIAGNOSTIC METHODS
FOR NASH
Several extensive reviews from Western countries have
previously discussed noninvasive diagnostic methods for
NASH or advanced fibrosis[43-45]. However, most of these
papers described a simple enumeration of noninvasive
tests. Thus, we here review biomarkers or scoring systems with critical appraisal to establish diagnostic algorithms that can be applicable even for Asian patients with
NAFLD in clinical practice. Various parameters of oxidative stress, inflammation, apoptosis, and fibrosis have
been reported to be useful for the noninvasive diagnosis
of NASH[46]. Interest in cytokeratin in viral and nonviral
hepatitis has been rapidly increasing during recent years,
especially as proposed circulating biomarkers of hepatic
necrosis and apoptosis[47]. Among those, circulating levels
of cytokeratin-18 (CK18) fragments have been investigated extensively as novel biomarkers for the presence
of steatohepatitis in patients with NAFLD. A recent
meta-analysis, consisting of 10 studies with 838 patients,
showed that CK18 fragments may be a useful biomarker
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Table 3 Scoring systems for picking up nonalcoholic steatohepatitis or severe fibrosis in nonalcoholic fatty liver disease
Index

NAFIC score

Object
Formula

Cut-off values
Sensitivity
Specificity
Positive predictive value
Negative predictive value

NAFLD
fibrosis score

FIB4 index

Predicting NASH
Excluding severe fibrosis (stage 3-4)
Ferritin > 200 (female), 300 (male) ng/mL (= 1 point)
-1.675 + 0.037 × age (yr) + 0.094 × BMI
Age (yr) × AST (IU/L)/(PLT
Fasting insulin > 10 μU/mL (= 1 point)
(kg/m2) + 1.13 × impaired fasting glycemia
(109/L) × √ALT (IU/L)
Type 4 collagen 7S > 5.0 ng/mL (= 2 points)
/DM (yes = 1, no = 0) + 0.99 × AAR – 0.013
Total: 0-4 points
× PLT (× 109/L) - 0.66 × Alb (g/dL)
1
2
-1.455
0.676
1.30
2.67
94%1
66%1
82%1
51%1
74%
33%
88%2
60%2
77%2
43%2
1
1
1
48%
91%
77%
98%1
71%
98%
43%2
87%2
71%2
96%2
31%1
90%1
56%1
90%1
43%
80%
66%2
85%2
52%2
82%2
86%1
67%1
93%1
85%1
90%
83%
75%2
64%2
88%2
80%2

1

Estimation group; 2Validation group. AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; AAR: AST/ALT ratio; BMI: Body mass index; DM:
Diabetes mellitus; PLT: Platelets; NASH: Nonalcoholic steatohepatitis; NAFLD: Nonalcoholic fatty liver disease.

The three variables constituting the NAFIC score are
parameters associated with the pathology of NASH,
such as oxidative stress, IR and fibrosis. The relevance of
the scoring parameters to NASH pathology and the fact
that no complex calculation is required are advantageous.
However, there are also problems to be addressed, such
as the scoring of insulin-treated patients, usefulness for
races other than Japanese, cost, and coverage by national
health insurance. No established scoring system to screen
for NASH is currently available, but the utility of the
NAFIC score is expected to be investigated by a largescale study in Japan.

ferentiation of patients with Stage 2 or higher fibrosis,
the negative predictive value (NPV) of a 0-1 point score
was 100%. The same group developed the FibroTest,
which is composed of bilirubin, γGT, γ globulin, haptoglobin, and α2-macroglobulin. From the United States,
the Mayo Clinic proposed the NAFLD fibrosis score
(NFS) [= -1.675 + 0.037 × age (year) + 0.094 × BMI
(kg/m2) + 1.13 × IFG/DM (with = 1, without = 0) +
0.99 × AAR-0.013 × platelets (PLT) (× 109/L) - 0.66 ×
Alb (g/dL)], calculated from readily measured routine parameters such as the age, PLT, albumin (Alb) level, AAR,
fasting hyperglycemia (impaired fasting glucose, or IFG)
or DM, and BMI (Table 3)[58]. NFS has been confirmed
to be useful in predicting the progression of fibrosis
regardless of whether the ALT level is normal or abnormal, even in bariatric surgery-treated obese patients. NFS
is advantageous because it contains no items that require
a special test and has been validated in many studies. The
latest AASLD guidelines recommend the use of NFS for
decision making for the application of liver biopsy[3]. Although NFS contains no items that require a special test,
the calculation is complex, and the score is intermediate
(NFS = -1.455 to 0.676) in approximately 25%-30% of
patients [between low (NFS < -1.455) and high (NFS >
0.676) scores][2] for whom a liver biopsy is still unavoidable. The results of a validation study of NFS performed
in China have been recently published[59], and the NPV
of a low score was favorable and useful for the exclusion of advanced cases. However, the positive predictive
value (PPV) of a high score was low, showing that the
usefulness of NFS for detecting advanced cases in Asians
remains questionable.
In the United States, Harrison et al[60] proposed a simple system, the BARD score, assigning one, two, and one
point to BMI ≥ 28 kg/m2, AAR ≥ 0.8, and DM, respectively, and reported that the possibility of Stage 3 or 4 is
very high when the total score is 2 or higher. The NPV
was high, and the results were favorable in validation
studies performed in Poland and Argentina. However,

Diagnosis of NASH with advanced fibrosis
Noninvasive diagnosis of liver fibrosis is one of the most
rapidly evolving fields in recent years. A recent extensive
review mentioned noninvasive diagnostic tests, including routine clinical parameters, fibrosis biomarkers, and
imaging techniques in chronic hepatitis C, alcoholic liver
disease, and NAFLD/NASH[44]. The stage of fibrosis
has generally been diagnosed according to Brunt’s criteria[57] or Kleiner’s classification as proposed by NASHCRN[37]. According to Brunt’s criteria, the severity of hepatic fibrosis is defined in terms of the following stages:
Stage 1, zone 3 perisinusoidal fibrosis; Stage 2, zone 3
perisinusoidal fibrosis with portal fibrosis; Stage 3, zone
3 perisinusoidal fibrosis and portal fibrosis with bridging
fibrosis; and Stage 4, cirrhosis[57]. Kleiner’s classification
differs from Brunt’s criteria in that Stage 1 is subdivided
into three substages: Substages 1a and 1b are zone 3 perisinusoidal and differ only by the character of collagen
disposition (delicate or dense, respectively), and Substage
1c is portal or periportal (representing the pediatric pattern)[37]. Advanced fibrosis is classified as Stage 3 or 4.
A French group proposed the BAAT score (0-4
points) as a system to predict the grade of fibrosis, in
which 1 point each is assigned to BMI ≥ 28 kg/m2, ALT
2 or more times greater than the normal upper limit, age
≥ 50 years old, and TG ≥ 1.7 mmol/L. For the dif-

WJG|www.wjgnet.com

480

January 14, 2014|Volume 20|Issue 2|

Sumida Y et al . Diagnosis in NAFLD/NASH

the usefulness of the BARD score for Japanese populations is questionable because the Japanese have lower
BMIs than Western populations[61].
The FIB-4 index, calculated as: [age (year) × AST
(IU/L)]/[PLT (109/L) × ALT (IU/L)], was proposed
as a parameter of the progression of fibrosis in patients
superinfected with human immunodeficiency virus/
hepatitis C virus and was also investigated with regard to
application for NAFLD (Table 3)[62]. Unlike other scoring
systems, the FIB-4 index has the ability to identify Stage
3 or higher fibrosis. This index is advantageous because
it is based on test values that are routinely measured in
health checkups, the number of items is small, and the
index is not influenced by the BMI. In a study performed
by JSG-NAFLD involving Japanese subjects, the FIB-4
index was the most useful in differentiating patients with
advanced fibrosis[63]. Furthermore, the usefulness for patients with normal ALT is comparable to that for patients
with abnormal ALT[64]. Similar findings were confirmed
in England: the FIB-4 index value was low in approximately 80% of the patients diagnosed with NAFLD
during a health checkup, whereas a high value was noted
in only approximately 1% of patients. As a parameter
used alone, PLT is expected to be useful but carries the
caveat that the counts are relatively high when fibrosis is
severe. It has been shown that advanced fibrosis patients
can be simply excluded using a combination of PLT
and AAR (PAAR) (the possibility of Stage 3 or higher
fibrosis is very low when the platelet count is 1950000 or
greater with an AAR below 0.8)[65]. The AST to platelet
ratio index (APRI) {[(AST level/upper limit of normal
AST)/PLT (109/L)] × 100}, originally developed for
hepatitis C patients, has also been suggested as a useful
strategy for predicting significant fibrosis due to NASH.
McPherson et al[66] compared five scoring systems, AAR,
APRI, BARD, NFS, and the FIB-4 index, in a study involving 145 English NAFLD patients. Evaluation based
on area under the receiver operating characteristic curve
(AUROC) demonstrated that the FIB-4 index was the
most favorable (0.86), followed by AAR (0.83), NFS
(0.81), BARD (0.77), and APRI (0.67), and the PPVs
of the FIB-4 index and of NFS were 75% and 79%,
respectively. On the basis of these results, the authors
recommended the FIB-4 index and NFS. The Nippon
score was reported from a multicenter study performed
with Japanese subjects in Nagasaki, Japan. The score was
calculated by assigning one point each to the following
characteristics: female sex, an age ≥ 60 years old, and
the presence or absence of type 2 DM and hypertension
(4 points in total). Although this system is very simple, it
has not been confirmed to be superior to other scoring
systems. Other scoring systems such as FibroMeter have
been proposed as tests for the probability of advanced
fibrosis, but additional studies are necessary for their validation. The above information suggest that, overall, the
NFS and the FIB-4 indexes are the most recommendable
scoring systems that are expected to be useful for Japanese patients because these systems have been relatively

WJG|www.wjgnet.com

well validated in Japan and in other countries. However,
both systems require further evaluation by performing
prospective multicenter validation studies. The usefulness of elastography has attracted attention recently.
FibroScan is very useful in predicting the progression of
fibrosis in NAFLD patients[67], and is covered by national
health insurance in Japan as of October 2011.
Scoring systems useful for predicting liver
carcinogenesis and making a prognosis
There has been no study on the association of liver diseases with carcinogenesis, but Kawamura et al[68] reported
that the annual liver carcinogenic rate in NAFLD patients
was 0.043% and that APRI was useful in predicting liver
carcinogenesis. It was recently reported that the scores
derived from the fibrosis-predicting scoring systems NFS,
APRI, and FIB-4 also serve as prognostic factors[69]; however, the prognostic value of these scores still requires
verification in Japan.
Proposal of a diagnostic algorithm for NAFLD
There have been no established algorithms for the diagnosis of NAFLD/NASH. An algorithm for the management of NAFLD was suggested by Rafiq et al[70]. Liver
biopsies should be considered if NAFLD patients show
potential signs of cirrhosis, such as a hard edge of the
liver, AST > ALT, and low albumin or platelets, or have
abnormal ALT levels for more than 6 mo in spite of undergoing diet change and exercise therapy.
Based on the results of the multicenter study performed by JSG-NAFLD, it can be concluded that the
FIB-4 index is useful for excluding advanced fibrosis
patients[63], whereas the NAFIC score is useful for detecting NASH[56]. Thus, we would like to propose a diagnostic algorithm for NAFLD based on these data, as
shown in Figure 1. First, the FIB-4 index is applied to
every NAFLD patient. If the FIB-4 index is higher than
2.67, liver biopsy should be performed immediately. If
the FIB-4 index is lower than 1.30, follow-up is recommended. If the FIB-4 index is between indeterminate
ranges, an NAFIC score should be calculated. If the
NAFIC score is above 2 points, liver biopsy should be
considered. In our cooperative study with institutions
performing health checkups, the FIB-4 score was high,
intermediate, and low in approximately 1%, 19% and
80% of the NAFLD patients, respectively[65]. Accordingly, patients other than those with a low FIB-4 score,
i.e., approximately 20% of the NAFLD patients, will be
treated by hepatologists.

GENETIC PREDISPOSITION ASSOCIATED
WITH THE PATHOGENESIS OF NAFLD/
NASH
Genome-wide association studies (GWAS) offer a powerful technique for discovering novel associations between
single-nucleotide polymorphisms (SNPs) and disease
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Figure 1 Proposed diagnostic algorithms combining non-invasive methods and liver biopsy. NAFLD: Nonalcoholic fatty liver disease; NASH: Nonalcoholic steatohepatitis; NAFL: Nonalcoholic fatty liver.

phenotypes. Romeo et al[71] first reported that a SNP in
patatin-like phospholipase domain-containing protein 3
(PNPLA3) (rs738409 [G], encoding I148M), also termed
adiponutrin, on chromosome 22 was strongly associated
with increased hepatic fat levels, as well as with hepatic
inflammation. This allele was most commonly observed
in Hispanics, the group most susceptible to NAFLD
among the 2111 subjects that comprised a mixed study
population of Hispanics, African Americans, and European Americans. PNPLA3 is highly expressed in adipose
tissue as well as in the liver, and the overexpression of
PNPA3 promotes lipogenesis in mouse primary hepatocytes. In humans, hepatic PNPLA3 messenger RNA expression appears to be correlated with hepatic triglyceride
content. Association studies[72-76], including one metaanalysis[76], confirm that the I148M polymorphism is also
a strong modifier of NASH and progressive hepatic injury in various populations throughout the world. In addition to PNPLA3, other SNPs associated with NAFLD
include neurocan, lysophospholipase-like 1, glucokinase
regulatory protein, protein phosphatase 1 regulatory
subunit 3b, and apolipoprotein C3[77-79]. However, it is
unknown whether screening for these SNPs can facilitate
the diagnosis of NASH or advanced fibrosis.

4
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CONCLUSION
11

Currently, liver biopsy is essential for the diagnosis of
NASH, but in the future, combining scoring systems
and imaging methods may efficiently diagnose NAFLD/
NASH. Whether these scoring systems reflect the longterm prognosis and carcinogenesis potential remains to
be investigated. The development of an improved scoring system that will prove useful for efficiently detecting
NASH and reducing liver disease-related deaths is expected in the future.
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Molecular targeting agents associated with transarterial
chemoembolization or radiofrequency ablation in
hepatocarcinoma treatment
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Cosmo Damiano Gadaleta
devascularisation effect followed by strong neoangiogenic stimulus. In fact, after these procedures, it
has been demonstrated an up-regulation of pro-angiogenic and growth factors such as vascular endothelial
growth factor-A, which might contribute to accelerated
progression in patients with incomplete response.
Several studies have demonstrated that MAP-kinase
and AKT pathways, in addition to neo-angiogenesis,
have an important role in the development of HCC. In
advanced HCC, anti-angiogenic therapy and tyrosine
kinases inhibitors showed potential clinical benefit. Actually, a number of clinical studies are ongoing testing
these agents in combination with TACE or RFA. In this
paper, we have reviewed the most recent preclinical
and clinical results of such trials.
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Core tip: The outcome of patients (with early or intermediate stage according to Barcelona Clinic Liver Cancer) treated with loco-regional approach alone [radiofrequency ablation (RFA) or transarterial chemoembolization (TACE)] is disappointing because the rebound
of vascular endothelia growth factors induced by tissue
hypoxia. On this basis there is a strong preclinical
background to associate TACE or RFA with anti-angiogenic agents. We summarized the crucial role of angiogenesis and the pathways involved in hepatocellular
cancer progression, underscoring the consequences of
pro- and anti-angiogenic factors produced after locoregional therapy. We explored preclinical and clinical
results of trials combining molecular targeting agents
plus TACE or RFA.

Abstract
Hepatocellular carcinoma (HCC) is the fifth most common cause of cancer in the world. According to Barcelona Clinic Liver Cancer modified criteria, patients with
early stage disease are candidate to radiofrequency
ablation (RFA), while patients with intermediate stage
HCC are usually treated by transarterial chemoembolization (TACE). TACE and RFA induce a transient
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that modulates gene expression via the phosphorylation
of transcription factors, which have profound effects
on tumorigenesis[6]. RAF activation is crucial in HCC
progression; in fact overexpression of RAF is very frequent[6]. Interestingly, it was reported that hepatitis B and
C virus infection are able to activate the RAS-MAPK
pathway in HCC[7]. Therefore, this pathway represents
the ideal molecular target of several anti-angiogenic
therapies, such as sorafenib[2]. In addition, the signaling
inhibition mediated by these receptors can be realized by
various monoclonal antibodies (cetuximab, trastuzumab,
ramucirumab, bevacizumab), and by “small” molecules
(erlotinib, lapatinib)[8].
The RAS-MAPK pathway is a regulator of the phosphoinositide-3-kinase PI3K/AKT/mammalian target of
rapamycin (mTOR) pathway[9]. This pathway stimulates
the Janus kinase/signal transducer and the pathway, which
represent a central regulator of proliferation[9]. The PI3K/
AKT/mTOR pathway is activated in a subset of HCC
and its blockade by rapamycin and/or everolimus, demonstrated to inhibit the growth of HCC cell lines[10-12].

Ranieri G, Marech I, Lorusso V, Goffredo V, Paradiso A, Ribatti
D, Gadaleta CD. Molecular targeting agents associated with transarterial chemoembolization or radiofrequency ablation in hepatocarcinoma treatment. World J Gastroenterol 2014; 20(2): 486-497
Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i2/486.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i2.486

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most common cause of cancer in the world[1]. To treat this tumor,
it’s necessary a multidisciplinary approach due to the underlying cirrhosis.
According to the Barcelona-Clinic Liver Cancer Classification (BCLCC), subset of patients in the very early and
early stage could be treated with radiofrequency ablation
(RFA)[1]. Patients with intermediate stage could be considered for transarterial chemoembolization (TACE)[1].
In classical TACE the blood supply to the tumor is
blocked from chemotherapeutic agent (doxorubicin, mitomycin) plus lipiodol[2]. Chemoembolization with drugeluting beads (DEB-TACE) combines the drug with
the embolization device by using microsphere [2]. It’s
important to underline that ischemia, induced by TACE,
strongly stimulates the expression of angiogenic factors, in particular vascular endothelial growth factor-A
(VEGF-A)[3]. Consequently, HCC angiogenesis and progression are stimulated in patients with an incomplete
response[3]. Also, insufficient or incomplete RFA could
promote angiogenesis in residual HCC, inducing a rapid
tumor regrowth[4].
Here, we have reviewed the pathways involved in
HCC development, underscoring the angiogenic rebound following loco-regional therapy, and clinical trials
employing the association between loco-regional therapy
and molecular targeting agents.

POTENTIAL BENEFITS OF THE
ASSOCIATION OF MOLECULAR
TARGETING AGENTS PLUS TACE
TACE is used in the treatment of: (1) single lesion (>
3 cm); (2) multifocal HCC; and (3) awaiting liver transplantation[1]. HCC receives prolonged contact time with
chemotherapeutic agent, by its infusion directly into vessels supplying the tumor, and subsequently obstructing
these vessels with an embolization material[1]. Therefore,
chemoembolization induces necrosis, prolonging the
exposition between cancer cells and chemotherapy[2].
However, ischemia correlates with expression of angiogenic factors, such as VEGF-A and angiopoietin, and
stimulates angiogenesis (resulting in the formation of a
rich vascular bed in residual tumors), which may allow
the surviving cancer cells to proliferate[13]. In fact, after
TACE, the tumor microenvironment becomes deranged
with increased hypoxia, leading to an up-regulation in
hypoxia inducible factor-1 (HIF-1), which in turn upregulates VEGF and also PDGFR, further increasing tumor angiogenesis[13]. During tumor angiogenesis, cancer
and endothelial cells secrete PDGF-β, which acts stimulating pericytes to express VEGF[13].
In patients in whom TACE failed, due to incomplete
embolization or partial recanalization, the secretion of
pro-angiogenic factors by residual tumor or surrounding
tissue might contribute to HCC progression[3]. In fact,
TACE was associated with a high rate of disease recurrence, with 67% of post-therapy deaths due to tumor
progression[3]. High serum VEGF levels are frequently
expressed in HCC and increased serum VEGF levels are
correlated with liver function, tumor size, tumor number,
microscopic venous invasion, distant metastasis, reduced
overall survival (OS), and recurrence of HCC after treatment[13-15].

MAIN PATHWAYS INVOLVED IN THE
DEVELOPMENT OF HCC
Fundamental pathways involved in HCC proliferation
are the RAS-mitogen-activated protein kinase (MAPK)
and the phosphoinositide 3-kinase (PI3K) (Figure 1).
The RAS-MAPK pathway is the most important
cascade leading to tumor cell progression[5]. Vascular
endothelial growth factor receptor (VEGFR) and platelet derived growth factor receptor (PDGFR) are transmembrane tyrosine-kinase receptors that, binding several
growth factors, activate the RAS GTPase proteins[5]. The
increased activation of this pathway may be due to: (1)
RAS proteins mutation; (2) overexpression of intracellular RTKs; and (3) a number of growth factors, such
as VEGF or PDGF[5,6]. The main RAS effector pathway
is the RAF-MAP/extracellular signal-regulated kinase
(ERK) kinase. Once RAF proteins are activated and
phosphorylated by different protein kinases, they phosphorylate MEK that, in turn, activates ERK1 and ERK2
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Figure 1 Fundamental pathways involved in development of hepatocellular cancer and their molecular targeting agents. VEGF: Vascular endothelial growth
factor; PDGF: Platelet derived growth factor; VEGFR: VEGF receptor; PDGFR: PDGF receptor; FGF2: Fibroblast growth factor 2; PI3k: Phosphoinositide 3-kinase;
NF-κB: Nuclear factor-κB; SRC: Steroid receptor coactivator; JNK: c-JUN terminal kinase; mTOR: Mammalian target of rapamycin; PTEN: Phosphatase and tensinhomologue; STAT 3: Signal transducer and activator of transcription; MAPK: Mitogen-activated protein kinase; GSK-3: Glycogen synthase kinase-3.

Preclinical and clinical data suggested that a monitoring of VEGF-A (determined by ELISA) one day before
and 7 d after TACE might be used to predict HCC
growth and that an increase of serum VEGF levels from
the first to the third day post-TACE could be related to
poor prognosis[3,16-18].
According to these evidences, the treatment with
multikinase inhibitors pre/after TACE could be both
anti-proliferative, anti-angiogenic and, at the same time,
may prolong time to recurrence, improve survival, and
target lesions distal to the TACE site. In fact, preclinical models combining bland transarterial embolization
with anti-angiogenic agents have observed a reduction in
tumor volume and vessel density, as well as a prolongation in survival compared with transarterial embolization
alone[19].

exhibit an aggressive phenotype with unfavourable prognosis[21].

TACE WITH MOLECULAR TARGETING
AGENTS
All clinical studies that analyzed molecular targeting drugs
(Figure 1) with predominantly anti-angiogenic effect in
combination with TACE are summarized in Table 1.
Sorafenib
Sorafenib is an oral multitargeted receptor TKI, blocking
RAF/MEK/ERK pathway, VEGFR-2/3 and PDGFR-β,
stem cell factor receptor, fms-like tyrosine kinase 3, and
rearranged during transfection[22]. Sorafenib (at dose 800
mg/d) was approved from the United States Food and
Drugs Administration (FDA) for the treatment of advanced HCC since November 2007[23,24].
The addition of sorafenib to TACE compared to
TACE alone (Figure 2A and B) in patients with advanced or intermediate unresectable HCC and good liver
function is under clinical investigation.
In regard to sequential timing of anti-angiogenic and
loco-regional therapy, Strebel et al[25] proposed three different schedules: sequential, interrupted, continuous of
combining TACE with sorafenib. In the first approach
sorafenib was administered after chemoembolization. In
a second model, sorafenib was given throughout, and it

POTENTIAL BENEFITS OF THE
ASSOCIATION OF MOLECULAR
TARGETING AGENTS PLUS RFA
The mechanisms of rapid growth of residual HCC after
RFA or the mediators are still poorly understood. It was
hypothesized that insufficient RFA, due to a not sufficiently high local ablative temperature, could promote
proliferation and angiogenesis of residual HCC[4]. Moreover, after RFA in the residual tumor ablation HIF-1α
levels[20] are increased and, consequently, the tumor might
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Table 1 Clinical studies that analyzed targeted therapy in combination with transarterial chemoembolization
Phase

Drug

Patients (n )

Type of TACE

Timing

Primary
endpoint

Dufour et al[26]

Ⅰ

14

Classical (doxorubicin,
mytomicin-C)

7 d before TACE and
continuously

Safety

NCT01042041

Ⅰ

18 TR

Pawlik et al[27]

Ⅱ

Sorafenib
(from 400 to
800 mg/d)
Sorafenib
(800 mg/d)
Sorafenib
(800 mg/d)
Sorafenib
(800 mg/d)
Sorafenib
(800 mg/d)
Sorafenib
(800 mg/d)
Sorafenib
(800 mg/d)

Classical (cisplatin, doxorubicin,
and mitomycin-C)
DEB-TACE (doxorubicin)

2 wk before TACE
and continuously
1 wk before TACE
and continuously
2 wk before TACE
and continuously
After TACE (interrupted schedule)
3 d after TACE for up
to 24 wk
30 d after TACE
(sequential schedule)

Dose
adjustment
Safety,
toxicity
Safety

Classical (doxorubicin)

1 wk after TACE
(sequential schedule)

TTP

TR not specified

Classical (drugs not specified)

After TACE (sequential schedule)
3-7 d before TACE
and continuously
Before TACE (interrupted schedule)

TTP

307

Classical (epirubicin, cisplatin,
doxorubicin, mitomycin-C)
DEB-TACE (doxorubicin)

Author, Ref. or
No. of clinical trials

Sieghart et al[28]
Chung et al[29]
START study
Park eet al[30]
Sansonno et al[31]

Pilot
trial
Ⅱ
Ⅱ

RCT

NCT01556815

Ⅱ

Sorafenib
(800 mg/d)

Kudo et al[32]

Ⅲ

Lencioni et al[33]
SPACE trial
TATICS
trial NCT01217034

Ⅱ

ECOG 1208
trial NCT01004978

Ⅲ

Sorafenib
(800 mg/d)
Sorafenib
(800 mg/d)
Sorafenib
(from 400 to
800 mg/d)
Sorafenib
(800 mg/d)

Meyer et al[34]
TACE 2 trial
Hoffmann et al[75]
Britten et al[37]

AVATACE-1
NCT00280007
NCT00049322

Ⅱ

Sorafenib
(800 mg/d)
Ⅲ
Sorafenib
(800 mg/d)
Pilot
Bevacizumab
10 mg/kg
trial
every 14 d
Ⅱ
Bevacizumab
5 mg/kg iv every
14 d for 52 wk
Ⅱ
Bevacizumab
(10 mg/kg) every 14 d
Ⅲ

35
15
165

Classical (bilirubin-adjusted
doxorubicin doses)
Classical (doxorubicin)

50

Classical (doxorubicin)

62
(with HCV
infection)
40 TR
(with HBV
infection)
458

Classical (doxorubicin and
mytomicin C)

TR not specified Classic (doxorubicin, mitomycin-C,
2 wk before TACE
cisplatin) or DEB-TACE (doxorubi- (interrupted schedule)
cin)
412 TR
DEB-TACE with doxorubicin
Together with TACE
and continuously
208 (waiting LT)
Classical (carboplatin)
Together with TACE
and continuously
23
DEB-TACE (doxorubicin, cisplatin,
1 wk before TACE
mitomycin-C)
beyond week 16

Before TACE continuously
Before TACE in weeks
1, 3, 5 (up to a maximum of 5 courses)
During TACE (via
hepatic artery)

Neovessel
formation by
angiography
Median PFS

Ⅱ

Recombinant
human endostatin

60 TR

Classical (epirubicin)

RCT

Thalidomide
(200 mg/d)
Thalidomide
(dose not specified)

108

NCT01009801

Ⅰ-Ⅱ

TRACER study
NCT01379521
SATURNE trial
NCT01164202

(10 mg/d)
Everolimus
(dose not specified)
Ⅱ-Ⅲ
Sunitinib
(50 mg/d on days
1-28 before TACE)
Ⅱ
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Neovessel by
angiography

Classical (doxorubicin, cisplatin,
mitomycin-C)

NCT00518557

Thalidomide
(from 200 mg/d
to 400 mg/d)
Everolimus

TTP

31

Classical (drugs not specified)

Ⅲ

PFS

Effectiveness

26

NCT00921531

PFS

After TACE for 52 wk

Bevacizumab
(dose not specified)

Ⅱ

TTUP

Classical (drugs not specified)

Ⅱ

NCT00006016

TTP

32

NCT00335829

Hao et al[45]

Safety,
efficacy
Safety,
TTP
TTP

75 TR

200 TR

Safety,
tolerability,
mortality
Median OS

Classical (gemcitabine, oxaliplatin, Before TACE and confloxuridine)
tinuously for 3–6 mo
Classical (doxorubicin)
Before TACE (interFeasibility,
rupted schedule)
potential activity of
thalidomide
Classical (5-fluorouracil, oxaliplatin, After TACE continuOS
mitomycin-C)
ously

98 TR

DEB-TACE (doxorubicin)

80

Classical (drugs not specified)

190 TR

Classical (drugs not specified)

489

Before TACE for up to
12 mo

Dose-limiting
toxicity,
PFS
TTP

Together with TACE
continuously
7-10 d before TACE
Unacceptable
and after TACE (every bleeding or hepatic
6 wk for 1 year)
failure, OS

January 14, 2014|Volume 20|Issue 2|

Ranieri G et al . Targeted therapy and loco-regional treatments in hepatocarcinoma
NCT00524316

Ⅱ

Sunitinib
(50 mg/d on days
1-1 and-15-35
in course 1 before
TACE and on
days 1-28 after TACE)

16 TR

Classical (doxorubicin)

7 d before TACE
(interrupted schedule)

RR,
PFS

TR: Target recruitment; RCT: Randomized clinical trial; TTUP: Time to untreatable progression (defined as time from randomization to untreatable progression and will be evaluated every 8 wk); LT: Liver transplantation; PFS: Progression free survival; OS: Overall survival; TACE: Transarterial chemoembolization; RR: Risk ratio; TTP: Time to progression.

was interrupted only during TACE[25]. In the third model,
sorafenib, started before TACE, was administrated continuously[25].
Several phase Ⅱ/Ⅲ studies used a continuous schedule, according to Dufour phase Ⅰ study, that confirmed
sorafenib anti-angiogenic action, due to significant decrease in VEGF-plasma concentration levels in HCC
patients, against a good tolerability (only 4/14 patients
have interrupted treatment for toxicity)[26].
Also, a phase Ⅱ trial showed a good safe of sorafenib started before doxorubicin DEB-TACE -from 1 to
5 cycles- with a median of 71 d of therapy with a disease control rate (DCR) of 95% [according to Response
Evaluation Criteria in Solid Tumors Group (RECIST)]
with an objective response of 58% (according to European Association for the Study of the Liver -EASL)[27].
Conversely, a pilot study evaluating safety of TACE
(with bilirubin-adjusted doxorubicin doses) plus sorafenib, administered according to continuous schedule,
was terminated prematurely for toxicity evidence, such
as dermatologic toxicity (47%), and diarrhoea (47%)[28].
The interim analysis of phase Ⅱ START study showed
in Asian patients treated with TACE (TACE cycles were
repeated every 6-8 wk on demand, up to a maximum of 6
TACE cycles) plus sorafenib (400 mg bid on day 4 to day
7 after the first TACE and stopped 4 d before each next
TACE), as an interrupted schedule, a DCR of 91.2%, an
overall response rate of 52.4%, a median progression free
survival (PFS) and a time to progression (TTP) of 9 mo,
with an OS probability upper 90% at 18 mo[13]. The side
effects (mainly gastrointestinal and dermatologic) were
mild or moderate[13].
In a Korean phase Ⅱ trial patients treated with sorafenib, as interrupted schedule, presented an overall
median TTP was 7 mo[30]. The 6-mo PFS rate, based on
RECIST criteria, was 52% and the median OS was 20.8
mo. Nevertheless the use of interrupted approach, it was
required sorafenib dose reduction in 70% of patients
because of toxicity[30].
In an European study, in which sorafenib was administered 30 d after TACE in HCC patients with chronic
hepatitis C virus infection, the TTP was 9 mo, without
unexpected side effects (P < 0.001), in fact a similar
number of patients (belonging 25% to sorafenib and
23% to placebo group) were withdrawn from the trial
because of toxicity[31].
Conversely, a phase Ⅲ Asian trial concluded that sorafenib, given in patients who responded to TACE, did
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not significantly improve median TTP (sorafenib plus
TACE: 5.4 mo vs TACE: 3.7 mo), because a long time
interval elapsed before giving sorafenib after TACE. In
fact, 60% of patients had a treatment lag upper 9 wk
prior to randomization[32].
Actually, four ongoing randomized trials (SPACE,
ECOG1028, TACE2 and TACTICS) are addressing the
mode and timing to add sorafenib to TACE or DEBTACE with a continuous dosing of sorafenib, as in the
SPACE or TACE2 studies[33,34] vs interrupted dosing in
ECOG 1208 or TATICS trials (ClinicalTrials.gov Identifier: NCT01217034; NCT01004978).
Bevacizumab
Bevacizumab is a humanized monoclonal anti-VEGF-A
antibody approved by the United States FDA for several
metastatic tumors, such as colon cancer, non-small cell
lung cancer, renal cancer, glioblastoma multiforme, and
approved by the European Medicines Agency (EMA) for
breast cancer[35].
Based on preclinical evidences that demonstrated in
HCC models a strong neo-angiogenesis inhibition after bevacizumab[36] the addition of bevacizumab to TACE compared to TACE alone in patients with unresectable HCC
and good liver function is under clinical investigation.
A pilot study showed in patients treated with bevacizumab (administered intravenous according to continuous schedule) plus TACE a statistically significant
improvement in PFS at 16 wk [0.19 in TACE group vs
0.79 in combination arm (P = 0.021)][37]. Overall, bevacizumab was well tolerated, not showing an increased
risk of bleeding. In fact, only 3 patients, who received
bevacizumab, had grade 2/3 treatment-related gastrointestinal bleeding, which was not life threatening[37]. In
conclusion, the Authors claimed that the addition of
bevacizumab to TACE was safe and feasible in selected
HCC patients and that this combination was able reduce
neo-vessel formation (as showed by angiography), in
particular, at week 14[37].
A phase Ⅱ AVATACE-1 trial will evaluate tumor
progression in patients treated with bevacizumab (after
one year treatment) plus TACE measured by liver magnetic resonance imaging (MRI) and positron emission
tomography-scanning and several angiogenesis markers
(circulating endothelial progenitors, pro-angiogenic hematopoietic cells, HGF levels) (ClinicalTrials.gov Identifier: NCT00280007).
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A

B

C

D

Figure 2 Computed tomography scan. A: An intermediate hepatocellular cancer (HCC) is showed at liver segment Ⅶ before transarterial chemoembolization (TACE).
Note the HCC hyperdensity in arterial phase; B: The same tumor showed in A was observed 1 mo after TACE. Note the lipiodol impregnation of the tumor in computed
tomography scan without intravenous contrast; C: An early hepatocellular cancer is showed at liver segment Ⅴ before radiofrequency ablation (RFA). Note the HCC
hyperdensity in arterial phase; D: The same tumor showed in C was observed 1 mo after RFA. Note the cavitation of the tumor as an image with no density.

Endostatin
The precise mechanisms of antitumor activity have not
yet been fully clarified. It’s known that endostatins had
been utilized to modify 12% of the human genome to
down regulate pathological angiogenesis and inhibit 65
tumor types in animal models, including HCC[38].
According to preclinical evidences that showed antiangiogenic activity of endostar (a recombinant human
endostatin expressed and purified in Escherichia coli
with an additional nine-amino acid sequence and forming another his-tag structure) blocking VEGF-induced
tyrosine phosphorylation of KDR/FLK-1 in endothelial cells[39], and a tumor reduction (P < 0.01) 2 wk after
treatment with both TACE plus endostar (arterially administrated at dose of 0.25 mg/kg) in HCC models[40],
the addition of endostar to TACE in patients with unresectable HCC and good liver function is under investigation.
Two clinical studies are considering safety of endostatin plus TACE and endostatin haematic level as biomarker of HCC recurrence (ClinicalTrials.gov Identifiers:
NCT00834028; NCT00518557).

fibroblast growth factor immunomodulatory and a drug
able to potentiate the cytotoxic activity of immune system by several mechanisms: (1) inhibition of the production of interleukin-6 (IL-6); (2) activation of caspase 8;
(3) induction of c-JUN terminal kinase (JNK)-dependent
release of cytochrome-c and Smac; (4) direct activation
of T cells to produce IL-2; and (5) increasing the activity
of NK-dependent[41].
United States FDA approved thalidomide in 2006
in combination with dexamethasone and in 2007 EMA
approved this drug in combination with melphalan plus
prednisone for the treatment of multiple myeloma[42].
In advanced HCC two Asian studies demonstrated
that thalidomide (from 200 mg/d to maximum tolerated
dose) had good safety, but only modest response[43,44].
Hao et al[45] assessing the association of thalidomide
to TACE vs TACE alone in HCC patients, showed a
median OS of 28 mo (95%CI: 12-24) in the thalidomide
arm and of 13 mo (95%CI: 10-16) in the control group
(P < 0.05), with an OS at 2-year of 51.0% and 24.6%,
respectively. Moreover, adverse events in patients taking
thalidomide were mild and infrequent.
Actually, two phases Ⅱ and Ⅲ trials are evaluating the
effectiveness of thalidomide plus TACE as adjuvant or
neoadjuvant therapy with an interrupted schedule (Clini-

Thalidomide
Thalidomide is an inhibitor of angiogenesis induced by
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calTrials.gov Identifiers: NCT00006016; NCT00921531).

efit of sorafenib addition to RFA in prolonging TTR
compared to RFA plus placebo in patients who were
candidates for RFA (local ablation group)(ClinicalTrials.
gov Identifier: NCT01126645). However, the study will
evaluate the benefit of adding radioembolization with
yttrium-90 microspheres (SIRT) to sorafenib in comparison to sorafenib alone, in those patients in which
RFA is not appropriate and who are not candidate for
TACE (palliative group)(ClinicalTrials.gov Identifier:
NCT01126645). This study will confirm the non-inferiority or superiority of Gadoxetic acid-based MRI contrast agent (Primovist®-enhanced MRI) compared with
contrast-enhanced computer tomography in stratifying
patients to a palliative vs local ablation treatment strategy
(ClinicalTrials.gov Identifier: NCT01126645).
The phase Ⅲ STORM trial will assess efficacy in
recurrence free survival of sorafenib after surgical resection or local ablation of HCC, as adjuvant therapy within
4 mo from potentially curative treatment (ClinicalTrials.
govIdentifier: NCT00692770).

Everolimus
Everolimus (RAD-001) is an oral derivative of sirolimus
that inhibits mTOR. Everolimus was approved by United States FDA in several tumors: advanced kidney cancer, subependymal giant cell astrocytoma associated with
tuberous sclerosis, advanced pancreatic neuroendocrine
tumors not surgically removable, and metastatic breast
cancer (hormone-receptor positive, HER2-negative type)
in combination with exemestane[46].
A randomized phase Ⅰ-Ⅱ trial is investigating on
the dose limiting toxicity of everolimus given in combination to DEB-TACE (ClinicalTrials.gov Identifier:
NCT01009801). The phase Ⅱ multicentric TRACER trial
will evaluate TTP of everolimus in patients with unresectable HCC (ClinicalTrials.gov Identifier: NCT01379521).
Sunitinib
Sunitinib is an oral multitargeted receptor TKI, approved
by the United States FDA for the treatment of metastatic renal cell carcinoma, imatinib-resistant gastrointestinal
stromal tumor[47] and unresectable, locally advanced or
metastatic pancreatic neuroendocrine tumors[48].
A phase Ⅱ-Ⅲ SATURNE trial will assess safety (bleeding or hepatic failure at 10 wk post-treatment) of sunitinib (at interrupted schedule before and after TACE) in
combination with TACE (ClinicalTrials.gov Identifier:
NCT01164202) in about 200 patients with unresectable
HCC.
A phase Ⅱ study will evaluate the RR and PFS at
4 mo of patients treated with sunitinib (at interrupted
schedule before and after TACE) plus TACE (ClinicalTrials.gov Identifier: NCT00524316).

Bevacizumab
There are only two preclinical studies showing the synergistic interaction between bevacizumab and RFA to
reduce pro-angiogenic effect and HCC progression, that
occur after insufficient local ablation[4,51].
The most significant study demonstrated whether
hyperthermia could induce sublines of a human hepatoma cell line (HepG2 cells) with rapid proliferation
and enhanced pro-angiogenic effect through a HIF-1α/
VEGF-A dependent mechanism[4]. A subline of HepG2
cells, selected for higher viability and significant heat tolerance after 47uC heat treatment, showed 18% increase in
viability and enhanced pro-angiogenic effect compared
with parental HepG2 cells in which it was observed an
up-regulated cellular protein levels of VEGF-A, HIF-1α
and P-AKT, VEGF-A mRNA and secreted VEGF-A[4].
Bevacizumab, inhibiting VEGF-A effect, reduced the difference in pro-angiogenic effect between HepG2 k and
parental HepG2[4]. Moreover, the Authors supposed that
higher viability subline, hyperthermia-induced, exerted
its stronger pro-angiogenic effect through overexpressed
PI3K/AKT/HIF-1α/VEGF-A signaling pathway[4].
However, additional preclinical studies are required
to confirm the involvement of PI3K/AKT/HIF-1α/
VEGF-A pathway in the mechanism of tumor progression and more clinical studies demonstrating the efficacy
of bevacizumab to prevent tumor recurrence after RFA.

RFA WITH MOLECULAR TARGETING
AGENTS
Clinical studies that analyzed targeted therapy in combination with RFA are summarized in Table 2.
Sorafenib
Patients with small HCC candidate to RFA have an OS
at 5 year of 50%-70%[1] (Figure 2C and D).
Considering preclinical data that demonstrated after
sorafenib plus RFA a reduced neovascularisation[49], an
increased time to recurrence (TTR) (inhibiting HIF-1α
and VEGF-A expression) and an inhibited proliferation
in HCC models[50], the combination of sorafenib to RFA
in patients with unresectable HCC and good liver function is under investigation.
All clinical studies achieving the efficacy of sorafenib
addition to RFA are ongoing.
A phase Ⅱ trial will evaluate the anti-angiogenic
properties of sorafenib in limiting tumor blood flow
measured through a novel MRI technique (ClinicalTrials.
gov Identifier: NCT00813293).
The phase Ⅱ SORAMIC trial is considering the ben-
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Thalidomide
Actually, there is only one phase Ⅱ-Ⅲ trial ongoing with
aims to evaluate PFS and morbidity of low-dose thalidomide after RFA for unresectable HCC (ClinicalTrials.gov
Identifier: NCT00728078).

NEW AGENTS IN DEVELOPMENT
4-[3,5-bis (trimethylsilyl) benzamide] benzoic acid (TAC-101)
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Table 2 Ongoing clinical studies that analyzed targeted therapy in combination with radiofrequency ablation
Phase

Drug

Patients (n )

Timing

Primary endpoint

NCT01470495

Randomized study

200 TR

Together with RFA continuously

TTP

NCT00813293

Ⅱ

9 d before RFA

Effectiveness

SORAMIC trial
NCT01126645
STORM trial NCT00692770

Ⅱ

Sorafenib
(dose non specified)
Sorafenib
(800 mg/d)
Sorafenib
(dose non specified)
Sorafenib
(800 mg/d)
Thalidomide
(150 mg/d)

1500

After RFA or SIRT

Time to recurrence, OS

1114

After RFA
continuously
After RFA for 6 mo

RFS

Number of clinical trials

NCT00728078

Ⅲ
Ⅱ-Ⅲ

20

200

PFS, morbidity

TR: Target recruitment; RFS: Recurrence free survival; RFA: Radiofrequency ablation; TTP: Time to progression; OS: Overall survival; PFS: Progression free
survival.

(200 mg/d bid) in combination with TACE (ClinicalTrials.
gov Identifier: NCT01465464).

is an oral synthetic retinoid with a specific binding activity on retinoid acid receptor-α[52]. This interaction
induces the inhibition of activated protein-1, a transcription factor, which normally activates the expression
of metastasis-related genes, including urokinase-type
plasminogen activator, matrix metalloproteinase-9, and
VEGF[52]. Preclinical models have shown that TAC-101
(at dose established of 20 mg/d) have an antitumor
activity in HCC. A recent Japanese phase Ⅰ study on
TAC-101, observed a disease control rate of 38.5% in
patients with advanced HCC[53]. Despite of an acceptable toxicity profile, the most frequent side effects were
fatigue, headache, and skin toxicity[53].
Actually, a phase Ⅱ study will evaluate the time to
appearance of new lesions in patients with advanced
HCC treated with TAC-101 (at dose 20 mg/d) plus TACE
(ClinicalTrials.gov Identifier: NCT00667628).
Brivanib (BMS-582664) is an oral drug with anti-angiogenic activity, inhibiting VEGFR1-2-3 and fibroblast
growth factor receptors (FGFR1-2-3). In a subanalysis
performed to evaluate the effects of brivanib (at dose of
800 mg/d), as first-line therapy between Asian and nonAsian patients, the median OS was 10.6 mo in Asian
patients and 5.7 mo in non-Asian patients. In contrast,
in patients receiving brivanib as second-line therapy, the
median OS was comparable between Asian and nonAsian patients (9.8 mo vs 9.4 mo, respectively) [54]. A
phase Ⅲ BRISK TA trial will evaluate the benefits of
brivanib (at dose 200 mg/d), as adjuvant therapy, and
TACE association in patients with unresectable HCC
(ClinicalTrials.gov Identifier: NCT00908752).
Axitinib is an oral multitargeted receptor TKI, binding VEGFR1-2-3, PDGFR, and c-KITR. Axitinib was
approved by FDA in January 2012 for pretreated patients with advanced renal cell carcinoma[55]. A phase
Ⅱ Chinese study will achieve two-year survival rate of
patients with unresectable HCC, treated with axitinib (5
mg/d for 6 cycle) plus TACE, followed by axitinib alone
(ClinicalTrials.gov Identifier: NCT01352728).
Orantinib (TSU-68) is an oral multitargeted receptor
TKI, binding VEGFR-2, PDGFR, FGFR and c-KITR[56].
The Asian phase Ⅲ ORIENTAL trial will assess OS in
patients with unresectable HCC, treated with orantinib
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DISCUSSION
The combination of loco-regional treatments of HCC
plus molecular targeting agents is a recent approach,
and a number of questions still remain open: (1) the
best sequential timing of targeted therapy and locoregional therapy; (2) the number of TACE cycles to be
performed; (3) the best criteria to evaluate the clinical
outcome; (4) the best imaging technique to evaluate response; (5) the best targeted drug to use in combination
with loco-regional treatment; and (6) the most correct
primary endpoint of the studies.
With regard to the first point, there are three potential schedules: sequential, interrupted or continuous[25].
According to few actual evidences, we don’t really know
which is the optimal schedule to administer sorafenib in
addition to TACE or RFA.
Concerning the second point, there is not a magic
number of TACE cycles, in fact TACE is to be repeated
as many times as requested. However, it is also true, that
after 5 to 6 treatments, the tumor progression usually
does not allow further loco-regional approaches, and a
systemic treatment alone should be preferred.
About the third point, the only agreement in literature
is that RECIST criteria are inadequate[57,58], but, if these
criteria should be replaced by EASL, CHOI or MASS
criteria is still a matter of debate[59-62]. For what concern
tumor necrosis induction, we think that its incorporation
in evaluated criteria needs to await a prospective validation
like the one that is part of the CALGB 80802 randomized
phase Ⅲ trial evaluating sorafenib plus chemotherapy with
doxorubicin vs sorafenib alone(ClinicalTrials.gov Identifier: NCT01015833).
Considering fourth point, all studies considered, as
imaging technique to evaluate response classical MRI
and/or contrast-enhanced CT, and only few studies now
are investigating on the best imaging technique to assess
clinical outcome (SORAMIC, AVATACE-1).
With regard to fifth point, there are more clinical studies that assessed safety and TTP given by the
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addition of sorafenib to TACE. Globally, these studies obtained an increased TTP of 7-9 mo in favour to
sorafenib adjunct. Considering thalidomide, although
the exciting results reported by Asian studies[43,44], the
perspective of this drug in the combined HCC approach may be limited because of its low activity as
single agent[63]. Nevertheless, based on the favourable
safety data, some Authors still think rationale to consider
thalidomide in combination with loco-regional therapy,
in order to increase outcome of HCC patients[45]. The
same considerations of thalidomide apply to bevacizumab[64]. In fact, although this drug in combination
with TACE was able to reduce VEGF serum levels, the
disappointing results in terms of survival[64], raise some
concern about the future of this anti-angiogenic drug.
The sixth controversial point is the definition of efficacy.
In that regard, the primary endpoints of the ECOG
1208 (ClinicalTrials.gov Identifier: NCT01004978) and
SPACE[33] studies are different although both studies try
to evaluate efficacy in HCC. The SPACE study has TTP
as the primary endpoint and defines failure of therapy
as an inability to achieve objective response after more
than two TACE procedures in the treated tumor nodule. ECOG 1208 in contrast, using PFS as the primary
endpoint, and integrating any progression of disease
occurring in the liver and not just in the ablated lesion
makes an evaluation more adherent to reality and patient overall health status. As a consequence of this disagreement, the optimal endpoint of the studies, actually,
still remains unknown.
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Deletion of Gpr128 results in weight loss and increased
intestinal contraction frequency
Ying-Yin Ni, Yan Chen, Shun-Yuan Lu, Bi-Ying Sun, Fang Wang, Xiao-Lin Wu, Su-Ying Dang, Guo-Hua Zhang,
Hong-Xin Zhang, Yin Kuang, Jian Fei, Ming-Min Gu, Wei-Fang Rong, Zhu-Gang Wang
mixed 129/BL6 background was generated. The mice
were genotyped by polymerase chain reaction (PCR)
analysis of tail DNA and fed a standard laboratory chow
diet. Animals of both sexes were used, and the phenotypes were assessed by histological, biochemical,
molecular and physiological analyses. Semi-quantitative
reverse transcription-PCR and Northern blotting were
used to determine the tissue distribution of Gpr128
mRNA. Beginning at the age of 4 wk, body weights
were recorded every 4 wk. Food, feces, blood and organ samples were collected to analyze food consumption, fecal quantity, organ weight and constituents of
the blood and plasma. A Trendelenburg preparation
was utilized to examine intestinal motility in wild-type
-/(WT) and Gpr128 mice at the age of 8 and 32 wk.
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RESULTS: Gpr128 mRNA was highly and exclusively
detected in the intestinal tissues. Targeted deletion of
Gpr128 in adult mice resulted in reduced body weight
gain, and mutant mice exhibited an increased frequency of peristaltic contraction and slow wave potential of
+/+
the small intestine. The Gpr128
mice gained more
-/weight on average than the Gpr128 mice since 24 wk,
being 30.81 ± 2.84 g and 25.74 ± 4.50 g, respectively
(n = 10, P < 0.01). The frequency of small intestinal
-/peristaltic contraction was increased in Gpr128 mice.
At the age of 8 wk, the frequency of peristalsis with an
intraluminal pressure of 3 cmH2O was 6.6 ± 2.3 peri-/stalsis/15 min in Gpr128 intestine (n = 5) vs 2.6 ± 1.7
peristalsis/15 min in WT intestine (n = 5, P < 0.05). At
the age of 32 wk, the frequency of peristaltic contraction with an intraluminal pressure of 2 and 3 cmH2O
was 4.6 ± 2.3 and 3.1 ± 0.8 peristalsis/15 min in WT
-/mice (n = 8), whereas in Gpr128 mice (n = 8) the
frequency of contraction was 8.3 ± 3.0 and 7.4 ± 3.1
peristalsis/15 min, respectively (2 cmH2O: P < 0.05 vs
WT; 3 cmH2O: P < 0.01 vs WT). The frequency of slow
-/wave potential in Gpr128 intestine (35.8 ± 4.3, 36.4
± 4.2 and 37.1 ± 4.8/min with an intraluminal pressure
of 1, 2 and 3 cmH2O, n = 8) was also higher than in

Abstract
AIM: To generate a Gpr128 gene knockout mouse
model and to investigate its phenotypes and the biological function of the Gpr128 gene.
METHODS: Bacterial artificial chromosome-retrieval
methods were used for constructing the targeting vector. Using homologous recombination and microinjection technology, a Gpr128 knockout mouse model on a
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functional GPCR proteolytic site domain (GPS domain)
and one or more conserved domains[9,10]. Generally, the
long N-termini bind various proteins that promote cellto-cell and cell-to-matrix interactions[11]. However, some
Adhesion-GPCRs were found to have a GPS domain but
to lack the conserved domains. HE6 and GPR56 are two
such members for which no N-terminal conserved domains have been identified, although they have both been
shown to have adhesive properties. HE6 attachment appeared to be required for the maturation of germ cells
because mutation of this receptor resulted in male infertility in mice[12]. Mutations in GPR56 have been shown to
be associated with cortical malformation of the human
brain[13,14] and to participate in tumor cell adhesion[15,16].
GPR128 is an orphan receptor of the AdhesionGPCR family uncovered during BLASTP searches of the
Celera database in 2003. GPR128 is phylogenetically related to HE6 and GPR56 and lacks the conserved N-termini domains apart from the GPS domain[17]. The mouse
Gpr128 shares 69.9% homology with human GPR128
and contains 16 exons.
GPCRs are expressed in virtually all tissue types in the
body[18]. However, some GPCRs are expressed in specific
tissues and therefore are important targets for drug discovery[19]. The tissue distribution of GPR128, as derived
from the EST data or analysed by real-time quantitative
polymerase chain reaction (RT-qPCR), shows specific
patterns in human and mouse gastrointestinal tissue[20,21].
However, until the commencement of this study, there
was little information regarding the ligand or the physiological function of GPR128 in mammals. Using PCR,
Northern blotting and immunofluorescence staining,
we show that Gpr128 might be exclusively expressed in
mouse intestine tissue. To study the role of Gpr128 in the
intestine, we generated mice with a targeted deletion of
Gpr128. We found that Gpr128 knockout mice exhibited
less body weight gain and an increase in intestinal contraction frequency compared with their wild-type (WT) counterparts.

WT intestine (30.6 ± 4.2, 31.4 ± 3.9 and 31.9 ± 4.5/
min, n = 8, P < 0.05).
CONCLUSION: We have generated a mouse model
with a targeted deletion of Gpr128 and found reduced
body weight and increased intestinal contraction frequency in this animal model.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: G-protein-coupled receptors; Gpr128 ;
Knockout mouse; Weight loss; Intestinal contraction
frequency
Core tip: The Adhesion family is the second largest subfamily of the G-protein-coupled receptors (GPCR). The
physiological function of the orphan Adhesion-GPCR
Gpr128 is unknown. In the present study, we generated Gpr128 knockout mice and confirmed the selective
expression of Gpr128 in the intestinal tissues. Phenotypic analysis revealed that targeted deletion of Gpr128
in the mouse resulted in reduced body weight gain and
increased frequency of peristaltic contraction and slow
wave potential in the small intestine. The physiological roles of Gpr128 in the gastrointestinal tract and its
potential as a therapeutic target for obesity and nutritional disorders warrant further investigation.
Ni YY, Chen Y, Lu SY, Sun BY, Wang F, Wu XL, Dang SY,
Zhang GH, Zhang HX, Kuang Y, Fei J, Gu MM, Rong WF,
Wang ZG. Deletion of Gpr128 results in weight loss and increased intestinal contraction frequency. World J Gastroenterol
2014; 20(2): 498-508 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i2/498.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i2.498

INTRODUCTION
G protein-coupled receptors (GPCRs) constitute one
of the largest protein families in humans[1,2] and play important roles in the transduction of intercellular signals
across the plasma membrane via different G-proteins[3,4].
GPCRs respond to a large variety of extracellular signals
including small molecules such as Ca2+, hormones, peptides, chemokines and other factors as well as sensory
stimuli such as vision, smell, taste and neuronal transmission in response to photons[5]. Due to their extremely
diverse roles in biological processes, GPCRs represent
important molecular targets for biomedical research and
drug discovery[6].
The adhesion family of GPCRs (Adhesion-GPCRs)
is the second largest subfamily of GPCRs, with over 30
members found in mammals[7,8]. These proteins are characterized by the dual presence of a secretin-like seventransmembrane (7TM) domain and a long cell adhesionlike N-terminal domain, which typically consists of a
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MATERIALS AND METHODS
Construction of the Gpr128 targeting vector and
electroporation of embryonic stem cells
The 129/Sv bacterial artificial chromosome (BAC) clone
bMQ-239c21 was provided by the Sanger Institute. BACretrieval methods were used for constructing the targeting vector[22,23].
The sequence, including the GPS domain and a portion of the 7TM domain, was retrieved from the BAC
clone using a retrieval vector containing two homologous
arms.
A targeting vector was constructed by replacing the
mouse Gpr128 genomic fragment (8.4 kb) covering exons
10-12 with the 1.9-kb phosphoglycerate kinase-neomycin
resistance (PGK-Neo) cassette for positive selection and
was laid with an external herpes simplex virus-1-thymi-
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dine kinase cassette for negative selection[24]. Additionally,
this deletion causes an out-of-frame reading frame shift
and thereby generates a loss-of-function allele.
The targeting vector contained 7.1 kb of homologous DNA upstream of the PGK-Neo cassette and 5.3
kb of homologous DNA downstream of the cassette
as homologous recombination arms. After linearization,
the targeting vector was electroporated into embryonic
stem (ES) cells derived from 129/Sv G418- and GANCresistant clones were selected using two pairs of PCR
primers. The sequences of the primers used for identifying the recombinant clones are as follows: 5’-CCATAGGAAGAATAATATCAACCAATC-3’ (forward primer
P1), 5’-CTGAGCCCAGAAAGCGAAGGA-3’ (reverse
primer P2), 5’-ACAAAAGCAAAACAAGGTCTGGAAAG-3’ (forward primer P3) and 5’-CCTCCCCCGT
GCCTTCCTTGAC-3’ (reverse primer P4).

verse primer R2 (5’-GGTCCATATCTGCCCACTG-3’).
β-actin was amplified as a control. As shown in Figure 1D, the specific Gpr128 fragment from WT mice
was amplified with forward primer R3 (5’-AACCACAAACTTT TCCAATCAA-3’) and reverse primer R4
(5’-CCACT CAGGGCATAAATAC TCC-3’).
Northern blotting analysis
Total RNA was extracted from adult mouse tissues using
Trizol reagent (Invitrogen, Carlsbad, CA, United States)
according to the manufacturer’s instructions. Northern
blotting was performed as described in the manual provided by the manufacturer (Northern Max-Gly; Ambion
Inc., Carlsbad, CA, United States). A 1-μg aliquot was
removed from each mRNA sample from adult WT mice
for analysis. The probe used for Gpr128 was a 715-bp
DNA fragment prepared from mouse intestine cDNA
using the PCR forward primer N1 (5’-AGAGTCGACAGACAGACCACTGAAGGGAAG-3’) and reverse
primer N2 (5’-TGGCA TCAAAATCTGACTC-3’).
Probe DNA (25 ng) was labeled with [a32P]-dATP using
a Random Primer Labeling Kit (NEBlot Kit, NEB, Beverly, MA, United States) and subsequently purified by gel
filtration.

Generation of Gpr128 knockout mice
Chimeric male mice were generated by injecting the recombinant ES cell clone into C57BL/6 blastocysts, which
were subsequently implanted into pseudopregnant female
recipient mice. Germ line transmission was monitored by
a coat color marker. Heterozygous mice were generated
by crossing chimeras with WT 129/Sv female mice and
selected for sib mating to create WT (Gpr128+/+), heterozygous (Gpr128+/-) and homozygous mice (Gpr128-/-) for
further experiments.
The mice were genotyped by PCR analysis of tail
DNA using two primer pairs, which allows the amplification of WT and targeted alleles. The forward primer
P3 and reverse primer P4 were used to amplify the 3’
targeted allele, which yields a 5.7 kb band. The sequences
of the primers used to amplify the WT allele are as follows: 5’-TCTTCATCTCATTAGTTGGATGGGGTA-3’
(forward primer P5) and 5’-ACAAAAGCAAAACAAGGTCTGGAAAG-3’ (reverse primer P6). The
length of the WT allele is 5.4 kb.

Maintenance and body weight studies of Gpr128deficient mice
All mice used in this study were on a mixed 129/BL6
background. The mouse colony was maintained in a temperature- and humidity-controlled room with a 12:12-h
light-dark cycle, and the mice were fed a standard laboratory chow diet with free access to water. The animals
were maintained by crossing heterozygous progeny.
Beginning at the age of 4 wk, body weights were recorded every 4 wk. Animals of both sexes were used, but
littermates were matched by gender.
Histology and immunofluorescence staining
The intestines of WT and Gpr128-/- mice at 8 wk of age
were collected and fixed with 10% formalin for sectioning followed by hematoxylin and eosin (HE) staining.
Sections (6 mm) were cut and stained with HE according to standard procedures. For immunofluorescence
analysis, paraffin-embedded sections were deparaffinized with xylene and treated with gradually decreasing
concentrations of ethanol. The sections were blocked
for 1 h in 5% bovine serum followed by staining
overnight at 37 ℃ with goat anti-GPR128 antibodies
(sc-48208, Santa-Cruz Biotechnology Inc., Santa-Cruz,
CA, United States) for human and mouse tissues and
finally incubated with fluorescent-conjugated secondary
antibody for 30 min. Finally, the slides were rinsed with
PBS and mounted with VECTASHIELD mounting
medium (H-1200, Vector Laboratories Inc., Burlingame,
CA, United States).

Semi-quantitative RT-PCR
All experiments involving animals were conducted under
protocols approved by Institutional Animal Care and
Use Committee of Shanghai Research Center for Model
Organisms (Approval ID: 2010-0017), and the care of
animals was in accord with the institution’s guidelines.
The mice were anesthetized with ketamine and xylazine diluted in 0.9% saline, and all efforts were made
to minimize animal suffering. Total RNA was extracted
from adult mouse tissues using Trizol reagent (Invitrogen, Carlsbad, CA, United States) according to the
manufacturer’s instructions. For RT-PCR analysis, total
RNA was treated with RNase-free DNase Ⅰ (Promega,
Fitchburg, Wisconsin, United States) and quantitated.
A 1-μg sample of total RNA was reverse-transcribed to
cDNA with an RNA PCR kit (Takara, Dalian, Liaoning,
China) according to the standard protocol. A fragment
of Gpr128 was amplified (25 cycles) with forward primer
R1 (5’-GATTCCAACTTCATTACTCTG-3’) and re-
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Food consumption studies and fecal quantity analysis
At week 16 of the experimental diet period, the mice were
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individually caged and given preweighed food for 5 d.
During this period, the amount of food consumed was
determined, and feces were quantitatively collected over a
24 h period. The results are expressed as grams of food
consumed and feces excreted per day.

RESULTS
Targeted disruption of the Gpr128 gene
To investigate the potential roles of Gpr128 in mice, we
generated a targeted disruption of the mouse Gpr128
gene in ES cells by homologous recombination. In the
targeting vector, 3 exons (10, 11 and 12), which encode
the GPS domain and a portion of 7TM domain, were
replaced with a PGK cassette followed by the neomycin
resistance gene (Figure 1A). After electroporating ES cells
with the linearized targeting vector under positive-negative
selection, we identified three targeted ES clones by PCR
(Figure 1B). Two of these clones were microinjected into
C57BL/6 blastocysts to obtain chimeras. Mice heterozygous for Gpr128 showed normal development and were
fertile, indicating that the targeted locus does not have
detrimental dominant activity.
The genotypes of the offspring were analyzed by
PCR to identify WT (+/+), heterozygous (+/-), and
homozygous (-/-) mice. Amplification of the WT and
targeted alleles produced bands of 5.4 and 5.7 kb, respectively (Figure 1C). As expected, the ratio of phenotypes
was in accord with Mendelian frequency, indicating that
there was no increased embryonic mortality in the mutant animals. Semi-quantitative RT-PCR and immunofluorescence staining demonstrated that Gpr128 was not
detected in the intestine of homozygous mice (Figure 1D
and E), indicating that we have successfully established a
Gpr128 disruption mouse model.

Analyses for the constituents of the blood and plasma
After the 32 wk experimental feeding period, the mice
were fasted for 16 h and subsequently anesthetized with
ketamine and xylazine diluted in 0.9% saline. Blood was
removed by cardiac puncture into tubes containing 1
mmol/L EDTA. White adipose (epididymal and uterine
fat pads) and brown adipose (intrascapular) tissue as
well as the heart, liver, spleen, lungs, and kidneys were
removed, and the wet weight of each was recorded.
Blood samples were collected for complete blood
counts including white blood cells, red blood cells, hemoglobin, hematocrit, mean corpuscular volume, mean
corpuscular hemoglobin, mean corpuscular hemoglobin
concentration, platelets, white-small cell rate, white-middle
cell rate, and white-large cell rate using an automated hematology analyzer (Poch-100ivd, Sysmex, Kobe, Japan).
Plasma was obtained by low-speed centrifugation of the
blood samples for measurement of albumin/globulin,
globulin, low-density lipoprotein cholesterol, albumin,
alkaline phosphatase, alanine aminotransferase, aspartate
aminotransferase, urea nitrogen, creatinine, glucose, highdensity lipoprotein cholesterol, lactate dehydrogenase,
total cholesterol, triglycerides and total protein using an
automated chemistry analyzer (CHEMIX-180; Sysmex,
Kobe, Japan).

Gpr128 is specifically expressed in the mouse intestine
We investigated the expression pattern of the WT
Gpr128 gene in adult mouse tissues by semi-quantitative
RT-PCR, Northern blotting and immunofluorescence
staining. Gpr128 mRNA was highly and exclusively detected in the intestine (Figure 2A, B and D). RT-PCR was
then performed to determine the presence of Gpr128
mRNA throughout the digestive tract and at different
postnatal development stages. Gpr128 expression was
detected prominently in the small intestine and colon
from postnatal day 0 through 8 wk (Figure 2C). The distribution of Gpr128 protein in the mouse intestine was
then analyzed by immunofluorescence staining. We found
that the Gpr128 protein was confined to the mucosa. As
shown in Figure 2D, Gpr128 expression was restricted to
epithelial cells.

Analysis of intestine motility
Male and female mice at 8 and 32 wk of age were sacrificed. A Trendelenburg preparation was utilized to examine intestinal motility in WT and Gpr128-/- mice. Briefly,
the jejunum was removed and placed in pre-oxygenated
Kreb’s Ringer solution at room temperature. A segment
of the jejunum (6 cm long) was placed into an organ
bath and was superfused with oxygenated Krebs solution at 37 ℃. Both ends of the jejunum were catheterized. The proximal tube was connected to a syringe cylinder (for altering the resting intraluminal pressure) and
a pressure transducer via a three-way stopcock. A glass
micropipette (tip diameter approximately 50 μm) was
placed on the intestinal wall to record the slow waves
through gentle suction. The peristalsis and slow waves
were fed into a computer through the Micro1401 interface (Cambridge Electronic Design, United Kingdom)
and analyzed using the Spike2 program (CED, United
Kingdom). The preparation was allowed to stabilize for
at least 40 min before the experiments were started.

Gpr128-/- mice gained significantly less body weight than
their WT counterparts
Mice lacking the Gpr128 gene (Gpr128-/-) grew normally
and displayed normal reproductive functions on a standard mouse chow diet. We found no differences between
Gpr128+/+ and Gpr128-/- mice with respect to food intake
or fecal excretion (Figure 3B and C). However, Gpr128-/mice gained less weight on average than their Gpr128+/+
littermates by 24 wk of age. The body weights of WT
and Gpr128-/- mice were 30.81 ± 2.84 and 25.74 ± 4.50
g, respectively (Figure 3A, n = 10, P < 0.01). When separated by sex, both male and female Gpr128-/- mice gained

Statistical analysis
The data are presented as the mean ± SD. Differences
between groups were determined by the 2-tailed Student t test. P values less than 0.05 were considered significant.
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Figure 1 Targeted deletion of Gpr128 in mice. A: Gene targeting strategy. Numbered boxes represent Gpr128 coding exons. The start codon and stop codon are
indicated as a star and pound sign, respectively. The targeting vector contains a 7.1-kb 5’ arm and a 5.3-kb 3’ arm. Exons 10, 11 and 12 of the Gpr128 gene were
replaced by a PGK-Neo cassette through homologous recombination. The primer pairs for polymerase chain reaction (PCR) genotyping are indicated by arrows (5’
arm: P1, P2; 3’ arm: P3, P4); B: PCR screening for targeted embryonic stem (ES) cell clones. Correctly recombined clones show 7.7 and 5.7 kb bands, respectively.
Three recombined ES cell clones show the expected bands as detected with primers P1-P4; C: PCR analysis of genomic tail DNA derived from Gpr128+/- mouse intercrossing. A 5.4-kb fragment amplified with primers P5 and P6 represents the wild-type (WT) allele. A 5.7-kb band was amplified from the targeted allele with P3 and
P4; D: Gpr128 expression in gastrointestinal tissue with two different genotypes by semiquantitive reverse transcription-polymerase chain reaction. A specific Gpr128
fragment, which exists in WT mice, was deleted in Gpr128-/- mice. The transcript for β-actin was examined as a control for RNA loading and integrity; E: Expression
pattern of Gpr128 protein in WT and Gpr128-/- adult mouse colon revealed by immunofluorescence (original magnification, × 200). M: Marker lane; (-): Negative control
without template; S. intestine: Small intestine; P. colon: Proximal colon; D. colon: Distal colon.

less weight than their WT counterparts (data not shown).
The decreased weight gain in Gpr128-/- mice persisted at
28 and 32 wk (26.69 ± 4.29 and 28.46 ± 4.42 g vs 33.15
± 3.20 and 36.75 ± 4.18 g in Gpr128+/+ mice, n = 10, P <
0.01, Figure 3A).
To account for the differences in body weight gain
between the Gpr128+/+ and Gpr128-/- mice, various tis-
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sues were removed and weighed. There were no differences in the epididymal and uterine fat pads, brown fat,
or liver weights between male and female Gpr128+/+ and
Gpr128-/- mice (Figure 3D). There were also no differences in heart, spleen, lung, and kidney weights between
the Gpr128+/+ and Gpr128-/- mice (Figure 3D).
The cell counts and biochemical parameters of the
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blood of Gpr128-/- mice were not different from those of
the WT mice (Figure 3E and F). Furthermore, there were
no overt differences in the gross morphology or histology (HE staining) of the GI tract between the Gpr128-/and the WT mice (data not shown).

staltic contraction was increased in Gpr128-/- mice since
8 wk when the resting intraluminal pressure increased.
The frequency of peristalsis was higher in Gpr128-/- mice
than in WT mice when the resting intraluminal pressure
was 3 cmH2O (6.6 ± 2.3 peristalsis/15 min in Gpr128-/intestine vs 2.6 ± 1.7 peristalsis/15 min in WT intestine,
n = 5, P < 0.05, Figure 4B). At the age of 32 wk, the frequency of peristalsis was higher in Gpr128-/- mice than
in WT mice when the resting intraluminal pressure was 2
or 3 cmH2O (8.3 ± 3.0 and 7.4 ± 3.1 peristalsis/15 min
in Gpr128-/- intestine vs 4.6 ± 2.3 and 3.1 ± 0.8 peristalsis/15 min in WT intestine, n = 8, 2 cmH2O: P < 0.05, 3
cmH2O: P < 0.01, Figure 4C) and the frequency of slow
waves was also higher in Gpr128-/- intestine compared

Increased frequency of peristalsis and slow waves of
the small intestine in Gpr128-/- mice
Using a Trendelenburg model, we analyzed the peristalsis and the slow waves of the small intestine (jejunum) in
WT and Gpr128-/- mice (Figure 4A). The amplitudes of
peristaltic movement at resting intraluminal pressures of
0, 1, 2 and 3 cmH2O were not different between WT and
Gpr128-/- mice (data not shown). The frequency of peri-
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with WT intestine (30.6 ± 4.2, 31.4 ± 3.9, and 31.9 ±
4.5/min and 35.8 ± 4.3, 36.4 ± 4.2, and 37.1 ± 4.8/min
in normal and Gpr128-/- mice, respectively, n = 8, P < 0.05,
Figure 4D).
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DISCUSSION
Here, we describe the first genetic analysis of Gpr128
function in a mammalian model. A targeted mutation of
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Figure 4 Gpr128 deficiency leads to increased frequency of intestinal contraction. A: The raw traces of intraluminal pressure of a jejunum segment of Gpr128-/mice and the simultaneously recorded extracellular electrical potential from the gut wall. The lower panel of A shows an expanded view of the recording within the
square of the upper panel; B: Frequency of peristalsis in wild-type (WT) and Gpr128-/- mice of 8 wk. The frequency of peristalsis was increased in Gpr128-/- mice at
a resting intraluminal pressure of 3 cmH2O (n = 5, P = 0.0137); C: Frequency of peristalsis in WT and Gpr128-/- mice of 32 wk. The frequency of peristalsis was increased in Gpr128-/- mice at resting intraluminal pressures of 2 and 3 cmH2O (n = 8, 2 cmH2O: P = 0.0166, 3 cmH2O: P = 0.0020); D: Frequency of slow waves in WT
and Gpr128-/- mice of 32 wk. The frequency of slow waves was increased in Gpr128-/- mice at resting intraluminal pressures of 1, 2 and 3 cmH2O (n = 8, 1 cmH2O: P =
0.0303, 2 cmH2O: P = 0.0271, and 3 cmH2O: P = 0.0402). All values are mean ± SD (aP < 0.05, bP < 0.01 vs wild-type group).

A major finding in the Gpr128-/- mice was the lower
body weight gain compared with the WT littermates by
24 wk of age when the animals were maintained on a
standard laboratory rodent chow diet. Additionally, there
were no significant differences in the weights of epididymal or uterine fat pads, brown fat, or the liver between
WT and Gpr128-/- mice. These data suggest that the observed weight difference between the mice was not due
to reduced adiposity in the Gpr128 knockout mice.
A number of factors may potentially participate in
the regulation of energy balance and weight gain, including gastric emptying[25], gastrointestinal motility[26] as well
as gastrointestinal peptides such as ghrelin and cholecystokinin. The release of these two hormones is known
to be regulated by ingestion and their action may in turn
regulate gastrointestinal function and food intake[29,30].

GPR128 causes a deletion of part of the 7TM region
(Figure 1A) and is presumably a null allele. Residual WT
transcripts could not be detected in the intestines of mutant mice (Figure 1D and E).
GPR128 is an orphan GPCR, the physiological
function of which is unknown. To explore the role of
Gpr128, we first examined its expression profile in different tissues. We found that Gpr128 mRNA expression
is exclusively confined to the small intestine and colon.
Through immunofluorescence staining, Gpr128 immunoreactivity was detected in the mucosa of the intestine
and was found to be restricted to epithelial cells.
The cell count and biochemical parameters of
Gpr128-/- mice were not different from those of their WT
counterparts, indicating that Gpr128 is not essential for
the maintenance of homeostasis.
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However, given that Gpr128-/- and WT mice consumed
equivalent amounts of chow, the excretion of feces was
similar in the two groups and Gpr128 was confined to
the intestinal tissue, we tested the potential differences in
intestinal motility between Gpr128-/- and WT mice. The
frequency of peristaltic movement and slow waves were
found to be increased in Gpr128-/- intestine compared
with WT intestine. Despite similar levels of chow consumption, Gpr41-/- mice colonized with the model fermentative community are significantly leaner and lighter
than their WT littermates because their increased intestinal motility reduces the time required to harvest energy
from the diet[31]. Whether the increase in gut motility accounts for the lower weight gain in Gpr128-/- mice awaits
further investigation. Because peristalsis is known to be
regulated by the enteric nerve plexus[32], whereas the slow
waves are known to originate from the interstitial cells of
Cajal[33], further studies should be conducted to examine
their development and function in Gpr128-/- mice. Given
the epithelial localization of Gpr128 within the gut, it will
also be important to explore its role in the regulation of
intestinal secretion and absorption.
In summary, the present study shows that Gpr128 is
expressed exclusively in the small and large intestine, and
Gpr128 deficiency resulted in a decrease in body weight
gain and an increase in intestinal motility. The potential
for Gpr128 as a novel therapeutic target for obesity and
nutritional disorders is worth exploring.

After the generation of a Gpr128 gene knockout mouse model and the investigation of its phenotypes and the biological function of Gpr128, the authors found
that the deletion of Gpr128 in mice resulted in weight loss and increased intestinal contraction frequency. The authors attempted to demonstrate the relationship
between weight loss and intestinal motility. Overall, this study fits nicely within
the scope of the journal. The data are generally clean and could potentially uncover the physiological roles of Gpr128, which is of value to the field.
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er, the relapse rate after remission and colectomy rate
during more than 30 mo of observation did not differ
between the two groups. Multivariate analysis revealed
that administration of ganciclovir was the only independent factor for avoiding colectomy in patients of the
CMV-positive group.
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CONCLUSION: CMV antigen status did not significantly affect the long-term prognosis in UC patients under
treatment with appropriate antiviral therapy.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Ulcerative colitis; Cytomegalovirus; Cytomegalovirus antigenemia assay
Core tip: Cytomegalovirus (CMV) reactivation has a deleterious effect in patients with ulcerative colitis (UC).
Although antiviral therapy for CMV antigen-positive UC
patients may be effective in the short-term, the longterm prognosis of UC patients with CMV treated by
antiviral agents remains unknown. Our study revealed
that positive CMV antigen status is likely to prolong
time to remission in the treatment of flare-up of UC;
however, long-term prognosis, including colectomy
rate, was not affected by CMV antigen status treated
with antiviral agents. Ganciclovir use is an independent
factor for avoidance of colectomy in CMV antigen-positive UC patients.

Abstract
AIM: To clarify the impact of cytomegalovirus (CMV)
activation and antiviral therapy based on CMV antigen
status on the long-term clinical course of ulcerative
colitis (UC) patients.
METHODS: UC patients with flare-up were divided
into CMV-positive and -negative groups according to
the CMV antigenemia assay. The main treatment strategy provided for the patients in the CMV-positive group
comprised a dose reduction of corticosteroids and administration of ganciclovir.
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RESULTS: The median number of days to initial remission was significantly greater for the patients in the
CMV-positive group (21 d vs 16 d, P = 0.009). Howev-
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from the colon.
We have examined the CMV status in relapse of UC
patients using the CMV antigenemia assay and treatment
strategies were determined based on the CMV antigen
status. The mainstay of our strategy for the patients
found to be CMV antigen positive comprised ganciclovir
administration and dose reduction of corticosteroids.
The patients treated according to the strategy were
followed-up at our institute for a relatively long period
and the disease course of those patients may reveal the
impact of CMV reactivation and antiviral therapy on the
long-term prognosis of UC patients with CMV.
In this study, therefore, we investigated the long-term
disease course of UC patients diagnosed as CMV-positive
and -negative using the CMV antigenemia assay. The aim
of this study was to clarify the impact of CMV antigen
and antiviral therapy on the UC patients’ prognosis: remission rate, relapse rate and colectomy rate.

INTRODUCTION
Ulcerative colitis (UC) is a chronic inflammatory bowel
disease (IBD) characterized by periods of remission and
clinical relapses, the affected mucosa spreading from
the rectum to the proximal large intestine, diffusely, circumferentially and continuously. The symptoms include
bloody diarrhea, fever, tachycardia, anemia, and colicky
abdominal pain[1]. In this decade, anti-tumor necrosis
factor-α (TNF-α) antibodies, calcineurin inhibitors and
apheresis, in addition to amino-salicylates and corticosteroids, have been used widely for the treatment of
UC with relapse. The clinical course of UC patients has
improved, but 20%-30% of patients with total colitis
still come to colectomy[2-4]. Although the mortality of
UC patients is not significantly higher than standardized
mortality ratios of non-IBD populations, the cause of
UC remains uncertain and there is still room for further
research[5-7].
Cytomegalovirus (CMV) reactivation is sometimes associated with relapse of UC. A number of reports have
debated the pathogenicity of CMV in UC patients and
there are contrasting hypotheses that this is a pathogenic
virus exacerbating the clinical course of IBD patients and
that it is “an innocent bystander” and does not contribute
to increased morbidity and mortality of UC patients[5-14].
As the influence of CMV infection on the UC patient remains uncertain, the clinical management of UC patients
with CMV reactivation has not yet been standardized. In
this context, some studies reported that antiviral therapy
decreased the colectomy rate and mortality of UC patients with CMV reactivation[8,9]. Meanwhile, another
reported that there were no significant differences in the
rates of remission and colectomy between UC patients
with and without CMV[10]. Moreover, it is problematic
that there are so few studies indicating the long-term
prognosis of UC patients complicated with CMV.
Another important problem regarding CMV infection of UC patients is the diagnostic modality. There
are several diagnostic techniques for CMV “infection”,
including endoscopy, histology, serology, viral culture,
CMV antigenemia assay and CMV DNA testing, which
have varying sensitivity and specificity. At this point, immunohistochemistry (IHC) or CMV DNA testing of
intestinal mucosa tissue is recommended for diagnosis
of CMV “disease” in IBD patients, according to several
guidelines[15-17]. However, these require colonoscopy and
the former may have too low sensitivity and the latter
too high sensitivity for the indication of antiviral therapy[8,16,18]. The CMV antigenemia assay has been widely
used for pre-emptive therapy in hematopoietic stem
cell transplantation[19-22]. In the field of UC, in contrast,
relatively few studies evaluated the clinical significance
of the CMV antigenemia assay, e.g., for decision of administration of antiviral therapy[8,10]. However, the CMV
antigenemia assay has advantages in that it is relatively
inexpensive and facilitates monitoring of CMV activity
continuously without endoscopy. Moreover, the assay
may have less sample bias than examinations using tissues
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MATERIALS AND METHODS
Patients
We retrospectively analyzed UC patients who were treated for their first-attack or relapse of disease at Okayama
University Hospital from April 2004 to November 2011.
Inclusion criteria were disease activity of Lichtiger’s clinical activity index (CAI) 7 or more and having results of
CMV antigen status evaluated by CMV antigenemia assay, and 121 patients met the criteria[23]. Of these patients,
3 who underwent emergency colectomy prior to the
outcome of the CMV antigenemia assay were excluded.
The remaining 118 patients were treated according to the
strategy based on CMV antigen status, as shown below,
and clinical, operative, pathological and treatment data
were obtained from the patients’ medical records.
CMV evaluation
CMV antigen status was evaluated using the CMV-pp65
antigenemia assay (SRL, Tokyo, Japan). The test is based
on immunocytochemical detection of CMV immediate
early antigens in blood leukocytes. The results were expressed as the number of CMV-pp65-positive cells per
5 × 104 leukocytes and reported on the day following
blood submission to the laboratory, although this took a
few days at weekend. A positive result from the CMV antigenemia assay was defined as detection of one or more
CMV-pp65-positive cells. Patients were divided into two
groups according to CMV antigen status: CMV-positive
group and CMV-negative group. CMV antigenemia assay
was performed when treatment was started in relapse of
UC patients and disease condition did not become better
despite administration of immunosuppressive therapy.
CMV antigenemia was usually measured once two weeks
in patients with positive CMV antigen on the initial assay.
Those of whom disease condition worsened after starting ganciclovir received the assay once a week.
If general condition permitted, we performed colonoscopy around the time of the CMV antigenemia assay
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for cases with mild disease activity or for cases for which
conventional treatment without ganciclovir appeared to
be effective. As the next step, steroid-refractory patients
received apheresis, anti-TNF-α antibody, or a calcineurin
inhibitor after diminishment of CMV antigen.

Table 1 Characteristics of the study population (n = 118)
+

Characteristics
Gender
Male
Female
Age(yr), median (range)
Duration of disease (yr),
median (range)
Disease activity
Mild
Moderate
Severe
Lichtiger’s CAI,
median (range)
Extent of disease
Total colitis
Left-sided
Dose of prednisolone
(mg/d), median (range)
Follow-up period (yr),
median (range)
1

-

P value

CMV Ag
(n = 40)

CMV Ag
(n = 78)

26
14
45 (14-79)
1.5 (0.1-28)

31
47
36 (12-87)
4.6 (0-38)

2
15
23
11 (7-19)

8
35
35
13 (7-21)

33
7
35 (0-80)

58
20
20 (0-100)

0.0003

3.2 (0.1-9.3)

2.8 (0.1-9.7)

0.66

0.009

Evaluation of disease course
Remission, relapse, and colectomy rates were compared
between the CMV-positive and -negative groups. The
severity was expressed according to Truelove and Witt’s
criteria[26]. State of relapse was defined as CAI score 7 or
more[23]. The definition of remission meets the CAI score
4 or less without any abdominal pains and bloody stools.
Short-term clinical courses were evaluated according to
patient status within 8 wk of examination of CMV antigen status, while long-term clinical courses were determined at the last visit before March 2012 or the time of
colectomy.

0.10
0.23
0.191

0.15
0.31

Ethical considerations
This retrospective analysis was approved by the institutional review board of Okayama University Graduate
School of Medicine, Dentistry, and Pharmaceutical Sciences and all the patients and subjects were included after
obtaining their written informed consent. There were no
conflicts of interest or sponsors of this study.

2

Overall P value. By χ test, Fisher’s exact test, and Mann-Whitney U test.
CMV Ag: Cytomegalovirus antigenemia assay; CAI: Clinical activity
index.

and took biopsies for hematoxylin and eosin staining to
search for CMV inclusion bodies and for IHC staining
with a monoclonal antibody against CMV by means of
an automated preparation and processing system, Ventana® (Roche Diagnostics, Tokyo, Japan).

Statistical analysis
Patient characteristics were compared using the χ 2 test,
Fisher’s exact test and Mann-Whitney U test. Analyses
of remission, relapse and colectomy rates were carried
out using the method of Kaplan and Meier. Statistical
comparison was carried out by Log-rank test. Univariate
and multivariate analysis using a Cox proportional hazard
model were also conducted. P value < 0.05 was considered statistically significant. All statistical analyses were
performed using JMP ver.9 software (SAS Institute, Cary,
NC, United States).

Treatment strategy
In our hospital, UC patients were treated based on the
guidelines published by the British Society of Gastroenterology, the European Crohn’s and Colitis Organization,
and the American College of Gastroenterology[15,17,24]. In
general, a sufficient dose of corticosteroids, 0.5-1 mg/kg
per day of prednisolone for patients with moderate activity and 1-1.5 mg/kg per day for patients with severe
activity, was administered with a target period set at two
weeks and then gradually reduced by 5-10 mg/d at weekly intervals until a daily dose of 20 mg was reached. In
patients with a steroid-refractory or -dependent course,
another treatment, such as apheresis, a calcineurin inhibitor or anti-TNF-α antibody, was started according to
their disease severity and treatment history. In this study,
anti-TNF-α antibody was used less frequently because
infliximab for UC was approved in Japan in June 2010.
The effectiveness of additional treatments was also
evaluated within about two weeks. Antiviral therapy with
ganciclovir was not generally administered for patients in
the CMV-negative group. However, antiviral therapy was
administered for some patients who underwent acute exacerbation with endoscopic findings suggestive of CMV
infection such as large, deep, or longitudinal ulcers[25].
When patients were found to be CMV antigen positive, ganciclovir administration with reduction of the
dose of corticosteroids was considered to be the first
choice. However, the antiviral agent was not provided
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RESULTS
Patient characteristics
The clinical characteristics of analyzed patients are
summarized in Table 1. A total of 118 UC patients
with known CMV antigen status were treated during
the study period; 40 were included in the CMV-positive
group and 78 were in the CMV-negative group. CMV
antigen was detected more frequently in male patients (P
= 0.009). The dose of corticosteroids at the beginning
of the treatment was significantly higher for the patients
in the CMV-positive group than those in the CMVnegative group (35 mg/d of prednisolone vs 20 mg/d, P
= 0.0003). CMV status of all the CMV-positive patients
except those who underwent colectomy in a short term
became negative, regardless of ganciclovir administration or not. The average period between the start of
therapy and measurement of CMV antigenemia assay
was 10.8 ± 13.4 d.
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118 UC patients with flare-up with CAI score 7 or more

+

Short-term
clinical course

40 CMV Ag

78 CMV Ag-

38
28
23
10
1

68
36
27
6
4

25 remission

PSL (30 dose reduction)
GCV
Apheresis
CNIs
Anti-TNF-α

10 improvement
1

14

Long-term
clinical course

10

15 continuous
clinical remission

1

3

13 relapse

5 colectomy

14 improvement

54 remission
9

6

29

16

34 continuous
clinical remission

7 colectomy

PSL
Apheresis
CNIs
GCV
Anti-TNF-α

5

4

20 relapse

10 colectomy
5

14 colectomy

Figure 1 Clinical course of ulcerative colitis patients treated according to the status of cytomegalovirus antigen. A flow chart of the clinical courses of the
118 patients according to the strategy based on cytomegalovirus (CMV) antigen status is shown. UC: Ulcerative colitis; CMV Ag: Cytomegalovirus antigenemia assay;
PSL: Prednisolone; CAI: Clinical activity index; GCV: Ganciclovir; CNIs: Calcineurin inhibitors; TNF-α: Tumor necrosis factor-α.

The correlation between CMV antigen status and
IHC for CMV in the colonic mucosa was examined using
49 patients who underwent colonoscopy around the time
of the CMV antigenemia assay. Of the 23 patients in the
CMV-positive group, 9 (39.1%) were positive for IHC.
On the other hand, 25 (96.2%) of the 26 patients in the
CMV-negative group were negative for IHC. The results
of the CMV antigenemia assay were closely correlated
with IHC of inflamed colon mucosa for CMV (P = 0.003,
Fisher’s exact test). Taking IHC as the gold standard,
positive CMV antigen status predicted positive IHC with
90% sensitivity and 64% specificity.

cineurin inhibitors were used relatively frequently.
Short-term remission rates according to CMV antigen
status
In the CMV-positive group, 25 (62.5%) patients went into
remission and 5 (12.5%) received colectomy during the
short-term treatment. The remaining 10 (25%) patients
improved, but did not fulfill the criteria of remission.
Among the CMV-negative group, on the other hand,
54 (69.2%) patients entered remission successfully, 14
(17.9%) improved, and 10 (12.8%) underwent colectomy
in the short-term (Figure 1, center part).
Two types of the Kaplan-Meier curves for the rate
of remission induction are shown (Figure 2). Figure 2A
indicates the remission rate from the starting day of the
remission-induction therapy and Figure 2B shows from
the day when the CMV antigen status was determined.
Both curves show the better clinical course in the CMVnegative group (P = 0.0006 and P = 0.03, respectively,
Log-rank test). The median number of days to remission from the start of the treatment with our strategy
was significantly greater for the patients in the CMVpositive group than those in the CMV-negative group (21
d vs 16 d, P = 0.009, Mann-Whitney U test). In addition,
we analyzed remission rate from the starting day of the
remission-induction therapy between the two groups; one
group was limited to CMV-positive patients administered
ganciclovir and another was CMV-negative patients not
administered ganciclovir. These curves showed the better
clinical course in the CMV-negative group, too (P = 0.03,
Log-rank test).

Initial treatment for patients
Figure 1 is a flow chart of the clinical courses of the 118
patients treated according to the strategy based on CMV
antigen status. Of the 38 patients in the CMV-positive
group who had received corticosteroids, 30 (78.9%)
underwent dose reduction of corticosteroids. The remaining 8 patients did not undergo dose reduction of
corticosteroids; 3 received colectomy in the early period
and 5 showed a marked response to the corticosteroids.
Twenty-eight (70%) patients in the CMV-positive group
received ganciclovir infusion. On the other hand, 68
(87.2%) of the 78 patients in the CMV-negative group
received corticosteroids without any dose reductions. Six
(7.7%) patients in the CMV-negative group were administered ganciclovir infusion because CMV reactivation
was suspected, based on specific endoscopic findings and
clinical refractoriness to the first-line therapy with clinical
symptoms worsening. In both groups, apheresis and cal-
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Figure 2 Short-term remission rate according to cytomegalovirus antigen status. Kaplan-Meier curves for the rate of induction of remission. A: The remission
rate from the day of starting the remission-induction therapy; B: The remission rate from the day when the status of cytomegalovirus (CMV) antigen was determined.
Both curves show the better clinical course in the CMV-negative group (P = 0.0006 and P = 0.03, respectively, Log-rank test). The median number of days to remission from the start of the treatment based on our strategy was significantly greater for patients in the CMV-positive group than for patients in the CMV-negative group (21
d vs 16 d, P = 0.009, Mann-Whitney U test).
100

100

Log-rank test, P = 0.36
Colectomy rate (%)

Relapse rate (%)

80
CMV antigenemia positive

60
40

CMV antigenemia negative

20
0

Log-rank test, P = 0.81

80
60
CMV antigenemia negative
40
CMV antigenemia positive

20

0

12

24
36
Follow-up periods (mo)

48

60

0

Figure 3 Relapse rate after successful induction of remission according to cytomegalovirus antigen status. The rate of relapse after successful
induction of remission with the initial treatment was shown. The rate of relapse
after successful induction of remission did not differ between the patients in the
cytomegalovirus (CMV)-positive and -negative groups (P = 0.36, Log-rank test).
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Figure 4 Colectomy rate according to cytomegalovirus antigen status.
The cumulative colectomy rate according to cytomegalovirus (CMV) antigen
status. Twelve (30%) of the CMV-positive patients and 24 (30.8%) of the CMVnegative patients underwent colectomy during the observation period and no
difference in colectomy rate was observed between the two groups (P = 0.81,
Log-rank test, median observation period: 31 mo).

Relapse rate after successful remission induction
according to CMV antigen status
In the CMV-positive group, 14 (56%) of the 25 patients
who had gone into remission within the short-term
maintained that status. In contrast, only one (10%) of the
10 patients with improvement in the short-term entered
remission afterwards. Meanwhile, in the CMV-negative
group, 34 (50%) of 68 patients who avoided colectomy in
the short-term could maintain continuous clinical remission (Figure 1, lower part).
The rate of relapse after successful remission induction with the initial treatment did not differ between the
patients in the CMV-positive and -negative groups (Figure
3; P = 0.36, Log-rank test). Among 20 patients in the
CMV-positive group who underwent relapse or colectomy after the initial induction of remission, 2 became
positive for CMV antigen again. These patients were intractable to any therapy, including anti-TNF-α antibodies,
and calcineurin inhibitors, and continued to suffer from
chronic symptoms during the study period. None of the
34 patients in the CMV-negative group who relapsed or
underwent colectomy after the initial remission became
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0

positive for CMV antigen.
Colectomy rate according to CMV antigen status
The cumulative colectomy rate according to CMV antigen status is shown in Figure 4. Twelve (30%) in the
CMV-positive patients and 24 (30.8%) in the CMVnegative patients underwent colectomy during the observation period and there was no significant difference
in the colectomy rate between the two groups (Figure 4;
P = 0.81, Log-rank test, median observation period: 31
mo). No independent risk factors for colectomy could
be identified among demographic, treatment and disease
parameters including CMV antigen status in the analysis
of all 118 patients with or without CMV antigen (Table
2). Whereas, for patients in the CMV-positive group, multivariate analysis using parameters including ganciclovir
administration, dose reduction of corticosteroids and
number of CMV antigen revealed that administration of
ganciclovir at the start of therapy was the only factor correlated with avoidance of colectomy (Table 3; OR = 0.04;
95%CI: 0.01-0.50).
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Table 2 Multivariate analysis of factors predictive of
colectomy in ulcerative colitis patients
Risk factor

Risk ratio

Gender (male)
Age (> 40 yr)
Duration of disease
(> 3 yr)
Severity (severe)
Extent of disease
(total colitis)
CMV Ag (+)
Apheresis use
CNI use

Table 3 Multivariate analysis of factors predictive of
colectomy in ulcerative patients with positive cytomegalovirus
antigen status

P value

95%CI

Risk factor

0.97
1.13
0.99

Lower
0.59
0.70
0.61

Upper
1.59
1.82
1.61

0.89
0.61
0.97

1.24
1.21

0.74
0.68

2.08
2.23

0.42
0.51

0.64
0.71
1.11

0.36
0.44
0.63

1.13
1.17
1.92

0.12
0.18
0.73

Risk ratio

Gender (male)
Age (> 45 yr)
Duration of disease (> 2 yr)
Severity (severe)
Extent of disease (total colitis)
Apheresis use
CNI use
Ganciclovir use
Dose reduction of corticosteroids
Number of CMV Ag1 (> 3)

CMV Ag: Cytomegalovirus antigenemia assay; CAI: Clinical activity
index.

0.38
1.22
0.98
8.37
2.43
0.87
0.54
0.04
0.76
3.77

95%CI
Lower
0.03
0.15
0.09
0.46
0.15
0.08
0.01
0.01
0.03
0.53

Upper
4.24
12
9.18
751
118
9.59
10.2
0.5
13.1
42.3

P value
0.42
0.85
0.98
0.17
0.55
0.91
0.69
0.01
0.85
0.19

1

This number means the maximum of CMV Ag detected during the
period. CMV Ag: Cytomegalovirus antigenemia assay; CAI: Clinical
activity index.

DISCUSSION
We analyzed data from UC patients with flare-up and
who were treated according to a strategy based on the
CMV antigen status and demonstrated the clinical courses of CMV antigen-positive and -negative patients. In UC
patients with flare-up, CMV antigen positive status significantly prolonged the time to remission from the start of
treatment but did not affect the relapse or colectomy rate.
In addition, ganciclovir administration was a significant
factor correlated with avoidance of colectomy in patients
with positive CMV antigen status.
It has been suggested that CMV is pathogenic for
UC patients and causes clinical condition of UC patients
with relapse to become worse and complicate. In fact,
several small scale studies indicated that UC patients with
CMV infection had higher colectomy rates than those
without CMV. Moreover, treatment of CMV infection
by ganciclovir can improve the clinical outcome of those
patients[8,27-29]. Although a few reports indicated the possibility of CMV being an innocent bystander in the exacerbation of UC[10], CMV can affect some of UC patients
deleteriously. However, the long-term effect of CMV infection and antiviral therapy on the prognosis of UC patients has not been elucidated completely. In this context,
our results, including the long-term disease course of UC
patients with CMV infection, should have a great impact
on the clinical practice of UC.
We showed that patients with CMV infection were
less likely to enter remission in the short-term. This result
is consistent with those of previous reports[9,27]. In contrast, however, no significant difference in colectomy rate
was observed between patients with and without CMV,
even in the short-term. In this context, the CMV antigenemia assay could reliably detect CMV “disease” which requires antiviral therapy. In our finding, use of ganciclovir
is not always correlated with CMV negative conversion in
short-term but a predictor of avoidance of colectomy in
long-term. These suggest that use of ganciclovir exerts
clinical effectiveness in long-term follow-up, e.g., avoiding
exacerbation and/or relapse after remission, for a portion

WJG|www.wjgnet.com

of patients with CMV.
In term of diagnosis regarding CMV infection in UC
patients, IHC or CMV DNA testing in the intestinal mucosa tissue is recommended as a diagnosis of CMV “disease” in IBD patients according to several guidelines[15-17].
In particular, CMV DNA testing would be a very useful
method if the correct cut-off level of CMV DNA load
was established[30]. However, CMV DNA testing is expensive and needs colonoscopy with biopsy that has a risk
of bleeding or perforation in severely ill UC patients. In
addition, there is a sample bias in taking tissues from the
mucosa. CMV DNA testing in blood sample may be convenient, but the method and cutoff values remain to be
standardized. On the other hand, the CMV antigenemia
assay is less expensive and facilitates monitoring of CMV
activity continuously without endoscopy. Moreover, there
is less sample bias than in taking from colon tissue. We
confirmed that the results of the antigenemia assay were
consistent with the results of IHC for CMV, although the
specificity for IHC was relatively low. In fact, lower specificity may indicate overestimation of CMV disease by the
antigenemia assay. Therefore, our strategy may provide
unnecessary antiviral therapy for part of patients.
Reduction of the dose of corticosteroids is another
aspect of our treatment strategy for UC patients with
CMV. There has been no consensus regarding whether
immunosuppressive therapies should be continued or
discontinued, and whether the dose of corticosteroids
should be increased or decreased for UC patients with
CMV. Some have reported cases with continuation of the
immunomodulating drugs[8,29], while others have discontinued the immunosuppressive therapies[27,28]. Interestingly, all of these studies showed good clinical courses
whether immunosuppressive therapies were ongoing or
not. In addition, our results indicated that reduction of
the dose of corticosteroids and immunosuppressive therapies were not significant factors in multivariate analysis
for avoiding colectomy both in the short and long-term.
This suggests that status of immunosuppressive thera-
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pies, including the dose of corticosteroids, may not affect
the clinical course of UC patients with CMV greatly, at
least under antiviral therapy.
The highlight of this study is determination of the
long-term prognosis of UC patients with CMV infection, including relapse rate and colectomy rate, which
have rarely been reported. Unexpectedly, no significant
difference was observed in overall long-term prognosis
between patients with and without CMV. Kaplan-Meier
curves for colectomy were almost parallel, both in the
short-term and in the long-term, between those patients.
These results suggest that UC patients with positive
CMV antigen should be treated with antiviral therapy and
that our treatment strategy may be appropriate for UC
patients with CMV with regard to long-term prognosis.
However, there may be two types of rebuttal to our
results. First, antiviral therapy may not always be required
for UC patients with CMV. Although the efficacy of antiviral agents in CMV disease has been recognized widely[15,31,32], a previous report demonstrated that UC patients
with CMV infection who were treated without the use
of antiviral agents showed similar rates of remission and
colectomy to UC patients without CMV[10]. However, the
report consisted of 25 patients with CMV (4 underwent
colectomy) and 23 patients without CMV (1 underwent
colectomy) with an observation period of 8 wk, and such
small number of patients with short-term observation
may not be sufficient to verify the appropriateness of a
treatment strategy without antiviral therapy. For accurate validation of the use of antiviral agents, long-term
follow-up data of patients who were treated according to
a strategy without antiviral therapy would be expected.
However, such a treatment strategy may not be feasible
under the guidelines which recommended antiviral therapy for at least a proportion of patients with CMV.
The second problem is the appropriateness of the
antigenemia assay for detecting the presence of CMV
infection and administration of ganciclovir. As described
above, a positive result from the antigenemia assay may
overestimate the necessity of administration of antiviral
therapy, because specificity for IHC was relatively low.
In this regard, Roblin et al[30] indicated 250 copies/mg of
CMV DNA in the colonic tissue as the cutoff for antiviral therapy, based on 42 hospitalized UC patients. However, few studies indicated a correlation between CMV
antigen status and CMV DNA in colonic tissues, perhaps
because of sample bias and the lack of validation of
the technology of DNA testing, and therefore it is not
known what is best as the cutoff for antiviral therapy.
Determination of the optimal test modality and cutoff
values for CMV disease in UC which requires antiviral
therapy should be the goal of future studies.
This study has a limitation mainly because of the
retrospective design. First of all, the treatment strategy
was not always followed. Not all of the CMV-positive
patients were administered ganciclovir and some of the
CMV-negative patients were administered ganciclovir.
Dose reduction of corticosteroids was not carried out for
CMV-positive patients if corticosteroids exerted marked
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efficacy. However, from the aspects of ethical and moral
standpoints, it would be difficult not to administer antiviral agents to severe and refractory patients with CMV
infection on the basis of the current evidence. In this
regard, our retrospective analysis for the long-term prognosis of UC patients with CMV may be almost optimal
for verifying the treatment strategy for those patients.
There is also a limitation about patients’ selections; dose
of corticosteroids at the beginning of the treatment was
significantly lower in the CMV-negative group. The patients examined CMV status and enrolled in this study
were suspected involvement with CMV for their refractoriness and endoscopic findings. In severer case which was
suspected involvement with CMV reactivation, we would
avoid using large dose of PSL not to reactivate CMV.
As a result, we chose second-line therapy such as CNIs,
apheresis and not dose up of corticosteroids, especially
in CMV-negative group, CAI of which was severer than
positive group. In addition, CMV antigen was detected
more frequently in male. However, I tried to stratify the
results by gender and dose of corticosteroids, respectively, and we confirm that each result did not show a
significant difference.
In conclusion, our treatment strategy, which consisted of dose reduction of corticosteroids and antiviral
therapy, appeared to be appropriate for the treatment
of UC patients with CMV antigen in view of long-term
prognosis. More work is needed for the standardization
of appropriate test modalities and cutoff values for administration of antiviral therapy and the administration
policy of immunosuppressive agents for UC patients
with CMV.
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The CMV antigenemia assay has advantages in that it is relatively inexpensive
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Peer review
The authors examined the long-term prognosis of UC patients with CMV
infection, including relapse rate and colectomy rate, which have rarely been
reported. It revealed that positive CMV antigen status was likely to prolong time
to remission and long-term prognosis. Colectomy rate was not affected by CMV
antigen status under the treatment strategy with antiviral agents. In addition,
ganciclovir use is an independent factor for avoidance of colectomy in UC patients positive for the CMV antigen. The results are interesting and may suggest
that ganciclovir use exerts clinical effectiveness, e.g., avoiding exacerbation
and/or relapse after remission, for a subset of patients with CMV.
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enocarcinoma. Fifty-seven out of 62 pancreatic adenocarcinomas showed a hypoenhanced pattern on CHEUS. The sensitivity was 92%, the specificity 68% and
the accuracy approximately 82%. The area under the
curve of the receiver operating characteristic analysis
for CH-EUS was 0.799. There is a significant association between the hypoenhanced pattern on CH-EUS
2
and pancreatic duct adenocarcinoma (χ = 35.264, P
< 0.001). In pathological examinations, the number of
specimens for EUS-fine needle aspiration (EUS-FNA)
was considered insufficient for diagnosis in three patients, and in two patients, the results were reported
to be negative for malignancy. Pancreatic masses in
all five patients revealed a hypoenhanced pattern with
CH-EUS. Three patients were diagnosed with pancreatic adenocarcinoma based on the pathology results of a
biopsy, and the remaining two patients were clinically
diagnosed with malignancy.

Abstract

CONCLUSION: CH-EUS is useful for distinguishing between pancreatic adenocarcinoma and other pancreatic
disease. When a pancreatic mass shows a hypoenhanced
pattern on CH-EUS but involves either insufficient samples or negative results with EUS-FNA, clinicians might
consider performing another pathologic diagnosis on the
basis of an EUS-FNA sample or a biopsy.

AIM: To evaluate the usefulness of contrast-enhanced
harmonic endoscopic ultrasound (CH-EUS) in differentiating between pancreatic adenocarcinomas and other
pancreatic disease.

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

METHODS: This retrospective cohort study evaluated
90 patients who were seen between November 2010
and May 2013. All these patients had solid pancreatic
masses that had a hypoechoic appearance on EUS. All
patients underwent CH-EUS to evaluate this diagnostic
method’s usefulness. The mass lesions observed on
CH-EUS were classified into three categories based on
their echo intensity: hypoenhanced, isoenhanced, and
hyperenhanced lesions. We adjusted the sensitivity
and the specificity of each category for detecting malignancies. We also estimated the accuracy of CH-EUS
by comparing it to a pathological diagnosis.

Key words: Pancreas neoplasm; Endoscopic ultrasound;
SonoVue; Contrast media; Microbubbles
Core tip: This is a retrospective study of 90 patients
with a pancreatic hypoechoic masses. We found that
contrast-enhanced harmonic endoscopic ultrasound
(CH-EUS) can be used for distinguishing between pancreatic adenocarcinoma (n = 62) and other pancreatic
disease based on the hypoenhanced pattern on CHEUS. When considering pancreatic adenocarcinomas as
a tumor with a hypoenhanced pattern in CH-EUS and/
or showing a positive result in EUS-fine needle aspira-

RESULTS: Of the 90 patients, 62 had a pancreatic ad-
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samples or on biopsy samples when malignancy was
suspected. If the pancreatic mass was suspected to be
either a benign or malignant neoplasia but was impossible to get a pathologic diagnosis of due to the location
of mass or the inability to obtain specimens with EUSFNA, the clinical course was tracked until a diagnosis
could be confirmed. If a patient could not receive a
proper pathologic diagnosis and was not tracked further,
then the patient was excluded from this study. We also
excluded patients if the mass was clearly revealed as a
cystic lesion. Examination of the pancreas by conventional EUS and CH-EUS was performed by one endosonographer, Kim HK, who had conducted more than
8000 EUS procedures. An echoendoscope developed for
CH-EUS (GF-UE260-AL5; Olympus Medical systems
Co Ltd, Tokyo, Japan) was used. Ultrasound images were
analyzed using an ALOKA Prosound Alpha10 processor
(ALOKA, Tokyo, Japan). All images were analyzed and
reviewed by one endosonographer. The extended pure
harmonic detection (E-PHD) mode, which synthesizes
receiving frequencies of filtered fundamental and second
harmonic components with a transmitting frequency of
8 MHZ, was used for CH-EUS. The ultrasound contrast
agent, Sonovue (Bracco international BV, Amsterdam,
the Netherlands), was used for CH-EUS. This agent is
a second-generation ultrasound contrast agent, consisting of microbubbles of sulfur hexafluoride coated with
phospholipids.

tion, the sensitivity of detecting pancreatic malignancy
increased to 100%.
Park JS, Kim HK, Bang BW, Kim SG, Jeong S, Lee DH. Effectiveness of contrast-enhanced harmonic endoscopic ultrasound
for the evaluation of solid pancreatic masses. World J Gastroenterol 2014; 20(2): 518-524 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i2/518.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i2.518

INTRODUCTION
Endoscopic ultrasonography (EUS) is widely recognized
as a diagnostic tool for pancreatic diseases and is superior to other modalities because of its good spatial resolution[1-3]. Tissue sample acquisition through EUS-guided
fine-needle aspiration (EUS-FNA) could offer a clearer
diagnosis of a pancreatic lesion[4]. However, differentiation between pancreatic tumors and inflammatory
tumor-like masses is difficult[5]. Contrast-enhanced harmonic endoscopic ultrasonography (CH-EUS) is a novel
technology that reveals not only parenchymal perfusion
but also the microvasculature in the pancreas and aids
in the differentiation of pancreatic neoplasia from other
pancreatic disease[6,7]. Hirroka et al[8] described this new
method with a preliminary study in 37 patients with pancreatic disease. This study showed that EUS-enhanced
imagery is useful for the diagnosis of pancreatic disease.
However, CH-EUS assessments suffered from the limitations caused by blooming artifacts, poor spatial resolution, and low sensitivity to slow flow[5,9]. To overcome
these limitations, CH-EUS with a second-generation
ultrasound contrast agent was recently developed. The
second-generation contrast included a microbubble
agent that can achieve good-quality perfusion imaging
with harmonic EUS for evaluating the microvasculature
of target lesions[10,11]. Therefore, we evaluated the efficacy of CH-EUS with a second-generation ultrasound
contrast agent for assessing solid masses in the pancreas.
We also estimated the role of CH-EUS as an additional
diagnostic method for EUS in pancreatic neoplasia,
which is difficult to confirm histologically. Furthermore,
we tried to compare the sensitivity and the specificity of
CH-EUS and EUS-FNA in the diagnosis of pancreatic
neoplasia.

Study design
Conventional EUS was performed on all patients. When
conventional EUS revealed a mass-like lesion, the imaging
mode was changed to the E-PHD mode. After changing to the E-PHD mode, a bolus of 2.4 mL of Sonovue
was injected at a speed of 1 mL/s through an 18-gauge
cannula placed in the antecubital vein. After infusion, the
pancreas was imaged in a real-time fashion for a minimum
of 90 s for complete observation of the arterial and venous phases. We observed changes of echo intensity in
the mass lesions. If the pancreatic mass was not diagnosed
with the first administration of Sonovue, a second dose
of 2.4 mL Sonovue was administrated. The mass lesions
were classified into three categories based on their echo
intensity: hypoenhanced, isoenhanced, and hyperenhanced
lesions[12]. This classification was based on the intensity
of enhancement relative to the surrounding pancreatic
tissue. Hypoenhancement is defined as a lower intensity
of enhancement relative to the surrounding pancreatic
tissue. Isoenhancement is defined as a similar intensity of
enhancement relative to the surrounding pancreatic tissue. Hyperenhancement is defined as a higher intensity of
enhancement relative to the surrounding pancreatic tissue
(Figure 1). We interpreted the lesion following a modified
classification of contrast-enhanced harmonic imaging of
the pancreas by transabdominal ultrasound[12-14]. Adenocarcinomas usually have a distinct hypovascular appearance and are usually defined as lesions with hypoenhancement. The sensitivity and specificity of CH-EUS in diag-

MATERIALS AND METHODS
Patients and equipment
We conducted a retrospective cohort study of 90 patients who presented with pancreatic masses and were
seen at our facility from November 2010 to May 2013.
These masses were heterogeneous and hypoechoic.
Patients underwent CH-EUS to ascertain the character
of the mass at the INHA University Hospital. A pathological examination was performed using EUS-FNA
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A

B

C

Figure 1 Conventional endoscopic ultrasonography (left) and contrast-enhanced harmonic endoscopic ultrasonography (right). These pictures showed a
typical example of a hypoenhancement pattern (A), an isoenhancement pattern (B), and hyperenhancement pattern (C).

Statistical analysis
All statistical analyses were performed using a statistical
software package (SPSS 11.5 for Windows, SPSS, Inc, Chicago, IL, United States). Cross-tabular analyses were performed, accompanied by the chi-square test. Receiver operating characteristic analysis was performed to estimate the
diagnostic accuracy of CH-EUS in pancreatic adenocarcinoma. The area under the curve (AUC) was calculated and
the 95% confidence intervals (95%CI) were determined.

nosing pancreatic adenocarcinoma were assessed. We also
estimated the accuracy of CH-EUS in comparison with a
pathologic diagnosis. To obtain specimens of the pancreatic mass, EUS-FNA was used initially. If specimen acquisition using EUS failed, pathological diagnoses were determined from a biopsy of a metastatic lesion from tissue
such as the liver or the ampulla of Vater (hepatopancreatic
ampulla). In one patient, a final diagnosis was made by a
pathological examination of the patient’s abdominal effusion. When we did not get a proper specimen to confirm
pancreatic disease, we traced the clinical course of patients
until we could confirm the diagnosis of the disease.

RESULTS
The sampling frame included 112 patients, and 22 patients who did not have a histological diagnosis were excluded. Sixteen of the 22 patients were lost to follow-ups.
The remaining six patients had pancreatic masses accompanied with neoplasia originating at other sites, making it

Ethics statement
The study protocol and amendments were approved by
the Institutional Review Boards at our hospital (IUH-IRB
13-100).
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Diagnoses could not be made in three of the patients
due to insufficient samples. Two patients showed negative results in EUS-FNA. Three patients were diagnosed
with a pancreatic adenocarcinoma by surgical resection.
Two patients were diagnosed with pancreatic malignancy
after a clinical follow-up. Interestingly, all of them had a
hypoenhanced pattern on CH-EUS. Fifty-eight out of
90 patients underwent EUS-FNA. The sensitivity of the
EUS-FNA in these 58 patients was 90.19% and the specificity 100%. When we assumed that pancreatic adenocarcinomas were the tumors with hypoenhanced patterns
on CH-EUS and/or a positive result with EUS-FNA, the
sensitivity with which pancreatic adenocarcinomas was
diagnosed was 100% and the specificity 85.71% (Figure 2).

ROC curve

1.0

Sensitivity

0.8
0.6
0.4
0.2
0.0

0.0

0.2

0.4
0.6
1-specificity

0.8

1.0

Figure 2 Receiver operating characteristic curve. Hypoenhancement pattern, determined by contrast-enhanced harmonic endoscopic ultrasonography,
was calculated to diagnose pancreatic adenocarcinoma with the area under the
receiver operating characteristic (ROC) curve of 0.799.

DISCUSSION
Pancreatic adenocarcinomas comprise over 90% of pancreatic tumors[15]. Pancreatic adenocarcinomas appear as
heterogeneous hypoechoic masses with irregular margins on EUS[16]. The sensitivity of detecting pancreatic
adenocarcinomas is 89%-100% in conventional EUS[17].
However, distinguishing pancreatic adenocarcinoma and
benign disease such as a focal pancreatitis only on the
basis of these EUS findings is difficult because both
have similar morphology and echogenicity. In this situation, CH-EUS is useful to characterize pancreatic masses.
When microbubbles in contrast agents are hit by an ultrasonic wave, the vibration creates a back-scattered acoustic
shadow. The shadow is reproduced as an opacification.
Vascular structures are highlighted as hyperechoic [4].
Thus, CH-EUS is able to evaluate the microvasculature
of target lesions and parenchymal perfusion and can
distinguish pancreatic neoplasia from benign pancreatic
diseases[4,18]. According to Napoleon et al[19], CH-EUS can
diagnose pancreatic adenocarcinoma with a high sensitivity (88%). Kitano et al[12] reported a similar result recently.
They studied 277 patients with pancreatic solid lesions
detected by conventional EUS who underwent CH-EUS
for evaluation of the vascularity. CH-EUS depicted hypoenhancement of the masses diagnosed as pancreatic
carcinomas with a sensitivity of 95.1% and specificity
of 89.0%. Moreover, the microbubbles, which consists
of gases other than air, in second-generation ultrasound
contrast agents can be oscillated or broken by lower
acoustic power[20-22]. Because of this, microvessels and parenchymal perfusion can be visualized to a greater extent
than that achieved with CH-EUS using first-generation
contrast agents, which have microbubbles of air[14,23,24].
According to a recent study, the sensitivity and specificity of CH-EUS with second-generation contrast agents
in detection of pancreatic adenocarcinoma were 94%
and 89%, respectively[20]. In the present study, when the
pancreatic adenocarcinoma appeared as a mass with hypoenhancement on CH-EUS, the sensitivity was 91.93%,
positive predictive value was 86.36%, negative predictive
value 79.16%, specificity 67.85%, and accuracy 84.45%.
Furthermore, there is a significant association between

difficult to assess whether the pancreatic mass was metastatic or of pancreatic origin. This left 90 patients with a
pancreatic mass who were enrolled. The median age of
the study subjects was 63.5 years (range, 19-86 years) and
the male:female ratio was about 2:1 (62:28 cases). The
final diagnoses based on histological findings with EUSFNA or surgical resection were pancreatic adenocarcinoma (n = 62), pancreatitis (n = 19), neuroendocrine tumor
(n = 3), solid pseudopapillary tumor (n = 1), anaplastic
carcinoma (n = 1), diffuse large B cell lymphoma (n = 1),
and Castleman’s disease (n = 1). The clinically diagnosed
malignancies applied to two cases in which EUS-FNA
results were unsatisfactory or where insufficient specimens were obtained. Clinically diagnosed malignancy
was defined as the pancreatic mass showing suspected
malignancy in EUS on the basis of the echogenicity and
morphology, or increasing tumor size during the tracking
period. Positron emission tomography-computed tomography was performed in these patients and all pancreatic
masses yielded positive results using this technique. These
patients did not survive longer than 6 months after finding the pancreatic masses.
Of the 62 pancreatic ductal adenocarcinomas, 57
had a hypoenhanced pattern in CH-EUS. Two cases had
isoenhanced patterns, and three cases had hyperenhanced
patterns. Hypoenhanced patterns in CH-EUS had a high
sensitivity (91.93%) for detecting pancreatic adenocarcinomas. The positive predictive value was 86.36%, the
negative predictive value 79.16%, the specificity 67.85%,
and the accuracy 84.45%. The AUC for pancreatic adenocarcinoma detected by hypoenhanced patterns on CHEUS was 0.799. There is a significant association between
hypoenhanced patterns on CH-EUS and pancreatic duct
adenocarcinomas (χ 2 = 35.264, P < 0.001). In contrast,
pancreatitis comprised a large proportion of hyperenhanced pancreatic masses in CH-EUS (8/16). Two neuroendocrine tumors and three pancreatic adenocarcinomas were found to have a hyperenhanced pattern (Table
1). Five of the patients with pancreatic neoplasia could
not be diagnosed with pancreatic neoplasia by EUS-FNA.
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Table 1 The vascular patterns of each pancreatic disease in contrast-enhanced harmonic endoscopic ultrasonography

Hypoenhancement
Isoenhancement
Hyperenhancement
Total

Total

Adenocarcinoma

Neuroendocrine tumor

Clinically diagnosed malignancy

Pancreatitis

Others

66
8
16

57
2
3
62

1
0
2
3

2
0
0
2

6
5
8
19

0
1
3
4

the hypo-enhancement pattern and pancreatic adenocarcinoma. Generally, pancreatic adenocarcinoma is
regarded as a pancreatic mass showing a hypoenhancement pattern in CH-EUS. The reason why pancreatic
cancer shows a hypoenhancement pattern on CH-EUS
is that pancreatic cancer has a hypovascular structure
and the mean vascular density of pancreatic adenocarcinoma is low and often inferior to that of the normal
pancreatic parenchyma[25]. In addition, on pathological
examination, the adenocarcinoma is characterized by the
presence of marked desmoplasia, which justifies its hard
consistency[26]. Because of these characteristics, the margins and size of the lesion are distinguished well with the
surrounding enhanced normal pancreatic tissue[27]. In addition, microbubbles adopted in second-generation contrast agents do not leak out from blood vessels and the
pancreatic adenocarcinoma is increasingly demarcated
as a hypoenhanced lesion. Fusaroli et al[28] also reported
that the hypoenhanced pancreatic mass is very sensitive
and accurate for the prediction of adenocarcinoma (96%
and 82%, respectively). This result was supported by
our results. Therefore, we recommend that CH-EUS be
performed upon pancreatic masses when it is difficult to
distinguish pancreatic adenocarcinoma from other pancreatic diseases. It would be a helpful tool for diagnosis
of pancreatic adenocarcinoma.
Although the sensitivity of EUS for pancreatic adenocarcinoma detection is very high, the diagnostic specificity is only 53%[29]. EUS-FNA is useful to overcome this
specificity. The sensitivity of EUS-FNA for solid pancreatic masses reaches 95% with a specificity of 100%[30].
However, despite these advantages, negative EUS-FNA
findings sometimes do not help determine whether a
pancreatic mass requires surgery or follow-up, because
of the possibility of false-negative findings.
In the course of Kitano’s study[12], there were five cases
with false-negative EUS-FNA findings, but all these cases
showed hypoenhancement patterns in CH-EUS. Likewise, five pancreatic malignancies in our study were not
diagnosed as pathological malignancy with EUS-FNA.
Interestingly, all those pancreatic masses showed hypoenhancement patterns using CH-EUS. All these masses were finally diagnosed as malignant through pathology results following surgical resection or clinical followup. When considering pancreatic adenocarcinomas as a
tumor with a hypoenhancement pattern using CH-EUS
and/or a positive result in EUS-FNA, the sensitivity of
detecting pancreatic malignancy is increased to 100%.
Therefore, if CH-EUS reveals a hypoenhancement
pattern in a pancreatic mass that showed negative or incon-
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clusive results in EUS-FNA diagnostics, we recommend
performing a pathological diagnosis again using EUS-FNA.
If a second pathological diagnosis is impossible, we recommend observation of the clinical course to avoid missing a
malignancy.
There were three cases of neuroendocrine tumors in
our study. Two out of the three neuroendocrine tumors
had hyperenhancement patterns, and the third had an
isoenhancement pattern. Our result supported the finding
that neuroendocrine tumors are hypervascular lesions using CH-EUS techniques with a sensitivity of 79%[12]. We
surmise that the reason for isoenhancement patterns in
neuroendocrine tumors is that the size of the tumor was
too large (3.9 cm × 3.5 cm) to be accompanied by necrosis. Therefore, vascular structure was not visible on CHEUS, and the mass was misinterpreted as an isoenhancement pattern. However, neuroendocrine tumors were too
few to analyze in this study. Further studies with more
patients are therefore required to investigate the characteristic features of neuroendocrine tumors using CH-EUS,
and to estimate the diagnostic abilities of CH-EUS.
Our study has a few limitations. As our study is a retrospective single center study, selection bias is a possible
problem. Secondly, the number of enrolled patients was
too small to form a definite conclusion. Although our
results were similar to those of other recent studies, and
our study showed the possibilities of the use of CH-EUS
for differential diagnoses in pancreatic disease, a large prospective study is required to reach a definite conclusion.
Thirdly, our entire study was performed and reviewed by a
single endoscopist. As a result, interpretation errors might
be present in our study. In our study, the sensitivity and
specificity of CH-EUS for detecting pancreatic adenocarcinoma were lower than those of the other studies[13,19,31].
We believe that these results are related to interpretation
errors.
In conclusion, CH-EUS is a useful tool for the detection of pancreatic adenocarcinoma and differentiation
between pancreatic malignancies and other pancreatic
benign diseases. However, due to its low specificity, CHEUS cannot be an alternative tool of EUS-FNA, which is
used in the definitive diagnosis of pancreatic cancer. We
recommend that a pathological diagnosis be performed
on the lesion to reveal the hypoenhancement pattern in
CH-EUS to avoid missing a malignancy.
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trasound is differentiation between pancreatic tumors and inflammatory tumorlike masses. Contrast-enhanced harmonic endoscopic ultrasonography (CHEUS) is reported to improve diagnosis of pancreatic cancers. Nevertheless, CHEUS suffers from limitations such as blooming artifacts, poor spatial resolution,
and low sensitivity to slow flow. To overcome these, CH-EUS with a secondgeneration ultrasound contrast agent was recently developed.

6

7

Research frontiers

The microbubbles in the second-generation ultrasound contrast agent have a
distinctive structure in comparison with those in first-generation agents. The
microbubbles consist of gases other than air. Because of this, the microbubble
can be oscillated or broken by lower acoustic power, allowing microvessels and
parenchymal perfusion to be visualized to a greater extent than that achieved in
CH-EUS with first-generation agents.

8

9

Innovations and breakthroughs

In the current study, CH-EUS was a very effective diagnostic tool for detection
of pancreatic adenocarcinoma with the 92% sensitivity, 68% specificity, and
82% accuracy. This result is very similar with the results of previous reports.
However, our result has a unique significance: it indicates the role of CH-EUS
as an additional diagnostic tool for pancreatic adenocarcinoma. Five patients
with suspected pancreatic cancer revealed hypoenhancement patterns in CHEUS, but their diagnosis failed in the pathologic examination results of EUSfine needle aspiration (EUS-FNA). As a result, three patients were diagnosed
with pancreatic adenocarcinoma after surgical resection, and the remaining two
patients were clinically diagnosed with malignancy.

10

11

Applications

This study suggested that CH-EUS is useful for distinction between pancreatic
adenocarcinoma and other pancreatic disease and if the pancreatic mass
reveals a hypoenhancement pattern in CH-EUS with negative results or insufficient samples in EUS-FNA, clinicians might consider performing a pathologic
diagnosis again with EUS-FNA or surgical resection.

12

Terminology

Clinically diagnosed malignancy was defined if the pancreatic mass showed
suspected malignancy in EUS on the basis of the echogenicity and morphology, or an increasing tumor size during the tracking period. Positron emission
tomography-computed tomography was performed and all pancreatic masses
in these patients yielded positive results in this examination. These patients did
not survive longer than 6 mo after identification of the pancreatic masses.
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Peer review
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This is a good retrospective study in which the authors analyzed the efficacy of
CH-EUS in diagnosis of pancreatic cancer. The result shows CH-EUS has the
ability to distinguish pancreatic cancer from other pancreatic benign lesions and
suggests that the presence of lesions showing a hypoenhancement pattern in
CH-EUS may indicate pancreatic cancer.
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Comparative analysis of radiofrequency ablation and
resection for resectable colorectal liver metastases
Sanghwa Ko, Hongjae Jo, Seongpil Yun, Eunyoung Park, Suk Kim, Hyung-Il Seo
and the 5-year overall survival (OS) rate for all patients
was 44.7%. There was no difference in the 5-year OS
rates between the RFA and resection groups (37.8% vs
66.7%). Univariate analysis indicated significantly lower
5-year OS rates for patients with a tumor size > 3
cm. The 5-year disease-free survival (DFS) rates were
17.6% and 22.2% in the RFA and resection groups,
respectively (P = 0.119). Univariate analysis revealed
that in cases of male gender, age > 65 years, T stage
< Ⅳ, absence of lymphatic metastasis, and tumor size
> 3 cm, RFA resulted in significantly inferior 5-year DFS
rates compared with surgical resection.
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CONCLUSION: Surgical resection revealed superior outcomes in the treatment of resectable CRLMs, particularly
in cases with a hepatic tumor size > 3 cm.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Abstract
AIM: To evaluate the therapeutic efficacy of radiofrequency ablation (RFA) for resectable colorectal liver
metastases (CRLM) compared with that of resection.

Core tip: Colorectal liver metastasis is diagnosed in
approximately 50% of patients with colorectal cancer.
Surgical resection is the optimal treatment strategy.
Alternative local treatment modalities can be adapted,
and radiofrequency ablation (RFA) is widely accepted.
We examined whether RFA is an appropriate alternative method to surgery for resectable colorectal liver
metastases. This study retrospectively compared the
therapeutic efficacy of RFA and compared it with that
of surgical resection in a single institute.

METHODS: Between June 2004 and June 2009, we
retrospectively analyzed 29 patients with resectable
CRLMs; 17 patients underwent RFA, and 12 underwent
hepatic resection. All of the patients were informed
about the treatment modalities and were allowed to
choose either of them. RFA including an intraoperative
approach was performed by a radiologist; otherwise,
hepatic resection was performed by a surgeon. Comparative analysis of the two groups was performed,
including comparisons of gender, age, and clinical outcomes, such as primary tumor stage and survival rates.

Ko S, Jo H, Yun S, Park E, Kim S, Seo HI. Comparative analysis
of radiofrequency ablation and resection for resectable colorectal
liver metastases. World J Gastroenterol 2014; 20(2): 525-531
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i2/525.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i2.525

RESULTS: The mean tumor size was significantly larger in the resection group (3.59 cm vs 2.02 cm, P < 0.01),
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INTRODUCTION

Table 1 Types of surgery for colorectal liver metastasis

A 2005 annual report of cancer incidence indicated that
colorectal cancer (CRC) is the third most common malignancy worldwide and the second most common (12.5%)
in Korea, following gastric cancer. The 5-year survival rate
of CRC is reportedly 61%[1,2], and hepatic metastasis develops in approximately 40%-50% of patients with CRC;
approximately 50% of diagnosed patients present the synchronous type[3-5]. Although surgical resection is the most
effective current treatment for resectable colorectal cancer liver metastases (CRLMs)[6,7], only 10%-15% of such
cases are suitable for the procedure[8,9]. Several alternative
treatment modalities for unresectable CRLMs have been
developed, of which radiofrequency ablation (RFA) is
widely accepted as an effective alternative local treatment
modality[10].
Surgical hepatic resection is the treatment of choice
for resectable CRLMs. Although RFA is an alternative to
resection in hepatocellular carcinoma[11,12], there is little
information regarding indications for RFA in resectable
CRLMs. RFA is performed within a limited number of
clinical settings for resectable CRLMs[13,14]. The purpose of
the present study was to compare the therapeutic efficacies
of RFA and hepatic resection for resectable CRLMs within
a single institution.

Major resection
Minor resection
Total

Right hemihepatectomy
Segmentectomy
Left lateral sectionectomy

5 (41.7)
6 (50.0)
1 (8.3)
12

refused surgical hepatic resection after being informed of
the treatment method, complications, and survival rates.
RFA was performed percutaneously under local anesthesia or during and simultaneously with CRC resection. RFA
was performed using a 200-W generator in the impedance
control mode and a monopolar single or clustered internally cooled electrode (Covidien, Boulder, CO, United
States). Written informed consent was obtained from all
patients before initiating treatment.
Surgical resection
A major resection was defined as resection of more than
three hepatic segments and minor resection as two segments or less. Major and minor resections were performed
in five and seven patients, respectively (Table 1). None of
the patients received perioperative transfusion, and there
was no incidence of postoperative mortality.
Follow-up protocol
Seven days after resection or RFA, contrast-enhanced CT
of the abdomen was performed, and serum CEA levels
were measured to determine the baseline values. The same
evaluations were repeated every four months during the
initial two years and every six months thereafter. Endoscopic analysis and FDG-PET were performed annually,
and chest CT or MRI was added when tumor recurrence
was suspected.

MATERIALS AND METHODS
In this study, we compared the treatment outcomes of 12
patients who underwent hepatic resection with 17 who underwent RFA for synchronous or metachronous resectable
CRLMs between June 2004 and June 2009 at the Department of Surgery, Pusan National University Hospital (Busan,
South Korea). The inclusion criteria for this study were as
follows: (1) no signs of preoperative extrahepatic metastases; (2) tumor size < 5 cm; and (3) a single metastatic tumor.
The exclusion criteria were as follows: (1) simultaneous
performance of resection and RFA; (2) resection of hepatic
recurrence after RFA; (3) lymph node metastases identified
during or after resection; and (4) associated multiple hepatic
metastases. The selection of patients for each treatment
modality was fully based on the patient’s decision.

Statistical analysis
Overall survival (OS) and disease-free survival (DFS) rates
were analyzed using the Kaplan-Meier method, and the
statistical significance of differences in the survival rates
was evaluated using the log-rank test. A two-tailed P-value
< 0.05 was considered statistically significant. The statistical analysis was performed using SPSS statistical software
(ver. 12.0; SPSS Inc., Chicago, IL, United States).

Diagnosis of CRLM
The diagnosis of hepatic or extrahepatic metastasis was
confirmed on the basis of the findings of serum carcinoembryonic antigen (CEA), contrast-enhanced computed
tomography (CT) of the abdomen and chest, magnetic
resonance imaging (MRI), and 18F-2’-fluoro-2’-deoxyglucose positron emission tomography (FDG-PET). Hepatic
metastasis was defined as any newly developed hepatic
tumors detected during patient follow-up after curative
resection of CRC. A needle biopsy was not routinely performed before RFA but was performed in patients with
atypical hepatic mass enhancement.

RESULTS
Clinicopathological data
Information regarding the patients and pathological
results is provided in Tables 2 and 3. The mean tumor
diameter in the RFA group (2.02 cm; range, 0.8-4.6 cm)
was significantly smaller than that in the resection group
(3.59 cm; range, 1.6-4.9 cm). There were no other significant differences between the two groups. Four of the
17 patients in the RFA group and 7 of the 12 in the resection group presented a hepatic tumor > 3 cm in size;
no significant difference was evident between the two

RFA
RFA for hepatic metastases was performed when patients
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Table 2 Summary of patient information
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

Age (yr)

Sex

51
60
69
76
62
61
70
70
71
69
74
71
82
58
60
56
56
54
52
60
55
75
54
63
66
56
67
58
71

M
M
M
M
M
M
F
M
F
F
F
M
M
F
M
F
M
F
F
M
M
M
F
F
M
F
M
M
M

Comorbidity

Treatment modality

Location

Timing of metastasis

Recurrence

Results

RFA
RFA
Resection
Resection
RFA
RFA
Resection
Resection
Resection
Resection
Resection
Resection
Resection
RFA
RFA
RFA
RFA
RFA
RFA
RFA
RFA
Resection
RFA
RFA
Resection
RFA
Resection
RFA
Resection

Colon
Colon
Colon
Rectum
Colon
Rectum
Colon
Rectum
Rectum
Colon
Colon
Colon
Rectum
Colon
Colon
Colon
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Meta
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Meta
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Yes
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Yes
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D
D
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S
D
S
S
S
S
S
S
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S
D
S
S
D
S
D
D
D
D
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S
D
D
S
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DM: Diabetes mellitus; HT: Hypertension; RFA: Radiofrequency ablation; Meta: Metachronous; Syn: Synchronous; S: Survival; D: Death; M: Male; F: Female.
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Figure 1 The 5-year overall survival rate. A: For all patients (44.7%); B: In the surgical resection (66.7%) and radiofrequency ablation (RFA) groups (37.8%).

groups (Table 4).

(Table 6).

Survival rates
The 5-year OS rate was 44.7% among all patients with
CRLMs, 37.8% in the RFA group, and 66.7% in the resection group (P = 0.29; Figure 1). The 5-year OS rate
was lower in patients with a hepatic tumor size > 3 cm
than in those with a tumor size < 3 cm (Table 5). Moreover, the 5-year DFS rates were 17.6% and 22.2% in
the RFA and resection groups, respectively (P = 0.119;
Figure 2). The variables associated with lower DFS rates
included male gender, age > 65 years, CRC T stage < Ⅳ,
absence of lymphatic invasion, and tumor size > 3 cm
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DISCUSSION
Surgical resection is the treatment of choice for resectable CRLMs, whereas RFA has been used for unresectable
CRLMs as an alternative treatment to improve patient
survival[13,14]. While some series have reported RFA equivalent to resection, others have shown RFA to be inferior to
resection based on overall survival[15-17]. However, the efficacy of RFA for resectable CRLMs remains controversial.
Reuter et al[18] reported superior DFS rates in patients with
resectable CRLMs following surgical resection than follow-
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Table 3 Summary of pathological findings
No.

Metastatic tumor size (cm)

Diff

T

N

M

2.5
1.6
4
4.2
3.2
4.2
4
2.8
4.4
4.9
2.8
2.3
3.2
1.2
0.9
1.7
2
1
2.5
2
1.6
1
3.8
3.7
1
3.6
1.2
0.8
1.3

Mod
Mod
Mod
Mod
Mod
Mod
Mod
Mod
Mod
Well
Mod
Mod
Mod
Mod
Poor
Poor
Mod
Mod
Mod
Mod
Mod
Mod
Mod
Mod
Mod
Mod
Mod
Mod
Mod

3
3
4
4
3
2
3
4
1
3
3
4
4
3
3
3
3
3
4
3
3
3
2
3
3
4
3
4
3

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

0
0
0
0
1
0
1
0
0
1
0
0
1
0
0
0
0
0
0
0
0
0
0
1
0
1
0
1
0

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

LNR
0.23
0.17
0.37
0.43
0.07
0.25
0
0
0.06
0.03
0
0.08
0.33
0.14
0.12
0.04
0.03
0.34
0
0.14
0.08
0.04
0
0
0
0.58
0
0.03
0

LV

PN

Pos
Pos
Pos
Pos
Pos
Pos
Pos
Pos
Neg
Pos
Neg
Neg
Neg
Pos
Pos
Pos
Neg
Pos
Neg
Pos
Pos
Pos
Neg
Neg
Neg
Neg
Pos
Neg
Neg

Pos
Pos
Pos
Pos
Neg
Pos
Pos
Pos
Neg
Neg
Pos
Neg
Pos
Pos
Pos
Pos
Neg
Pos
Neg
Pos
Pos
Pos
Neg
Neg
Neg
Pos
Pos
Neg
Neg

Diff: Differentiation of primary tumor; T: T stage; N: N stage; M: M stage; LNR: Lymph node ratio; LN: Lymphovascular invasion; PN: Perineural invasion;
Mod: Moderate; Poor: Poorly; Pos: Positive; Neg: Negative.

Table 4 Clinicopathological data of colorectal liver metastasis n (%)

Sex

Male
Female

Age (yr)
Age (yr)

≤ 65

Timing of metastasis
Primary site
T stage
Lymphovascular
Invasion
Perineural invasion
Lymph node metastasis
Size of metastasis (cm)
Size of metastasis

> 65
Synchronous
Metachronous
Colon
Rectum
Ⅰ-Ⅲ
Ⅳ
Positive
Negative
Positive
Negative
Positive
Negative
≤ 3 cm

> 3 cm
Yes
No

Recurrence

RFA

Resection

(n = 17)

(n = 12)

7 (41)
10 (59)
61.35 ± 8.33
12 (71)
5 (29)
5 (29)
12 (71)
10 (59)
7 (41)
13 (76)
4 (24)
8 (47)
9 (53)
10 (59)
7 (41)
11 (65)
6 (35)
2.02 ± 1.17
13 (76)
4 (24)
14 (82)
3 (18)

4 (33)
8 (67)
67.50 ± 7.44
4 (33)
8 (67)
3 (25)
9 (75)
8 (67)
4 (33)
8 (67)
4 (33)
8 (67)
4 (33)
7 (58)
5 (42)
9 (75)
3 (25)
3.59 ± 0.81
5 (42)
7 (58)
9 (75)
3 (25)

P -value
0.49
0.07
0.07
1.00
0.72
0.68
0.45
1.00
0.69
0.03
0.07
0.67

RFA: Radiofrequency ablation.

ing RFA. By contrast, Mulier et al[19] reported no significant
difference in OS between RFA and surgical resection for
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local control of CRLMs. Furthermore, in a recent study,
Kanas et al[20] reported a 5-year OS rate of 30%-40% in
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Table 5 Univariate analysis of 5-year overall survival
RFA (n = 17)
Sex
Age (yr)
Primary
T stage
Timing of
Metastasis
Preoperative chemotherapy
Primary site
Metastatic
Lymph node
Lymphovascular invasion
Perineural invasion
Primary
Tumor size
Postoperative chemotherapy

Female
Male
≤ 65
> 65
1-3
4
Synchronous
Metachronous
No
Yes
Colon
Rectum
Negative Positive
Negative
Positive
Negative Positive
≤ 3 cm

> 3 cm
No
Yes

Resection (n = 12)

P -value

3-yr

5-yr

3-yr

5-yr

42.9%
60.0%
58.3%
40.0%
50.0%
66.7%
33.3%
63.6%
50.0%
54.5%
50.0%
57.1%
50.0%
54.5%
55.6%
50.0%
71.4%
40.0%
69.2%
0.0%
20.0%
66.7%

42.9%
30.0%
38.9%
40.0%
33.3%
66.7%
33.3%
42.4%
50.0
36.4%
37.5%
38.1%
50.0%
32.7%
55.6%
25.0%
71.4%
20.0%
49.50%
0.0%
20.0%
47.6%

100%
50.0%
50.0%
75.0%
75.0%
50.0%
100%
55.6%
66.7
66.7%
75.0%
50.0%
100%
55.6%
100%
50.0%
100%
42.9%
80.0%
57.1%
0.0%
80.0%

100%
50.0%
50.0%
75.0%
75.0%
50.0%
100%
55.6%
66.7
66.7%
75.0%
50.0%
100%
55.6%
100%
50.0%
100%
42.9%
80.0%
57.1%
0.0%
80.0%

0.083%
0.925%
0.848%
0.187%
0.194%
0.847%
0.093%
0.975%
0.410
0.495%
0.202%
0.992%
0.175%
0.502%
0.140%
0.638%
0.214%
0.515%
0.464%
0.005%
0.929%
0.341%

Resection (n = 12)

P -value

RFA: Radiofrequency ablation.

Table 6 Univariate analysis of 5-year disease-free survival
RFA (n = 17)
Sex
Age (yr)
Primary
T Stage
Timing of
Metastasis
Preoperative chemotherapy
Primary site
Metastatic
Lymph node
Lymphovascular invasion
Perineural invasion
Primary
Tumor size
Postoperative chemotherapy

Female
Male
≤ 65
> 65
Ⅰ-Ⅲ
Ⅳ
Synchronous
Metachronous
No
Yes
Colon
Rectum
Negative
Positive
Negative
Positive
Negative
Positive
≤ 3 cm
> 3 cm
No
Yes

3-yr

5-yr

3-yr

28.6%
10.0%
25.0%
0.0%
7.1%
66.7%
16.7%
18.2%
16.7%
18.2%
10.0%
28.6%
16.7%
18.2%
22.2%
12.5%
28.6%
10.0%
23.1%
0.0%
0.0%
25.0%

28.6%
10.0%
25.0%
0.0%
7.1%
66.7%
16.7%
18.2%
16.7%
18.2%
10.0%
28.6%
16.7%
18.2%
22.2%
12.5%
28.6%
10.0%
23.1%
0.0%
0.0%
25.0%

50.0%
50.0%
50.0%
46.9%
50.0%
50.0%
66.7%
41.7%
53.3%
33.3%
50.0%
37.5%
100.0%
29.6%
50.0%
50.0%
40.0%
57.1%
60.0%
38.1%
50.0%
50.0%

5-yr
50.0%
33.3%
25.0%
46.9%
25.0%
50.0%
66.7%
20.8%
53.3%
0.0%
25.0%
37.5%
100.0%
14.8%
50.0%
33.3%
40.0%
28.6%
30.0%
38.1%
50.0%
33.3%

0.350
0.039
0.449
0.012
0.023
0.702
0.201
0.172
0.112
0.617
0.048
0.385
0.037
0.325
0.137
0.197
0.423
0.074
0.204
0.013
0.151
0.235

RFA: Radiofrequency ablation.

ported in other published studies. In patients with hepatic
tumors < 3 cm, the 5-year OS rate was 80.0% in the RFA
group and 49.5% in the resection group (P = 0.46). In
patients with a hepatic tumor size > 3 cm, the 5-year OS
rates were 0% in the RFA group and 57.1% in the resection group (P = 0.005). In addition, the DFS rate in the
resection group was superior to that in the RFA group.
To date, there exist some controversies regarding the

patients with resectable CRLMs. Moreover, they observed
that the survival rate in the resection group was favorable
and reported that statistical significance could be expected
using a larger patient population, even in the actual 5-year
OS rate in the RFA group and in the nonactual survival in
the resection group. Our 5-year OS rates were 66.7% in
the resection group and 37.8% in the RFA group (actuarial
5-year survival rates), which is comparable to those re-
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5-year overall survival (%)

colorectal cancer, and approximately 50% of diagnosed patients present the
synchronous type. Surgical resection is the most effective current treatment for
colorectal cancer liver metastasis (CRLM), and several alternative treatment
modalities for CRLM have been developed.

Resection
RFA

100
80

Research frontiers

60

Radiofrequency ablation (RFA) is widely accepted as an effective alternative
local treatment modality for CRLM. However, there is little information regarding
indications for RFA in resectable CRLMs.

40

Innovations and breakthroughs

20
0

0

40

The authors retrospectively reviewed 29 patients with resectable CRLMs, who
were treated with either RFA or surgical resection. This comparison was performed to determine whether RFA can be an effective alternative treatment for
resectable CRLMs.

80

t /mo

Applications

The authors suggest that RFA can be an alternative treatment for resectable
CRLMs, primarily in patients with hepatic tumors < 3 cm in size.

Figure 2 Disease-free survival rates in the surgical resection (22.2%) and
radiofrequency ablation groups (17.6%). RFA: Radiofrequency ablation.

Terminology

RFA is a procedure in which tissue ablation is performed using the heat generated by a high-frequency alternating current.

contribution of clinicopathological factors to survival following surgery for resectable CRLMs[21]. Surgical resection in CRLM is considered the treatment of choice for
local tumor control rather than systemic therapy. RFA,
which has the advantages of minimal invasiveness and
sparing the liver parenchyma, might be favorable for the
local control of CRLMs, which requires adjuvant chemotherapy as well[19]. However, less definitive evidence
exists regarding the risk of intrahepatic or hematogenous
metastases after RFA for patients with CRLMs. Fourteen
patients who underwent RFA in our study experienced
recurrences of multiple liver metastases and peritoneal
carcinomatosis, and two patients developed metastases in
the lung and spleen. The local recurrence rates after RFA
are reportedly 2%-40%[22-25], and Abitabile et al[26] reported
that local recurrence rates reached 8.8% overall and 1.6%
for CRLMs < 3 cm in diameter. In the present study,
one patient developed tumor recurrence following RFA
and was excluded; the patient was followed up for 37 mo
without recurrence after consecutive hepatic resection.
The statistical analysis in the present study identified
the following risk factors for poor DFS in the RFA group
compared with the resection group: male gender, age
> 65 years, lower T stage, colon cancer, and absence of
lymph node metastasis. These findings might be the result of the omission of intensive adjuvant chemotherapy
in patients with less-advanced CRC stages.
Some limitations to the present study include its retrospective design and the small number of included cases. However, to our knowledge, this is the first report regarding the actuarial 5-year survival rate after RFA, which
was 37.8% in patients with resectable CRLMs. Surgical
resection is believed to be superior to RFA for resectable
CRLMs; nevertheless, RFA displayed some interesting
advantages to justify its adoption in patients with resectable CRLMs. Although a randomized controlled study
of RFA is warranted, more strict indication criteria are
needed before adopting RFA as a replacement for surgical resection in resectable CRLMs.

Peer review

This article examined the usefulness of RFA in patients with resectable CRLMs.
In this study, the authors found that RFA can be useful in patients with CRLMs
< 3 cm in diameter.
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RESULTS: The study sample included 458 (58.87%)
males and 320 (41.13%) females with a mean age of
64.53 years (standard deviation, 12.33 years; range,
28-86 years). The principal patient source came from
inpatient and emergency room (96.02%). The principal
tumor sites were noted at the sigmoid colon (35.73%)
and rectum (30.46%). Most patients exhibited a tumor
stage of 2 (37.28%) or 3 (34.19%). The number of
new CRC surgeries performed per 100000 persons was
12.21 in 2004 and gradually increased to 17.89 in 2009,
representing a change of 46.52%. During the same
period, the average hospitalization cost and ALOS decreased from $5303 to $4062 and from 19.7 to 14.4 d,
respectively. The following factors were associated with
considerably decreased hospital resource utilization:
age, source, surgical type, tumor size, tumor site, and
tumor stage.

Abstract

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

CONCLUSION: These results can be generalized to
patient populations elsewhere in Taiwan and to other
countries with similar patient profiles.

AIM: To evaluate the changing trends and outcomes
of colorectal cancer (CRC) surgery performed at a large
single institution in Taiwan.

Key words: Colorectal cancer; Average hospitalization
cost; Average lengths of stay; Incidence trend; Colorectal cancer surgery

METHODS: This study retrospectively analyzed 778
patients who received colorectal cancer surgery at E-Da
Hospital in Taiwan from 2004 to 2009. These patients
were from health examination, inpatient or emergency
settings. The following attributes were analyzed in patients who had undergone CRC surgical procedures:
gender, age, source, surgical type, tumor number,
tumor size, number of lymph node metastasis, pathologic differentiation, chemotherapy, distant metastases,
tumor site, tumor stage, average hospitalization cost
and average lengths of stay (ALOS). The odds ratio and
95% confidence intervals were calculated to assess the
relative rate of change. Regression models were employed to predict average hospitalization cost and ALOS.
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Core tip: We evaluated the trend of colorectal cancer
surgery and compared hospitalization cost and length
of stay with those in other countries. Age, source,
surgical type, tumor size, tumor site, and tumor stage
were associated with decreased hospital resource utilization. To efficiently allocate of medical resources,
these factors must be managed.
Perng DS, Lu IC, Shi HY, Lin CW, Liu KW, Su YF, Lee KT.
Incidence trends and predictors for cost and average lengths
of stay in colorectal cancer surgery. World J Gastroenterol
2014; 20(2): 532-538 Available from: URL: http://www.wjg-
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patient and emergency room settings. The surgical types
were grouped as low anterior resection, high anterior
resection, abdominoperineal resection, right hemicolectomy, left hemicolectomy, super low anterior resection
and endoscopic polypectomy. Pathologic differentiation
was classified as well, moderate or poor. The patients
were grouped by tumor site as follows: ascending colon,
transverse colon, descending colon, sigmoid colon and
rectum. Tumor stage was categorized as 1, 2, 3 or 4. All
colorectal cancers were staged according to the guidelines
of the American Joint Committee of Cancer.
Continuous variables were tested for statistical significance by one-way analysis of variance (ANOVA),
and categorical variables were tested by χ 2 analysis. Temporal trends were assessed by the Cochrane-Armitage
trend test. The study period was divided into three equal
time intervals (P1: 2004-2005; P2: 2006-2007; and P3:
2008-2009). The odds ratio and 95% confidence interval
were determined to assess the relative change for each
factor when using P1 as the reference group when compared to P3. We define the incidence rate as the number
of new cases of colorectal cancer surgery from health
examination, inpatient or emergency room divided by the
total number of cases from those settings[10].
Regarding treatment costs, the standard administrative
claims data required by the Bureau of National Health
Insurance (BNHI) included the following fees: operating
room, radiology, physical therapy, hospital room, anesthetist, pharmacy, laboratory, special materials, surgeon, and
others. To reflect changes in real dollar value, the cost
data were adjusted by the consumer price index for each
year from 2004-2009 (93.70, 95.86, 96.43, 98.17, 101.63
and 100.00). The hospital treatment costs were then converted from Taiwan dollars to United States dollars at an
exchange rate of 31.5:1, which was the average exchange
rate during 2004-2009. The hospital treatment costs at
different hospital levels were also adjusted for differences
in BNHI reimbursements. The multiple regression models used to predict average hospitalization cost and ALOS
included both patient and clinical attributes.

net.com/1007-9327/full/v20/i2/532.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i2.532

INTRODUCTION
Colorectal cancer (CRC) is one of the leading causes
of cancer-related death in the world[1]. In a recent data
analysis from cancer registries participating in the Surveillance, Epidemiology, and End Results program, 148810
new cases of CRC with 49960 deaths were estimated
for the United States in 2008[2]. In Europe, CRC was the
second most common form of cancers and cause of
death from cancer in 2006[3]. By contrast, incidence rates
tend to be lower in Africa and Asia, which is attributed
to differences in diet and lifestyle. Moreover, the medical
expenses associated with CRC cannot be ignored[4,5]. The
estimated medical expense for a patient with CRC in the
United States of America per year is $38577, which is
seven times higher than that for a patient without CRC
($5126)[6].
The effectiveness of CRC surgery in relieving pain
and improving physical function has been well documented[7,8]. In addition to improved surgical techniques, the
excellent performance of new materials and designs has
substantially increased the demand for CRC surgery. The
growing population of elderly patients is yet another factor[9]. Because the system provides insurance coverage for
expensive and frequently used medical items, the financial
burden of CRC surgery should not be overlooked.
Although the volume of CRC surgical procedures
is increasing annually, the incidence rates and hospital
resource utilization for these procedures have not been
documented in a Taiwan study. Thus, this study explored
the changing trends and risk factors of these outcomes
for CRC surgery.

MATERIALS AND METHODS
E-Da Hospital is a 1200-bed hospital, a large medical
institution in Taiwan, and provides secondary and tertiary
medical care for approximately one million people. A
retrospective review of all patients who underwent CRC
surgery from 2004 to 2009 was performed. If patients
had intraoperative perforations, concurrent malignancy,
or a psychological or linguistic impairment, they were
excluded. All malignancies were confirmed upon histological evaluation. The study analyzed 778 CRC surgical
procedures. The study protocol was approved by the Institutional Review Board of E-Da Hospital.
The following attributes were analyzed in patients
who had undergone CRC surgical procedures in Taiwan:
gender, age, source, surgical type, tumor number, tumor
size, number of lymph node metastasis, pathologic differentiation, chemotherapy, distant metastases, tumor
site, tumor stage, average hospitalization cost and average
lengths of stay (ALOS). The age categories were ≤ 30,
31-40, 41-50, 51-60, 61-70, 71-80 and ≥ 81 years old.
The patient source came from health examination, in-
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Statistical analysis
Statistical analyses were performed using SPSS version
15.0 (SPSS Inc., Chicago, IL, United States). All of the
tests were two-sided, and P values less than 0.05 were
considered statistically significant.

RESULTS
The study sample included 458 (58.87%) males and 320
(41.13%) females with a mean age of 64.53 years (standard
deviation, 12.33 years; range, 28-86 years). The principal
patient source came from inpatient and emergency rooms
(96.02%). The principal surgical types for the study population were low anterior resection, right hemicolectomy,
super low anterior resection, left hemicolectomy, high anterior resection, abdominoperineal resection, and endoscopic polypectomy at the following frequencies: 25.32%,
23.78%, 17.74%, 12.20%, 10.54%, 6.56%, and 3.86%,
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Table 1 Patient characteristics (n = 778)

Table 2 The incidence rate of colorectal cancer surgery
n (%)

Variable
Gender
Female
Male
Age (yr)
≤ 30
31-40
41-50
51-60
61-70
71-80
≥ 81
Source
Health examination
Inpatient or emergency room
Surgical type
Low anterior resection
High anterior resection
Abdominoperineal resection
Right hemicolectomy
Left hemicolectomy
Super low anterior resection
Endoscopic polypectomy
Tumor number
Tumor size
No. of lymph node metastases
Pathologic differentiation
Well
Moderate
Poor
Chemotherapy
No
Yes
Distant metastasis
No
Yes
Tumor site
Ascending colon
Transverse colon
Descending colon
Sigmoid colon
Rectum
Tumor stage
1
2
3
4
Treatment cost (dollars)
Average length of stay (d)

320 (41.13)
458 (58.87)
64.53 ± 12.33
9 (1.16)
23 (2.96)
62 (7.97)
187 (24.04)
218 (28.02)
219 (28.15)
60 (7.71)

Patients (n )

Surgeries (n )

Incidence rate (1/10 )

2004
2005
2006
2007
2008
2009

245734
621243
727286
782659
825907
877791

30
99
158
136
199
157

12.21
15.94
21.72
17.38
24.09
17.89

Average hospitalization cost (dollars)
Average lengths of stay (d)

6000

25

5000

31 (3.98)
747 (96.02)

20

P < 0.01
4000

197 (25.32)
82 (10.54)
51 (6.56)
185 (23.78)
95 (12.2)
138 (17.74)
30 (3.86)
1.05 ± 0.29
5.06 ± 2.14
3.56 ± 5.15

15

P < 0.01

3000
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Figure 1 The trend analyses of average hospitalization cost and average
lengths of stay in colorectal cancer surgery patients during the study period.

86 (11.05)
638 (82.01)
54 (6.94)

shown in Table 1.
The incidence rate of CRC surgery in 2004 was 12.21
per 100000 persons, and the rate gradually increased to
17.89 in 2009, which represented a change of 46.52%
(Table 2). A significant decreased trends analysis was also
observed in average hospitalization cost and ALOS in
CRC surgery patients during the study period (P < 0.01)
(Figure 1).
Table 3 shows the increasing volume of CRC surgical
procedures and the changes in patient demographic and
clinical characteristics. Approximately 40% of all CRC
surgery patients treated from P1 to P3 were female, and
the number of female patients significantly increased
between P1 and P3 (OR = 1.13, 95%CI: 1.01-1.25).
Conversely, the number of male patients significantly
decreased. The number of CRC surgery patients younger
than 30 years old significantly decreased between P1
and P3 (OR = 0.46, 95%CI: 0.33-0.60). The number of
CRC surgery patients aged 51 to 60 years old significantly
increased from P1 to P3 (OR = 1.78, 95%CI: 1.58-1.97)
but the number of CRC surgery patients aged 61 to 70
years old significantly decreased (OR = 0.71, 95%CI:
0.56-0.87). The number of CRC surgery patients older
than 81 years old significantly increased between P1 and
P3 (OR = 1.22, 95%CI: 1.06-1.37). The number of CRC
surgery patients from health examinations significantly
increased (OR = 5.78, 95%CI: 5.48-6.08). In terms of
surgical type, the data revealed a statistically significant
decrease in the number of patients with low anterior
resection and super low anterior resection between
P1 and P3 (OR = 0.02, 95%CI: 0.00-0.04 and OR =

368 (47.30)
410 (52.70)
727 (93.44)
51 (6.56)
145 (18.64)
67 (8.61)
51 (6.56)
278 (35.73)
237 (30.46)
144 (18.51)
290 (37.28)
266 (34.19)
78 (10.03)
128543.94 ± 85360.59
15.40 ± 8.12

respectively. On average, the number of tumors, size of
the tumor, and number of lymph node metastases were
(mean ± SD) 1.05 ± 0.29, 5.06 ± 2.14, and 3.56 ± 5.15,
respectively. Pathologic differentiation included the following classifications: moderate (82.01%), well (11.05%),
and poor (6.94%). In the study, 52.70% cases received
chemotherapy after colorectal cancer surgery, and distant
metastases were not found in 93.44% cases when these
patients were included in the study. The principal tumor
site was described in the sigmoid colon (35.73%) and rectum (30.46%). Most patients exhibited a tumor stage of
2 (37.28%) or 3 (34.19%). Additionally, the average treatment costs were US$4285 ± 2845.4, and the ALOS was
15.40 ± 8.12 d. The detailed patient characteristics are
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Table 3 Logistic regression model for colorectal cancer surgery during periods 1-3
Variables
Gender

Female
Male
≤ 30
Age (yr)
31-40
41-50
51-60
61-70
71-80
≥ 81
Source
Health examination
Inpatient or emergency room
Surgical type
Low anterior resection
High anterior resection
Abdominoperineal resection
Right hemicolectomy
Left hemicolectomy
Super low anterior resection
Endoscopic polypectomy
Pathologic differentiation Well
Moderate
Poor
Chemotherapy
No
Yes
Distant metastasis
No
Yes
Tumor site
Ascending colon
Transverse colon
Descending colon
Sigmoid colon
Rectum
Tumor stage
1
2
3
4

1

P1 (n = 118)

P2 (n = 273)

P3 (n = 387)

OR (95%CI)

35.59
64.41
1.69
2.54
5.93
16.10
35.59
31.36
6.78
0.85
99.15
35.59
3.39
2.54
20.34
14.41
21.19
2.54
14.41
77.97
7.63
52.54
47.46
83.05
16.95
18.64
10.17
6.78
22.88
41.53
15.25
38.98
38.98
6.78

44.69
55.31
1.47
3.30
10.62
20.88
28.94
27.47
7.33
4.03
95.97
25.64
2.2
4.03
25.64
12.09
24.18
6.23
9.89
82.78
7.33
38.1
61.9
93.41
6.59
19.05
7.69
6.96
35.16
31.14
16.12
35.16
32.60
6.12

40.31
59.69
0.78
2.84
6.72
28.68
25.06
27.65
8.27
4.91
95.09
0.62
18.60
9.56
23.51
11.63
12.14
2.58
10.85
82.69
6.46
52.20
47.80
96.64
3.36
18.35
8.79
6.20
40.05
26.61
21.19
38.24
33.85
6.72

1.13 (1.01-1.25)
0.93 (0.83-1.06)
0.46 (0.33-0.60)
1.12 (0.96-1.28)
1.13 (0.99-1.27)
1.78 (1.58-1.97)
0.71 (0.56-0.87)
0.88 (0.73-1.03)
1.22 (1.06-1.37)
5.78 (5.48-6.08)
0.96 (0.74-1.18)
0.02 (0.00-0.04)
5.49 (5.19-5.82)
3.76 (3.54-3.99)
1.16 (1.00-1.36)
0.81 (0.61-1.05)
0.57 (0.38-0.76)
0.31 (0.05-1.77)
0.75 (0.51-0.92)
1.06 (0.82-1.27)
0.85 (0.59-1.05)
0.99 (0.70-1.37)
1.01 (0.80-1.28)
1.16 (1.05-1.31)
0.20 (0.02-0.40)
0.98 (0.75-1.19)
0.86 (0.70-1.06)
0.91 (0.79-1.14)
1.75 (1.43-2.23)
0.64 (0.42-0.93)
1.39 (1.12-1.74)
0.98 (0.78-1.19)
0.87 (0.56-1.14)
0.99 (0.80-1.29)

1

Period 3 (P3) vs period 1 (P1) (reference group). P1: 2004-2005; P2: 2006-2007; P3: 2008-2009.

0.57, 95%CI: 0.38-0.76, respectively) but a statistically
significant increase in the number of patients with
high anterior resection, abdominoperineal resection
and right hemicolectomy between P1 and P3 (OR =
5.49, 95%CI: 5.19-5.82; OR = 3.76, 95%CI: 3.54-3.99;
and OR = 1.16, 95%CI: 1.00-1.36, respectively). The
number of CRC surgery patients who exhibited welldifferentiated tumors significantly decreased (OR =
0.75, 95%CI: 0.51-0.92). The number of CRC surgery
patients without distant metastases significantly increased
from P1 to P3 (OR = 1.16, 95%CI: 1.05-1.31) while the
number of CRC surgery patients with distant metastases
significantly decreased (OR = 0.20, 95%CI: 0.02-0.40).
The number of CRC surgery patients with tumors at the
sigmoid colon significantly increased from P1 to P3 (OR
= 1.75, 95%CI: 1.43-2.23) while the number of CRC
surgery patients with tumors at the rectum significantly
decreased (OR = 0.64, 95%CI: 0.42-0.93). The number
of CRC surgery patients with stage 1 tumors significantly
increased from P1 to P3 (OR = 1.39, 95%CI: 1.12-1.74).
Table 4 shows the multiple regression models used to
evaluate the predictors for hospital resource utilization.
After controlling for time, the statistically significant
predictors for hospital resource utilization among CRC
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surgery patients were age, source, surgical type, tumor
size, tumor site, and tumor stage (P < 0.05).

DISCUSSION
This large survey study is the first to examine how patient and clinical attributes reflect changing trends in the
incidence of CRC surgery and the first to identify factors
that predict average hospitalization costs and ALOS for
the procedure. This study showed a gradual increase in
the incidence of new CRC surgeries during the study period and, during the same period, a demographic decrease
in hospital resource utilization, which is consistent with
other series studies. The following factors were associated
with the considerably decreased hospital resource utilization of CRC surgery: age, source, surgical type, tumor
size, tumor site, distant metastasis, and tumor stage.
Old age is a risk factor for the occurrence of CRC[2,11,12].
However, according to the results of this study, we found
a trend of increasing incidence of CRC in patients aged
51-60 years old from the first to third time period. In
the first time period, the percentage of 51-60 years old
patients with CRC is only 16.10%, but this incidence
increases to 20.88% and 28.68% in the second and third
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1

Table 4 Impact factors for predicting the average hospitalization cost and average lengths of stay for colorectal cancer surgery
2

Variables

3

Average hospitalization cost

Coefficient Standard coefficient P value
Gender
Age
Source
Surgical type

Tumor number
Tumor size
No. of lymph node metastases
Pathologic differentiation
Chemotherapy
Distant metastasis
Tumor site

Tumor stage

Female
Inpatient or emergency room
High anterior resection
Abdominoperineal resection
Right hemicolectomy
Left hemicolectomy
Super low anterior resection
Endoscopic polypectomy

Moderate
Poor
Yes
Yes
Transverse colon
Descending colon
Sigmoid colon
Rectum
2
3
4

0.01
0.01
-0.17
-0.03
0.03
-0.01
-0.01
0.02
-1.16
0.03
0.01
0.01
0.04
0.05
-0.01
0.01
0.01
0.02
0.01
0.03
0.04
0.05
0.17

0.02
0.08
-0.11
-0.03
0.03
-0.01
-0.01
0.02
-0.75
0.03
0.06
-0.01
0.05
0.04
0.02
0.01
0.01
0.02
0.02
0.04
0.06
0.08
0.17

0.344
< 0.001
< 0.001
0.168
0.213
0.891
0.625
0.478
< 0.001
0.110
0.010
0.568
0.104
0.139
0.345
0.903
0.726
0.557
0.730
0.514
0.076
0.019
< 0.001

Average lengths of stay
Coefficient
0.02
0.01
0.10
-0.06
0.05
0.01
-0.01
0.01
-0.69
-0.01
0.01
0.01
0.04
0.04
-0.02
0.04
0.09
0.04
0.06
0.04
0.03
0.03
0.09

Standard coefficient P value
0.05
0.10
0.10
-0.11
0.07
0.02
-0.02
0.02
-0.14
-0.01
0.07
0.01
0.07
0.05
-0.05
0.06
0.14
0.06
0.15
0.11
0.07
0.08
0.15

0.140
0.010
0.010
0.009
0.090
0.816
0.707
0.687
< 0.001
0.805
0.062
0.997
0.126
0.289
0.239
0.117
0.003
0.287
0.149
0.314
0.198
0.177
0.002

1

Reference groups: gender (male), source (health examination), surgical type (low anterior resection), pathologic differentiation (well), chemotherapy (no),
distant metastasis (no), tumor site (ascending colon), tumor stage (1); 2R2 = 0.68 and adjusted R2=0.67; 3R2 = 0.42 and adjusted R2 = 0.39.

time periods. The increasing incidence of CRC is obvious
and substantial in early old age from 51-60 years of age.
From the first to third time period, the other difference
is the increased rate of CRC cases from health examinations. In the first time period, the percentage of CRC
cases from health examinations is less then 1%, but this
incidence increases to nearly 5% in the third time period.
We also noted that the percentage of state 1 tumor cases
increases from the first to third time period. The incidence of colorectal cancer from 2004 to 2009 is between
12.21 per 100000 per year and 24.09 per 100000 per year
in this study. In another study, the median unadjusted
incidence of colorectal cancer from 1989 to 2008 was
6.17 per 100000 per year in South Asians compared with
71.70 per 100000 per year in non-South Asians (77.79%
white British)[13].
In the results from this study, we note that CRC cases
at an older age and with stage 4 tumors increase the average hospitalization cost and average lengths of stay.
However, if the CRC cases receive endoscopic polypectomy, the average hospitalization cost and average lengths
of stay decrease. Most of the CRC cases who receive
endoscopic polypectomy are from the health examinations, demonstrating both cost and health benefits for
the patients who receive health examinations. However,
in our study, surgical types including high anterior resection, abdominoperineal resection, right hemicolectomy,
left hemicolectomy and super low anterior resection were
done by open approach. Other studies show have documented that the laparoscopic surgery is safe, feasible and
less traumatic, with an oncological adequacy comparable
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to the open approach, a shorter compromise of immunological homeostasis and faster recovery[14-18]. Furthermore,
another meta-analysis study showed the robotic surgery
for rectal cancer is superior to laparoscopic surgery for
treatment of rectal cancer[19,20].
A previous study showed that colorectal cancer that
originates from a different site may provide additional
prognostic information[21]. In our study, the trend analysis showed an increasing percentage of sigmoid colon
cancer, from 22.88% at time period 1 to 40.05% at time
period 3, and the multiple regression mode showed that
tumors at transverse colon were a significant factor leading to increased ALOS.
According to the result of this study, we note that
CRC patients with or without distal metastases have no
statistically significant difference between the average
hospitalization cost and ALOS. An increasing tumor size
elevates the average hospitalization cost but dose not significantly affect ALOS. These findings may be due to the
limited case numbers, which affected out ability to demonstrate the effect of distal metastases and tumor size on
ALOS for CRC patients.
A study in Brazil showed the increasing hospital admission rates and economic burden for colorectal cancer
from 1996 to 2008[22]. Our results reveal an approximate
four times greater average hospital cost for patients who
received colorectal cancer surgery in Taiwan compared
to Brazil, but the average hospitalization costs and length
of stay decrease each year in Taiwan. The median length
of stay was 14 d for elective admissions in Ireland from
2002 to 2008[23]. Our study shows a similar length of stay
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of 15.40 d. Compared to the conditions in the United
States and Europe (between March and November 2003
in the United Kingdom, France, Germany, Italy, and
Spain, and between September 2003 and October 2004
in the United States), the ALOS for a colonic operation
is shortest in the United States at 7.8 d, while the ALOS
for a colonic operation in countries in Europe, including France, Italy, United Kingdom, Spain and Germany,
is 12.8-16.5 d[24]. The ALOS is similar between Taiwan
and Europe. In Taiwan, the pre-operative preparation,
such as radiology examination, biochemical laboratory
examination, electrocardiogram and colon preparation,
are arranged and performed after admission, so the average length of stay is longer in Taiwan than in the United
States. Another reason that may contribute to the longer
average length of stay in Taiwan is the health insurance.
Public citizens in Taiwan have well-care health insurance,
and they also have a higher frequency of out-patient
department visits and a longer average length of stay.
Furthermore, we used the regression model to observe
trends and effective predictors for the average hospitalization costs and ALOS in patients who received colorectal cancer surgery.
The average hospitalization cost and ALOS decrease
each year in the study. This finding may be related to
the increase in stage 1 CRC that was found in a younger
group of patients (51-60 years old) by general screening
using a stool occult blood test and a colonoscopy at a
health examination. Compared to patients with stage 4
CRC, the patients with stage 1 CRC not only have a decreased average hospitalization cost but also ALOS. The
study indirectly show the benefit of the general screening
using a stool occult blood test for the older patients and
the value of colonoscopy at health examinations. However, the effectiveness of colonoscopy is diminished by
operator-dependent factors. Therefore, quality assurance
programs should be implemented in all colonoscopy
practices[25].
Our results should be interpreted in the context of
certain limitations. For example, the existing data set used
for the study contained only 6 years of data from one
institution. Thus, it is possible that some of the patients
in our analysis who apparently did not undergo CRC
surgery had, in fact, received CRC surgery in the 6 years
prior to the study’s time frame. Second, our analysis was
not able to capture data on tests performed outside of
the study hospital if they were not paid for by the study
hospital. This limitation may have resulted in an underestimation of the adequacy of average hospitalization cost.
Another potential limitation of our analysis is its dependence on claims data and the lack of data for readmission. A different study previously showed that enhanced
recovery after surgery protocols may decrease the length
of stay in a hospital. However, that study also noted that
a reduced length of stay at a hospital stay was associated
with a high rate of readmission[26]. Finally, the analysis
did not examine outcome data such as patient-reported
quality of life and indirect costs incurred after discharge.
However, given the robust magnitude of the effects and
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the statistical significance of the effects in this study,
these limitations are unlikely to compromise the results.
In conclusion, this analysis of CRC data from a large
scale survey in Taiwan evaluated changing trends and
risk factors of hospital resource utilization. The data
improve the understanding of medical resource allocation for CRC surgery and may help to formulate public
health policies for optimizing hospital resource utilization for related diseases. Government officials and health
care providers should recognize that hospital resource
utilization of CRC surgery may depend on both patient
and clinical attributes. These results can be generalized
to CRC surgery patient populations elsewhere in Taiwan
and to similar populations in other countries.
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were examined at 24 h, and urine lactulose, mannitol,
and trypsinogen-Ⅱ (TRY-Ⅱ) levels were measured at
6 h. Lactulose/mannitol ratio indicated IP, and TRY-Ⅱ
indicated pancreatic injuries. Procedure duration and
enteroscope insertion length were recorded.

Abstract

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

AIM: To investigate the correlations between serum amylase levels, intestinal permeability (IP), and pancreatic
injury and to explore the mechanisms responsible for
hyperamylasemia in double-balloon enteroscopy (DBE).

Key words: Double-balloon enteroscopy; Hyperamylasemia; Intestinal permeability; Pancreatitis; Mechanism

RESULTS: Twelve patients underwent oral DBE (M:F,
5:7; mean age 50.42 ± 11.11 years) and 8 underwent
anal DBE (M:F, 5:3; mean age 44.75 ± 12.66 years).
They all showed significantly increased post-DBE serum
amylase. Amylase and lipase levels were higher in the
oral DBE group (P < 0.05). Hyperamylasemia was diagnosed in 9 (75.0%) patients undergoing oral DBE. Only
patients receiving oral DBE showed increased postprocedure IP, which correlated with increased serum
amylase (r = 0.611, P = 0.035) and procedure duration
(r = 0.668, P = 0.018). Adverse events included one
oral case with pancreatic injury (elevated TRY-Ⅱ) and
two cases of abdominal discomfort in each group. Pancreatitis was not reported.
CONCLUSION: Hyperamylasemia correlates with increased IP and clinically undetectable pancreatic injuries. DBE could cause intestinal mucosa damage, which
may result in IP elevation and increased amylase absorption, necessitating improvements and standardization of DBE methods.

Core tip: Hyperamylasemia, or increased serum amylase, and acute pancreatitis following double-balloon
enteroscopy (DBE) have been reported in patients receiving diagnostic DBE, particularly oral DBE.

METHODS: A prospective study was conducted in 20
patients who underwent DBE from August 1, 2008 to
February 28, 2009. Serum amylase was examined 0,
2, 6 and 24 h post-DBE, C-reactive protein and lipase
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amylasemia.

Feng N, Dai J, Lu H, Li XB, Gao YJ, Ge ZZ. Hyperamylasemia
is associated with increased intestinal permeability in patients
undergoing diagnostic oral double-balloon enteroscopy. World J
Gastroenterol 2014; 20(2): 539-545 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v20/i2/539.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i2.539

MATERIALS AND METHODS
Study design
A prospective study was conducted in consecutive DBE
patients treated at the Endoscopy Center of the Shanghai Jiaotong University School of Medicine from 1st
August 2008 to 28th February 2009. The study protocol
was approved by the Institutional Ethics Committee of
the Shanghai Jiaotong University School of Medicine.
All procedures were performed in accordance with the
Declaration of Helsinki. Written informed consent was
obtained from all patients.

INTRODUCTION
Double-balloon enteroscopy (DBE) is a relatively safe
digestive endoscopic technique for diagnosis and treatment of small bowel diseases. DBE can be performed
either anally or orally and has been widely used in clinical
practice for over 5 years[1]. DBE postoperative complication rate is about 4% in the Unites States[1] and has been
reported to be as low as 1.4% worldwide[2]. Therapeutic
endoscopy has been associated with severe complications
(bleeding, perforation, and concomitant tissue necrosis),
but these complications are rarely observed in diagnostic
procedures[2,3]. However, hyperamylasemia and acute pancreatitis were reported in DBE patients undergoing diagnostic procedures, especially when performed orally[4-6].
Because both hyperamylasemia and acute pancreatitis are
threatening conditions, a better understanding of these
disorders is required to design effective preventative
strategies.
DBE-induced acute pancreatitis was first reported by
Groenen et al[4], and was later mainly associated with oral
DBE[2,5,6]. Moreover, hyperamylasemia after oral DBE
was also reported by Kopácová et al[7], who demonstrated
that hyperamylasemia was much more frequent than
acute pancreatitis. Damage to the intestine caused by
local strain and friction in the small bowel during DBE
may be central to the development of hyperamylasemia[8].
Thus, shorter BDE time, fewer passes, and cautious insertion may be useful in reducing small bowel injury[8].
On the other hand, some studies reported no association
between small bowel damage and hyperamylasemia in
DBE patients[9].
Damage to the bowel can be indicated by altered
intestinal permeability (IP)[10]. Injuries to the intestinal
mucosal barrier may change the inter-epithelial structure
and increase permeability, increasing lactulose absorption,
but without influence on mannitol absorption via the
cell membrane. Therefore, the lactulose/mannitol (L/M)
ratio can reflect the change in IP[10]. Intestinal barrier permeability defects caused by DBE may have other effects,
such as altered biochemical parameters and increased
bacterial translocation[11].
The present study was conducted to determine the
relationships between serum amylase levels, IP (indicated
by the L/M ratio), and pancreatic injury [indicated by
urinary trypsinogen-Ⅱ (TRY-Ⅱ) levels] in patients undergoing oral or anal DBE. This study was designed to
comprehensively investigate pancreatic injury and systemic abnormalities associated with DBE, and to clarify
the mechanisms responsible for DBE-induced hyper-
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Patients
Inclusion criteria were: (1) patients aged 17 to 70 years;
and (2) patients who underwent diagnostic DBE within
the study period. Exclusion criteria were: (1) patients
who underwent any other recent endoscopic treatments
for diagnostic or therapeutic purposes; (2) patients who
were diagnosed with dysfunction of the liver, gallbladder,
pancreas or kidneys; and (3) patients who exhibited current or previous enterostenosis, tumors, or inflammatory
bowel disease. Based on these criteria, of 60 patients who
were initially recruited and received the double-sugar solution, 40 were excluded after DBE.
Clinical data collection
Clinical data was recorded for each patient, including abdominal ultrasonographic findings and blood biochemical results. For each patient, levels of alanine transaminase, aspartate transaminase, total and direct bilirubin,
γ-glutamyl transpeptidase, alkaline phosphatase, blood
urea nitrogen and creatinine were recorded.
Definition of hyperamylasemia and pancreatitis
Hyperamylasemia was defined as increased serum amylase levels above the upper limit of normal (> 100 U/L)
or 3 × higher than baseline (preoperative) levels[8]. Pancreatitis was defined in accordance with the consensus definitions for major complications of endoscopic retrograde
cholangiopancreatography[12]. Briefly, acute pancreatitis
was defined as occurrence of clinical signs that included
typical epigastric pain with radiation to the back and/or
nausea, and vomiting combined with amylase/lipase levels ≥ 3 × the upper limit of normal, requiring unplanned
admission or prolongation of planned admission.
Pre-procedure assessments
Indications for DBE were recorded. All patients were
asked to drink 60 mL of double-sugar solution containing 10 g of mannitol and 5 g of lactulose after an overnight fast, anytime within the 3-d period prior to DBE,
and pre-procedure urine samples were collected approximately 6 h after drinking, as previously described[10]. Right
before the DBE procedure, baseline serum amylase was
examined (which was marked as “0 h” below).
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aminations at approximately 30 min intervals, and epigastric abdominal pain, distension, nausea, or vomiting was
recorded. Adverse events (AEs) were reported, including
abdominal signs and symptoms.

Table 1 Demographic, clinical, and procedural information
for included patients undergoing oral or anal double-balloon
enteroscopy (n = 20) n (%)

Age (yr), mean ± SD
Gender
Male
Female
Indications
Abdominal pain
Abdominal distension
Anemia
Intermittent diarrhea
Procedure, mean ± SD
Duration (min)
Length of insertion (m)
Adverse events
Abdominal discomfort/distention
Pancreatic injury (elevated urinary
trypsinogen-Ⅱ)

Oral DBE
(n = 12)

Anal DBE
(n = 8)

50.42 ± 11.11

44.75 ± 12.66

5 (41.7)
7 (58.3)

5 (62.5)
3 (37.5)

5 (41.7)
4 (33.3)
3 (25.0)
0 (0.0)

3 (37.5)
1 (12.5)
1 (12.5)
3 (37.5)

71.92 ± 20.19
3.55 ± 1.42

65.63 ± 17.80
2.8 ± 1.09

2 (16.7)
1 (8.3)

2 (25.0)
0

Statistical analysis
Continuous data are reported as mean ± SD and ranges.
Statistical analysis was conducted using SAS 5.1 (SAS
Institute, Cary, NY, United States). Continuous variables
were compared using unpaired or paired t tests or, alternatively, using the Wilcoxon rank-sum test. Categorical
variables were compared using the Chi-squared test. Correlation analysis was performed by linear regression test.
A two-sided P value < 0.05 was considered statistically
significant.

RESULTS
Patient demographic characteristics and indications
Of a total of 60 consecutive DBE patients, 40 (66.7%)
were excluded due to liver, gallbladder, and/or pancreas
diseases (n = 7); renal dysfunction (n = 6); enterostenosis
(n = 6), tumors (n = 2); or inflammatory bowel disease
(n = 19). The remaining 20 (33.3%) patients (M:F, 10:10;
mean age 48.15 ± 11.77 years, ranging 26-70 years) were
included in the study, including 12 undergoing the oral
procedure (M:F, 5:7; mean age 50.42 ± 11.11 years, ranging 26-70 years) and 8 undergoing the anal procedure
(M:F, 5:3; mean age 44.75 ± 12.66 years, ranging 26-60
years). No significant differences were observed in demographic characteristics between the two groups of
patients. Indications for DBE included unexplained abdominal pain (n = 8), abdominal distension (n = 5), iron
deficiency anemia (n = 4), and intermittent diarrhea with
negative esophagogastroduodenoscopy and colonoscopy
(n = 3) (Table 1).

DBE: Double-balloon enteroscopy.

DBE procedures and assessments during procedures
Oral and anal DBE procedures were performed by a
single experienced endoscopist using an EN-450P5
DBE (Fujinon, Saitama, Japan). All patients received gas
and intravenous anesthesia during the DBE procedures.
For oral DBE, the endoscopist initiated inflation of the
overtube balloon after the enteroscope had passed the
ligament of Treitz, thus avoiding direct compression or
injury to the duodenal papilla. For anal DBE, the enteroscope was inserted as far as possible beyond the ileocecal
valve. After examinations were completed, patients in
both groups were injected with 60 mL of double-sugar
solution through the enteroscope into the duodenal bulb
as the enteroscope was removed. We recorded procedure
duration and the length of enteroscope insertion relative to the ligament of Treitz or ileocecal valve for both
groups of patients. Therefore, when the enteroscope
reached its deepest level, we pulled the endoscope, and
the insertion length was calculated as: [reference point on
the endoscope - (60 cm, oral or 65 cm, anal)] × 8.

DBE procedure duration and insertion length
Mean procedure duration was 71.92 ± 20.19 min for patients in the oral DBE group and 65.63 ± 17.80 min for
those in the anal DBE group. Insertion length was 3.55 ±
1.42 m beyond the ligament of Treitz for patients in the
oral DBE group, and 2.80 ± 1.09 m beyond the ileocecal
valve for those in the anal DBE group (Table 1).

Post-procedure assessments
After DBE, serum amylase levels were examined at 2, 6
and 24 h (normal range: 40-100 U/L). Serum C-reactive
protein (CRP) (normal range: < 10.0 mg/L) and lipase
(normal range: < 40 U/L) were examined 24 h after
DBE. Post-procedure urine samples were collected 6 h
after injection of double-sugar solution during DBE.
Urine lactulose, mannitol, and TRY-Ⅱ levels were measured. The L/M ratio was calculated to determine IP and
TRY-Ⅱ was used as an indicator of pancreatic injuries.
After final samples were taken, asymptomatic patients
were discharged, and patients with confirmed or suspected acute pancreatitis were admitted to the hospital.

Hyperamylasemia occurrence and serum amylase levels
Nine (75.0%) patients undergoing oral DBE were diagnosed with hyperamylasemia, including 9 at 2 h, 7 at 6 h,
and 6 at 24 h. By 6 h after DBE, 2 of these cases exhibited normalized amylase levels, and no new cases of hyperamylasemia were subsequently reported. Although postprocedure amylase levels were also significantly elevated
in patients undergoing anal DBE at 2 h (P = 0.013) and
6 h (P < 0.001), no patients in the anal DBE group were
diagnosed with hyperamylasemia.
In addition, compared with baseline values, serum
amylase levels at 2 h after DBE were increased by 141.0%
in the oral DBE group, but only by 19.0% in the anal
DBE group. Patients in the oral DBE group exhibited

Safety assessments
After DBE, patients were assessed by routine clinical ex-
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TRY-Ⅱ value of 30.59 μg/L. In this case, the duration of
DBE procedure was 40 min and the insertion length was
2.8 m, with serum amylase peaking 2 h after the procedure at 312 U/L. Notably, no abdominal symptoms were
observed in this patient, and serum lipase and IP were
normal. Mean TRY-Ⅱ level for other 19 patients was 2.6
± 0.1 μg/L.

Table 2 Serum and urine biochemical markers in patients
undergoing oral or anal double-balloon enteroscopy (n =
20)
Oral DBE (n = 12) Anal DBE (n = 8)
Serum amylase (U/L)
0h
2h
6h
24 h
Serum amylase ratio (vs at 0 h)
2h
6h
24 h
Serum C-reaction protein
(mg/L) at 24 h
Urine lactulose (mg/L)
0h
6h
Urine mannitol (mg/L)
0h
6h
Urine lactulose/mannitol ratio
0h
6h

63.08 ± 25.13
150.92 ± 87.98a
160.83 ± 99.61a
90.75 ± 41.98a

53.88 ± 17.35
63.50 ± 19.82a
66.25 ± 20.89a
57.38 ± 15.81

2.41 ± 1.08c
2.54 ± 1.08c
1.51 ± 0.53c
7.46 ± 6.501

1.19 ± 0.15
1.24 ± 0.11
1.10 ± 0.24
6.91 ± 8.95

0.571 ± 0.134
0.691 ± 0.139

0.481 ± 0.096
0.294 ± 0.081

7.881 ± 2.664
8.059 ± 2.131

7.726 ± 2.247
4.308 ± 1.802

0.083 ± 0.0482
0.095 ± 0.049a3

0.067 ± 0.023
0.075 ± 0.028a

Urine L/M ratio and IP
Post-DBE urine L/M ratios were elevated in both groups
of patients, but the elevation was more significant in patients receiving oral DBE. In the oral group, urine mannitol levels were slightly increased, but lactulose levels
were much more dramatically increased after the procedure. Although the absolute values of urine mannitol and
lactulose concentrations in the anal group appeared to be
decreased, their ratios increased compared with preoperative levels (P < 0.05) (Table 2). Increased IP indicated by
urine L/M ratios in patients receiving oral DBE positively
correlated with procedure duration (r = 0.668, P = 0.017)
(Figure 1A). Moreover, L/M ratios and 6 h/0 h serum
amylase ratios were significantly correlated in patients receiving oral DBE (r = 0.611, P = 0.035) (Figure 1B). Furthermore, in the oral group, IP was increased by a mean
of 15%. In the anal group, although the absolute values
of mannitol and lactulose levels after DBE decreased
compared with the pre-DBE levels, the L/M ratio was
increased by about 11% on average, compared with the
preoperative value.

a

P < 0.05 vs 0 h value; cP < 0.05 vs anal double-balloon enteroscopy (DBE)
group; 1P = 0.3191 vs anal DBE group (Wilcoxon test); 2P = 0.3941 vs anal
DBE group; 3P = 0.3296 vs anal DBE group.

amylase levels of 63.08 ± 25.13, 150.92 ± 87.98, 160.83
± 99.61 and 90.75 ± 41.98 U/L at 0, 2, 6 and 24 h, respectively, after DBE, while patients in the oral DBE
group exhibited amylase levels of 53.88 ± 17.35, 63.50
± 19.82, 66.25 ± 20.89 and 57.38 ± 15.81 U/L at 0, 2, 6
and 24 h, respectively (Table 2). Notably, no correlations
were observed between serum amylase levels and enteroscope insertion length.

Adverse events
The procedures were successful in all patients. Four
(20%) patients, including 2 (16.7%) in the oral DBE
group and 2 (25.0%) in the anal DBE group, complained
of abdominal discomfort. By 6 h after the procedure,
abdominal distension disappeared in all affected patients
and all of them were able to walk normally, leading to
prompt discharge. Pancreatic injuries were observed only
in 1 patient receiving oral DBE (elevated urinary TRY-Ⅱ),
and no pancreatitis cases were reported. No other acute
abdominal symptoms, pancreatitis, or other serious AEs
were reported.

Serum lipase
Patients undergoing oral DBE and those undergoing anal
DBE exhibited serum lipase levels of 37.92 ± 26.64 and
19.61 ± 8.96 U/L, respectively, 24 h after DBE. Serum lipase levels at 24 h after DBE were significantly increased
in 5 (41.7%) patients receiving the oral DBE procedure,
but no increased lipase levels were observed in the anal
DBE group. Furthermore, serum lipase levels were
significantly higher in the oral DBE group than in anal
DBE group (P = 0.008). Furthermore, serum lipase at 24
h post-DBE appeared to be related to serum amylase levels at 2 h post-procedure, though this correlation was not
statistically significant (r = 0.514, P = 0.08).

DISCUSSION
In the present study, post-DBE serum amylase levels
were increased in patients treated by diagnostic oral or
anal DBE. This increase, along with the increase in lipase,
was more significant in patients receiving oral DBE. Furthermore, a significant number of patients receiving oral
DBE developed hyperamylasemia, and increased postDBE IP correlated with increased serum amylase and
procedure duration. Notably, no pancreatitis and only a
single case of pancreatic injury were reported in the present study. These findings may have mechanistic implications for the development of DBE-induced hyperamylasemia in patients treated by oral DBE, suggesting that
increased serum amylase and, hypothetically, increased

CRP levels
CRP was normal in 10 (83.3%) patients receiving oral
DBE and 7 (87.5%) patients receiving anal DBE. Thus,
only 2 (16.7%) patients receiving oral DBE and 1 (12.5%)
patient receiving anal DBE had high CRP levels.
Urine TRY-II levels
Elevated urine TRY-Ⅱ was only observed in a 49-yearold male patient receiving oral DBE, who exhibited a
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Figure 1 Correlations between double-balloon enteroscopy duration and lactulose/mannitol ratio 6 h/0 h (A) and between serum amylase 6 h/0 h and lactulose/mannitol ratio 6 h/0 h (B) in patients undergoing oral double-balloon enteroscopy. Analysis was performed using Pearson's correlation tests (n = 12). L/M:
Lactulose/mannitol.

amylase absorption due to DBE-induced IP elevation,
may play a role in causing virtually undetectable pancreas
injury leading to hyperamylasemia.
An international, multicenter retrospective study
reported that the incidence of acute pancreatitis in
2362 patients who underwent DBE was 0.3% (n = 7)[2],
demonstrating an extremely low rate of pancreatitis that
may explain the lack of pancreatitis in the present study.
Honda et al[13] reported that 46% of patients exhibited
increased serum amylase 3 h after diagnostic oral DBE
but, in the present study all patients had increased serum
amylase by 6 h, which is likely due to the later sampling.
Similarly, Kopácová et al[7] reported that post-DBE serum amylase levels were increased in 58% of patients, of
whom 9 (25.7%) were diagnosed with hyperamylasemia,
1 (11%) with mild acute pancreatitis, and 5 (55.6%) with
abdominal discomfort, which is very similar to results of
the present study.
It has also been suggested that the development of
hyperamylasemia and acute pancreatitis following DBE
may be related, though associated acute pancreatitis generally appears mild and may represent only minor pathological changes in the pancreas[7]. Furthermore, hyperamylasemia tends to resolve shortly after DBE[7]. These
findings indicate that measurement of serum amylase 2
h after DBE may be sufficient for clinical monitoring of
abnormal serum amylase level and diagnosis of hyperamylasemia. Furthermore, Sugiyama et al[14] explored the
risk factors associated with hyperamylasemia, and showed
that the bile duct size, history of pancreatitis, and young
age may play a role in the development of hyperamylasemia, though no relationship between hyperamylasemia
and pancreatitis was determined. Some studies also demonstrated that the insertion technique can increase the
risk of hyperamylasemia[8]. Indeed, the endoscopist may
exert forces on the small intestine to correctly position
the enteroscope, thus exerting pressure and friction on
the intestinal wall that may mechanically and functionally
damage intestinal mucosa and potentially raise the risk of
infection and inflammation[15-18].
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In the present study, the L/M ratios, indicating altered
IP, were increased in both groups, though the extent was
significantly greater in patients receiving oral DBE. These
findings are consistent with those of previous studies,
though the present study did not explore the clinical
implications of these alterations, including increased
bacterial proliferation and infection risk[10]. However,
the present study demonstrated that IP was increased
by about 15% and the L/M ratio by about 11%. Based
on these findings, we postulate that damage to the small
intestinal mucosa and intestinal mucosal barrier may lead
to increased IP, though this hypothesis and its potential
clinical implications requires further study. Thus, L/M ratio may be a clinically useful prognostic indicator in DBE
patients.
Furthermore, the present findings demonstrated a correlation between IP and procedure duration in patients
receiving oral DBE, which may indicate that prolonged
procedures increase IP. As a result, high serum amylase
levels may be attributable to increased intestinal absorption, but this hypothesis requires further verification. Notably, Aktas et al[8] and Pata et al[19] both reported that enteroscope length and procedure duration were correlated
with serum amylase levels, and that balloon inflation time
was an independent predictive factor of post-operative
pancreatitis after oral DBE. Thus, it is reasonable to consider that longer and more extensive enteroscopy may be
associated with greater damage to the intestinal mucosa,
promoting changes in IP and the subsequent increase in
serum amylase levels.
In the present study, some patients showed signs of
pancreatic injury, indicated by elevated TRY-Ⅱ levels,
which is consistent with previous reports[20-23]. Notably,
Kemppainen et al[24] detected TRY-Ⅱ 6 h post-DBE and
showed the high sensitivity and specificity (81% and
90%, respectively) of TRY-Ⅱ-based diagnosis of pancreatic injury. Some pancreatic injuries may be too mild to
be considered as acute pancreatitis, but elevated TRY-Ⅱ
may indicate that minor DBE-induced pancreatic injury
may be a critical factor in the development of complica-
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tions after DBE. Thus, more gentle insertion techniques,
shortening of balloon time and reducing the number of
passes were tried to decrease DBE complications[8,19,24].
Though our results are highly consistent with previous studies, it is important to note that the relatively small
sample size and lack of long-term follow-up may limit
the applicability of these findings. Longitudinal studies
conducted in more diverse patient populations will be
required to confirm these findings and to fully explore
the mechanism and clinical implications associated with
hyperamylasemia in patients undergoing diagnostic DBE.
In conclusion, increased serum amylase levels, or hyperamylasemia, were found to be significantly more common in patients undergoing oral DBE. In these patients,
hyperamylasemia was correlated with increased IP, and
increased serum amylase levels may be attributable to increased amylase absorption. Furthermore, TRY-II assessment demonstrated that, though mild in nature, pancreatic injuries that did not develop into full acute pancreatitis
were sometimes detectable in DBE patients, particularly
those treated by oral DBE. Based on these findings and
contemporary literature, we suggest improvements (more
gentle insertion techniques, shortening of balloon time
and reducing the number of passes) and standardization
of DBE to limit small intestine damage and subsequent
increase in IP, thus reducing the occurrence of hyperamylasemia in patients undergoing diagnostic DBE.
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RESULTS: The three groups showed no significant
differences in the demographic characteristics or preoperative status. However, the patients treated with
LC and LS required significantly longer operative time,
shorter postoperative stay as well as shorter time of
return to the first oral intake, and suffered less intraoperative blood loss as well as fewer postoperative surgical infections than the patients treated with traditional
open procedures (group 1 vs group 3, P < 0.05 for all).
The patients treated with LC and LS showed no significant differences in the intraoperative and postoperative
variables from those treated with LS alone (group 1 vs
group 2). All patients showed significant improvements
in the haematological responses (preoperative period
vs postoperative period, P < 0.05 for all). None of the
patients treated with LC and LS presented with any
gallstone-associated symptoms following discharge,
while the patients treated with the traditional open procedures expressed complaints of discomfort related to
their surgical incisions.
CONCLUSION: Consecutive LC and LS is an appropriate treatment option for liver cirrhosis patients with
gallstones and hypersplenism, especially for those with
Child-Pugh A and B.

Abstract
AIM: To evaluate the feasibility, safety, and effectiveness of consecutive laparoscopic cholecystectomy (LC)
plus splenectomy (LS) in liver cirrhosis patients.

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

METHODS: From 2003 to 2013, 17 (group 1) patients
with liver cirrhosis complicated by hypersplenism and
symptomatic gallstones were treated with combined LC
and LS, while 58 (group 2) patients with liver cirrhosis
and hypersplenism received LS alone. An additional 14
(group 3) patients who received traditional open procedures during the same period were included as controls. Data were retrospectively collected and reviewed
in regard to demographic characteristics and preoperative, intraoperative and postoperative features. Differences between the three groups were assessed by
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Key words: Laparoscopic cholecystectomy; Laparoscopic splenectomy; Liver cirrhosis; Hypersplenism; Open
surgery
Core tip: Cholelithiasis occurs more frequently in liver
cirrhosis patients with hypersplenism than in the general population. The recent significant advances in minimally invasive surgery have aroused surgeons’ interest
in performing combined laparoscopic procedures. Here,
we report our experience with concomitant laparoscop-
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liver cirrhosis patients with hypersplenism and/or portal
hypertension as well as gallbladder stones at the Department of Hepato-Biliary-Pancreatic Surgery of the West
China Hospital of Sichuan University. Among them, 19
patients received the laparoscopic procedures while the
remaining 32 were treated with the open procedures.
Twenty of the total patients who underwent other surgeries (radiofrequency ablation for hepatocarcinoma,
herniorrhaphy for hernia, liver resection for hepatocarcinoma, or biliary duct exploration) were excluded from
analysis. Therefore, 17 of the patients who received LC
and LS were included as group 1, while 14 of the patients
who received open cholecystectomy and splenectomy
were included as group 3. An additional 58 liver cirrhosis
patients with hypersplenism and/or portal hypertension
who had received LS only between 2003 and 2013 were
included as group 2. The inclusion and exclusion criteria
are detailed in Figure 1. Written informed consent was
obtained from all study participants, and the study was
approved by the Ethics Committee of Sichuan University.

ic cholecystectomy and splenectomy in liver cirrhosis
patients. This is the first reported case series of its kind
and will provide useful clinical information to physicians
facing the challenge of treating cirrhotic patients who
are in need of surgical attention to address coexisting
abdominal diseases.
Wang MJ, Li JL, Zhou J, Wu Z, Peng B. Consecutive laparoscopic gallbladder and spleen resections in cirrhotic patients. World
J Gastroenterol 2014; 20(2): 546-554 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i2/546.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i2.546

INTRODUCTION
The incidence of gallbladder stones in liver cirrhosis patients is two-fold higher than the estimates for the general
population[1,2]. Underlying risk factors for this co-morbidity are associated with dysfunction of gallbladder motility
and emptying, hypersplenism, increased haemolysis, and
enhanced circulating oestrogen levels[1,3]. Considering the
significant intraoperative blood loss that accompanies
portal hypertension, liver cirrhosis was classified as a contraindication to laparoscopic cholecystectomy (LC) in the
early 1990s[4].
Since the first study of LC in patients with liver cirrhosis was reported in 1993[5], extensive clinical data
pertaining to this topic have been included in the publicly
available literature; in general, these data have demonstrated that LC can be performed safely in liver cirrhosis
patients[6-9]. On the other hand, hypersplenism resulting
in thrombocytopenia and leukopenia is a common complication observed in patients with liver cirrhosis complicated by portal hypertension[10]. Splenectomy should
be considered for these patients, to avoid fatal bleeding.
Several recent studies have demonstrated the feasibility,
safety, and effectiveness of laparoscopic splenectomy
(LS) in patients with hypersplenism secondary to liver cirrhosis, and the results of short- and long-term outcomes
attained with this procedure are encouraging[11-13].
To help maximize the safety of consecutive gallbladder and spleen resections using the conventional open
procedures, a wide upper abdominal incision is required.
Technical advances in laparoscopic surgery have prompted surgeons to develop combination approaches for
simultaneous treatment of coexisting abdominal diseases[14-17]. However, few studies have systematically assessed
the risks and benefits of LC plus LS in treating liver cirrhosis patients, which aroused our interest in performing
the study described herein.

Diagnosis and indications
Diagnosis was made according to the patient’s clinical
history (hepatitis B or C, schistosome infection, and alcohol abuse), results from blood tests (thrombocytopenia,
leukopenia or/and anaemia), computed tomography
(CT) scans, B-ultrasound examinations (enlarged spleen,
abnormal hepatic shape, size and edges with/without
gastroesophageal varices, and gallstones) and postoperative pathological examinations (stages on a four-point
Metavir scoring scale[18]: F0, no fibrosis; F1, portal fibrosis without septa; F2, portal fibrosis and few septa; F3,
numerous septa without cirrhosis; F4, cirrhosis). Indications for splenectomy were as follows: (1) severe thrombocytopenia due to hypersplenism with a platelet count <
30 × 109/L and/or a white blood cell count < 3 × 109/L;
and (2) being prone to oesophageal variceal haemorrhage
as a result of severe portal hypertension. Cholecystectomy was taken into consideration when the diagnosis of
symptomatic cholelithiasis was established on the basis
of clinical presentations and confirmed by CT scans or
B-ultrasound examinations.
Perioperative surveillance
Craniocaudal splenic length was measured preoperatively
using CT scanning. B-ultrasound examinations were
selectively applied in addition to the CT scan to detect
gallbladder stones. The Child-Pugh class and the American Society of Anaesthesiologists (ASA) classification
systems were applied respectively for evaluating the liver
reserve function and the anaesthetic risk preoperatively.
Laboratory data, including peripheral blood counts (haemoglobin, leukocytes, platelets, and prothrombin time),
total bilirubin (TBil), aspartate aminotransferase (AST),
alanine aminotransferase (ALT), and albumin (ALB) concentrations were obtained before surgery and on postoperative days (POD) 1, 3, and 5. Seven days of postopera-

MATERIALS AND METHODS
Patients
Between 2003 and 2013, the procedure of concomitant
cholecystectomy and splenectomy was performed on 51
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Total number of splenectomy plus
cholecystectomy for liver cirrhosis patients with
hypersplenism and/or portal hypertension and
symptomatic cholelithiasis (n = 51)

Laparoscopic procedure
(n = 19)

Traditional open procedure
(n = 32)

LC + LS + RA (n = 1)

OC + OS + liver resection (n = 11)

LC + LS + herniorrhaphy (n = 1)

OC + OS + biliary duct exploration (n = 7)

LC + LS (n = 17)
Group 1

LS for liver cirrhosis patients with
hypersplenism and/or portal hypertension
(n = 58) Group 2

OC + OS (n = 14)
Group 3

Figure 1 Inclusion and exclusion criteria for study participation. LC: laparoscopic cholecystectomy; LS: laparoscopic splenectomy; OC: open cholecystectomy;
OS: open splenectomy; RA: radiofrequency ablation.

tive surveillance were performed for portal or splenic
vein thrombosis (PSVT), biliary and pancreatic leakage
(all by B-ultrasound; following detection of PSVT with
B-ultrasound, CT scanning was performed to make a
definite diagnosis), and fluid drainage. After discharge,
patients were recommended to undergo B-ultrasound
or CT scanning once a month for the following 3 mo to
monitor PSVT.

placed into a retrieval bag, mechanically morcellated with
forceps, and retracted from the 12 mm trocar site. A suction drain was placed in the splenic fossa, while another
one was placed at the site of Calot’s triangle.
For the traditional open procedure, left and right subcostal incisions were required. The details of the open
splenectomy and the single LS were described previously[11]; the open cholecystectomy was performed in the
anterograde or retrograde manner.

Surgical techniques
All of the operations were performed by a single team
with a chief physician who is expert at LS[19]. First, the
LC procedure was carried out in a three-trocar manner with the patient in the supine position and with the
operation table tilted to the left. After establishment of
pneumoperitoneum with a pressure of 14 mmHg CO2,
the first 10 mm trocar for laparoscopy was inserted in
the lower umbilicus. A 12 mm subxiphoid trocar and a
5 mm right subcostal margin trocar were then added for
resections of the gallbladder and a 1 cm × 1 cm piece of
hepatic tissue. Subsequently, the patients were placed in
a right semi-decubitus position with the left side elevated
45-60 ° and with the operating table slightly tilted to the
reverse Trendelenburg position. Two other trocars were
then placed at the left mid-clavicular line below the inferior margin of the spleen (12 mm), and at the left axillary
line below the inferior pole of the spleen (5 mm). Splenic
attachments and ligaments were dissected using an ultrasonic dissector or the LigaSureTM Vessel Sealing System
(Covidien, Mansfield, MS, United States) in the order of
splenogastric ligament, splenic flexure attachment, splenorenal ligament, and splenophrenic ligament. After the
spleen was released from the attachments and ligaments,
an endoscopic linear vascular stapler was applied to transect the splenic hilar pedicles. The mobilized spleen was
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Statistical analysis
Patients’ complete medical records were retrospectively
collected and reviewed, including demographic characteristics and information related to the preoperative (ASA
classification, Child-Pugh class, splenic size, complete
blood count, liver function index, and aetiology of cirrhosis), intraoperative (conversion rate, operative time,
transfusion rate, estimated blood loss, and additional
operations) and postoperative (postoperative stay, time
to the first oral intake, histologic fibrosis stage, complete
blood count, liver function index, and short-term complications) periods.
Continuous numerical variables are expressed as mean
± SD or median and interquartile, while categorical data
are presented as number of cases and percentage. All statistical analyses were carried out using the SPSS statistical
software package (version 16.0; SPSS Inc., Chicago, IL,
United States) and included the Student’s t, nonparametric Mann-Whitney U, χ 2, and Fisher’s exact tests, with
rejection level for the null hypothesis set at a p-value of
< 0.05.

RESULTS
As presented in Table 1, comparisons of group 1 with
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Table 1 Demographic characteristics and preoperative
information

Table 2 Intraoperative information
Variable

Variable
Cases
Sex (M/F)
Age (yr)
ASA classification
Ⅱ
Ⅲ
Ⅳ

Child-Pugh class
A
B
C
Splenic size (cm)
Laboratory data
HGB (g/L)
9

Platelet (× 10 /L)
WBC (× 109/L)
Total bilirubin (mmol/L)
AST (IU/L)
ALT (IU/L)
ALB (g/L)
Prothrombin time (s)
Diagnoses
Posthepatitic cirrhosis
Alcoholic cirrhosis
Schistosomiasis cirrhosis

1

2

Group 1

Group 2

Group 3

17
10/7
55.9 ± 12.9

58
26/32
49.7 ± 14.5

14
8/6
50.8 ± 7.6

1
15
1

13
42
3

0
13
1

7
10
0
24.8 ± 6.8

37
19
2
22.1 ± 4.9

10
4
0
24.6 ± 3.3

96.0
(86.0-128.0)
34.0
(27.0-38.5)
2.0
(1.7-3.2)
24.2
(14.3-39.6)
50.0
(24.5-83.0)
34.0
(25.0-74.0)
37.5
(34.2-39.5)
13.2
(12.5-15.1)

111.5
(91.5-125.0)
37.0
(27.0-44.5)
2.2
(1.7-3.0)
21.0
(16.0-25.3)
31.5
(22.0-45.8)
33.5
(25.8-50.3)
38.3
(34.8-40.8)
12.9
(11.2-14.9)

116.0
(93.0-133.5)
37.5
(32.0-51.0)
2.6
(1.7-3.5)
16.3
(15.5-19.1)
38.5
(30.3-47.0)
33.0
(25.0-42.5)
39.6
(36.6-42.2)
13.8
(12.3-14.7)

17
0
0

51
4
3

11
1
2

Conversion rate
1 (5.9)
Operative time
221.2 ± 44.8
(min)
Transfusion rate
3 (17.6%)
EBL (mL)
225.9 ± 195.7
Additional operation
Liver biopsy
17

Group 2

Group 3

P1

3 (5.2)
218.0 ± 58.4

ND
166.4 ± 64.5

ND
0.009

8 (13.8%)
170.2 ± 130.2

5 (35.7%)
421.4 ± 234.3

NS
0.017

58

14

ND

Data are expressed as n (%) or mean ± SD. 1Group 1 vs group 3. EBL:
estimated blood loss; NS: no significance; ND: analysis not done.

Table 3 Postoperative information
Variable

Group 1 Group 2 Group 3

Postoperative stay (d, mean ± SD) 8.7 ± 2.6
Oral intake (d, mean ± SD)
2.8 ± 1.4
Histologic fibrosis stage
F3
5
F4
12
Short-term complications
CBD injury
0
Bile leakage
0
Splenic fossa collection
1
Pleural effusion
1
Pulmonary infection
1
Incision infection
0
Pancreatic leakage
2
Portal or splenic vein thrombosis
2
Postoperative bleeding
1
Total
8

P1

7.8 ± 1.8 11.3 ± 2.9 0.013
2.2 ± 0.9 4.3 ± 1.1 0.004
NS
11
4
ND
45
9
ND
ND
ND
1
4
3
0
8
4
2
22

0
0
0
2
3
2
1
1
0
9

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

1
Group 1 vs group 3. CBD: common bile duct; NS: no significance; ND:
analysis not done.

Data are expressed as absolute median (range) or mean ± SD. No
significant differences were detected for 1group 1 vs group 2 or 2group
1 vs group 3. ASA: American Society of Anaesthesiologists; HGB:
haemoglobin; WBC: white blood cell; AST: aspartate aminotransferase;
ALT: alanine aminotransferase; ALB: Albumin.

verted to the open procedure was mainly due to bleeding
from the splenic hilar vessels when transecting the splenic
pedicel with the endoscopic linear vascular stapler in the
narrow intra-abdominal space. For the same reason, the
conversion rate in group 2, comparable to that in group
1, was 5.2%, suggesting that LC did not increase the rate
when performing the laparoscopic combined surgery.
The operative time, transfusion rate, and estimated blood
loss were similar between groups 1 and 2. Compared
with group 3, patients in group 1 required longer operative time (221.2 ± 44.8 min vs 166.4 ± 64.5 min, p = 0.009)
and suffered less intraoperative blood loss (225.9 ± 195.7
mL vs 421.4 ± 234.3 mL, p = 0.017), while the transfusion rate was comparable between these two groups.
Liver biopsy was performed in all patients for postoperative pathological examinations.
The postoperative information is presented in Table 3.
Comparisons of groups 1 and 2 showed no differences
in terms of postoperative stay, and time to the first oral
intake. Comparing group 1 with group 3, the length of
postoperative stay was shorter (8.7 ± 2.6 d vs 11.3 ± 2.9
d, p = 0.013) as was the time of return to the first oral
intake (2.8 ± 1.4 d vs 4.3 ± 1.1 d, p = 0.004). Pathological
results of liver biopsies taken during splenectomy indicated that most of the histological fibrosis stages belonged

groups 2 and 3 revealed no significant differences in
terms of demographic characteristics (sex and age), distributions of ASA classification and Child-Pugh class, as
well as diagnoses, splenic size, and preoperative laboratory data. The entire study population consisted of 89
patients (44 males and 45 females; mean age: 52.7 ± 13.8
years), 17 of whom were intended to receive LC plus
LS. Preoperative evaluations of anaesthetic risk and liver
reserve function showed that there were 14 (15.7%),
70 (78.7%) and 5 (5.6%) patients classified as ASA II,
III and IV, while 54 (60.7%), 33 (37.1%) and 2 (2.2%)
patients fell into to Child-Pugh A, B and C categories.
Chronic hepatitis B or C (79 patients, 88.8%) was the
leading cause of liver cirrhosis, while excessive alcohol
consumption (5 patients, 5.6%) and schistosomiasis (5
patients, 5.6%) also contributed to liver damage in the
study population.
Table 2 details the intraoperative information. The
concomitant LC and LS procedure was successfully performed in 16 patients in group 1, with a conversion rate
of 5.9%. The single case in group 1 that had to be con-
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Table 4 Dynamic changes of haematological and liver function parameters perioperatively
Parameter
HGB (g/L)
Group 1
Group 2
Group 3
Platelet (× 109/L)
Group 1
Group 2
Group 3
WBC (× 109/L)
Group 1
Group 2
Group 3
TBil (mmol/L)
Group 1
Group 2
Group 3
ALT (IU/L)
Group 1
Group 2
Group 3
AST (IU/L)
Group 1
Group 2
Group 3
ALB (g/L)
Group 1
Group 2
Group 3

Preoperative

POD 1

POD 3

POD 5

96.0 (86.0-128.0)
111.5 (91.5-125.0)
116.0 (93.0-133.5)

102.0 (86.0-119.5)
107.0 (92.8-119.0)
101.0 (91.3-126.3)

108.0 (89.5-118)
102.0 (90.8-118.0)
105.5 (88.3-127.3)

105.0 (88.5-115.5)
105.5 (93.8-120.3)
111.5 (89.8-123.5)

34.0 (27.0-38.5)
37.0 (27.0-44.5)
37.5 (32.0-51.0)

63.0 (39.5-81.0)a
63.0 (42.0-79.0)a
54.0 (41.8-78.8)a

105.0 (50.0-175.5)a
115.0 (74.3-160.5)a
118.0 (59.8-138.5)a

184.0 (127.5-303.0)a
192.0 (130.8-307.3)a
242.5 (110.0-285.3)a

2.0 (1.7-3.2)
2.2 (1.7-2.9)
2.6 (1.7-3.5)

11.1 (8.1-14.9)a
11.1 (8.9-13.3)a
13.3 (10.2-14.9)a

10.5 (8.1-12.5)a
10.4 (8.4-13.8)a
12.1 (8.9-15.3)a

9.1 (7.3-10.6)a
8.6 (6.7-10.4)a
9.2 (7.6-11.1)a

24.2 (14.3-39.6)
21.0 (16.0-25.3)
16.3 (15.5-19.1)

27.8 (14.5-34.6)
21.8 (14.5-31.0)
15.1 (12.0-20.0)

21.3 (17.3-35.5)
20.1 (13.5-26.7)
24.3 (15.0-31.7)

24.0 (17.3-30.3)
19.5 (12.8-28.0)
19.4 (13.5-26.7)

34.0 (25.0-74.0)
33.5 (25.8-50.3)
33.0 (25.0-42.5)

43.0 (28.5-99.0)
32.5 (27.8-53.3)
37.5 (26.8-75.8)

40.0 (31.5-57.5)
33.5 (24.8-54.0)
34.0 (27.5-57.0)

42.0 (26.0-58.0)
31.5 (21.8-43.0)
32.0 (20.2-54.5)

50.0 (24.5-83.0)
31.5 (22.0-45.8)
38.5 (30.3-47.0)

52.0 (42.5-91.0)
44.5 (34.8-64.0)
47.0 (41.8-83.0)

43.0 (26.5-54.0)
38.5 (28.0-53.0)
40.5 (33.5-71.5)

34.0 (28.0-58.5)
33.5 (26.0-49.0)
38.5 (24.5-55.0)

37.5 (34.2-39.5)
38.3 (34.8-40.8)
39.6 (36.6-42.2)

29.0 (26.8-32.5)a
31.5 (28.0-34.7)a
27.8 (25.9-33.2)a

31.6 (28.9-32.9)a
32.3 (29.5-35.1)a
35.3 (31.9-36.5)a

32.4 (30.5-35.5)a
34.2 (31.9-38.0)a
34.5 (30.0-38.1)a

a

p < 0.05 vs preoperative status within the group. HGB: haemoglobin; WBC: white blood cell; TBil: total bilirubin; ALT: alanine aminotransferase; AST:
aspartate aminotransferase; ALB: Albumin; POD: Postoperative days.

to F3 (numerous septa without cirrhosis) or F4 (cirrhosis),
and no significant differences regarding the stage distribution among the three groups were detected.
In regard to short-term surgical complications, given
that one patient may suffer more than one complication, the events were recorded numerically instead of as
a complication rate. Fortunately, no one suffered common bile duct injury or bile leakage. The detailed data of
other complications are presented in Table 3. Although
the complication rate was not calculated, a trend was observed towards more pulmonary and incision infections
occurring in the patients who received open surgery. All
of the complications were resolved by conservative treatments, except the two cases of splenic fossa collections
and the five cases (one in group 1, three in group 2, and
one in group 3) of the seven pleural effusions which required punctured drainage guided by B-ultrasound, and
the two patients in group 2 who suffered postoperative
bleeding that required emergency laparotomy and blood
transfusions.
Table 4 shows the dynamic changes of haematological and liver function parameters from the perioperative
period. No obvious perioperative changes were observed
for haemoglobin, AST, ALT and TBil levels. The platelet
counts, however, gradually ascended to the normal range
on POD 5 for all groups. The changes of the leukocyte
counts rapidly ascended at first and then gradually descended to the normal range. A similar trend was ob-
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served for ALB, but the levels reached on POD 5 were
slightly lower than the normal range for all groups.
None of the patients in group 1 presented any gallstone-associated symptoms following discharge, while the
patients in group 3 expressed complaints of discomfort
related to their surgical incisions.

DISCUSSION
LC application was restricted by several contraindications,
including liver cirrhosis, according to the consensus statement issued by the National Institutes of Health (NIH)
in 1993[20]. Since the first report of LC was published by
Yerdel et al[5] in 1993, the literature pertaining to this procedure as a treatment in liver cirrhosis patients has grown
substantially. In general, the studies have indicated that
early liver cirrhosis patients with symptomatic gallstones
could undergo LC safely, without any significant increase
in morbidity and mortality; moreover, performing LC
in patients with advanced cirrhosis should be seriously
considered[3,7,21-24]. Additionally, the past decade has seen
substantial progress in the understanding of the risks and
benefits of LS in patients with hypersplenism secondary
to liver cirrhosis, with studies providing encouraging surgical outcomes of this mini-invasive procedure[11,25]. As
surgeons’ experience in applying LS increased, so did the
interest in using this procedure in a consecutive approach
to cope with the challenging conditions of coexisting ab-
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Table 5 Reports in the literature of laparoscopic cholecystectomy plus laparoscopic splenectomy
n

Ref.

Year

Trías et al[26]
Patton et al[15]
Caprotti et al[31]
Brink et al[32]
Rossi et al[34]
Choi et al[33]
Sasaki et al[14]

1994
1997
1999
2003
2007
2007
2010

1
1
7
1
1
2
9

Nobili et al[16]

2011

30

Main diagnosis

Surgical sequence

Conversion rate

Morbidity

Hereditary spherocytosis
Hereditary spherocytosis
Hereditary spherocytosis
Autoimmune haemolytic anaemia
Congenital haemolytic anaemia
Hereditary spherocytosis
Hereditary spherocytosis (n = 4)
Splenic artery aneurysm (n = 2)
Hypersplenism with liver cirrhosis (n = 2)
Evans syndrome (n = 1)
Hereditary spherocytosis (n = 22)
Thalassemia (n = 4)
Idiopathic thrombocytopenic purpura (n = 3)
Sickle cell disease (n = 1)

LC → LS
LC → LS
LC → LS
LC → LS
NR
LC → LS
LS → LC

NR
NR
NR
NR
NR
NR
NR

NR
Atelectasis
NR
PSVT
PSVT
NR
PSVT

LC → LS

1 (3.3%)

Hemoperitoneum

PSVT: portal or splenic vein thrombosis; NR: not reported: LC: laparoscopic cholecystectomy; LS: laparoscopic splenectomy.

dominal diseases.
The first study regarding concomitant LC and LS
was reported in 1994[26]. Since then only a few additional
studies have been reported in the literature (Table 5), and
almost all have enrolled only a few patients with benign
haematological disorders. The current study analysed 17
liver cirrhosis patients with gallstones who received LC
plus LS and compared the surgical outcomes between
laparoscopic and open procedures. Similar to the other
studies that have compared these two procedures, the
conclusion was drawn that patients benefited from the
mini-invasive surgery in terms of shorter postoperative
stay, less intraoperative blood loss, faster return to oral
intake, better cosmetic outcome, and fewer surgical infections.
Cirrhotic patients are often treated with operative
interventions when they suffer from concomitant late
stage gallbladder disease, which had led to severe chronic
cholecystitis. Consequently, in addition to the risks associated with liver cirrhosis itself, the woody and friable
gallbladder tissue has represented a challenge to surgeons
during LC. Bearing in mind that the periumbilical collaterals and the falciform ligament might be sources of
bleeding in these patients[27-29], the trocar for laparoscopy
is recommended to be placed in the lower umbilicus.
Furthermore, according to our clinical experience, ultrasonic shears are recommended for division to avoid
bleeding from dilated tortuous veins around the gallbladder. Nonetheless, it is dangerous and difficult to resect
the gallbladder from the cirrhotic liver bed, which is easily injured and bleeds profusely. In this case, laparoscopic
subtotal cholecystectomy (LSC), with the posterior wall
of the gallbladder left on the cirrhotic liver bed, may be
a better treatment choice[9,27,28,30]. The major disadvantage
of LSC is the high rate (38.1%-94.1%) of bile leakage from the closed stump[27]. None of the patients in
the current study received LSC or suffered bile leakage,
which may be attributed to appropriate patient selection
and sufficient preoperative assessment.
In the current study, the LS procedure was performed
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consecutively to the LC procedure during the same operative period. While some studies support performing
the procedures in this order, others do not[14-16,26,31-34]; the
main advantage of performing the LC procedure first is
that it has a relatively low conversion rate. Indeed, in our
case series one patient required conversion during the LS
procedure and a left subcostal incision was required. In
addition, four patients (one in group 1 and three in group
2) had to be converted to the open procedures, due to
bleeding from the splenic pedicel during LS. The overall conversion rate of 5.3% is in line with that reported
previously[35]. It has also been reported that preoperative
splenic artery embolization (SAE) could reduce operative
time, intraoperative blood loss, and the need for transfusion during LS[36,37]; however, because of serious complications, such as severe pain, pancreatitis, atelectasis and
microcoil migration, the application of this approach before LS remains controversial[38,39]. None of the patients
in the current study received preoperative SAE.
A variety of studies have focused on the development of PSVT after splenectomy, but the true incidence
remains uncertain[40]. This complication is described as an
uncommon but fatal occurrence and has been reported
to result from some combination of hypercoagulability, platelet activation, disturbance and activation of the
endothelium, and altered lipid profiles[41]. It is difficult
to make early clinical diagnoses of PSVT because of
the non-specific symptom profile, which includes fever,
abdominal pain and vomiting[42-44], and potential asymptomatic profile [45]. Encouragingly, hidden PSVT may
be detected by Doppler ultrasound or CT scans. The
first report of PSVT after LC plus LS was published in
2003[32], and in the current study seven patients (7.9%)
suffered postoperative PSVT. The rate of PSVT was
higher in group 1 (11.8%) than in group 2 (6.9%) and
group 3 (7.1%), but the small sample size precluded our
ability to determine whether concomitant LC and LS was
a significant risk factor for this complication. In view of
the potentially deadly outcome of PSVT, B-ultrasound
was performed to monitor the development of throm-
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may be a better treatment option for liver cirrhosis patients; however, long-term
results need to be confirmed in a future study.

bosis until POD 7, and B-ultrasound or CT scanning was
performed once a month for 3 mo after discharge. Once
a PSVT diagnosis was established, early anticoagulation
therapy was initiated.
During laparoscopic procedures, a 12-14 mmHg CO2
pneumoperitoneum is required for the establishment
of a sufficient operative field[46]. This method has been
reported to lead to ischemia-reperfusion injury to the
liver[47], which may further damage the already impaired
liver function. Some studies have demonstrated that
pneumoperitoneum can cause postoperative increases
in AST, ALT, bilirubin and prothrombin time[48-50], but
these results have not been consistent[11,51]. In the current
study, a 14 mmHg CO2 pneumoperitoneum did not appear to result in significant postoperative changes in AST,
ALT, or bilirubin; the reasons for this phenomenon are
unknown. Therefore, different pressures of pneumoperitoneum should be used when performing laparoscopic
surgeries to assess their impacts on liver function in the
future studies.
Admittedly, our results could be affected by several
potential biases, because this study was neither blinded
nor randomized and the sample size was small. However,
the preoperative information among the three groups was
comparable (Table 1), which could balance the potential
biases to some extent. A large-volume, prospective, and
randomized study is necessary to confirm our findings.
In summary, based on this comparative study, consecutive LC and LS is not only feasible, safe and effective,
but also a superior choice for liver cirrhosis patients with
gallstones and hypersplenism, especially for those patients with Child-Pugh A and B.

Terminology

Hypersplenism is a related hematologic syndrome leading to thrombocytopenia,
neutropenia, or both, and frequently occurs in patients with liver cirrhosis due to
portal hypertension. Higher incidence of gallstones have been reported in the
population of patients with liver cirrhosis, and their development is associated
with dysfunction of gallbladder motility and emptying, hypersplenism, increased
haemolysis, and enhanced circulating oestrogen levels.
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This is an interesting novel comparative analysis of the perioperative outcomes
of consecutive laparoscopic and open surgeries in treating liver cirrhosis patients with gallstones and hypersplenism.
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Total splenic artery embolization for splenic artery
aneurysms in patients with normal spleen
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related complications. The post-embolization syndrome,
including abdominal pain, fever and vomiting, occurred
in six patients (37.5%) in group A and three patients in
group B (15.8%). There were no significant differences
in WBC and platelet counts between preoperatively and
at each follow-up point after the procedures. There
were also no significant differences in average WBC
and platelet counts between the two groups at each
follow-up point. There were significant differences in
splenic volume in group A between preoperatively and
at each follow-up point, and there were also significant
differences in splenic volume between the two groups
at each follow-up point.
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CONCLUSION: Total embolization of the main splenic
artery was a safe and feasible procedure for patients
with SAAs and normal spleen.
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Abstract

Key words: Splenic artery aneurysms; Spleen; Coil embolization; Splenic artery

AIM: To evaluate total embolization of the main splenic
artery in patients with splenic artery aneurysms (SAAs)
and normal spleen.

Core tip: Total embolization of the splenic artery sometime must be performed to achieve complete occlusion
of large or multiple aneurysms. Thirty-five patients
were classified into two groups: coil embolization of
the splenic artery with complete occlusion of the artery
and aneurysms, and coil embolization of the aneurysmal sac with patency of the splenic artery. Except for
shrinkage of splenic volume, no changes in white blood
cell and platelet counts or liver function were found
in the former group. These results suggest that total
embolization of the splenic artery is a safe and feasible
procedure for patients with splenic artery aneurysm
and normal spleen.

METHODS: Thirty-five consecutive patients with SAAs
were referred for treatment with coil embolization. Patients were classified into two groups: coil embolization
of the main splenic artery with complete occlusion of the
artery and aneurysms (group A, n = 16), and coil embolization of the aneurysmal sac with patency of the splenic
artery (group B, n = 19). Data on white blood cell (WBC)
and platelet counts, liver function, and complications
were collected on days 7 and 30, and subsequently at
a 6-mo interval postoperatively. Abdominal computed
tomography was routinely performed to calculate the
splenic volume before and 1 mo after the procedure,
and subsequently every 6 mo during follow-up.

Li ES, Mu JX, Ji SM, Li XM, Xu LB, Chai TC, Liu JX. Total splenic artery embolization for splenic artery aneurysms
in patients with normal spleen. World J Gastroenterol 2014;

RESULTS: Coil embolization of the SAAs was technically successful in all 35 patients, with no procedure-
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Table 1 Clinical characteristics, outcomes and complications
in patients with splenic artery aneurysms n (%)
Group A
(n = 16)
Age (yr, mean ± SD)
50.81 ± 7.66
Female/male
6/10
SAA size (mm)
16.43 ± 3.59
SAAs
Single
12
Multiple
4
Technical success
16 (100)
Hospital stay (d)
9.25 ± 2.84
Complications
Post-embolization syndrome
6 (37.5)
Major complications
2 (12.5 )
Splenic abscess
1
Pleural effusion
1
Ascites
0
CT follow-up (mo)
38.69 ± 15.66
Clinical follow-up (mo)
39.94 ± 14.90

INTRODUCTION
Splenic artery aneurysms (SAAs) are the second most
common abdominal aneurysm with a reported prevalence
of 0.8% at arteriography and 0.04%-0.10% at autopsy.
SAAs are usually small (< 2 cm in diameter), circular, and
located at a bifurcation in a middle or distal segment of
the splenic artery. Most SAAs are detected incidentally
without symptoms during diagnostic imaging for other indications. Rupture of SAAs is rare, with the rate of potential rupture ranging from 3% to 9.6%[1], but is associated
with a high mortality rate (10%-25%) if left untreated[2-4].
Coil embolization is now a widely accepted treatment
for SAAs; however, for patients with large or multiple
SAAs, total embolization of the splenic artery must be
performed to produce complete occlusion of the SAAs.
Nowadays, total embolization of the splenic artery has
been shown to be a safe and effective method for the
treatment of SAAs[1,5-8], but the changes in splenic function and morphology after embolization have rarely been
reported, especially in patients with SAAs and normal
spleen.
In this study, we retrospectively reviewed patients with
SAAs treated by transcatheter embolization in our institution, evaluated the clinical outcomes of total embolization
of the main splenic artery for patients with SAAs and
normal spleen, and compared the results with coil embolization of the aneurysmal sac with patency of the splenic
artery.

P value

48.42 ± 6.37
8/11
10.14 ± 2.07

0.320
0.782
< 0.001
0.156

18
1
19 (100)
8.52 ± 1.74
3 (15.8)
0 (0)
0
0
0
32.84 ± 15.02
35.16 ± 16.01

0.999
0.320
0.245
0.202

0.269
0.370

SAA: Splenic artery aneurysm; CT: Computed tomography.

middle (n = 17), or distal (n = 21) segment of the main
splenic artery. Thirty-eight patients had asymptomatic
lesions that were discovered incidentally, and the remaining 10 patients presented with isolated abdominal pain.
Forty-one of the 48 patients had a single aneurysm, and
seven had multiple aneurysms. None of the patients experienced rupture of their lesions.
Patients were classified into two groups according to
two embolization techniques: coil embolization of the
main splenic artery with complete occlusion of the artery
and aneurysms (group A), and coil embolization of the
aneurysmal sac with patency of the splenic artery (group
B). Initially, 21 and 27 patients were assigned to groups
A and B, respectively. Of these, 13 patients did not meet
the inclusion criteria, with CT and clinical follow-up < 1
year in eight patients and loss to follow-up in five patients
(3 in group A and 2 in group B). The remaining 35 patients were enrolled. There were 21 men and 14 women
with a mean age of 49.51 ± 7.0 years (range, 34-60 years).
Demographic features and clinical presentations are summarized in Table 1.

MATERIALS AND METHODS
Patients
The protocol was approved by the institutional ethics
committee, and all the patients provided written informed
consent. From January 2007 to June 2013, 35 consecutive
patients with SAAs referred for the treatment with coil
embolization were screened for enrollment in this retrospective study, and subsequently underwent computed
tomography (CT) follow-up at our hospital. Diagnosis of
SAAs was established in all patients by CT with contrast
medium injection and multiplanar reconstructions.
Patients were eligible for enrollment if they met the
following criteria: (1) definite SAAs of the main splenic
arteries with normal spleen; (2) transcatheter coil embolization; and (3) at least one CT and clinical follow-up ≥ 1
year after initial treatment. Patients were excluded if any
of the followings were present: (1) severe cardiopulmonary comorbidity; (2) untreatable coagulopathy; (3) hypersplenism; (4) SAA at the branch of the splenic arteries or
splenic parenchyma; or (5) contraindication for contrast
medium.
A total of 48 patients with SAAs were enrolled in
this study. SAAs were located in the proximal (n = 10),
WJG|www.wjgnet.com

Group B
(n = 19)

Coil embolization
There are two embolization techniques: endovascular ligation that requires the positioning of the coils on either
side of the aneurysm (“sandwich technique”) in order to
attain complete occlusion[1,5,9,10], and embolization using
coils limited to the aneurysmal sac with patency of the
splenic artery. In general, the former technique was used
for large or multiple SAAs, and the latter for small or
single SAA. All embolization procedures were performed
by two experienced interventional radiologists on a single
plane angiography system under fluoroscopic guidance.
Prior to embolization, selective angiography of the
celiac trunk, splenic artery, and superior mesenteric artery
was performed in all patients via the right femoral artery
with a 5-Fr diagnostic catheter. To avoid total splenic infarction, we confirmed patency of the collateral arteries,
which were shown to be connected to the hilar splenic
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artery from the left gastric artery or from the gastroepiploic artery on a celiac arteriogram.
Coil embolization of the SAAs was performed after
confirmation of these connections, and details of the
coiling procedures were described previously[1,5,9-11]. Coils
and/or gelfoam were used as embolization material either
alone or in combination. In general, the embolization
coils used in this series were standard 0.089-cm (0.035-in)
fibered microcoils (Tornado; Cook, Bloomington, IN,
United States). Post-embolization checks were performed
with selective splenic, celiac and superior mesenteric artery angiograms to confirm occlusion of the main splenic
artery and patency of the collateral arteries. Preoperative
antibiotic prophylaxis was used routinely for 3 d. Following embolization, patients were monitored clinically, and
antibiotics were administered after the procedure for several days to avoid infectious complications.

ness, or appetite loss, were recorded.
Statistical analysis
All the data are expressed as mean ± SD. Dichotomous
and categorical data are reported as numbers and percentages. The end points were determined technically
and clinically. The technical end point was failed performance of the procedures. The clinical end points were
loss to follow-up or death during or after the procedures.
Comparisons of the variables between the two groups
were performed using the Mann-Whitney test, χ 2 test or
Fisher’s exact test as appropriate. All statistical analyses
were performed using SPSS version 13.0 (SPSS, Chicago,
IL, United States).

RESULTS
Safety
The technical and initial clinical outcomes of the two
groups are shown in Table 1. Coil embolization of the
SAAs was technically successful in all 35 patients, with no
procedure-related complications. The 30-d mortality rate
was zero.
Complications after the procedures are listed in Table
1. The post-embolization syndrome, including abdominal
pain, fever and vomiting, occurred in six patients (37.5%)
in group A and three in group B (15.8%). One patient in
group A had pleural effusion, which was resolved by thoracocentesis. One patient in group A suffered from persistent high fever, and was found to have splenic abscess
on abdominal CT scan. The abscess was drained with a
catheter and absorbed within 1 mo. There was no significant difference in hospital stays between the two groups
(Table 1).

Postoperative outcome evaluation
All the patients were followed at our outpatient clinic.
Peripheral blood cell parameters, including white blood
cell (WBC), red blood cell and platelet counts, were
monitored at different time points prior to the procedure,
on days 7 and 30, and subsequently at a 6-mo interval
during follow-up. To determine a possible effect on liver
function, aspartate aminotransferase (AST), alanine aminotransferase (ALT), total bilirubin (TB), albumin, and
prothrombin time (PT) in serum were measured before
and after the procedure at the same follow-up time point
as evaluating the peripheral blood cells.
Abdominal CT scans were routinely performed before and 1 mo after the procedure, and subsequently
every 6 mo during follow-up. CT images were obtained
using a multislice GE Pro Speed machine (GE Medical
Systems, Milwaukee, WI, United States) and included unenhanced and enhanced images (arterial phase, parenchymatous phase) with multiplanar 3D reconstruction. Based
on enhanced CT images, we measured and compared the
pretreatment splenic volume and the post-embolization
residual splenic volume on a 3.1 workstation (GE Medical Systems) using volumetric analysis software. The infarcted splenic volume (mL) was calculated by subtracting
the noninfarcted splenic volume from the pretreatment
splenic volume. The splenic infarction rate was calculated
by dividing the infarcted splenic volume by the pretreatment splenic volume (× 100%).
Data regarding (1) technical success; (2) liver function; (3) changes in splenic volume and (4) complications
were evaluated at the time of the report or patient death.
Technical success was defined as complete exclusion
of the aneurysm on the post-embolization arteriogram,
without major complications. Post-embolization syndrome was defined as fever, abdominal pain, or elevation
of pancreatic enzymes over preprocedural values after
splenic infarction.
Any potential complications following coil embolization, such as splenic abscess, splenic rupture, pneumonia,
refractory ascites or pleural effusion, gastrointestinal
bleeding, post-embolization syndrome, abdominal full-
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Follow-up clinical results
At the time of writing this manuscript, all patients were
followed and assessed at 1 wk, 1 mo, 6 mo, and 1 year;
28 were assessed for 2 years and 13 were assessed for ≥
4 years, prospectively, with a mean follow-up of 37.34 ±
15.47 mo (range, 13-66 mo). There were no significant
differences in the number of patients in each follow-up
period between the two groups.
Changes in peripheral blood cell counts
Table 2 summarizes the follow-up clinical outcome between the two groups. In comparison with pre-procedural level of peripheral blood cell counts, including WBC
and platelet counts in each of the two groups, there were
no significant differences at each follow-up point after
the procedures. There were also no significant differences
in average WBC and platelet counts between the two
groups at each follow-up point.
Changes in liver function parameters
In comparison with pre-procedural level of liver function
parameters values, including AST, ALT, TB, albumin and
PT, in each of the two groups, there were no significant
differences at each follow-up point after the procedures.
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Table 2 Comparison of variables between the two groups during follow-up (mean ± SD)
Evaluation

Initial

WBC count

1 mo

6 mo

1 yr

2 yr

≥ 4 yr

Group A

Group B

Group A

Group B

Group A

Group B

Group A

Group B

Group A

Group B

Group A

Group B

6.1 ± 0.9

6.2 ± 1.0

6.2 ± 1.2

6.2 ± 1.1

6.2 ± 0.7

6.3 ± 1.0

6.0 ± 0.9

5.8 ± 0.8

5.9 ± 1.0

5.9 ± 1.0

5.9 ± 0.9

5.9 ± 1.1

(× 109)
PLT count

172.1 ± 52.9 178.7 ± 48.4 190.3 ± 28.3 198.9 ± 28.2

(× 109)
Splenic

289.8 ± 28.2 290.5 ± 26.5 222.3 ± 47.9a 285.2 ± 29.2c 202.3 ± 43.0a 283.6 ± 30.5c 199.1 ± 40.9a 275.4 ± 38.2c 197.7 ± 40.9a 276.4 ± 43.0c 201.3 ± 25.1a 281.7 ± 42.1c

191.2 ± 23.7

194.3 ± 27.8 191.2 ± 31.6 196.5 ± 29.3

196.6 ± 28.6

190.1 ± 34.1 180.6 ± 3-6.6 192.8 ± 27.8

volume (cm3)
a

P < 0.05, Compared splenic volume in group A between preoperatively and at each follow-up point; cP < 0.05, Compared splenic volume between group A
and group B at each follow-up point. WBC: White blood cell; PLT: Platelet.

There were also no significant differences in average
AST, ALT, TB, albumin and PT between the two groups
at each follow-up point.

placement were introduced as alternatives to conventional surgery[2,12,14,15]. These techniques can be used to treat
most SAAs regardless of clinical presentation, etiology,
and location. Endovascular treatment is also indicated
for ruptured SAAs, especially when the site is difficult to
access during conventional surgery or when the operative risk is high because the patient is in poor general
health[3,16]. Advantages over surgery include accurate localization of the aneurysm, assessment of collateral flow,
low risk for patients who are poor surgical candidates[17],
and easier approach to aneurysms whose surgical exposure is difficult.
Nowadays, transcatheter coil embolization is the
commonly used method and has been shown to be safe
and effective for the treatment of the SAAs[1,4-8,18-23]. Although percutaneous treatment with covered stents has
produced favorable results[24,25] with main splenic arterial
patency, they are difficult to deploy in tortuous vessels,
and thrombosis may occur after stenting.
There are two embolization techniques: coil embolization of the aneurysmal sac with patency of the splenic
artery, and embolization of the main splenic artery with
complete occlusion of the artery and the SAAs[1,5,9,10].
The former technique was often used for single and small
SAAs, and the latter was often applied for large or multiple SAAs. In this study, although shrinkage of the splenic
volume in group A was obtained after total embolization
of the main splenic artery, no mortality occurred, and the
complications were under control, which was confirmed
by the patency of the collateral arteries.
In addition, an increase in WBC and platelet counts
after total embolization of the main splenic artery for
patients with hypersplenism has been reported by He
et al[26,27] and Gu et al[28]. In the present study, there were
no significant differences in WBC and platelet counts
between preoperatively and at each follow-up point. In
other words, there was no increase or decrease in WBC
and platelet counts in group A after embolization. Furthermore, there were no differences in liver function
parameters between preoperatively and at each followup point, which was in agreement with He et al[26,27] and
Gu et al[28]. These results indicated that total embolization
of the main splenic artery is a safe procedure for patients
with SAAs and normal spleen.
In this study, we found that the splenic volume in

Changes in splenic volume after embolization
All patients were followed and assessed at 6 mo and 1
year; 28 were assessed for 2 years and 13 were assessed
for ≥ 4 years, with a mean follow-up of 35.5 ± 15.4 mo
(range, 12-66 mo). After the procedures, splenic volume
decreased significantly in group A, peaked at 1 mo after
the procedures, and was then maintained at about the
same size during follow-up (Table 2). In group B, there
was no obvious decrease in splenic volume after the procedures. There were significant differences in splenic volume at each follow-up point between the two groups. In
addition, there were also significant differences in splenic
volume in group A between preoperatively and at each
follow-up point (Table 2, Figure 1).

DISCUSSION
There are three main findings from this study: (1) no significant differences were found in peripheral blood cell
counts, including WBCs and platelets, between preoperatively and at each follow-up point after the procedures,
and between the two groups at each follow-up point; (2)
no significant differences were found in liver function
between preoperatively and at each follow-up point after
the procedures and between the two groups at each follow-up point; and (3) splenic volume in group A was significantly smaller after embolization. To the best of our
knowledge, this is the first report to evaluate the clinical
outcome of total embolization of the main splenic artery
for patients with SAAs and normal spleen.
Therapeutic options available for patients with SAAs
include conventional open surgery, endovascular treatment, and the more recently introduced technique of laparoscopic surgery. The traditional treatment was ligation
of the artery or aneurysm or excision of the lesion, with
or without partial or total splenectomy, and occasionally
with distal pancreatectomy[12,13]. However, the mortality
rate associated with this procedure was approximately
1.3% and the morbidity rate was 9% for aneurysms[12].
During the past decade, endovascular techniques
including transcatheter embolization and covered stent
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A

B

C

D

Figure 1 Group A. A splenic artery aneurysm (SAA) in a 56-year-old man with normal spleen. A: Celiac arteriogram prior to coil embolization demonstrated an
SAA located at the proximal splenic artery; B: Celiac arteriogram after coil embolization showed total embolization of the main splenic artery with disappearance of
the SAA; C: Before embolization, arterial phase of computed tomography angiography (CTA) showed that the spleen was normal (arrow); D: Arterial phase of CTA
showed that the spleen had decreased size (arrows) 2 years after embolization.

three patients in group A did not decrease after total
embolization of the main splenic artery. We thought that
the main reason may be the recanalization of the splenic
artery. Another possible reason was that there was sufficient blood supply for the spleen from these connections.
Our study had the following limitations. First, the
study was retrospective, and the patient population was
small, which may prevent generalization of our results.
Second, severe complications may occur when the collateral arteries are lacking or not consummate. Confirmation
of the patency of the collateral arteries, which connected
to the hilar splenic artery from the left gastric artery
or from the gastroepiploic artery, was a necessary step
prior to total embolization of the main splenic artery for
SAAs. Third, CT angiography involves exposure of the
patients to ionizing radiation and the administration of
intravenous contrast material. Lastly, follow-up angiography was not performed in this study, thus, the possibility
of recanalization of the main splenic artery or the SAAs
could not be determined.
In conclusion, in this retrospective study, except for
shrinkage of splenic volume in patients undergoing total
embolization of the main splenic artery, no changes in
WBC and platelet counts and liver function parameters
were found. These results indicated that total embolization of the main splenic artery is a safe and feasible procedure for patients with SAAs and normal spleen. Further
clinical trials and extended follow-up studies are needed.
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Background

Coil embolization is now a widely accepted treatment for splenic artery aneurysms (SAAs); however, for patents with large or multiple SAAs, total embolization of the splenic artery sometime must be performed to achieve complete
occlusion of the SAAs.

Research frontiers

Total embolization of the splenic artery has been shown to be a safe and effective method for the treatment of SAAs, but the changes in splenic function
and morphology after embolization have rarely been reported, especially in
patients with SAAs and normal spleen. We retrospectively evaluated the clinical
outcomes of total embolization of the main splenic artery for patients with SAAs
and normal spleen.

Innovations and breakthroughs

The use of total embolization of the splenic artery was devised for the management of patients with SAAs and normal spleen. All procedures were performed
under fluoroscopic control. This is believed to be the first report to evaluate the
clinical outcomes of total embolization of the main splenic artery for patients
with SAAs and normal spleen.

Applications

Total embolization of the main splenic artery is a safe and feasible procedure
for the patients with SAAs and normal spleen.

Terminology

Total embolization of the main splenic artery is the technique of embolization of
the main splenic artery with complete occlusion of the artery and SAAs.

Peer review

The authors reported total embolization of the main splenic artery for patients
with SAAs and normal spleen. Thirty-five consecutive patients with SAAs were
classified into two groups: coil embolization of the main splenic artery with complete occlusion of the artery and aneurysms (group A), and coil embolization
of the aneurysmal sac with patency of the splenic artery (group B). The results
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reveal that except for shrinkage of splenic volume in patients with total embolization of the main splenic artery, no changes in white blood cell and platelet
counts or liver function parameters were found. These results suggest that total
embolization of the main splenic artery is a safe and feasible procedure for the
patients with SAAs and normal spleen.
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Xiangshaliujunzi Decoction for the treatment of diabetic
gastroparesis: A systematic review
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treatment (blank), but not acupuncture. The main outcome index was clinical effectiveness, which was based
on the gastric emptying test and variations in the gastrointestinal (GI) symptoms between the treatment and
control groups after intervention. Data extraction, analysis, and quality assessment were conducted according
to the Cochrane Handbook for Systematic Review of
Interventions, Version 5.1.0.
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RESULTS: Ten RCTs involving 867 patients (441 in the
experimental groups, and 426 in the control groups)
were identified, and the overall methodological quality was evaluated as generally low. In the treatment
groups, all 10 trials used herbs alone as the treatment,
whereas all control groups used prokinetic medicine.
The period of intervention ranged from 2 to 8 wk.
Three classes were used to evaluate treatment efficacy: significant effective, effective, and ineffective, and
all trials used the clinical effective rate (based on the
gastric emptying test and changes in GI symptoms) to
evaluate efficacy. The data showed that the effects of
XSLJZD for the treatment of DGP were superior to the
control group (n = 867, RR =1.33, 95%CI: 1.24-1.42,
Z = 8.11, P < 0.00001). Two trials recorded adverse
events, and one trial reported follow-up.

Abstract
AIM: To assess the current clinical evidence of the effectiveness of Xiangshaliujunzi Decoction (XSLJZD) for
the treatment of diabetic gastroparesis (DGP).

CONCLUSION: XSLJZD could restore the gastric
emptying rate and improve symptoms. However, the
evidence remains weak due to the poor methodological
quality of the included studies.

METHODS: Randomized controlled trials (RCTs) were
retrieved from seven major electronic databases including Medline, the Cochrane Library, Embase, Chinese Biomedical Literature Database (CBM), Chinese
National Knowledge Infrastructure, Chinese Scientific
Journal Database (VIP), and Wanfang Databases, using search dates from the beginning of the databases
to May 2013. No language limitations were applied. We
included RCTs that used XSLJZD or a modified XSLJZD
compared with a control group for the treatment of
DGP. The control groups included conventional treatment (Western medicinal treatment), placebo, and no

WJG|www.wjgnet.com

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

Key words: Diabetic gastroparesis; Xiangshaliujunzi Decoction; Gastric emptying rate; Gastrointestinal symptoms; Systematic review
Core tip: This article is a systematic review of Xiangshaliujunzi Decoction (XSLJZD), which is used in traditional Chinese medicine to treat stomach discomfort
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ies[10,11]. Providing nutritional support such as Jejunostomy tube feeding cannot cure gastroparesis[12]. Considering the high recurrence rate and the increasing incidence
of diabetic gastroparesis (DGP)[13,14], finding drugs that
show efficacy for the treatment of DGP are necessary.
Xiangshaliujunzi Decoction (XSLJZD) is, a traditional Chinese medicinal herbal containing eight commonly used herbs (Panax ginseng, Rhizoma atractylodis
macrocephalae, Poria, Radix glycyrrhizae, Pericarpium
citri reticulatae, Pinellia tuber, Fructus amomi, and Radix
aucklandiae). It has long been used to treat gastrointestinal discomfort in clinical practice in China[15-19]. Its
mechanism of action could be related to invigorating the
spleen to resolve dampness, regulate the stomach, facilitate elimination and supplement to restore Qi based on
the theory of Traditional Chinese Medicine (TCM)[20,21].
Recent studies revealed that XSLJZD could regulate gastrointestinal motility[22,23]. Biochemically, XSLJZD also
increases the secretion of plasma motilin, lowers serum
gastrin levels, and enhances smooth muscle contraction
by increasing calcium levels[24-27].
Currently, we use XSLJZD as an alternative method
for the treatment of DGP[28,29]. Several studies have suggested that XSLJZD is an effective treatment for DGP,
but data are not yet definitive. This systematic review
aims to assess the current clinical evidence for the efficacy of XSLJZD for the treatment of DGP by conducting
literature reviews in databases for randomized controlled
trials (RCTs).

and diabetic gastroparesis. This article aims to evaluate
the efficacy of XSLJZD for the treatment of diabetic
gastroparesis. The incidence of diabetes has increased
significantly, and so it is necessary to take active steps
to prevent and treat diabetic complications. The clinical
manifestations of diabetic gastroparesis are extremely
apparent. Traditional Chinese medicine, an alternative approach for improving the symptoms of patients,
has specific advantages and so it its efficacy should
be carefully assessed. In addition to the improvement
of patient symptoms and clinical indications, improved
quality of life is of interest of this article.
Tian JX, Li M, Liao JQ, Liu WK, Tong XL. Xiangshaliujunzi Decoction for the treatment of diabetic gastroparesis: A systematic
review. World J Gastroenterol 2014; 20(2): 561-568 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/i2/561.
htm DOI: http://dx.doi.org/10.3748/wjg.v20.i2.561

INTRODUCTION
Delayed gastric emptying affects a substantial proportion of patients with long-standing diabetes. Kassander
used the term ‘‘gastroparesis diabeticorum’’ to describe
abnormally increased gastric retention in these patients
in 1958[1]. The American Gastroenterological Association
and the American Nuclear Medicine Society define gastroparesis as a syndrome characterized by delayed gastric
emptying in the absence of mechanical obstruction[1].
Patients often present with upper gastrointestinal symptoms such as early satiety, weight loss, abdominal bloating, abdominal discomfort, nausea, frequent vomiting,
and impaired glycemic control. As such, quality of life is
severely impacted[2]. Symptoms attributed to gastroparesis are reported by 5%-12% of patients with diabetes[3].
Several diabetic abnormalities could result in gastric motor dysfunction including autonomic neuropathy, enteric
neuropathy involving excitatory and inhibitory nerves,
abnormalities of the interstitial cells of Cajal, acute fluctuations in blood glucose, incretin-based medications, and
psychosomatic factors[4]. The disorder can range from being mildly symptomatic to having severe symptoms leading to malnutrition, electrolyte imbalance, and impaired
glycemic control[5].
Gastroparesis is increasingly being recognized as a
significant health problem. Based on blood glucose control, the available treatment options of modern medicine
include nutritional support, improvement of gastric emptying using prokinetics, control of symptoms, and the use
of a gastric electric stimulator[6,7]. Medications for gastroparesis include metoclopramide, domperidone, cisapride,
and erythromycin. However, these agents are of only
limited efficacy, and many patients cannot tolerate them
because of their side effects[8,9]. Surgical procedures, such
as gastrectomy and antrectomy, are the last treatment
options, but are controversial and need additional stud-
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MATERIALS AND METHODS
Databases and searches
A computer-based online search was conducted in the
Medline, Cochrane Library, Embase, Chinese Biomedical
Literature Database (CBM), Chinese National Knowledge
Infrastructure, Chinese Scientific Journal Database (VIP),
and Wanfang databases. The search terms used were (“diabetic gastroparesis” OR “gastrointestinal changes” OR
“gastrointestinal disease”) AND (“herb” OR “Xiangshaliujunzi Decoction” OR “Xiangshaliujunzi” OR “Xiangshaliujunzi Tang”) AND (“randomized controlled trial”
OR “controlled clinical trial” OR “random” OR “randomly” OR “randomized” OR “control”). We searched
all articles that were published prior to May 2013.
Study selection
The RCTs included were restricted to those that compared XSLJZD as the treatment with a control group. We
evaluated all forms of XSLJZD, such as XSLJZD and
modified XSLJZD, whereas the control groups included
conventional treatment (western medicinal treatment),
placebo, and no treatment (blank), but not acupuncture.
Studies that evaluated DGP patients were included regardless of gender, age, or nationality, but patients with
other gastrointestinal diseases were excluded. The main
outcome was clinical effectiveness, which was based on
the gastric emptying test and variations in gastrointesti-
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CNKI

CBM

n = 16

n = 18

Wanfang
n = 17

VIP

Cochrane
library n = 3

n = 16

Medline
n =2

Embase
n =0

Total

n = 72
Title abstract

Repetition n = 37
Animal study n = 3
retrospective studies,
case report, reviews of
literatures n =11

Full text
n =21

11 studies excluded were
not in accordance with
inclusion criteria or met the
exclusion criteria
RCT included
n = 10

Figure 1 Flow chart of the trial selection process. CNKI: Chinese National Knowledge Infrastructure; CBM: China BioMedical Literature; VIP: VIP Database for
Chinese Technical Periodicals; RCT: Randomized controlled trial.

nal (GI) symptoms. Studies used a 50% gastric emptying
time. Any adverse events were also recorded. Duplicated
publications reporting the same groups of patients were
excluded.

least one item ranked “No”), and unclear risk of bias (at
least one item was “Unclear”).
Statistical analysis
RevMan 5.1 software was used for data analyses, which
was offered by the Cochrane collaboration. Dichotomous
data were expressed as relative risk (RR), and continuous
outcomes as weighted mean difference (WMD), both
with 95%CI. Heterogeneity was assessed using the I2 test
with a significance level set at I2 over 50% or P < 0.1. If
there was no heterogeneity (I2 < 50%) we selected the
fixed effect model. Possible causes of heterogeneity (I2
> 50%) were explained using the random effects model.
Publication bias was explored by funnel plot analysis if
sufficient studies were found[30].

Data extraction and quality assessment
Two authors carried out the literature searches (Tian JX,
Li M), study selection (Tian JX, Liao JQ), and data extraction (Li M, Liao JQ) independently. The extracted data included the title of study, the authors, the year of publication, sample size, the gender and age of the participants,
the names and components of the Chinese herbs, the
details of the control interventions, the treatment process, outcomes, adverse effects, and details of the methods
used. Discrepancies were resolved by consensus through
discussion between the two authors and, if needed, by
asking for additional information from a third party (Tong
XL). The methodological quality of trials was assessed
by two authors (Tian JX and Liu WK) independently
based on the criteria from the Cochrane Handbook for
Systematic Review of Interventions, Version 5.1.0[30]. Assessed parameters included random sequence generation
(selection bias), allocation concealment (selection bias),
the blinding of participants and personnel (performance
bias), the blinding of outcome assessment (detection
bias), incomplete outcome data (attrition bias), selective
reporting (reporting bias), and other bias. We judged each
item on three levels (“Yes” for low bias, “No” for a high
risk of bias, and “Unclear”). Then, we assessed the trials
and categorized them into three levels: low risk of bias
(all the items were categorized “Yes”), high risk of bias (at
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RESULTS
Description of studies
A total of 72 studies were initially identified from the
electronic databases. The search results are summarized
in Figure 1. After screening the titles and abstracts, 51 potentially relevant studies were found. However, most of
these were excluded due to repetition, retrospective studies, animal studies, case reports, and literature reviews.
Thirty-seven studies were excluded because of duplicated
publications, three were excluded because they were animal studies, and the remaining 11 were non-controlled
clinical trials including retrospective studies, case reports,
and literature reviews. After a detailed evaluation of the
full text, a further 11 studies were excluded. Three trials
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Table 1 Characteristics of included randomized controlled trials
Trials

Sample size

Gender (E/C)

Experimental group

Control group

Period

Outcome measure

Balance report
of baseline

Cai[31]

54 (27/27)

(15M:12F)
/(14M:13F)

Modified Xiangshaliujunzi
Decoction, bid

Metoclopramide (10 mg, tid)

4W

P > 0.05

128 (64/64)

(30M:34F)
/(34M:30F)
(35M:27F)

Cisapride (10 mg, tid),
Metoclopramide (10 mg, bid)
Domperidone (10 mg, tid)

4W

(28M:20F)
/(24M:22F)
(30M:42F)
/(31M:39F)

Modified Xiangshaliujunzi
Decoction, bid
Modified Xiangshaliujunzi
Decoction, bid
Modified Xiangshaliujunzi
Decoction, bid
Modified Xiangshaliujunzi
Decoction, bid

Domperidone (10 mg, tid)

4W

Mosapride (5 mg, tid)

4W

(15M:17F)
/(14M:16F)
(25M:19F)
/(23M:20F)

Modified Xiangshaliujunzi
Decoction, bid
Modified Xiangshaliujunzi
Decoction, bid

Cisapride (10 mg, tid),
Metoclopramide (10 mg, bid)
Cisapride (5 mg, tid)

4W

Clinical effective rate
Gastric emptying test
GI symptoms
Adverse events
Clinical effective rate
GI symptoms
Clinical effective rate
GI symptoms
Clinical effective rate
GI symptoms
Clinical effective rate
Gastric emptying test
GI symptoms
Clinical effective rate
GI symptoms
Clinical effective rate
Gastric emptying test
GI symptoms
Adverse events
Clinical effective rate
Gastric emptying test
GI symptoms
Clinical effective rate
GI symptoms
Clinical effective rate
Gastric emptying test
GI symptoms

Feng[32]
Guo et al[33]

62 (32/30)

Lu[34]

94 (48/46)

8W

Lu et al[35]

142 (72/70)

Meng[36]

62 (32/30)

Wen[37]

87 (44/43)

Dai[38]

70 (36/34)

(22M:14F)
/(20M:14F)

Modified Xiangshaliujunzi
Decoction, bid

Domperidone (10 mg, tid)

3W

Ji[39]

56 (30/26)

(14M:16F)
/(12M:14F)
(44M:12F)
/(43M:13F)

Modified Xiangshaliujunzi
Decoction, bid
Modified Xiangshaliujunzi
Decoction, bid

Domperidone (10 mg, tid)

2W

Domperidone (10 mg, tid)

8W

Hou et al[40]

112 (56/56)

4W

P > 0.05
P > 0.05
P > 0.05
P > 0.05

P > 0.05
No significant
differences

P > 0.05

No significant
differences
P > 0.05

GI: Gastrointestinal; M: Male; F: Female.

predominantly used Liujunzi decoction, which is similar
to XSLJZD, two did not clarify the intervention used in
the control group, three were excluded because they only
reported the differences after treatment, and three trials
were not in accordance with our inclusion criteria. Finally,
10 studies involving 867 patients were in accordance with
our inclusion criteria without meeting the exclusion criteria. All studies were conducted in China and published
in Chinese between 2003 and 2012. The bibliographic
details of the included studies are shown in Table 1.
Among the 10 studies, all participants came from the
inpatient and/or outpatient Department of Gastroenterology or Endocrinology, and the experimental interventions were oral administration. The trials included 473
male and 394 female subjects with ages ranging from 30
to 85 years. The diagnostic criteria of the studies were as
follows: seven trials[31-37] described the World Health Organization diabetes mellitus (DM) diagnostic criteria involving a certain duration of gastrointestinal discomfort such
as postprandial fullness, nausea, vomiting, bloating, and
delayed gastrointestinal emptying in the absence of other
gastrointestinal diseases. Two trials[38,39] described DM that
was diagnosed with a certain duration of gastrointestinal
discomfort such as postprandial fullness, nausea, vomiting, bloating, and delayed gastrointestinal emptying in the
absence of other gastrointestinal diseases. Finally, one
trial[40] described matching the “Interpretation of TCM
prevention Guide for diabetes”[41].
All 10 trials used herbals alone (modified XSLJZD) as
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the treatment group. In the control group, all studies used
prokinetic medicine alone: one used Cisapride, one used
Mosapride, and the others used Domperidone. The period of intervention ranged from 2 to 8 wk. Three classes
were used to describe the treatment efficacy: significantly
effective, effective, and ineffective. In addition, all trials
used the clinical effective rate (including significant effective and effective) based on the gastric emptying test (50%
emptying time) and variations in GI symptoms to evaluate efficacy, which was the main outcome index. Adverse
events were also recorded.
Methodological quality of included trials
The quality assessments are summarized in Table 2. The
sample size of the included trials varied from 50 to 150
patients. None of the 10 studies reported details for
sample size calculation, and none were double-blinded
placebo controlled studies. One study described adequate methods of randomization using random number
tables[40], whereas the remaining nine simply reported
“randomly allocating” participants as the method of
randomization. No trials had clear a description of the
method used for allocation concealment or the blinding
procedures. All trials described the patient characteristics,
and described similarities between comparison groups
at baseline, but none reported the loss of any participants, which made it difficult to determine whether these
studies had an attrition bias. Two trials reported adverse
events, and one trial[34] reported follow-up. The method-
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Table 2 Quality assessment of included randomized controlled trials
Trials

Cai[31]
Feng[32]
Guo et al[33]
Lu[34]
Lu et al[35]
Meng[36]
Wen[37]
Dai[38]
Ji[39]
Hou et al[40]

Randomization

Allocation
concealment

Blinding of
participants and
personnel

Blinding of
assessors

Incomplete
outcome data

Selective
reporting

Other sources
of bias

Risk of bias

Unclear
Unclear
Unclear
Unclear
Unclear
Unclear
Unclear
Unclear
Unclear
Table of random
number

Unclear
Unclear
Unclear
Unclear
Unclear
Unclear
Unclear
Unclear
Unclear
Unclear

High
High
High
High
High
High
High
High
High
High

Unclear
Unclear
Unclear
Unclear
Unclear
Unclear
Unclear
Unclear
Unclear
Unclear

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

No
No
No
No
No
No
No
No
No
No

Unclear
Unclear
Unclear
Unclear
Unclear
Unclear
Unclear
Unclear
Unclear
Unclear

High
High
High
High
High
High
High
High
High
Unclear

Study or subgroup

Treatment
Events

Total

Control
Events

[31]

Cai 2011
19
27
10
[38]
Dai 2003
34
36
24
[32]
Feng 2010
56
64
38
[33]
Guo et al
2009
30
32
23
[40]
Hou et al
2010
52
56
37
[39]
Ji 2009
25
30
13
[34]
Lu 2009
46
48
37
[35]
Lu et al
2011
70
72
56
[36]
Meng 2012
28
32
18
[37]
Wen 2012
42
44
36
Total (95%CI)
441
Total events
402
292
2
2
Heterogeneity: χ = 12.99, df = 9 (P = 0.16); I = 31%
Test for overall effect: Z = 8.11 (P < 0.00001)

Weight

Total
27
34
64
30
56
26
46
70
30
43
426

3.4%
8.3%
12.8%
8.0%
12.5%
4.7%
12.7%
19.1%
6.3%
12.3%
100.0%

Risk ratio

Risk ratio

M-H, fixed, 95%CI

M-H, fixed, 95%CI

1.90
1.34
1.47
1.22
1.41
1.67
1.19
1.22
1.46
1.14
1.33

[1.10,
[1.06,
[1.18,
[0.98,
[1.15,
[1.10,
[1.02,
[1.07,
[1.06,
[0.98,
[1.24,

3.29]
1.69]
1.84]
1.52]
1.72]
2.53]
1.39]
1.37]
2.01]
1.32]
1.42]

0.5

0.7
Favours control

1.0

1.5
2.0
Favours treatment

Figure 2 Effective rates of comparison between Xiangshaliujunzi Decoction and the control group.

2.0

intervention, which was based on the variations in the
gastric emptying test and GI symptoms. Three classes
were used to evaluate the effects of treatment: significant
effective, effective, and ineffective. The total effective
rate was the combination of the significant effective and
effective rate, which was considered to be the main outcome index. The included trials exhibited homogeneity in
the consistency of their results (χ 2 = 12.99, P = 0.16, I2
= 31%). Thus, the fixed-effects model should be used for
statistical analysis, and the treatment group scored significantly higher than the control group (n = 867, RR= 1.33,
95%CI: 1.24-1.42, Z = 8.11, P < 0.00001) (Figure 2).

ological quality of the included studies was determined
to be generally low according to the predefined quality
assessment criteria, which indicated that further investigations might influence the confidence intervals of the
meta-analysis, and the results would likely be reversed.

Publication bias
Funnel plots based on the data of the effective rate are
shown in Figure 3. The Figure was asymmetrical, which
indicated that publication bias might influence the results
of our analysis. Although we carried out comprehensive
searches and tried to avoid bias, since all trials were published in Chinese we could not exclude potential publication bias.

Effect of the interventions
All the included studies compared the clinically effective rate between the treatment and control groups after

Adverse events
Two trials[31,37] described safety reports: the control groups
reported that one patient suffered from nausea, two with

0.0

SE (log[RR])

0.1
0.2
0.3
0.4
0.5
0.5

0.7

1.0
RR

1.5

Figure 3 Funnel plot of publication bias.
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stomachache, one with headache, one with diarrhea, and
four reported skin allergies. In treatment group there was
only one report of an adverse effect, which was a patient
with stomachache. All the side effects were cured spontaneously.

researchers were aware which patients were in the therapeutic intervention group.
DGP is a disease with complicated symptoms. The
gastric emptying test is the gold standard for DGP diagnosis. However, patients that suffer from severe nausea
and vomiting are unable to endure the test, which would
leave any studies of DGP with a limited number of participants. We suggest that the scope of included patients
should be expanded, specifically to include severe gastroparesis patients who could not undergo the gastric emptying test. Vomiting time and duration can be auxiliary
indicators that could provide stronger evidence for wider
clinical applications.
Gastrointestinal discomfort is the most important
clinical characteristic, and improving the symptoms based
on the gastric emptying are important for the evaluation
of DGP. This is distinct from blood pressure, lipids, and
blood sugar, which are expressed by specific numerical
indices. This makes the determination of efficacy of gastrointestinal lesions complicated. The improvement of
symptoms also needs to be standardized and quantified.
The studies included in this review lacked a unified syndrome questionnaire to allow us to evaluate symptomatic
variations in the syndrome. The Gastroparesis Cardinal
Symptom Index is widely used to evaluate gastrointestinal lesions[43], but none of the included studies used this
questionnaire. Thus, it is critical to standardize the evaluation of gastrointestinal lesions, which could help improve
the consistency of future studies.
Only two studies[31,37] mentioned adverse effects including nausea, stomachache, headache, diarrhea, and
skin allergies. Safety is a serious concern that should be
recorded in detail. Thus, definitive conclusions about
the safety of XSLJZD still cannot be drawn. No trials
reported the loss of participants or used the intention
to treat method, which made it difficult to determine
whether these studies had attrition bias. Only one trial[34]
reported follow up. Diabetic gastrointestinal disease can
easily recur, and so long-term follow-up is required for
accurate analysis. We tried to avoid language and location
bias, but all the included studies were published in China,
and so we cannot exclude potential publication bias.
In conclusion, we found that XSLJZD could improve
the gastric emptying rate and improve diabetic gastrointestinal symptoms, and could therefore be considered as
an alternative method for the treatment of DGP. However, there is no established efficacy determination system
for assessing the use of TCM to treat DGP. The longterm efficacy and safety of XSLJZD for the treatment
of DGP remains uncertain, because the methodological
quality was generally low, and some possible bias existed.
The results of our analysis should therefore be read with
caution. Therefore, an efficacy determination system for
using TCM to treat DGP should be established soon.
The accumulation of clinical evidence of severe gastroparesis is increasingly necessary, and future studies should
include improved randomization, safety reports, detailed
follow-up, and blinded methods to improve their quality.

Follow-up
Only one trial[34] reported follow-up. Lu et al[34] reported
that two patients reported recurrence 3 months after
treatment, with a recurrence rate of 4.2%. In contrast, the
recurrence rate in the control group was 28.3%, involving
13 patients. The difference between treatment group and
control group was statistically significant (P < 0.01).

DISCUSSION
Disturbances in gastrointestinal motility with associated
symptoms have long been recognized as a complication
of diabetes mellitus, and typically develop after diabetes
mellitus has been established for several years[1]. Once established, DGP tends to persist despite improvement of
glycemic control[42], which reduces the quality of life for
affected patients[3]. However, current management strategies are far from clinically satisfactory[10]. It was demonstrated that Chinese herbal medicines could not only
promote gastric emptying, but also improve symptoms.
Because XSLJZD is widely used to treat gastrointestinal
discomfort in clinical practice[29,30], this study aimed to assess the current clinical evidence of the effectiveness of
XSLJZD for the treatment of DGP.
We did not find many systematic reviews reporting
the use of Chinese herbal medicines to treat DGP. This
systematic review included 10 randomized trials and a
total of 867 participants. The main findings of this study
were that XSLJZD demonstrated potential effects on
the promotion of gastric emptying (n = 867, RR = 1.33,
95%CI: 1.24-1.42, Z = 8.11, P < 0.00001) compared with
the control group. However, the methodological quality of the trials was assessed to be generally low. Before
reaching definitive conclusions, the following weaknesses
must be considered.
None of the studies reported sample size calculations,
and the efficacy could not be clarified on some outcome
measurements due to the small number of studies. Thus,
the reliability of the outcome might be questionable. All
trials lacked a description of the methods used for randomization. Only one study mentioned the random form
(Hou), whereas the others simply mentioned “randomly
allocating” subjects with no additional information.
Therefore, it is difficult to ascertain whether these studies were adequately randomized. In addition, no studies
described allocation concealment, which may introduce
some false “RCTs” in the review, which could mislead the
results. We tried to contact the authors for further information about the trials, but we were unable to obtain any
additional information. No studies described the method
used for blinding, which could lead to performance
and detection bias for subjective outcome measures if
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Well-designed, large-scale, and high-quality randomized
controlled clinical trials with scientific rigor are required
to provide additional evidence.

4

COMMENTS
COMMENTS

5

Background

Diabetic gastroparesis can cause stomach discomfort and significantly affect
the patient’s quality of life. Traditional Chinese Medicine (TCM) has advantages
for improving gastric emptying, particularly for the relief of symptoms. However,
there are few systematic reviews of the use of TCM to improve diabetic gastroparesis. This study aimed to evaluate the efficacy of TCM Xiangshaliujunzi Decoction (XSLJZD) for the treatment of diabetic gastroparesis, and provide new
options for the clinical diagnosis and treatment of diabetic gastroparesis (DGP).

6

Research frontiers

7

Research showed that XSLJZD could regulate gastrointestinal motility. Biochemically, XSLJZD also increases the secretion of plasma motilin, lowers
serum gastrin levels, and enhances smooth muscle contraction by increasing
calcium levels. This study aimed to evaluate XSLJZD for the treatment of gastric emptying disorders and relieving the symptoms of diabetic gastroparesis.

8

Innovations and breakthroughs

9

Few previous studies focused on systematic reviews of TCM for the treatment
of diabetic gastroparesis. This study evaluated the effects of XSLJZD in diabetic
gastroparesis. As the incidence of diabetes increases, the early prevention of
diabetes-related complications is particularly important. The current modern
medical treatments for diabetic gastroparesis are being explored and improved.
This study explored the efficacy of XSLJZD for improving gastric emptying and
stomach symptoms in patients with diabetic gastroparesis from the perspective
of TCM. It should provide novel ideas and information for the diagnosis and
treatment of diabetic gastroparesis.

10

Applications

11

Patients with diabetic gastroparesis symptoms are often plagued by stomach
discomfort, severe nausea and vomiting, water and electrolyte imbalance,
and the loss of nutrients, which can even be life-threatening. In this study, the
authors assessed existing clinical studies, which suggest that TCM is a viable
alternative treatment method that could improve the symptoms of diabetic gastroparesis. It may also improve the treatment of disease and improve the quality
of life for patients.

12

13

Terminology

DGP is abnormal gastric retention caused by long-term diabetes. The mechanism of action of TCM in this model may be related to invigorating the spleen to
resolve dampness, regulating the stomach, and promote gastric emptying and
supplementation to restore Qi.

Peer review

14

This meta-analysis focuses on the Chinese herbal medicine XSLJZD and its
clinical efficacy for the treatment of diabetic gastroparesis. This study evaluates
the clinical efficacy of a traditional medicine, and the information obtained from
this meta-analysis could enhance our understanding of XSLJZD for the treatment of diabetic gastroparesis.
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META-ANALYSIS

Effects of pentoxifylline on nonalcoholic fatty liver disease:
A meta-analysis
Juan Du, Yan-Yan Ma, Chao-Hui Yu, You-Ming Li
(P < 0.00001), aspartate transaminase (P = 0.0006),
glucose (P = 0.0008) and tumor necrosis factor-α (P =
0.007), but did not significantly affect body mass index
(P = 0.28), total cholesterol (P = 0.80), triglyceride (P
= 0.98), alkaline phosphatase (P = 0.29), γ-glutamyl
transferase (P = 0.39) and interleukin-6 (P = 0.38).
With regard to histological changes, pentoxifylline only
reduced the NAFLD activity score (P < 0.00001) and
improved lobular inflammation (P < 0.0001). Improvements in steatosis grade (P = 0.11), ballooning (P =
0.10) and fibrosis (P = 0.50) were not obvious.
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CONCLUSION: Pentoxifylline therapy results in weight
loss, improved liver function and histological changes
in patients with NAFLD/NASH. Therefore, pentoxifylline
may be a new treatment option for NAFLD.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Abstract

Core tip: Recently, more researchers have been attempting to identify new treatments for nonalcoholic
fatty liver disease (NAFLD), however, no firm conclusions have been reached. Thus, it is necessary
to conduct a meta-analysis to assess the efficacy of
pentoxifylline. Our analysis showed that pentoxifylline
therapy signiﬁcantly decreased body weight, alanine
aminotransferase, aspartate transaminase, glucose and
tumor necrosis factor-α. Pentoxifylline also reduced the
NAFLD activity score and improved lobular inflammation in NAFLD patients.

AIM: To evaluate the effects of pentoxifylline therapy
in patients with nonalcoholic fatty liver disease (NAFLD).
METHODS: We searched PubMed, Medline, Google
Scholar, Embase, Web of Science, the Cochrane Library
and the Chinese Biomedicine Database for all relevant
controlled trials of pentoxifylline in patients with NAFLD
from 1997 to July 2013. Five studies (3 randomized,
double-blind, placebo-controlled trials and 2 prospective
cohort studies with concurrent controls) were included
in this meta-analysis. Statistical analysis was performed
using RevMan 5.0 software.

Du J, Ma YY, Yu CH, Li YM. Effects of pentoxifylline on
nonalcoholic fatty liver disease: A meta-analysis. World J
Gastroenterol 2014; 20(2): 569-577 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v20/i2/569.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i2.569

RESULTS: Five randomized trials of 147 patients with
NAFLD/nonalcoholic steatohepatitis (NASH) were included. The results showed that compared to placebo,
pentoxifylline therapy resulted in a signiﬁcant decrease
in body weight (P = 0.04), alanine aminotransferase
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Inclusion and exclusion criteria
Inclusion criteria were as follows: (1) adult patients of any
sex or ethnic origin with NAFLD/NASH; (2) randomized controlled trials or prospective cohort studies using
pentoxifylline; and (3) diagnosis of NASH determined by
histology or ultrasonography. Patients with other causes
of hepatic steatosis or steatoﬁbrosis, such as alcoholic
fatty liver disease, viral hepatitis, autoimmune hepatitis,
liver decompensation or malignancy were excluded. The
trials should have at least one of the following characteristics: BMI, body weight, alanine aminotransferase (ALT),
aspartate transaminase (AST), total cholesterol (TC),
triglyceride (TG), alkaline phosphatase (AKP), glucose,
TNF-α, interleukin (IL)-6 and histology changes. Studies
must have objective outcome measures otherwise they
were excluded from this review.

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is a condition of fat accumulation in the liver in the absence of
excessive alcohol consumption and any other specific
causes of hepatic steatosis[1]. The histological pattern of
NAFLD can progress into nonalcoholic steatohepatitis
(NASH), liver fibrosis, cirrhosis, and more rarely, liver
carcinoma[2]. NAFLD is now one of the most common
liver diseases worldwide. Approximately 20%-30% of
patients with NAFLD have histological signs of NASH.
The metabolic steps and underlying mechanisms of
disease progression remain complex and poorly understood. Diet and lifestyle changes are primary therapies
in the management of these patients. For many decades,
studies have been aimed at discovering new treatments
for NAFLD and many specific treatment strategies have
been proposed, such as insulin-sensitizers[3-5], lipid-lowering drugs[6,7], antioxidants[8,9], endocannabinoid receptor
antagonists[10], l-carnitine[11] and probiotics[12-14]. However,
the current best treatment for the disease is unknown and
most of the above treatments are not guideline therapies
for NAFLD, because few randomized controlled studies
are available. Recently, more attention has been paid to
therapeutic strategies that influence the necroinflammatory activity in NAFLD.
Pentoxifylline is a methylxanthine derivative with
potent hemorrheologic properties[15] and is commonly
used in the treatment of intermittent claudication in
western countries[16], based on its effects in enhancing
red blood cell flexibility, decreasing blood viscosity, and
enhancing aerobic glycolysis and oxygen consumption
in ischemic tissues[17]. Furthermore, human and animal
studies have shown that pentoxifylline, as a nonspecific
phosphodiesterase inhibitor, results in a variety of physiological changes at the cellular level, increases levels of
cyclic AMP and decreases tumor necrosis factor (TNF)-α
gene transcription[18-20], affecting multiple steps in the
cytokine/chemokine pathway. Increased serum TNF-α
has been reported in humans and animal models of
NAFLD[21,22] and may be important in treating NAFLD.
Therefore, in the present study, we conducted a metaanalysis of pooled data from studies to assess the effects
of pentoxifylline on liver function, cytokines and liver
histopathology.

Data extraction and methodological quality
Data were extracted independently by four reviewers and
included the following: author, publication year, study
sign, population, intervention, duration, outcome, and
others. Disagreement was resolved by discussion. Agreement between investigators for selection of studies for
the meta-analysis was > 95%. All reviewers assessed the
quality of the studies. The randomized controlled trials
(RCTs) were all high-quality studies, and were scored using the Jadad scale. Prospective cohort studies were regarded as moderate-quality studies.
Statistical analysis
We analyzed the data using Review Manager 5.0. Dichotomous data were presented as OR with 95%CIs.
Statistical heterogeneity was measured using the χ 2 test
and the inconsistency index (I2). P < 0.05 was considered
to indicate statistically significant heterogeneity. If there
was obvious heterogeneity, the random effects model was
chosen; otherwise, the fixed effects model was adopted.

RESULTS
We initially identified 183 relevant items in PubMed,
Medline, Google Scholar, Embase, Web of Science, Chinese Biomedicine Database and China Journal Full Text
Database. Publication dates ranged from 1997 to June
2013. After reviewing each publication, we selected five
original studies that met the selection criteria. A flow
chart is shown in Figure 1.
Table 1 shows the specific information on study design, methodological quality, sample size, intervention,
control method, and duration of treatment and followup. Two of the included studies were prospective cohort
studies with a concurrent control and the other three
were RCTs. All the RCTs were double-blinded and included a follow-up period. All the studies gave detailed
baseline information. Three studies used placebo as
a control and two studies used ursodeoxycholic acid
(UDCA): placebo (68.7%) vs UDCA (31.3%). The main
characteristics of the patients included in the two groups

MATERIALS AND METHODS
Search strategy
We searched Pubmed, Medline, Google Scholar, Embase,
Web of Science, Chinese Biomedicine Database, and the
China Journal Full Text Database with no language restriction. The search terms included: (NASH or NAFLD
or nonalcoholic steatohepatitis or nonalcoholic fatty liver
disease or fatty liver or steatosis) and (pentoxifylline or
oxpentifylline or PTX or POF) and (Fatty Liver [MeSH])
AND Pentoxifylline [MeSH]. We also searched the reference lists of each selected study by hand.
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difference in the treated group compared with the placebo group (WMD: -9.70, 95%CI: -15.24 to -4.16, P =
0.0006). The included studies were homogeneous (I2 =
0%, P = 0.66, Figure 2B).
Three studies[23-25] analyzed TC and TG in NAFLD/
NASH patients treated with pentoxifylline compared with
placebo, and two studies analyzed AKP and γ-glutamyl
transferase (GGT). Pentoxifylline had no effect on normalizing TC (WMD: 0.26, 95%CI: -0.30 to 0.83, P = 0.36);
TG (WMD: -0.07, 95%CI: -0.47 to 0.33, P = 0.73); AKP
(WMD: -20.87, 95%CI: -59.33 to 17.59, P = 0.29); and
GGT (WMD: -5.2, 95%CI: -17.05 to 6.64, P = 0.39). The
included studies in all four analyses were homogeneous
(TC: I2 = 0%, P = 0.42; TG: I2 = 0%, P = 0.49; AKP: I2
= 0%, P = 0.96; GGT: I2 = 0%, P = 0.81) (Figure 2B).
Three studies[24,25,27] reported the effect of pentoxifylline on serum glucose. Pentoxifylline had a significantly
better effect on decreasing serum glucose (WMD: -8.27,
95%CI: -14.28 to -2.25, P = 0.007). The included studies
were all homogeneous (I2 = 55%, P = 0.11) (Figure 2B).
Four [23,24,26,27] and three [23,24,27] studies, respectively,
analyzed the cytokines: TNF-α and IL-6. Pentoxifylline
significantly reduced TNF-α (WMD: -0.66, 95%CI: -1.14
to -0.18, P = 0.007) but not IL-6 (WMD: 1.35, 95%CI:
-5.75 to 8.44, P = 0.71). Homogeneity among the studies
was observed for TNF-α, but not for IL-6 (TNF-α: I2 =
11%, P = 0.34; IL-6: I2 = 69%, P = 0.04) (Figure 2C).
Three studies[25-27] provided sufficient data to compare
the effects of pentoxifylline with placebo and showed a
significant decrease in the NAFLD activity score (NAS)
after treatment with pentoxifylline (WMD: -1.16, 95%CI:
-1.51 to -0.81, P < 0.00001). Homogeneity among studies
was observed (I2 = 10%, P = 0.33, Figure 2D).
Two studies[26,27] evaluated steatosis grade, lobular
inflammation, ballooning and fibrosis before and after
treatment. A significant improvement in lobular inflammation and ballooning was observed after treatment with
pentoxifylline compared with placebo (steatosis grade:
WMD: -0.49, 95%CI: -1.09 to 0.11, P = 0.11; lobular
inflammation: WMD: -0.43, 95%CI: -0.64 to -0.23, P <
0.0001; ballooning: WMD: -0.32, 95%CI: -0.71 to 0.06,
P = 0.10; fibrosis: WMD: -0.24, 95%CI: -0.92 to 0.45, P
= 0.50). Significant heterogeneity was observed, with the
exception of lobular inflammation (steatosis grade: I2 =
88%, P = 0.004; lobular inflammation: I2 = 0%, P = 0.58;
ballooning: I2 = 78%, P = 0.03; Fibrosis: I2 = 85%, P =
0.01) (Figure 2D).

183 potentially relevant publications
identified and screened for retrieval

Not dinical studies
Editorial, letter, review,
case report, news
comment
Repetition
Not relative

13 potentially relevant studies retrieved
for mor detailed assessment

Papers excluded because:
Not controlled studies
(n = 3)
Incomplete information on
outcomes (n = 4)
Not NAFLD (n = 1)

5 studies

Figure 1 Selection of studies.

were well matched in all studies.
Two studies[23,25] evaluated changes in BMI after pentoxifylline treatment or placebo and showed no significant difference [weighted mean difference (WMD) 1.43,
95%CI: -1.19 to 4.05, P = 0.28]. The included studies
were homogeneous (I2 = 0%, P = 0.32, Figure 2A).
Two studies [23,27] assessed the reduction of body
weight in the experimental group and control group. The
results showed a statistically significant difference between the experimental and control groups (WMD: -1.1,
95%CI: -2.16 to -0.05, P = 0.04). The included studies
were homogeneous (I2 = 0%, P = 0.44) (Figure 2A).
Four studies[23-25,27] reported the effect of pentoxifylline on serum ALT reduction, however, compared with
the control group, this reduction was not significantly
different in the experimental group (WMD: -7.16, 95%CI:
-19.67 to 5.34, P = 0.26). Significant heterogeneity among
the studies was observed (I2 = 64%, P = 0.04, Figure 2B).
Subgroup analyses were performed in order to evaluate
the effect of the different controls. Two studies used
placebo as the control and pentoxifylline was found to
have a significantly better effect on reducing ALT (WMD:
-13.64, 95%CI: -19.61 to -7.66, P < 0.00001). The studies
were homogeneous (I2 = 0%, P = 0.42, Figure 2B). The
other two studies used UDCA and the data were not significantly different (WMD: 7.51, 95%CI: -19.36 to 34.38,
P = 0.58). The studies were homogeneous (I2 = 49%, P =
0.58, Figure 2B).
Three studies[23,24,27] assessed the effect of pentoxifylline on the level of serum AST and showed a significant
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DISCUSSION
NAFLD is common and occurs in persons of all ages
and ethnic groups, and is recognized as a major health issue. NAFLD is closely associated with obesity and insulin
resistance, and is now recognized to represent the hepatic
manifestation of the metabolic syndrome[28]. At present,
there is no registered drug for the treatment of NAFLD.
Although lifestyle intervention is often advocated[29,30], it
is difficult to maintain. Socha et al[31] conducted a meta-
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Table 1 Methodological characteristics of the included studies in this meta-analysis
Ref.
Lee et al[23]
Tuncer et al[24]
Georgescu et al[25]
Zein et al[26]
Van Wagner et al[27]

Methodological quality

Sample size

RCT

20 (11/9)

Prospective cohort study 20 (10/10)
with concurrent control
Prospective cohort study 26 (13/13)
with concurrent control
RCT
55 (26/29)
RCT
26 (19/7)

Intervention

Control

Duration Follow-up

Pentoxifylline (1200 mg/d) plus low- Placebo plus low-calorie diet
calorie diet and exercise
and daily exercise
Pentoxifylline (20 mg/kg per day)
UDCA

12 wk

Yes

24 wk

Yes

Pentoxifylline (800 mg/d)

UDCA

30 wk

Yes

Pentoxifylline (1200 mg/d)
Pentoxifylline (1200 mg/d)

Placebo
Placebo

12 mo
12 mo

Yes
Yes

RCT: Randomized controlled trial; UDCA: Ursodeoxycholic acid.

A

Total

Weight

Mean difference
IV, fixed, 95%CI

13
9
22

7.8%
6.2%
14.0%

2.62 [-0.90, 6.13]
-0.05 [-3.97, 3.87]
1.43 [-1.19, 4.05]

9
7
16

15.8%
70.2%
86.0%

-0.22 [-2.68, 2.24]
-1.30 [-2.47, -0.13]
-1.10 [-2.16, -0.05]

Total (95%CI)
54
38 100.0%
2
Heterogeneity: χ = 4.67, df = 3 (P = 0.20); I ² = 36%
Test for overall effect: Z = 1.50 (P = 0.13)
2
Test for subgroup differences: χ = 3.08, df = 1 (P = 0.08), I ² = 67.6%

-0.75 [-1.73, 0.23]

Study or subgroup

Experimental
Mean
SD Total

Mean

Control
SD

1.1.1 BMI
Georgescu 2007
-1.692
3.83
13 -4.307
5.21
Lee 2008
-1.18
2.97
11 -1.13
5.37
Subtotal (95%CI)
24
2
Heterogeneity: χ = 0.98, df = 1 (P = 0.32); I ² = 0%
Test for overall effect: Z = 1.07 (P = 0.28)
1.1.2 weight
Lee 2008
-3.2
2.14
11 -2.98
3.23
Wagner 2011
-2.2
1.2
19
-0.9
1.4
Subtotal (95%CI)
30
2
Heterogeneity: χ = 0.60, df = 1 (P = 0.44); I ² = 0%
Test for overall effect: Z = 2.04 (P = 0.04)

B

Study or subgroup

Experimental
Mean
SD
Total

Mean

Control
SD

2.1.3 subgroup analysis of serum ALT (pentoxifylline vs UDCA)
Georgescu 2007
-30.077 13.46
13 -29.077
13.8
Tuncer 2003
-53 20.05
10
-82.6 63.57
Subtotal (95%CI)
23
2
Heterogeneity: χ = 1.98, df = 1 (P = 0.16); I ² = 49%
Test for overall effect: Z = 0.16 (P = 0.87)
2.1.4 AST
Lee 2008
-28.37 16.34
11 -19.56
Tuncer 2003
-38.3 15.34
10
-38.1
Wagner 2011
-20.7
7.9
19
-10.1
Subtotal (95%CI)
40
2
Heterogeneity: χ = 0.82, df = 2 (P = 0.66); I ² = 0%
Test for overall effect: Z = 3.43 (P = 0.0006)
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18.47
31.73
6.8

-10
-5
0
5
Favours experimental Favours control

Weight

Mean difference
IV, random, 95%CI

1.0%
0.1%
0.1%
2.5%
3.7%

-1.00 [-11.48, 9.48]
-24.83 [-52.79, 3.13]
29.60 [-11.71, 70.91]
-13.10 [-19.22, -6.98]
-7.16 [-19.67, 5.34]

9
7
16

0.0%
0.3%
0.3%

-24.83 [-52.79, 3.13]
-13.10 [-19.22, -6.98]
-13.64 [-19.61, -7.66]

13
10
23

1.0%
0.1%
1.0%

-1.00 [-11.48, 9.48]
29.60 [-11.71, 70.91]
0.85 [-9.31, 11.01]

9
10
7
26

0.0%
0.0%
0.3%
0.3%

-8.81 [-24.26, 6.64]
-0.20 [-22.04, 21.64]
-10.60 [-16.76, -4.44]
-9.70 [-15.24, -4.16]

Total

2.1.1 Serum ALT
Georgescu 2007
-30.077 13.46
13 -29.077
13.8
13
Lee 2008
-57.72 31.01
11 -32.89 32.32
9
Tuncer 2003
-53 20.05
10
-82.6 63.57
10
Wagner 2011
-25.1
10.3
19
-12
5.4
7
Subtotal (95%CI)
53
39
2
Heterogeneity: Tau² = 85.67; χ = 8.43, df = 3 (P = 0.04); I ² = 64%
Test for overall effect: Z = 1.12 (P = 0.26)
2.1.2 subgroup analysis of serum ALT (pentoxifylline vs placebo)
Lee 2008
-57.72 31.01
11 -32.89 32.32
Wagner 2011
-25.1
10.3
19
-12
5.4
Subtotal (95%CI)
30
2
Heterogeneity: χ = 0.65, df = 1 (P = 0.42); I ² = 0%
Test for overall effect: Z = 4.47 (P < 0.00001)

Mean difference
IV, fixed, 95%CI

572

10

Mean difference
IV, random, 95%CI
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2.1.5 TC
Georgescu 2007
-0.631 1.378
13 -1.146
Lee 2008
0.34
1.1
11
-0.15
Tuncer 2003
0.039
1.25
10 0.385
Subtotal (95%CI)
34
2
Heterogeneity: χ = 1.75, df = 2 (P = 0.42); I ² = 0%
Test for overall effect: Z = 0.92 (P = 0.36)
2.1.6 TG
Georgescu 2007
-0.046 0.321
13 -0.169
Lee 2008
-0.4
1.13
11
-0.16
Tuncer 2003
-0.869
0.79
10 -0.325
Subtotal (95%CI)
34
2
Heterogeneity: χ = 1.43, df = 2 (P = 0.49); I ² = 0%
Test for overall effect: Z = 0.34 (P = 0.73)
2.1.7 AKP
Georgescu 2007
-79.538 67.64
13 -57.692
Tuncer 2003
-49 51.88
10
-29
Subtotal (95%CI)
23
2
Heterogeneity: χ = 0.00, df = 1 (P = 0.96); I ² = 0%
Test for overall effect: Z = 1.06 (P = 0.29)
2.1.8 GGT
Georgescu 2007
-23.308 35.57
13 -20.693
Tuncer 2003
-54.8
7.48
10
-48.8
Subtotal (95%CI)
23
2
Heterogeneity: χ = 0.06, df = 1 (P = 0.81); I ² = 0%
Test for overall effect: Z = 0.86 (P = 0.39)

1.333
0.86
1.181

13
9
10
32

9.8%
14.4%
9.3%
33.5%

0.51 [-0.53, 1.56]
0.49 [-0.37, 1.35]
-0.35 [-1.41, 0.72]
0.26 [-0.30, 0.83]

0.92
0.57
1.568

13
9
10
32

37.8%
18.2%
9.0%
65.0%

0.12 [-0.41, 0.65]
-0.24 [-1.00, 0.52]
-0.54 [-1.63, 0.54]
-0.07 [-0.47, 0.33]

77.43
67.99

13
10
23

0.0%
0.0%
0.0%

-21.85 [-77.73, 34.04]
-20.00 [-73.01, 33.01]
-20.87 [-59.33, 17.59]

27.4
20.53

13
10
23

0.0%
0.1%
0.1%

-2.61 [-27.02, 21.79]
-6.00 [-19.54, 7.54]
-5.20 [-17.05, 6.64]

13
10
7
30

0.0%
0.2%
0.1%
0.3%

-11.85 [-32.06, 8.37]
-2.70 [-10.69, 5.29]
-16.50 [-26.74, -6.26]
-8.27 [-14.28, 2.25]

2.1.9 GLU
Georgescu 2007
-15.231 23.55
13 -3.385 28.78
Tuncer 2003
-4.4
9.13
10
-1.7
9.1
Wagner 2011
-5.2
4.9
19
11.3
13.5
Subtotal (95%CI)
42
2
Heterogeneity: χ = 4.47, df = 2 (P = 0.11); I ² = 55%
Test for overall effect: Z = 2.69 (P = 0.007)

Total (95%CI)
302
244 100.%
2
Heterogeneity: χ = 75.33, df = 23 (P < 0.00001); I ² = 69%
Test for overall effect: Z = 0.60 (P = 0.55)
2
Test for subgroup differences: χ = 55.75, df = 8 (P < 0.00001), I ² = 85.6%

C

Study or subgroup

Experimental
Mean
SD Total

Mean

Control
SD

3.1.1 TNF-α
Lee 2008
-10.86 15.68
10 -31.35 54.54
Tuncer 2003
-3.3
4.89
10
-1.7
3.43
Wagner 2011
-1.179 1.095
19 -0.183 0.644
Zein 2011
-0.1
0.9
23
0.2
1.5
Subtotal (95%CI)
62
2
Heterogeneity: χ = 3.36, df = 3 (P = 0.34); I ² = 11%
Test for overall effect: Z = 2.69 (P = 0.007)

-50
-25
0
25
50
Favours experimental Favours control

Mean difference
IV, fixed, 95%CI

Mean difference
IV, fixed, 95%CI

Total

Weight

8
10
7
26
51

0.0%
1.6%
47.6%
47.9%
97.1%

20.49 [-18.53, 59.51]
-1.60 [-5.30, 2.10]
-1.00 [-1.68, -0.31]
-0.30 [-0.98, 0.38]
-0.66 [-1.14, -0.18]

3.2%
7.1%
0.0%
10.3%

0.79 [-4.40, 5.98]
-0.60 [-3.93, 2.73]
60.80 [13.29, 108.31]
1.35 [-5.75, 8.44]

100.%

-0.64 [-1.57, 0.33]

3.1.2 IL-6
Lee 2008
-7.47
6.81
10 -8.26
4.36
8
Tuncer 2003
-0.5
4.77
10
0.1
2.46
10
Wagner 2011
-22.1
71
19 -82.9
47.5
7
Subtotal (95%CI)
39
25
2
Heterogeneity: Tau² = 21.99; χ = 6.50, df = 2 (P = 0.04); I ² = 69%
Test for overall effect: Z = 0.37 (P = 0.71)
Total (95%CI)
101
76
2
Heterogeneity: Tau² = 0.44; χ = 10.09, df = 6 (P = 0.12); I ² = 41%
Test for overall effect: Z = 1.28 (P = 0.20)
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-0.10 [-0.43, 0.23]

-10
-5
0
5
10
Favours experimental Favours control
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D

Study or subgroup

Experimental
Mean
SD Total

Mean

Control
SD

Total

4.1.1 NAS
Georgescu 2007
-1.615
1.48
13 -1.231
2.21
13
Wagner 2011
-1.4
0.4
19
-0.3
0.4
7
Zein 2011
-1.6
1.1
26
-0.1
1.4
29
Subtotal (95%CI)
58
49
2
Heterogeneity: Tau² = 0.01; χ = 2.23, df = 2 (P = 0.33); I ² = 10%
Test for overall effect: Z = 6.53 (P < 0.00001)

Weight

Mean difference
IV, random, 95%CI

2.0%
9.8%
6.0%
17.8%

-0.38 [-1.83, 1.06]
-1.10 [-1.45, -0.75]
-1.50 [-2.16, -0.84]
-1.16 [-1.51, -0.81]

4.1.2 steatosis grade
Wagner 2011
-0.8
0.2
19
-0.6
0.3
7
11.2%
Zein 2011
-0.85
0.6
26 -0.04
0.7
29
9.8%
Subtotal (95%CI)
45
36
21.0%
2
Heterogeneity: Tau² = 0.16; χ = 8.14, df = 1 (P = 0.004); I ² = 88%
Test for overall effect: Z = 1.61 (P = 0.11)
4.1.3 lobular inflammation
Wagner 2011
-0.1
0.2
19
0.3
0.3
7
Zein 2011
-0.45
0.7
26
0.08
0.8
29
Subtotal (95%CI)
45
36
2
Heterogeneity: Tau² = 0.00; χ = 0.30, df = 1 (P = 0.58); I ² = 0%
Test for overall effect: Z = 4.15 (P < 0.0001)

-0.20 [-0.44, 0.04]
-0.81 [-1.15, -0.47]
-0.49 [-1.09, 0.11]

11.2%
9.1%
20.3%

-0.40 [-0.64, -0.16]
-0.53 [-0.93, -0.13]
-0.43 [-0.64, -0.23]

12.0%
10.1%
22.0%

-0.50 [-0.67, -0.33]
-0.10 [-0.42, 0.22]
-0.32 [-0.71, 0.06]

10.1%
8.8%
18.8%

0.10 [-0.23, 0.43]
-0.60 [-1.02, -0.18]
-0.24 [-0.92, 0.45]

Total (95%CI)
238
193 100.0%
2
Heterogeneity: Tau² = 0.10; χ = 48.12, df = 10 (P < 0.00001); I ² = 79%
Test for overall effect: Z = 4.54 (P < 0.00001)

-0.51 [-0.73, -0.29]

4.1.4 ballooning
Wagner 2011
-0.5
0.2
19
0
0.2
7
Zein 2011
-0.25
0.7
26 -0.15
0.5
29
Subtotal (95%CI)
45
36
2
Heterogeneity: Tau² = 0.06; χ = 4.53, df = 1 (P = 0.03); I ² = 78%
Test for overall effect: Z = 1.64 (P = 0.10)
4.1.5 fibrosis
Wagner 2011
-0.2
0.3
19
-0.3
0.4
7
Zein 2011
-0.2
0.7
26
0.4
0.9
29
Subtotal (95%CI)
45
36
2
Heterogeneity: Tau² = 0.21; χ = 6.59, df = 1 (P = 0.01); I ² = 85%
Test for overall effect: Z = 0.68 (P = 0.50)

Mean difference
IV, random, 95%CI

-4
-2
0
2
4
Favours experimental Favours control

Figure 2 Forest plot of the effects of probiotics in patients with nonalcoholic fatty liver disease. BMI: Body mass index; ALT: Alanine aminotransferase; AST:
Aspartate transaminase; UDCA: Ursodeoxycholic acid; TC: Total cholesterol; TG: Triglyceride; AKP: Alkaline phosphatase; GGT: γ-glutamyl transferase; GLU: Glucose; TNF-α: Tumor necrosis factor-α; IL: Interleukin; NAS: NAFLD activity score.

analysis on pharmacological interventions for NAFLD
in adults and in children, including pioglitazone, vitamin
E, UDCA, probucol, N-acetylcysteine, low doses of
carnitine, as well as pentoxifylline. However, no firm
conclusions on the efficacy of the various treatments for
NAFLD have been drawn.
In 2011, a systematic review on pentoxifylline in NASH[32]
was performed that found that pentoxifylline reduces AST
and ALT levels and may improve liver histological scores
in patients with NAFLD/NASH, but it does not appear
to affect cytokines and histological improvement. The
review only compared the post-treatment indexes, ignoring the differences from baseline. Moreover, the control
group contained not only placebo, but also UDCA, which
may have influenced the conclusion. Thus, it was necessary to conduct the present meta-analysis.
Oxidative stress and cytokine production play a vital
role in the progression of NAFLD[33]. TNF-α is recognized to promote inflammatory, apoptotic and fibrogenic
reactions in the development of NAFLD[21], and a large
number of studies have shown that TNF-α is associWJG|www.wjgnet.com

ated with the pathogenesis of NAFLD. Furthermore,
TNF-α is an important cytokine that regulates insulin
resistance in humans[34] by interfering with the insulin
signaling transduction pathway[35,36]. Liver biopsy is currently considered the gold standard for the diagnosis of
NAFLD/NASH. Lobular inflammation is one of the
histological features of this disease, which is composed
of lymphocytes, neutrophils and macrophages. The NAS
is the sum of the scores of steatosis (0-3), lobular inflammation (0-3), and ballooning (0-2) and ranges from 0 to 8,
with the majority of patients with NASH having a NAS
≥ 5. The NAS is highly correlated with aminotransferase
levels, commonly assumed to be markers of liver disease
severity[37]. Our meta-analysis showed that pentoxifylline
therapy signiﬁcantly decreased body weight, lowered serum ALT, AST, glucose and TNF-α, and improved NAS
and lobular inflammation on histological examination.
Furthermore, pentoxifylline did not influence serum TC,
TG, AKP and GGT. Thus, pentoxifylline may represent
a novel therapeutic target in NASH by reducing acute inflammatory damage in the liver.
574

January 14, 2014|Volume 20|Issue 2|

Du J et al . Pentoxifylline and NAFLD

Innovations and breakthroughs

Selection and publication bias should be considered in
this study, as two of the studies included were prospective cohort studies with a concurrent control and the other three were RCTs. In these studies, pentoxifylline was
administered within the dose range of 800 to 1200 mg/d,
and only Lee’s study administered pentoxifylline with a
low-calorie diet and exercise. The duration of treatment
ranged from 12 wk to 12 mo. Given the use of different dosages and durations of treatment, the studies were
difficult to reconcile. The diagnosis of NAFLD/NASH
was confirmed by percutaneous liver biopsy in all studies,
except for some patients who only underwent ultrasonography for diagnosis in Tuncer’s research. Although
ultrasonography is reasonably accurate, it cannot identify
fatty infiltration of the liver below a threshold of 30%.
Unfortunately, only three studies had post-treatment histology results.
In our meta-analysis, two studies used UDCA as the
control treatment. UDCA is a naturally occurring bile
acid with multiple hepatoprotective activities. It was first
demonstrated to improve ALT, AST, AKP and GGT in
an open-label pilot study compared with clofibrate[38].
However, the results were found to be controversial in
later research[39-41]. UDCA is now recommended to improve liver biochemical tests in patients with a wide range
of chronic liver and hepatobiliary diseases. In the present meta-analysis of TC, TG, AKP and GGT, there was
no significant difference between the pentoxifylline and
UDCA groups. Therefore, the effect of pentoxifylline
on improving abnormal liver function may be similar to
UDCA.
There were other limitations in this review. Pentoxifylline was administered with a low-calorie diet and exercise
in one study[23], and the researchers ignored the effects of
the dietary restriction and exercise/physical activities as
they were not described. The sample sizes in some trials,
as well as the number of trials for some comparisons,
were small.

In 2009, a meta-analysis was conducted on pharmacological interventions for
NAFLD in adults and children. However, no firm conclusions could be drawn.
In 2011, a systematic review on pentoxifylline in nonalcoholic steatohepatitis
(NASH) was performed, but it did not appear to affect cytokines or histology.
The control group contained placebo and ursodeoxycholic acid and had no
subgroup analysis, which may have influenced the conclusions. Thus, a metaanalysis was necessary.

Applications

Use of pentoxifylline can reduce body weight, serum alanine aminotransferase,
aspartate transaminase, glucose and TNF-α. With regard to histological changes, pentoxifylline only reduced the NAFLD activity score and improved lobular
inflammation. Thus, pentoxifylline may represent a new method for treating or
preventing NAFLD.

Terminology

NAFLD is characterized by large vacuoles of triglyceride that accumulate in
liver cells via the process of steatosis in non-alcohol users. NAFLD can progress into NASH, liver fibrosis, cirrhosis, and more rarely, liver carcinoma. Pentoxifylline is a nonspecific phosphodiesterase inhibitor and can cause a variety
of physiological changes at the cellular level, affect the levels of cyclic AMP and
decrease TNF-α gene transcription, which are all important mechanisms in the
progression of NAFLD.

Peer review

This meta-analysis is interesting and it extends the present knowledge on
pentoxifylline and NAFLD. However, the authors need to improve some aspects
of the manuscript. The most important section of the manuscript, the results
section, is too confusing and difficult to read. The figures are confusing. The authors could reduce the number of figures and include two or three figures with
all the variables. Also, there needs to be significant editing on the grammar and
spelling.
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META-ANALYSIS

Fast-track program vs traditional care in surgery for gastric
cancer
Zhi-Xing Chen, Ae-Huey Jennifer Liu, Ying Cen
95%CI: -11.51--2.13, P = 0.004), medical costs (WMD
= -2590, 95%CI: -4054--1126, P = 0.001), and the
level of CRP (WMD = -17.78, 95%CI: -32.22--3.35, P
= 0.0001) in laparoscopic surgery for gastric cancer.
In open surgery for gastric cancer, fast-track program
could also significantly decrease the postoperative
hospital stay (WMD = -1.99, 95%CI: -2.09--1.89,
P = 0.0001), duration to first flatus (WMD = -12.0,
95%CI: -18.89--5.11, P = 0.001), medical cost (WMD
= -3674, 95%CI: -5025--2323, P = 0.0001), and the
level of CRP (WMD = -27.34, 95%CI: -35.42--19.26,
P = 0.0001). Furthermore, fast-track program did not
significantly increase the incidence of complication (RR
= 1.39, 95%CI: 0.77-2.51, P = 0.27, for laparoscopic
surgery; and RR = 1.52, 95%CI: 0.90-2.56, P = 0.12,
for open surgery).
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Abstract

CONCLUSION: Our overall results suggested that
compared with traditional care, fast-track program
could result in shorter postoperative hospital stay, less
medical costs, and lower level of CRP, with no more
complications occurring in both laparoscopic and open
surgery for gastric cancer.

AIM: To systematically review the evidence for the effectiveness of fast-track program vs traditional care in
laparoscopic or open surgery for gastric cancer.
METHODS: PubMed, Embase and the Cochrane library databases were electronically searched for published studies between January 1995 and April 2013,
and only randomized trials were included. The references of relevant studies were manually searched for
further studies that may have been missed. Search
terms included “gastric cancer”, “fast track” and “enhanced recovery”. Five outcome variables were considered most suitable for analysis: postoperative hospital
stay, medical cost, duration to first flatus, C-reactive
protein (CRP) level and complications. Postoperative
hospital stay was calculated from the date of operation
to the date of discharge. Fixed effects model was used
for meta-analysis.

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

Key words: Fast-track program; Traditional care;
Gastric cancer; Meta-analysis; Laparoscopic and open
surgery
Core tip: Our overall results suggested that compared
with traditional care, fast-track program could result in
shorter postoperative hospital stay, less medical cost,
and lower level of C-reactive protein, with no more
complications occurring in both laparoscopic and open
surgery for gastric cancer.

RESULTS: Compared with traditional care, fasttrack program could significantly decrease the postoperative hospital stay [weighted mean difference
(WMD) = -1.19, 95%CI: -1.79--0.60, P = 0.0001,
fixed model], duration to first flatus (WMD = -6.82,
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independently using the double-extraction method for
eligibility. Any conflict was resolved before final analysis.
Five outcome variables were considered most suitable for
analysis: postoperative hospital stay, medical costs, duration to first flatus, C-reactive protein (CRP) level, and
complications. Postoperative hospital stay was calculated
from the date of operation to the date of discharge. The
quality of the RCTs was assessed with the Jadad scoring
system by two authors[14].

com/1007-9327/full/v20/i2/578.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i2.578

INTRODUCTION
China, Japan, South America, Eastern Europe and parts
of the Middle East are reported with the highest incidence of gastric cancer[1]. Over the past 20 years, there
have been two important developments in elective major
abdominal surgery; the introduction of laparoscopic surgery and the implementation of an enhanced recovery
after surgery program, also referred to as “fast track” (FT)
perioperative care, both focusing on accelerated recovery
resulting in shorter hospital stay.
Laparoscopic surgery has definite advantages and has
been used widely since its advent. And it is well known
to be associated with less postoperative pain than open
surgery and postoperative pain can be controlled without
opioids[2]. In recent years, the advantages of laparoscopic
surgery have been recognized in gastric cancer[3-6].
FT surgery is an integrated application of various
medical interventions that can enhance recovery after surgery. The FT perioperative care, or the enhanced recovery
program after surgery, initiated by Bardram et al[7] in 1995,
consists of a multidisciplinary approach, including preoperative counseling, no bowel preparation, perioperative
high oxygen concentrations, active prevention of hypothermia, and no routine use of nasogastric tubes or drains.
In recent years, FT surgery has been successfully applied
to general[8], urological[9], cardiovascular[10], gynecological[11], orthopedic[12] and thoracic surgery[13].
This study aims to systematically review the evidence
for the effectiveness of FT program vs traditional care in
surgery for gastric cancer.

Statistical analysis
Weighted mean differences (WMDs) and their 95%CIs
were used for analyzing continuous variables presented in
the same scale (postoperative hospital stay, medical costs,
duration to first flatus, and CRP level). Data reported as
medians and ranges or medians and interquartile ranges
were converted to means and standard deviation (SD)[15].
We calculated the lower and upper ends of the range by
multiplying the difference between the median and upper
and lower ends of the interquartile range by 2 and adding or subtracting the product from the median[16]. For
dichotomous data (complications), relative risk (RR) with
95%CI was calculated. The effect measures were pooled
using the fixed-effects model. Level of statistical significance was set at P < 0.05. Heterogeneity was quantified
by calculating I2 where P < 0.10 was deemed significant.
Publication bias was not evaluated by a funnel plot, because the number of included trials in the present review
was limited. All statistical analyses were executed using
STATA version 11. Some outcomes were not analyzed
but presented in a descriptive way.

RESULTS
According to the searching strategy, three trials were included in our study. We divided the Chen’s study into two
comparisons, i.e., FT program vs conventional care in laparoscopic surgery (Chen 2012), and FT program vs conventional care in open surgery [Chen 2012 (2)]. Two trials evaluated the effectiveness of FT program vs traditional care in
laparoscopic surgery for gastric cancer[17,18], while two trials
assessed the effectiveness of FT program vs traditional care
in open surgery for gastric cancer[17,19]. The sample size was
small in all trials, ranging from 41 to 92. All studies were
conducted in Asia, including China and Korea. Detailed
characteristics of each trial are given in Table 1.

MATERIALS AND METHODS
Search and selection strategies
PubMed, Embase and the Cochrane library databases
were electronically searched for published studies between
January 1995 and April 2013. The references of relevant
studies were manually searched for further studies that
may have been missed. Search terms included “gastric
cancer,” “FT” and “enhanced recovery”. No language
restriction was applied.
Inclusion and exclusion criteria
Randomized controlled trials (RCTs) comparing FT program with traditional care in adult patients (aged > 18
years) undergoing laparoscopic or open surgery for gastric
cancer were eligible for inclusion. Excluded studies (1)
were not RCTs (such as nonrandomized, quasi-randomized, pseudorandomized, or controlled clinical trials or cohort or retrospective studies); (2) had no documentation
of individual items of the FT programs; or (3) had no
data available for the present meta-analysis.

Methodological assessment
No trials described the detailed methods of randomization, and allocation concealment was not performed in all
trials. The incidence of withdrawal and dropouts was low,
and the reasons were clearly reported. Blinding design
was not applied in any trial. The methodological assessment by Jadad scale suggested that all trials were considered to be of moderate risk of bias.
FT program in laparoscopic surgery for gastric cancer
In 2012, Chen et al[17] reported one RCT that evaluated the
safety and effectiveness of FT program combined with

Methods of review
Each article was critically reviewed by two researchers
WJG|www.wjgnet.com
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Table 1 Main characteristics of included trials
Ref.
[17]

Chen et al
Kim et al[18]
Chen et al[17]
Wang et al[19]

Location

Sample size

Age (yr)

China
South Korea
China
China

19/22
22/22
21/20
45/47

59/63
53/57
64/64
59/57

2

BMI (kg/m ) Intervention group Control group
22.9/22.9
23.4/23.8
23.5/23.5
23.8/23.2

FT + LADG
FT + LADG
FT + ODG
FT + OG

Follow-up (wk)

Jadad score

4
2
4
4

2
2
2
2

LADG
LADG
ODG
OG

BMI: Body mass index; FT: Fast-track.

Table 2 Meta-analysis results
Gastric cancer

P value

WMD/RR (95%CI)

Heterogeneity
χ 2 (P value)

I 2 (%)

Outcomes for laparoscopy surgery
Postoperative hospital stay
Medical cost
CRP
Duration to first flatus
Complication
Outcomes for open surgery
Postoperative hospital stay
Medical cost
CRP
Duration to first flatus
Complication

WMD -1.19 (-1.79--0.60)
WMD -2590 (-4054--1126)
WMD -17.78 (-32.22--3.35)
WMD -6.82 (-11.51--2.13)
RR 1.39 (0.77-2.51)

0.000
0.001
0.016
0.004
0.270

10.60 (0.001)
0.13 (0.72)
0.51 (0.48)
0.29 (0.59)
1.22 (0.27)

90.6
0.0
0.0
0.0
18.2

WMD -1.99 (-2.09--1.89)
WMD -3674 (-5025--2323)
WMD -27.34 (-35.42--19.26)
WMD -12.0 (-18.89--5.11)
RR 1.52 (0.90-2.56)

0.000
0.000
0.000
0.001
0.120

2.44 (0.12)
2.21 (0.14)
5.10 (0.02)
0.16 (0.69)

59.1
54.7
80.4
0.0

WMD: Weighted mean difference; CRP: C-reactive protein.

laparoscopy-assisted radical distal gastrectomy for gastric
cancer. They found that combination of FT with laparoscopy in gastric cancer is safe, feasible, and efficient and
can improve nutritional status, lessen postoperative stress,
and accelerate postoperative rehabilitation. Meanwhile,
Kim and colleagues published another trial which also
evaluated the safety and efficacy of FT in laparoscopic
distal gastrectomy. They also found that FT surgery could
enhance postoperative recovery and improve immediate
postoperative quality of life, and was safe in laparoscopic
distal gastrectomy. We made a meta-analysis for the following outcomes in these two trials.
Our overall results showed that compared with traditional care, FT program could significantly decrease
the postoperative hospital stay (WMD = -1.19, 95%CI:
-1.79--0.60, P = 0.0001, Figure 1A), duration to first flatus
(WMD = -6.82, 95%CI: -11.51--2.13, P = 0.004, Figure
1B), medical cost (WMD = -2590, 95% CI: -4054--1126,
P = 0.001, Figure 1C), and the level of CRP (WMD =
-17.78, 95%CI: -32.22--3.35, P = 0.0001, Figure 1D) in
laparoscopic surgery for gastric cancer. Furthermore, FT
did not significantly increase the incidence of complications (RR = 1.39, 95%CI: 0.77-2.51, P = 0.27, Figure 1E).
Additionally, there was no significant difference between
the two groups for length of operative time and intraoperative blood loss. Most of the heterogeneity tests for
those outcomes did not detect significant heterogeneity,
which is detailed in Table 2.

gastric cancer during the perioperative period. They suggested that FT open surgery could lessen postoperative
stress reactions and accelerate rehabilitation in patients
with gastric cancer. In 2012, Chen and colleagues also
found that compared with conventional care in open distal gastrectomy, FT program could reduce postoperative
stress and accelerate postoperative rehabilitation.
Our overall results found that compared with traditional care, FT program could significantly decrease the postoperative hospital stay (WMD = -1.99, 95%CI: -2.09--1.89,
P = 0.0001, Figure 1A), duration to first flatus (WMD =
-12.0, 95%CI: -18.89--5.11, P = 0.001, Figure 1B), medical
cost (WMD = -3674, 95%CI: -5025--2323, P = 0.0001,
Figure 1C), and the level of CRP (WMD = -27.34, 95%CI:
-35.42--19.26, P = 0.0001, Figure 1D) in open surgery
for gastric cancer. Furthermore, FT program did not increase the incidence of complications (RR = 1.52, 95%CI:
0.90-2.56, P = 0.12, Figure 1E). Additionally, there was no
significant difference between the two groups for operative
time and intraoperative blood loss. Most of the heterogeneity tests for those outcomes did not detect significant
heterogeneity, which is detailed in Table 2.

DISCUSSION
There have been a lot of studies and systematic reviews
which evaluated the safety, feasibility, efficacy of FT program in colorectal surgery, and they found that compared
with traditional care, FT program is safe and effective,
justifying perioperative care in colorectal surgery[8,20-26].
However, until recently, only several trials evaluated the
feasibility of FT program in surgery for gastric cancer.

FT program in open surgery for gastric cancer
In 2010, Wang et al[19] reported a trial which evaluated
the feasibility and safety of FT program in patients with
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A

Study ID

WMD (95%CI)

Weight (%)

Chen 2012

-0.50 (-1.23, 0.23)

66.75

Kim 2012

-2.59 (-3.62, -1.56)

33.25

-1.19 (-1.79, 0.60)

100.00

1 Laparoscopy

2

Subtotal (I = 90.6%, P = 0.01)

Figure 1 Meta-analysis. A: Postoperative
hospital day; B: Duration to first flatus; C:
Medical cost; D: Level of C-reactive protein; E:
Complications.

2 Open
Chen 2012

-1.25 (-2.18, -0.32)

1.18

Wang 2010

-2.00 (-2.10, -1.90)

98.82

2

-1.99 (-2.09, -1.89)

100.00

Subtotal (I = 59.1%, P = 0.118)
-3.62

0.00

3.62

B

Study ID

WMD (95%CI)

Weight (%)

Chen 2012

-7.50 (-12.80, -2.20)

78.28

Kim 2012

-4.36 (-14.43, -5.71)

21.72

-6.82 (-11.51, -2.13)

100.00

-12.00 (-18.89, -5.11)

100.00

-12.00 (-18.89, -5.11)

100.00

1 Laparoscopy

2

Subtotal (I = 0.0%, P = 0.589)
2 Open
Chen 2012 (2)
2

Subtotal (I = %, P = .)

-18.9

0.00

18.9

C

Study ID

WMD (95%CI)

Weight (%)

1 Laparoscopy
Chen 2012

-2732.38 (-4381.70, -1083.05)

Kim 2012

-2063.75 (-5243.92, -1116.42)

21.2

-2590.65 (-4054.79, -1126.52)

100.0

Chen 2012 (2)

-1376.09 (-4694.29, -1942.11)

16.58

Wang 2010

-4131.59 (-5611.08, -2652.10)

83.42

2

-3674.63 (-5025.90, -2323.37)

100.00

2

Subtotal (I = 0.0%, P = 0.715)

78.8

2 Open

Subtotal (I = 54.7%, P = 0.137)
0

-5611

5611

D

Study ID

WMD (95%CI)

Weight (%)

1 Laparoscopy
Chen 2012

-15.09 (-31.32, 1.14)

Kim 2012

-27.97 (-59.55, 3.61)

20.90

-17.78 (-32.22, -3.35)

100.00

Chen 2012 (2)

-40.22 (-54.01, -26.43)

34.35

Wang 2010

-20.60 (-30.58, -10.62)

65.65

2

-27.34 (-35.42, -19.26)

100.00

2

Subtotal (I = 0.0%, P = 0.477)

79.10

2 Open

Subtotal (I = 80.4%, P = 0.02)
0.0

-59.5

E

59.5

Study ID

WMD (95%CI)

Weight (%)

1 Laparoscopy
Chen 2012

1.74 (0.91, 3.33)

Kim 2012

0.75 (0.19, 2.97)

35.04

1.39 (0.77, 2.51)

100.00

Chen 2012 (2)

1.67 (0.90, 3.09)

54.48

Wang 2010

1.34 (0.55, 3.30)

45.52

2

1.52 (0.90, 2.56)

100.00

2

Subtotal (I = 18.2%, P = 0.269)

64.96

2 Open

Subtotal (I = 0.0%, P = 0.690)
0.19

1.00
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Our present work is to systematically review the evidence for the effectiveness of FT program vs traditional
care in laparoscopic or open surgery for gastric cancer.
Our results showed that compared with traditional care,
FT program resulted in more rapid postoperative recovery, less medical cost, and earlier discharge from hospital,
with no more complications occurring.
There was significant heterogeneity for the outcome
of postoperative hospital stay between the two laparoscopy trials. FT program did not decrease the postoperative hospital stay in Chen’s study. In contrast, Kim’s
study suggested that FT could significantly decrease the
postoperative hospital stay. Causes of the heterogeneity
may result from the differences in population, surgeon,
sampling, FT program or traditional care. However, we
could not be sure which factor was the main source of
heterogeneity. The FT program in these two laparoscopy
trials was similar in most items, such as normal diet in
the preoperative stage, and no opioid analgesics by intramuscular injection or patient-controlled analgesia in the
postoperative period. There was some difference in the
surgery day. In Chen’s study, there was no routine use of
abdominal cavity drainage in the FT program, while in
the Kim’s study, routine use of abdominal cavity drainage
were applied. Additionally, the necessary data of mean
± SD in Chen’s study were imputed according to the
method described by Hozo et al[15], and it could introduce
some heterogeneity. No significant heterogeneity was
found for the outcome of postoperative hospital stay between the two open trials.
The duration to first flatus in the FT program group
was also found to be shorter, which implied that the
bowel function recovered faster. The medical cost was
significantly less in the FT program group, which may be
explained by shorter postoperative hospital stay in this
group. The incidence rate of complications was more
frequent in Chen’s study than in Kim’s study, which can
be explained by the fact that the duration of follow-up
in Chen’s study was longer. However, there was no significant difference in the incidence rate of complications
between the FT program and traditional care. Several
cytokines such as interleukin-6, tumor necrosis factor-α,
and CRP have been demonstrated to be involved in the
response to surgical stress and therefore considered useful serum markers for evaluating the severity of surgeryinduced stress. CRP was chosen as a serum marker in
our study, and the overall results showed that the level
of CRP was significantly lower in the FT program group
than in the traditional group.
Our work is the first systematic review to discuss
the FT surgery for gastric cancer. However, there were
several main limitations in our study. First, the sample
size was relatively small. Second, the number of included
studies was limited. Third, the methodological assessment showed that all trials were of moderate risk of bias,
because no trial described the details of randomization
and allocation concealment. Finally, all trials were singlecenter studies.

WJG|www.wjgnet.com

In conclusion, our overall results suggested that compared with traditional care, FT program could result in
shorter postoperative hospital stay, less medical cost, and
lower level of CRP, with no more complications in both
laparoscopic and open surgery for gastric cancer. Future
trials need to include more participants in multiple centers to assess the effect of FT surgery for gastric cancer.
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META-ANALYSIS

Chemotherapy for patients with gastric cancer after
complete resection: A network meta-analysis
Ya-Wu Zhang, Yu-Long Zhang, Hui Pan, Feng-Xian Wei, You-Cheng Zhang, Yuan Shao, Wei Han,
Hai-Peng Liu, Zhe-Yuan Wang, Sun-Hu Yang
included. Five chemotherapy regimens, fluorouracil (FU)
+ BCNU, FU + methyl-CCNU (mCCNU), FU + cisplatin,
FU + anthracyclines and FU + mitomycin c (MMC) +
cytarabine (Ara-c), were found to be less beneficial
in terms of overall mortality. In contrast, four chemotherapy regimens were effective for the patients after
surgery, including FU + MMC + adriamycin (FMA), FU
+ MMC (FM), Tegafur and MMC, There was no significant difference in terms of overall mortality among
these regimens. The evidence for the FM regimen and
MMC regimen was poor. Additionally, the FMA regimen, which includes a variety of chemotherapy drugs
and causes many side effects, was not better than the
Tegafur regimen.
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CONCLUSION: Although the four chemotherapy regimens were effective in patients with gastric cancer
after surgery and the overall mortality revealed no significant difference among them in the network metaanalysis, thorough analysis of the results recommends
Tegafur as the first-line adjuvant chemotherapy regimen for patients after complete resection.

Abstract
AIM: To conduct a network meta-analysis to evaluate
the effectiveness of different chemotherapy regimens
for patients with gastric cancer.

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

METHODS: PubMed (1966-2011.12), the Cochrane Library (2011 Issue 2) and EMBASE (1974-2011.12) were
searched with the terms “gastric cancer” and “chemotherapy”, as well as the medical subject headings.
References from relevant articles and conferences were
also included. Patients who had previous gastric surgery, radiation before or after surgery or chemotherapy
before surgery were excluded. In this study, only randomized controlled trials (RCTs) were considered, and
the end-point was the overall mortality. Direct comparisons were performed using traditional meta-analysis
whereas indirect comparisons were performed using
network meta-analysis.

Key words: Gastric cancer; Chemotherapy; Randomized
controlled trials; Indirect treatment comparison; Network meta-analysis
Core tip: Although adjuvant chemotherapy after complete resection of gastric cancer is therapeutically useful, which of the many regimens is most effective? To
date, no regimen has been clearly recommended as the
standard procedure post-operation; therefore, we performed a network meta-analysis, which is a useful tool
to summarize the different clinical trials and to evaluate
the effectiveness of different chemotherapy regimens
for patients after complete resection of gastric cancer.

RESULTS: In total, 31 RCTs with 7120 patients were
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well as the medical subject headings. The relevant articles
referenced in these publications were downloaded from
the databases. The related article function was also used
to widen the search results. All abstracts, comparative
studies, non-randomized trials, and citations scanned
were searched comprehensively. Additional searches were
conducted by reviewing abstract booklets and review articles. Trials were included irrespective of the language in
which they were reported.

Based on our findings, the Tegafur regimen, especially
S-1, is the first therapy that should be recommend to
the patients to reduce overall mortality.
Zhang YW, Zhang YL, Pan H, Wei FX, Zhang YC, Shao Y, Han
W, Liu HP, Wang ZY, Yang SH. Chemotherapy for patients with
gastric cancer after complete resection: A network meta-analysis.
World J Gastroenterol 2014; 20(2): 584-592 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i2/584.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i2.584

Data extraction
Each article was critically reviewed by two researchers for
eligibility in our network meta-analysis (Table 1). Only
RCTs on palliative or adjuvant chemotherapy for treating
GC patients who had undergone surgery were analyzed
in this network meta-analysis. The two researchers extracted the data separately, which were then confirmed by
a third researcher.

INTRODUCTION
Gastric cancer (GC) remains the second leading cause of
cancer-related deaths in the world and is the most common malignancy in Asia, South America and Eastern
Europe. The overall outcome for patients with GC has
not significantly improved over recent decades[1-4]. GC
remains a considerable threat to public health around the
world. Currently, complete resection still has the highest potential for curatively treating GC[5]. However, approximately 20%-60% of GC patients who have already
had curative surgery develop recurrent diseases[6] and will
need to undergo adjuvant chemotherapy.
No network meta-analysis has been conducted to
compare the efficacy of different chemotherapy protocols for patients with GC. Network meta-analysis is
a useful tool for summarizing different clinical trials[7],
especially when many different regimens are effective
for the same clinical condition. In this type of analysis,
all binary comparisons are shown with labels indicating
superiority, inferiority or no difference in a summary
graph[8-12]. Some recent meta-analyses have indicated that
adjuvant chemotherapy after complete resection produces a small survival benefit[13-18]. Several additional trials
have also been conducted in this setting. However, they
did not indicate which chemotherapy protocol had the
best efficacy for treating patients who have undergone
complete resection. There is no clearly recommended
protocol for the standard treatment of patients with GC
after complete resection, and a 5-fluorouracil (5-FU) and
platinum-based regimen is usually administered. Surgeons
need empirical evidence to determine the best treatment
for GC patients. Therefore, it was deemed important to
assess the benefits of various adjuvant chemotherapy
regimens through a network meta-analysis based on data
from all relevant randomized controlled trials (RCTs).
The purpose of this network meta-analysis was to
evaluate the effectiveness of different chemotherapy regimens for patients with GC who had undergone surgery.

Inclusion criterion: Patients with GC after complete
resection and age < 71 years.
Exclusion criteria: Patients who had previous gastric
surgery, radiation before or after surgery, chemotherapy
before surgery, a history of deep venous thrombosis or
pulmonary embolism and severe cardiovascular, respiratory, hepatic or renal disease.
End point: Overall mortality was defined as the time
from randomization to death from any cause, or to the
last follow-up, which was used as the date of censoring.
Quality evaluation
The quality of the studies included was assessed using
the Jadad score[19].
Statistical analysis
The traditional meta-analysis method was used for extracting the crude rates of our pre-specified clinical endpoint for each treatment group when the trials reported
suitable information. We summarized the available data
on overall survival from the reported results in all trials, computing pooled odd ratios and their respective
95% confidence intervals (95%CI) by means of a fixedeffects model. All statistical analyses were performed using Review Manager (RevMan version 5.0), the Cochrane
Collaboration’s software for preparing and maintaining
Cochrane systematic reviews. We used the chi-square statistic to assess the heterogeneity between trials and the I2
statistic to assess the extent of inconsistency. Subgroup
analysis was used to explore important clinical differences
among trials that might be expected to affect the magnitude of the treatment effect.
Network meta-analysis was used after traditional
meta-analysis. When efficient chemotherapy regimens
were compared through network meta-analysis, the headto-head comparisons (in this case, indirect comparisons)
were handled and consequently assigned a statistical result in terms of superiority/inferiority or no difference

MATERIALS AND METHODS
Study selection
PubMed (1966.01-2011.12), the Cochrane Library (2011
Issue 12) and EMBASE (1974.01-2011.12) were searched
with the terms “gastric cancer” and “chemotherapy”, as
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Table 1 Characteristics of randomized trials included in the network meta-analysis
Trial

Year

Postoperative
Sample size
chemotherapy regimens Chemotherapy Control group
group

Lawton et al[20]
Stablein et al[21]
Higgins et al[22]
Nakajima et al[23]
Engstrom et al[24]
Schlag et al[25]
Bonfanti et al[26]
Coombes et al[27]
Estape et al[28]
Krook et al[29]
Kim et al[30]
Grau et al[31]
Hallissey et al[32]
Macdonald et al[33]
Lise et al[34]
Tsavaris et al[35]
Cirera et al[36]
Nakajima et al[37]
Neri et al[38]
Bajetta et al[39]

1981
1982
1983
1984
1985
1987
1988
1990
1991
1991
1992
1993
1994
1995
1995
1996
1999
1999
2001
2002

Nashimoto et al[40]
Popiela et al[41]
Chipponi et al[42]
Bouché et al[43]
Nitti et al[44]

2003
2004
2004
2005
2006

Nitti et al[44]

2006

De Vita et al[45]

2007

Nakajima et al[46]
Di Costanzo et al[47]

2007
2008

Miyashiro et al[48]
Sasako et al[49]

2011
2011

FU + BCNU
FU + MCCNU
FU + MCCNU
FM + Ara-c
FU + MCCNU
FU + BCNU
FU + MCCNU
FMA
MMC
FA
MMC + FU
MMC
FMA
FMA
FMA
FMA
MMC + Tegafur
MMC + FU + UFT
Epirubicin + FU
FU + Adriamycin
etoposide + cisplatin
MMC + FU + Ara C
FAM
Cisplatin + FU
Cisplatin + FU
FU + Adriamycin +
methotrexate + LV
FU + Epirubicin +
methotrexate + LV
FU + Epirubicin + LV +
etoposide
Uracil-Tegafur
FU + Epirubicin +
cisplatin + LV
Cisplatin + FU
S-1

Overall mortality
Chemotherapy Control group
group

Follow-up
(mo)

Jadad score

60
48
36
60
24
72
84
68
120
60
60
105
60
114
78
60
37
72
60
66

2
3
3
3
3
2
4
3
2
3
2
2
3
2
3
3
3
3
2
2

13
71
156
128
91
42
75
131
33
61
77
68
138
93
155
42
76
288
69
137

12
71
156
124
89
53
69
148
37
64
94
66
145
100
159
42
76
285
68
137

11/13
29/71
121/156
11/128
57/91
21/42
63/75
101/133
16/33
41/61
54/77
40/68
101/138
59/93
88/155
27/42
33/ 76
41/288
48/69
66/137

10/12
40/71
117/156
17/124
51/89
28/53
56/69
123/148
31/37
43/64
71/94
49/66
110/145
68/100
99/159
34/42
44/72
49/285
59/68
71/137

128
53
101
127
103

124
52
104
133
103

11/128
42/53
62/101
68/127
54/103

23/124
47/52
63/104
77/133
49/103

69
120
60
97.8
60

2
2
2
3
3

91

100

63/91

64/100

60

3

112

113

58/112

64/113

60

2

95
130

95
128

18/95
69/130

30/95
70/128

60
60

4
3

132
529

132
530

50/132
149/529

52/132
206/530

60
60

4
4

FU: Fluorouracil; MCCNU: Methyl-CCNU; MMC: Mitomycin c; LV: Leucovorin; Ara-c: Cytarabine; CDHP: 5-Chloro-2,4-dihydropyrimidine; Oxo:
Potassium oxonate; FM: FU + MMC; FMA: FU + MMC + adriamycin; S-1: Tegafur + CDHP + Oxo.

ment Comparison software, Ottawa, Ontario, Canada).
This approach allows an indirect HR, with a 95%CI, to
be estimated on the condition that both treatments included in the indirect comparison had been compared in
actual trials against a common comparator.

PubMed 454 papers Cochrane Library database 188 papers
Embase 369 papers
Excluded on the basis of title and abstract (n = 969)

Potentially appropriate trials for more detailed assessment (n = 42)

Role of funding source
No sponsors were involved in the study design; during
the collection, analysis, and interpretation of the data; in
the writing of the report; or in the decision to submit the
report for publication. All authors had access to the raw
data. The corresponding author had full access to all of
the data and the final responsibility to submit the report
for publication.

12 papers excluded after more detailed evaluation

30 papers included 31 trials were included in this meta-analysis

Figure 1 Flow diagram of trial selection.

along with the level of statistical significance. Statistical
calculations and graph generation were carried out. The
HR, with a 95%CI, for each indirect comparison was estimated according to the ITC software (Canadian Agency
for Drugs and Technologies in Health, Indirect Treat-
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RESULTS
Flow diagram of trial selection
In total, 31 RCTs, with a total of 7120 patients, were included (Figure 1) from the electronic databases. Figure
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1 shows a flow chart of studies from the initial results
of the publication searches to the final inclusion or exclusion. The RCTs that met the criteria for our analysis
are described in Table 1. There were 12 RCTs that had
a Jadad score of 2, 15 RCTs that had a Jadad score of 3
and 4 RCTs that had a Jadad score of 4.

clines, including adriamycin, epirubicin and doxorubicin,
were part of the FMA regimen, which was included in 6
RCTs. Indirect comparisons were estimated according to
the ITC software, and the results indicated that there was
no difference among these four chemotherapy regimens
in the terms of overall mortality.
Although this analysis indicated that MMC was effective for patients after surgery, the evidence for this
result was poor because of the low quality of the 2 RCTs
included. Specifically, one trial had a small sample size,
and only 204 patients were contained in the subgroup
analysis. Additionally, because there was also significant
heterogeneity among the trials (P = 0.14, I2 = 54%), the
analysis was carried out using the random effects models.
The curative effect of MMC needs to be further validated. The evidence for the Tegafur regimen included 1249
patients, the RCTs were of high quality, and there was
no significant heterogeneity among the trials (P = 0.59,
I2 = 0%). Accordingly, the analysis was carried out using
the fixed effects model, and we found strong evidence to
confirm the efficacy of the Tegafur regimen. The joint
application with 5-chloro-2,4-dihydropyrimidine (CDHP)
and potassium oxonate (Oxo) reduced the side effects of
Tegafur; therefore, the S-1 regimen (Tegafur + CDHP +
Oxo) is recommended.
The combination of Tegafur and MMC in the FM
regimen was similar to treatment with each component
individually, as determined by indirect comparison, and
further studies are needed to confirm which treatment
is the primary effector. Additionally, if the side effects
of Tegafur and MMC will reduce the overall efficacy,
further studies are needed to identify an adjuvant that
can reduce these side effects, as in the case of S-1. If the
treatments have a mutual antagonist effect on each other,
they should be used separately. As the evidence for the
FM regimen is not very strong, larger sample sizes and
multicenter RCTs are still needed. While the FMA regimen is available, surprisingly, it is not better than Tegafur
or MMC. Traditional analysis indicated that the FU +
anthracyclines regimen is not available, and thus, MMC
may contribute to the efficacy of the FMA regimen to a
great extent. Accordingly, based on these results, FMA is
not recommended.
In summary, chemotherapy regimens, especially
Tegafur, are available for GC. However, the efficacy of
the FM regimen and MMC regimen needs to be further validated. The evidence for the Tegafur regimen is
more credible, and S-1 may be the best current choice.
Future studies should focus on identifying better adjuvants that can reduce the side effects of MMC as much
as possible. Their combination could be a better regimen than S-1, and perhaps, the combination of MMC,
Tegafur and adjuvant can achieve better outcomes than
mono-chemotherapy alone. However, based on recent
evidence, the Tegafur regimen, especially S-1, is most
commonly recommended to patients after complete
resection.
In conclusion, this analysis indicated that four che-

Analysis of regimen groups
In terms of direct comparisons, this analysis divided the
chemotherapy regimens into 9 subgroups, and 8 subgroups were assessed by the fixed effects models, while
only 1 was assessed by the random effects models. In
terms of overall mortality, at least 5 chemotherapy regimens were found to be of equal efficacy when compared
to a blank control. The values of HR were as follows:
0.92 (95%CI: 0.43-1.96) for FU + BCNU regimen, 1.00
(95%CI: 0.76-1.32) for FU + methyl-CCNU (mCCNU)
regimen, 0.93 (95%CI: 0.69-1.24) for FU + cisplatin regimen, 0.92 (95%CI: 0.74-1.14) for FU + anthracyclines
regimen, and 0.67 (95%CI: 0.41-1.10) for FU + mitomycin c (MMC) + AraC regimen. In contrast, in terms of
overall mortality, 4 chemotherapy regimens were found
to be more effective than the blank control. The values
of HR were as follows: 0.74 (95%CI: 0.58-0.94) for
FAM regimen, 0.68 (95%CI: 0.49-0.94) for FM regimen,
0.60 (95%CI: 0.47-0.76) for Tegafur regimen, and 0.33
(95%CI: 0.13-0.86) for MMC regimen. These outcomes
are described in Figures 2 and 3.
In terms of indirect comparisons, 4 chemotherapy regimens were found to be equal in terms of overall mortality.
The values of HR were as follows: 1.09 (95%CI: 0.73-1.63)
for 5-FU + adriamycin + MCC (FAM) regimen vs FM regimen; 1.23 (95%CI: 0.88-1.73) for 5-FU + MMC + adriamycin (FMA) regimen vs Tegafur regimen; 2.24 (95%CI:
0.85-5.95) for FMA regimen vs MMC regimen; 1.13 (95%CI:
0.76-1.70) for FM regimen vs Tegafur regimen; 2.06 (95%CI:
0.76-5.60) for FM regimen vs MMC regimen; and 1.82
(95%CI: 0.67-4.80) for Tegafur regimen vs MMC regimen.
These outcomes are described in Figure 4.

DISCUSSION
In total, 31 RCTs, with a total of 7120 patients, were
included in this analysis, and 12 RCTs had a Jadad score
of 2, 15 RCTs had a Jadad score of 3, and 4 RCTs had a
Jadad score of 4. This study divided these chemotherapy
regimens into 9 subgroups. The result of this analysis indicated that 5 chemotherapy regimens had little benefit to
the patients, including the FU + BCNU, FU + mCCNU,
FU + cisplatin, FU + anthracyclines, and FU + MMC +
AraC regimens. In contrast, 4 chemotherapy regimens
were effective for patients after surgery, including the
FMA, FM, Tegafur, and MMC regimens. In this study,
Tegafur and the S-1 regimen were assigned to one regimen because S-1 was composed of Tegafur, CDHP and
Oxo, as CDHP and Oxo reduced the side effects of
Tegafur. As Tegafur is a fluorouracil derivative, the FM
regimen was included in 3 RCTs. Additionally, anthracy-
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Study or subgroup

Adjuvant chemotherapy
Events

Total

Control
Events

1.1.1 FU + BNCU
[20]
Lawton et al
1981
21
42
28
[25]
Schlag et al
1987
11
13
10
Subtotal (95%CI)
55
Total events
32
38
2
2
Heterogeneity: χ = 0.03, df = 1 (P = 0.86); I = 0%
Test for overall effect: Z = 0.23 (P = 0.82)
1.1.2 FU + mCCNU
[26]
Bonfanti et al
1988
47
75
40
[21]
Stablein et al
1982
29
71
40
[24]
Engstrom et al
1985
57
91
51
[22]
Higgins et al
1983
121
156
117
Subtotal (95%CI)
393
Total events
254
248
2
2
Heterogeneity: χ = 4.52, df = 3 (P = 0.21); I = 34%
Test for overall effect: Z = 0.09 (P = 0.93)
1.1.3 FU + Cisplatin
[43]
Bouché et al
2005
68
127
77
[42]
Chipponi et al
2004
62
101
63
[48]
Miyashiro et al
2011
50
132
52
Subtotal (95%CI)
360
Total events
180
192
2
2
Heterogeneity: χ = 0.31, df = 2 (P = 0.86); I = 0%
Test for overall effect: Z = 0.52 (P = 0.61)
1.1.4 FU + Anthracyclines + others
[39]
Bajetta et al
2002
66
137
71
[45]
De Vita et al
2007
58
112
64
[47]
Di Costanzo et al
2008
69
130
70
[47]
Krook et al
1991
41
61
43
[38]
Neri et al
2001
48
69
59
[44]
Nitti et al
2006a
54
103
49
[44]
Nitti et al
2006b
63
91
64
Subtotal (95%CI)
703
Total events
399
420
2
2
Heterogeneity: χ = 7.15, df = 6 (P = 0.31); I = 16%
Test for overall effect: Z = 0.78 (P = 0.43)
1.1.5 FU + MMC + AraC
[23]
Nakajima et al
1984
11
128
17
[40]
Nashimoto et al
2003
102
156
52
Subtotal (95%CI)
284
Total events
113
69
2
2
Heterogeneity: χ = 0.16, df = 1 (P = 0.69); I = 0%
Test for overall effect: Z = 1.59 (P = 0.11)
1.1.6 FU + MMC + Anthracyclines
[27]
Coombers et al
1990
73
133
91
[32]
Hallissey et al
1994
101
138
110
[34]
Lise et al
1995
88
152
99
[33]
Macdonald et al
1995
59
93
68
[41]
Popiela et al
2004
42
53
47
[35]
Tsavaris et al
1996
27
42
34
Subtotal (95%CI)
611
Total events
390
449
2
2
Heterogeneity: χ = 2.76, df = 5 (P = 0.74); I = 0%
Test for overall effect: Z = 2.44 (P = 0.01)
1.1.7 FD (fluorouracil derivative) + MMC
[36]
Cirera et al
1999
33
76
46
[30]
Kim et al
1992
54
77
71
[37]
Nakajima et al
1999
41
288
49
Subtotal (95%CI)
441
Total events
128
166
2
2
Heterogeneity: χ = 2.38, df = 2 (P = 0.30); I = 16%
Test for overall effect: Z = 2.32 (P = 0.02)
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Weight

Total

Odds ratio

Odds ratio

M-H, fixed, 95%CI

M-H, fixed, 95%CI

53
12
65

1.5%
0.2%
1.7%

0.89 [0.40, 2.01]
1.10 [0.13, 9.34]
0.92 [0.43, 1.96]

69
71
89
156
385

1.9%
2.9%
2.3%
3.2%
10.3%

1.22
0.54
1.25
1.15
1.01

[0.62,
[0.27,
[0.69,
[0.68,
[0.75,

2.38]
1.04]
2.27]
1.94]
1.37]

133
104
132
369

4.3%
2.9%
3.9%
11.1%

0.84
1.03
0.94
0.93

[0.51,
[0.59,
[0.57,
[0.69,

1.37]
1.81]
1.54]
1.24]

137
113
128
64
68
103
100
713

124
72
196

4.5%
3.7%
4.0%
1.7%
2.2%
2.8%
2.3%
21.3%

1.9%
3.0%
4.9%

0.86
0.82
0.94
1.00
0.35
1.21
1.27
0.92

[0.54,
[0.49,
[0.57,
[0.47,
[0.15,
[0.70,
[0.69,
[0.74,

1.39]
1.39]
1.53]
2.11]
0.83]
2.10]
2.32]
1.14]

0.59 [0.27, 1.32]
0.73 [0.39, 1.34]
0.67 [0.41, 1.10]

148
145
154
100
52
42
641

4.7%
3.5%
5.0%
2.9%
1.2%
1.5%
18.9%

0.76
0.87
0.76
0.82
0.41
0.42
0.74

[0.47,
[0.51,
[0.48,
[0.45,
[0.13,
[0.16,
[0.58,

1.23]
1.48]
1.21]
1.48]
1.27]
1.15]
0.94]

72
94
285
451

3.3%
2.3%
5.2%
10.7%

0.43
0.76
0.80
0.68

[0.22,
[0.39,
[0.51,
[0.49,

0.84]
1.50]
1.26]
0.94]
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1.1.8 Tegafur
[46]
Nakajima et al
2007
18
95
30
[49]
Sasako et al
2011
149
529
206
Subtotal (95%CI)
624
Total events
167
236
2
2
Heterogeneity: χ = 0.29, df = 1 (P = 0.59); I = 0%
Test for overall effect: Z = 4.15 (P < 0.0001)
Total (95%CI)
3471
Total events
1663
1818
2
2
Heterogeneity: χ = 29.87, df = 28 (P = 0.37); I = 6%
Test for overall effect: Z = 4.47 (P < 0.00001)

95
530
625

3.0%
18.0%
21.0%

0.51 [0.26, 0.99]
0.62 [0.48, 0.80]
0.60 [0.47, 0.76]

3445

100.0%

0.79 [0.71, 0.88]
0.05

0.2

1

5

20

Adjuvant chemotherapy control

Figure 2 Eight subgroups in the fixed effects models.
Study or subgroup

Adjuvant chemotherapy
Events

Total

[28]

Control
Events

Estape et al
1991
16
33
[31]
Grau et al
1993
40
68
Total (95%CI)
Total events
56
101
2
2
Heterogeneity: Tau = 0.27, χ = 2.18, df = 1 (P =
Test for overall effect: Z = 2.26 (P = 0.02)

31
49

Weight

Total
37
66

41.0%
59.0%
100.0%

Odds ratio

Odds ratio

M-H, random, 95%CI

M-H, random, 95%CI

0.18 [0.06, 0.55]
0.50 [0.24, 1.03]
0.33 [0.13, 0.86]

80
103
2
0.14); I = 54%

0.01

0.1

1

10

100

Adjuvant chemotherapy control

Figure 3 One subgroup in the random effects model. FU: Fluorouracil; mCCNU: Methyl-CCNU; MMC: Mitomycin c.

A: Surgery + FAM

B: Surgery + FM

C: Surgery + tegafur

D: Surgery + MMC

A vs
B vs
C vs
D vs
A vs
A vs
A vs
B vs
B vs
A vs

E: HR = 0.74 (95%CI: 0.58-0.94)
E: HR = 0.68 (95%CI: 0.49-0.94)
E: HR = 0.60 (95%CI: 0.47-0.76)
E: HR = 0.33 (95%CI: 0.13-0.86)
B: HR = 1.09 (95%CI: 0.73-1.63)
C: HR = 1.23 (95%CI: 0.88-1.73)
D: HR = 2.24 (95%CI: 0.85-5.95)
C: HR = 1.13 (95%CI: 0.76-1.70)
D: HR = 2.06 (95%CI: 0.76-5.60)
D: HR = 1.82 (95%CI: 0.67-4.80)

E: Surgery

Figure 4 Network meta-analysis in terms of mortality. MMC: Mitomycin c; FAM: 5-fluorouracil, adriamycin, and mitomycin c.

motherapy regimens are effective for patients with GC
after surgery, including the FMA regimen, FM regimen,
Tegafur regimen and MMC regimen. However, the evidence for the FM regimen and MMC regimen was poor
in terms of overall mortality. The FMA regimen, which

WJG|www.wjgnet.com

includes many chemotherapy drugs and thus has many
side effects, is not better than the Tegafur regimen. Based
on this study, the Tegafur regimen is recommended as a
better choice for doctors when dealing with GC patients
after complete resection.
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Background

Gastric cancer is very common worldwide and, in most cases, will lead to serious health problems, even after complete resection. Currently, treatment with
adjuvant and palliative chemotherapies are essential to prevent and treat recurrence disease. A standard chemotherapy regimen has not been established;
therefore, the evaluation of which regimens may be better for gastric cancer
patients is needed.

11
12

Research frontiers

This network meta-analysis was performed to evaluate the effectiveness of different chemotherapy regimens for patients with gastric cancer. The end point
was overall mortality, which was defined as the time from randomization to
death from any cause, or to the last follow-up.

13

Innovations and breakthroughs

The meta-analysis shows the following: four chemotherapy regimens [fluorouracil (FU) + mitomycin c + adriamycin, fluorouracil + mitomycin c (FM), tegafur
and mitomycin c (MMC)] are effective for patients after surgery, whereas the
other five regimens [fluorouracil + BCNU, FU + methyl-CCNU (mCCNU), FU +
cisplatin, FU + anthracyclines and FU + mitomycin c + cytarabine] were found
to be less beneficial.

14

15

Applications

From the analysis, Tegafur is recommended as the first-line adjuvant chemotherapy regimen for patients after complete resection. This recommendation is
due to the high quality of the randomized controlled trials (RCTs), homogeneity
among trials and fewer side effects.

Peer review

The current network meta-analysis evaluated the effectiveness of different chemotherapy regimens for gastric cancer patients after curative surgery, and we
found that the outcomes and analysis were good. However, further RCTs are
needed to study the FM regimen, MMC regimen and combination chemotherapy.
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CASE REPORT

An extremely rare case of pancreatic metastasis of
esophageal squamous cell carcinoma
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mum standardized uptake value of the lesion was 5.49
at 18F-2-fluoro-2-deoxy-D-glucose positron-emission
tomography, strongly suggesting pancreatic cancer. In
addition, all tumor markers were within the reference
intervals. Therefore, distal pancreatectomy was performed with the resultant histological diagnosis being
confirmed as pancreatic metastasis of the ESCC. He
was treated with adjuvant chemotherapy, and there
has been no evidence of recurrence 9 mo after the surgery. Resection of pancreatic metastasis offers a good
prognosis and should be considered for solitary ESCC
metastasis.
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Core tip: This report a 68-year-old male presenting with
a pancreatic tumor following esophageal squamous
cell carcinoma (ESCC) treated with curative chemoradiotherapy and thoracoscopic salvage esophagectomy
approximately 2 years previously. He was treated with
distal pancreatectomy and histologically diagnosed as
a rare case of metachronous pancreatic metastasis of
ESCC. Resection of pancreatic metastasis offers a good
prognosis and should be considered for solitary ESCC
metastasis. Both this case and a review of the relevant
literature support this view.

Abstract
We report a rare case of a 68-year-old male with
metachronous pancreatic metastasis that was resected
2 years after salvage esophagectomy for local recurrence of esophageal squamous cell carcinoma (ESCC).
Two years and 8 mo ago, he had undergone definitive
chemoradiotherapy for the lower thoracic ESCC and
achieved a complete response. Chemoradiotherapy
used the protocol of the Japan Clinical Oncology Group
trial 9906. Approximately 8 mo later, he developed a
local recurrence of the ESCC and underwent thoracoscopic salvage esophagectomy followed by reconstruction with a conduit colon graft via a subcutaneous
route. Recently, a tumor of the pancreatic body was
found on routine follow-up computed tomography (CT).
The tumor diameter was 15 mm on CT, and the maxi-
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INTRODUCTION

A

Pancreatic metastasis of esophageal carcinoma is rare.
The disease occurs reportedly at a frequency of 0.12%
in esophageal carcinomas and 0.68% in metastatic tumors of esophageal carcinoma [1]. Another study has
reported the rate of pancreatic metastasis of esophageal
carcinoma to be 3.9% of that of esophageal carcinomas according to pathological examination of autopsy
samples[2]. Furthermore, it has been observed in 0%-4.9%
of pancreatic metastatic malignancies[3-7]. To the best of
our knowledge, there are few English literature reports
of pancreatic metastasis of esophageal squamous cell
carcinoma (ESCC). Here, we describe a case of metachronous pancreatic metastasis of ESCC with a brief
review of the literature.
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CASE REPORT
A 68-year-old male was found to have a tumor of the
pancreatic body on routine enhanced computed tomography (CT), as follow-up for the treatment of esophageal
carcinoma. Two years and eight months previously, he
had been diagnosed and treated for lower thoracic ESCC
(clinical T1bN0M0, stage Ⅰ; according to the seventh
edition of the Union for International Cancer Control
system). At that time, he underwent definitive chemoradiotherapy with a complete remission. The chemoradiotherapy protocol was consistent with that of the Japan
Clinical Oncology Group trial 9906, and comprised two
cycles of intravenous cisplatin infusions with continuous 5-fluorouracil infusion and concurrent irradiation
with a total dose of 60 Gy[8]. Approximately 8 mo later,
he developed local recurrence of the ESCC (pathological T1bN0M0, stage Ⅰ), and underwent thoracoscopic
salvage esophagectomy followed by reconstruction with
a conduit colon graft via a subcutaneous route. Thoracoscopic salvage esophagectomy was performed with twofield lymph node dissection[9].
The pancreatic body tumor was evaluated prior to surgery by CT and 18F-2-fluoro-2-deoxy-D-glucose positronemission tomography (FDG-PET). The tumor was low
density and its diameter was 15 mm on CT examination,
and the maximum standardized uptake value (SUVmax)
of the lesion was 5.01 in the early phase and 5.49 in the
late phase at FDG-PET (Figure 1). These results strongly
suggested pancreatic cancer. In addition, all tumor markers were within the reference intervals, including SCC,
CEA, CA19-9, SPan-1, DUPAN-2, and NCC-ST-439.
Distal pancreatectomy and splenectomy were performed to treat the pancreatic body tumor. Macroscopic
findings of the specimen revealed a 15 mm × 11 mm
tumor in the pancreatic body (Figure 2). Pathological
examination revealed that the tumor was a squamous
cell carcinoma with morphologic features similar to the
previous ESCC; it was therefore diagnosed as a pancreatic
metastasis of the ESCC (Figure 3). He was discharged
uneventfully on the 11th postoperative day and later re-

WJG|www.wjgnet.com

1
0.00
3.3

Figure 1 Enhanced computed tomography (A) and 18F-2-fluoro-2-deoxyD-glucose positron-emission tomography (B) showed a tumor of the pancreatic body (arrows). The major axis of the tumor was 15 mm. Maximum
standardized uptake value of the lesion was 5.49.
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Figure 2 Macroscopic findings of the specimen revealed a 15 mm × 11
mm tumor in the pancreatic body (arrows).

ceived one dose of adjuvant chemotherapy (intravenous
cisplatin infusions with continuous 5-fluorouracil infusion). However, because of renal impairment the adjuvant
chemotherapy was stopped and was followed up on an
outpatient basis without adjuvant therapy. There have
been no signs of recurrence 9 mo after surgical resection
of the pancreatic metastasis.

DISCUSSION
To the best of our knowledge, only 3 cases of pancreatic
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A

B
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Figure 3 Pathological examination revealed squamous cell carcinoma. A: Squamous cell carcinoma in the pancreas; B: Squamous cell carcinoma in the esophagus resected previously (hematoxylin-eosin staining, A: × 40; B: × 400); C: Vascular invasion in the pancreatic metastasis; D: Esophageal carcinoma (elastica van
gieson staining, C: × 100, D: × 400).

as a distinct entity. Al-Shehri et al[14] reported in his review
that the development of pancreatic squamous cell carcinoma was explained by 5 postulated theories as follows:.
(1) malignant change in a primitive cell capable of differentiating into either squamous or glandular carcinoma; (2)
squamous change in a pre-existing adenocarcinoma; (3)
malignant transformation in a squamous metaplasia of
the ductal epithelium; (4) malignant change in an aberrant
squamous cell; and (5) the theory of tumor collision. In
this case, the histological morphology similar to the primary ESCC together with the history of ESCC were the
basis for the diagnosis of pancreatic metastasis of ESCC.
Vascular invasion was observed in the specimens of both
the previously resected esophagus and the pancreatic metastasis. This fact supports the hematogenous distant metastasis of the ESCC. Although we initially diagnosed the
patient with pancreatic cancer at first, primarily on the
basis of the results of imaging, the tumor was ultimately
diagnosed as pancreatic metastasis from the ESCC.
Finally, we need to consider whether resection of
the ESCC pancreatic metastasis was the appropriate
treatment option. Several investigators have reported
favorable prognosis with resection of pancreatic metastasis[4,6,7,15]. However, the primary cancers in these reports
consisted of renal cell cancer, colon cancer, melanoma,
sarcoma, lung cancer, and breast cancer with limited consideration of esophageal cancer. Because of the rarity of
the presentation, the optimal treatment regimen remains
unknown. Reddy et al[6] stated that patients might benefit
from pancreatic metastasectomy given the following: a

metastasis of ESCC have been reported in the English
literature till date[10-12]. Park et al[11] reported the case of
58-year-old male who underwent an esophagectomy
for early ESCC followed by distal pancreatectomy for
pancreatic metastasis with radiofrequency ablation for
hepatocellular carcinoma. Adjuvant chemotherapy was
given for 4 mo after the surgery in this case, without any
evidence of recurrence. Sawada et al[12] reported the case
of 73-year-old male with advanced ESCC who developed
pancreatic metastasis that caused hepatic portal venous
gas; he received supportive care only. Esfehani et al[10]
reported a 59-year-old female with a pancreatic metastasis of ESCC who had undergone surgical treatment and
adjuvant chemoradiotherapy 4 years earlier. In this case,
she was treated with distal pancreatectomy and adjuvant
chemotherapy for the pancreatic metastasis and showed
no recurrence within the 6-mo follow-up. This is the only
known case of metachronous pancreatic metastasis of
ESCC reported in the literature[10]. Our report is the first
case of metachronous pancreatic metastasis of ESCC
following local recurrence treated with salvage esophagectomy and definitive chemoradiotherapy.
The differential diagnosis of pure squamous cell carcinoma of the pancreas is also a possibility. However, this
is very rare, and it has been argued that before diagnosis,
metastasis from another site should be excluded[13]. Most
of the squamous differentiation that occurs in pancreatic
carcinoma, exists as a component of adenosquamous carcinoma. Therefore, the World Health Organization classification of tumors of the pancreas does not specify it
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primary cancer type that was associated with good outcome, control of the primary cancer site, demonstration
of isolated metastasis, resectability of the metastasis, and
patient fitness to tolerate pancreatectomy. We previously
reported that following salvage esophagectomy, the outcome was better in patients with recurrent disease after
complete response to definitive chemoradiotherapy than
in those with persistent disease[16]. In addition, it was reported that resection of solitary ESCC metastasis results
in a longer survival[17]. Therefore, it is therefore likely that
this case will have a good prognosis.
In conclusion, we report a rare case of pancreatic
metastasis of ESCC and provide a brief review of the
literature. From these results, we argue that surgical excision should be considered a valid treatment strategy for
solitary pancreatic metastasis in ESCC. However, further
investigation and an accumulation of case reports are
needed to confirm this finding.
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Metachronous pancreatic metastasis that was resected 2 years after salvage
esophagectomy for local recurrence of esophageal squamous cell carcinoma
(ESCC).
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Differential diagnosis

This report performed pancreatectomy in order to clarify whether the tumor was
primary pancreatic cancer or pancreatic metastasis.

Laboratory diagnosis
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Laboratory testing such as tumor makers could not contribute to the diagnosis.

Imaging diagnosis

Computed tomography (CT) and PET-CT had suggested that the tumor was
pancreatic cancer, but it was pathologically pancreatic metastasis of ESCC.

11

Pathological examination revealed that the tumor was a squamous cell carcinoma with morphologic features similar to the previous ESCC; it was therefore
diagnosed as a pancreatic metastasis of the ESCC.

12

Pathological diagnosis

Treatment

Pancreatectomy and adjuvant chemotherapy (intravenous cisplatin infusions
with continuous 5-fluorouracil infusion).

Experiences and lessons

13

Surgical excision should be considered a valid treatment strategy for solitary
pancreatic metastasis in ESCC, but further investigation and an accumulation
of case reports are needed to confirm this finding.

Peer review

14

This report is the first case of metachronous pancreatic metastasis of ESCC
following local recurrence treated with salvage esophagectomy and definitive
chemoradiotherapy and revealed favorable prognosis with resection of pancreatic metastasis. However, because few cases of pancreatic metastasis of ESCC
have been reported it could not insist on many things. Further investigation and
an accumulation of case reports are needed.

15
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and imaging interpretation will enable us to diagnose
intestinal anisakiasis correctly and successfully manage
patients with conservative measures, avoiding unnecessary surgery.

Abstract

INTRODUCTION

Intestinal anisakiasis is not only a rare parasitic disease, but is also difficult to diagnose. The symptoms
are not specific and are often very severe and abrupt,
and the findings of clinical imaging are very remarkable. Therefore, intestinal anisakiasis is often misdiagnosed as acute abdomen or intestinal obstruction and
is treated surgically. However, if intestinal anisakiasis
could be diagnosed correctly, it is well treated conservatively. We experienced three cases of intestinal anisakiasis, which were diagnosed correctly and treated
successfully with conservative therapy. A correct clinical history and imaging interpretation helped us diagnose intestinal anisakiasis correctly and thus treat the
patients successfully with conservative therapy.

Anisakiasis is a parasitic disease caused in humans by the
accidental ingestion of Anisakis larvae, present in fresh
fish and squid. The larvae stick to the gastro-intestinal
membrane and cause a set of symptoms, which are
called anisakiasis. Depending on the site of the digestive
system where the Anisakis larvae are stuck, anisakiasis
can be divided into the following three types; gastric,
intestinal, and ectopic anisakiasis[1-3]. Most of the cases
consist of gastric anisakiasis. According to a series of
15715 cases of anisakiasis reported by Ishikura, gastric
anisakiasis accounts for 95.6% of the cases, whereas intestinal and ectopic anisakiasis account for 4.1% and 0.3%
of the cases respectively[4].
Patients with perforations or strangulation of the intestine require surgical therapy, but conservative therapy
is the basic treatment of anisakiasis. Cases of non-gastric
anisakiasis are not only very rare, but are also difficult
to diagnose because the small intestine is an inaccessible
zone for endoscopy. Thus, the diagnostic procedure
required for anisakiasis, which is to detect the whole
worm, is not feasible. As a result, patients with intestinal
anisakiasis, have been diagnosed with acute abdominal
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A

B

Figure 1 Abdominal X-ray (A) and computed tomography scan (B).

Table 1 Laboratory data of the three patients on the first hospital day

WBC (cells/μL)
(Eosinophil; neutrophil)
Hb (g/dL)
Plt (plt/μL)
CRP (mg/dL)
GOT (AST) (U/I)
GPT (ALT) (U/I)
BUN (mg/dL)
Cre (mg/dL)
LDH (U/I)
CPK (IU/I)

Case 1

Case 2

Case 3

7960
(0.9%; 70%)
16.2
287000
0.78
25
23
14.8
0.67
214
88

15460
(1.0%; 88.2%)
16.5
198000
0.25
23
36
16.8
0.89
182
150

11080
(2.2%; 85.4%)
14.9
223000
2.52
23
14
13.4
0.67
196
66

WBC: White blood cells; Hb: Hemoglobin; Plt: Platelets; CRP: C-reactive protein; GOT (AST): Glutamin oxaloacetic transaminase (aspartate aminotransferase); GPT (ALT): Glutamate pyruvate transaminase (alanine aminotrasnferase); BUN: Blood urea nitrogen; Cre: Creatinine; LDH: Lactate dehydrogenase;
CPK: Creatine phosphokinase.

swelling of the partial segment of the small bowel and
dilatation of the intestine with fluid collection on the
oral side of the lesion (Figure 1B). No ascites was detected.
The patient was admitted to our hospital, and conservative therapy was started after a gastric tube was
inserted into his stomach. On the second hospital day,
the patient had to rely on pain-killers to control the
abdominal pain. Therefore, he underwent another abdominal CT, that demonstrated ascites collection, in
addition to the worsening of the observations from the
first day (Figure 2A). By then, we had learned that the
patient had raw fish (katsuo) 2 d before hospital admission. Therefore, we performed an anti-Anisakis IgG/A
antibody test. Although imaging findings were worse, his
vital signs were stable, which was another reason why we
strongly suspected that the disease was intestinal anisakiasis and did not perform an emergency operation.
On the third hospital day, the abdominal symptoms
were relieved, and an abdominal CT scan demonstrated
a reduction in ascites (Figure 2B). On the fourth day, the
gastric tube was removed and an oral diet was started.
The serum titer of anti-Anisakis antibody was 1.68 (normal range < 1.50), and the patient was formally diagnosed with intestinal anisakiasis. No signs of the recurrence of the abdominal symptoms were observed, and

or intestinal obstructions preoperatively, and have undergone unnecessary surgical operations[5-10]. We herein
describe three cases of intestinal anisakiasis, which were
correctly diagnosed clinically and treated successfully
with conservative therapy.

CASE REPORT
Case 1
A 62-year-old man presented to the ER of our hospital
because of abdominal pain that started abruptly. He was
diagnosed with urinary tract stone, and a pain killer was
prescribed. The abdominal pain was not relieved, and
thus, he presented to our hospital the following day. He
had a past history of hypertension, for which he was still
being treated. He was a heavy smoker, and enjoyed alcohol with fresh sashimi everyday.
The patient was alert and his vital signs, except for
his blood pressure (177/87 mmHg), were normal. On
physical examination, tenderness with rebound tenderness and rigidity were revealed in the lower part of the
abdomen. Laboratory examination was normal, except
for a slight increase in C-reactive protein (CRP) levels
(0.78 mg/dL) (Table 1). Abdominal X-ray showed gaseous dilatation of the small intestine (Figure 1A). An abdominal computed tomography (CT) scan demonstrated
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A

B

Figure 2 Abdominal computed tomography scan. A: Showing swelling of the partial segment of the small bowel and dilatation of the intestine (upper left) and ascites
around liver and spleen (upper right); B: Demonstrating improvement in the partial swelling of the small bowel and the dilatation of the intestine and ascites collection.

Case 3
A 47-year-old woman experienced an abdominal pain
that started abruptly. The intermittent abdominal pain
that was felt every 5-10 min was not relieved after the intake of a non-prescription drug. Thus, she presented to
the ER of our hospital. The patient had acute hepatitis
A 10 years ago. She neither drank nor smoked.
The patient was alert and her vital signs were normal.
On physical examination, tenderness was revealed in
the right side of the abdomen. Laboratory examinations
were normal except for a slight increase in WBC (11080
cells/μL), and CRP levels (2.52 mg/dL) (Table 1). Abdominal X-ray (Figure 3C) and an abdominal CT scan
(Figure 3D) demonstrated findings that were similar to
those of the other two cases.
The patient was admitted to our hospital, and conservative therapy was started after a gastric tube was inserted
into her stomach. She had taken fresh katsuo 2 d before
she had the symptoms, and the anti-Anisakis IgG/A
antibody titer was 1.91 (normal range < 1.50). On the
second hospital day, the abdominal pain was relieved. On
the third day, the gastric tube was removed, and an oral
diet was started from the fifth day. She was discharged on
the ninth hospital day, confirming no recurrence of the
abdominal symptoms

the patient was discharged on the tenth hospital day.
Case 2
A 38-year-old male experienced abdominal pain that
started abruptly. The abdominal pain was not relieved
after the intake of an antacid. Therefore, he presented
to the ER of our hospital. The patient had no particular
past medical and family history. He had smoked 20 cigarettes/d for the past 18 years, and was a regular drinker.
The patient was alert and his vital signs were normal.
On physical examination, tenderness was revealed in the
upper abdomen. Laboratory examinations were normal
except for a slight increase in white blood cells (WBC,
15460 cells/ μ L; Table 1). Abdominal X-ray showed
gaseous dilatation of the small intestine (Figure 3A). An
abdominal CT scan demonstrated swelling of the partial
segment of the small bowel and dilatation of the intestine with fluid collection on the oral side of the lesion
(Figure 3B). A slight amount of ascites was detected in
the Douglas pouch.
The patient was admitted to our hospital, and conservative therapy was started. He had taken fresh ika
the day before the symptoms developed, and the antiAnisakis IgG/A antibody titer was 1.88 (normal range
< 1.50). On the second hospital day, his abdominal pain
had been relieved quite a lot. An oral diet was started
from the third day, and he was discharged on the sixth
hospital day, confirming no recurrence of the abdominal
symptoms.
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A

B

C

D

Figure 3 Abdominal X-ray (A, C) and computed tomography scan (B, D).

mals, such as whales and dolphins. The eggs that they lay,
come out and spread in the ocean when these mammals
defecate. L2 larvae hatch out-of the eggs and swim freely in the water. These larvae are ingested by crustaceans
in which, they mature into L3 larvae. These crustaceans
are eaten by fish and squid, which are finally eaten by
humans and marine mammals. For those that are eaten
by marine mammals, the larvae molt and mature into the
adult worms, which lay eggs and enter into the life cycle
again. Larvae eaten by humans cause anisakiasis.
Anisakiasis was first reported by Van Thiel et al[11]
Since then, many cases have been reported in different
parts of the world. Because of the tradition of eating raw fish (sushi and sashimi) in Japan, the incidence
of anisakiasis is higher than that in other countries
(2000-3000 cases per year according to the Ministry of
Labor, Health, and Social Welfare).
The most common symptom of anisakiasis is severe
abdominal pain, for which the patient often requires
painkillers, as observed in case 1. Anisakiasis is diagnosed
by the detection of the worm sticking to the gut wall.
However, as far as intestinal anisakiasis is concerned,
diagnosis is difficult because the small intestine is an inaccessible zone for endoscopy, although capsule endoscopy or double balloon endoscopy can be performed in
a very few institutions. The only method for diagnosing
anisakiasis, other than endoscopy, is immunological examination (e.g., by examining Anisakis-specific IgA, IgG,
and IgE). The sensitivity is as high as 70%-80%[12,13], but
the results take time (a week) and, therefore are not at all
helpful in the clinical field.
Because abdominal pain is severe and abrupt and
the findings of clinical imaging are very remarkable,

WJG|www.wjgnet.com

intestinal anisakiasis is often misdiagnosed as acute abdomen or intestinal obstruction and is treated surgically.
According to the report by Ishikura et al[14] intestinal anisakiasis was correctly diagnosed postoperatively in only
23% cases, whereas 38% cases were acute appendicitis,
12% were intestinal obstructions and 10% were acute
celiopathy. Anisakis larvae survive only for a few days in
the intestinal tract of humans. Therefore, the symptoms
due to acute inflammation subside within 2-3 wk and are
treated well by conservative therapy[15]. However, there
have been cases of strangulation or severe long segmental stenosis of the intestine caused by Anisakis, which of
course required surgical therapy[10,16]. However, there are
cases involving acute abdominal pain that are not intestinal anisakiasis. They should be correctly diagnosed and
treated surgically.
Thus, we herein suggest methods to correctly diagnose intestinal anisakiasis and avoid unnecessary surgical
intervention.
Collecting correct details of clinical history is the first
step required for the correct diagnosis of intestinal anisakiasis. The onset of intestinal anisakiasis varies from
1-7 d after the ingestion of the raw fish and differs from
that of gastric anisakiasis, which develops symptoms a
few hours after the ingestion of raw fish[1,17]. However,
there are cases in which the patients forget the food they
ate, and thus, we should be very careful in collecting
their clinical history details.
Accurate reading of the findings of the clinical images is the second step that is required for making a correct diagnosis of intestinal anisakiasis. CT shows swelling of a partial segment of the small bowel, dilatation of
the intestine with fluid collection on the oral side of the
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lesion, and collection of ascites, as observed in all three
cases experienced[8,10,18]. Ultrasound shows marked local
edema of Kerckring’s fold, which is known as the corn
sign, dilatation of the oral portion of the small intestine
with fluid accumulation, and accumulation of ascites. We
did not use ultrasound during the diagnostic procedure
in our cases, but integrating the information from different modalities of images would certainly increase the
rate of correct diagnosis.

8

9

10
11
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Core tip: Intestinal duplications are rare congenital
anomalies generally detected in infancy or early childhood. Duplicated segments are usually firmly attached
to and sometimes communicate with the gastrointestinal tract. Rarely, intestinal duplications are completely
isolated, thus not associated at all with the normal
gastrointestinal tract. Such duplications do not share
a common blood supply with the adjacent normal intestine, unlike the usual type of duplication. Reports
on completely isolated duplication cysts in adults are
extremely rare; we found only five in the English-language literature. Here, we report a case of a completely isolated duplication cyst mimicking an ovarian cyst in
an adult female.

Abstract
Intestinal duplications are rare congenital anomalies
that can occur anywhere in the gastrointestinal tract.
They are most commonly located in the ileum and
are usually detected in infancy or early childhood. Duplicated segments are usually firmly attached to and
sometimes communicate with the normal gastrointestinal tract. Rarely, intestinal duplications are completely
isolated, thus not associated at all with any part of the
gastrointestinal tract. Such duplications do not share
a common blood supply with the adjacent normal intestinal segment, unlike the usual form of duplication,
but rather have a separate vascular pedicle. Reports
of completely isolated duplication cysts in adults are
extremely rare; we found only five such reports in the
English-language medical literature. Here, we report
a case of a completely isolated duplication cyst 12 cm
long in an adult female. The cyst had no connection to

WJG|www.wjgnet.com

Park JY, Her KH, Kim BS, Maeng YH. A completely isolated
intestinal duplication cyst mimicking ovarian cyst torsion in an
adult. World J Gastroenterol 2014; 20(2): 603-606 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/i2/603.
htm DOI: http://dx.doi.org/10.3748/wjg.v20.i2.603

INTRODUCTION
Enteric duplication cysts are uncommon congenital
anomalies that occur anywhere from the tongue to the
anus[1]. Such cysts occur most commonly in the small
bowel and about half are in the mesenteric border of
the ileum[1-3]. Such cystic duplications communicate only
rarely with the intestinal lumen although the cysts are
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A

B

Figure 1 A contrast-enhanced coronal computer tomography image reveals a well-circumscribed and poorly attenuated dumbbell-shaped mass
exhibiting peripheral enhancement and a trilaminar appearance in the
pelvic cavity.

attached to the intestine and may even share a common
wall with the adjacent alimentary tract[2,4,5]. The duplication cysts usually share a blood supply with the adjacent
normal bowel[4]. However, completely isolated duplication cysts are not attached to any part of the intestine
and have their own vascular supply[4]. They are usually
detected in infancy and early childhood; adult patients are
extremely rare. In the present report, we describe an exceptionally rare case of a completely isolated duplication
cyst in an adult female.

S10-0210
0

10

15

Figure 2 Gross findings of the resected mass. The 12-cm-long cystic mass
has a smooth pinkish outer surface (A), and the cavity is uninoculated and incompletely septated (B).

The resected specimen was of dimensions 12 cm ×
8.5 cm × 6 cm and weighed 413 g. The external surface
was smooth and pinkish-gray in color (Figure 2A). When
the specimen was opened, the cyst was found to be uninoculated and partly septated. The cavity contained a clear
mucous fluid and a quantity of dirty-yellowish sludge-like
material. The cystic wall was pale-grayish and smooth,
and was relatively even in thickness (up to 0.5 cm; Figure
2B). Microscopically, the cystic wall consisted of mucosa, submucosa, two layers of smooth muscle, and the
serosa. The mucosal layer was largely covered by simple
cuboidal-to-columnar mucous epithelium and partly by a
gastric-type mucosa, including oxyntic glands (Figure 3).
Islands of myenteric plexus were also present between
the two layers of muscle. No epithelial dysplasia or malignancy was evident.
The postoperative course was uneventful and the patient was discharged without any complications.

CASE REPORT
A 36-year-old female patient presented with a 10-d history of abdominal pain. Clinical examination revealed
pain and tenderness around the periumbilical area and a
semi-mobile palpable mass in the lower abdomen. Her
past medical history included two Cesarean sections and
colchicine treatment for Behçet’s disease, diagnosed before she attained the age of 20 years.
A contrast-enhanced abdominal computed tomography (CT) scan revealed a well-circumscribed and
poorly attenuated lobulated mass approximately 12 cm
long, located in the pelvic cavity (Figure 1). The mass
exhibited peripheral enhancement and had a layered appearance. The center of the mass was of uniformly low
attenuation (10 Hounsfield units) indicating the presence of a cystic cavity. The mass displaced the terminal
ileum in an inferior direction. No right-side ovary was
detected either ultrasonographically or on the CT scan.
Ovarian cyst torsion was thus suggested both clinically
and radiologically.
Upon laparotomy, a large cystic mass was located on
the mesentery of the terminal ileum. The mass was not
connected or attached to any part of the adjacent intestinal tract. The mass was dissected completely free of surrounding soft tissue without disturbing any normal intestinal or mesenteric structure. The mass had a dedicated
vascular pedicle, which was simply ligated and removed.
An enlarged lymph node was located in the vicinity of
the cystic mass.

WJG|www.wjgnet.com

5

DISCUSSION
Intestinal duplication cysts are rare congenital anomalies
that occur in one of every 4000-5000 live births[5]. Isolated duplications occur much less frequently, in approximately 1 in 10000 live births[6]. Duplications are most
commonly detected in infancy and early childhood when
symptoms such as abdominal pain, obstruction, or vomiting develop[7]. The duplications occur most frequently
in the small bowel and over half are ileal duplications[3].
Enteric duplications are tubular or cystic in structure and

604

January 14, 2014|Volume 20|Issue 2|

Park JY et al . A completely isolated intestinal duplication cyst

A

B

Figure 3 Microphotographs of the cystic wall. The wall consists of mucosa, submucosa, muscle layers, and serosa (A, HE stain, × 10), with regions of gastric-type
mucosa containing oxyntic glands (B, HE stain, × 100).

Table 1 Summary of reports of completely isolated enteric duplication cysts in adults
Ref.

Clinical feature

Dimensions (cm)

Site

Mucosal type

Blank et al[3]
Kim et al[8]

Age (yr) Gender
51
28

M
M

Incidental
Incidental

10 × 4
Not mentioned

Villi, crypts, numerous mucous cells
Gastric

Nichols et al[9]

27

F

Abdominal fullness

9×6×1

Lee et al[10]

21

F

Palpable mass

3.5 × 2.5

Kyriakos et al[11]

20

M

7×4

Present case

36

F

Abdominal pain and
fever
Abdominal pain

Mesentery of the ileum
Mesentery of the Treitz
ligament
Mesentery of the descending
colon
Mesentery in the vicinity of
the round ligament
Lateral region of the
ascending colon
Mesentery of the terminal
ileum

12 × 8.5 × 6

Simple columnar mucinous
epithelium
No epithelial lining
Not mentioned
Mixed

M: Male; F: Female.

contain intestinal mucosa and muscle layers. The wall is
usually attached to some part of the gastrointestinal tract
and often shares a common muscle or serosal layer with
the normal intestine of the region[4].
Completely isolated enteric duplication cysts are not
connected or attached to any part of the intestinal tract.
Such cysts have dedicated vascular pedicles, whereas the
usual form of duplication cysts shares a blood supply
with the adjacent bowel. Inevitably, then, the bowel must
be resected upon cyst removal. Our 36-year-old female
patient had a completely isolated enteric duplication cyst
that was dissected without disturbing her intra-abdominal
anatomy. Reports of completely isolated enteric duplication cysts in adults are extremely rare; only five cases have
been described in the English-language medical literature[3,8-11] (Table 1). The cause of intestinal duplication is
believed to be vascular compromise during early organogenesis. However, the precise mechanism remains to be
elucidated[5].
Histopathologically, the wall of a duplication cyst is
composed of a lining epithelium and thin layers of muscle[9]. The mucosa is often similar to that of the region
of the bowel to which the cyst is attached[5], but some
heterotopic mucosa is also commonly found[3,8,12]. In
our case, the cystic mass was largely covered by a single
layer of simple cuboidal-to-columnar mucous epithelium with some areas of gastric-type mucosa, including
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oxyntic glands. The wall contained two layers of smooth
muscle and some islands of myenteric plexus were noted
between the muscle layers. Thus, the wall was similar in
structure to that of the normal intestine.
Enteric duplications are usually detected within the
first year of life when infants present with abdominal
pain, a palpable mass, or intestinal obstruction[1]. In some
adult cases, however, the duplications are asymptomatic,
remaining undiagnosed for years. Adenocarcinoma may
arise in such adult asymptomatic cysts[3,13,14]. In the present case, our patient reported abdominal pain that we
could not readily explain. Surface ulcers, distension of
the cystic cavity, or impending vascular insufficiency, are
among several possible causes. No dysplastic change or
malignant transformation was evident.
Diagnosis of a duplication cyst is difficult even with
the aid of modern imaging techniques such as CT or
magnetic resonance imaging, especially when no structural connection exists between the cyst and the normal
bowel. A recent report suggested that a barium meal
could be used to differentiate noncommunicating from
communicating cysts[7]. The cited authors reported that
the alimentary tract was compressed by a noncommunicating cyst, whereas communicating cysts were
themselves filled with contrast. However, it remains difficult to diagnose an enteric duplication cyst because the
differential diagnosis includes all intra-abdominal cystic
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masses, including mesenteric and omental cysts, pancreatic pseudocysts, and ovarian cysts[1,2,8]. In the present
case, ultrasonography and CT suggested the possibility
of an ovarian cyst rather than a rare intestinal duplication cyst. There has been one report of torsion of an
ovarian cyst mimicking an enteric duplication cyst [15].
The author said that non-enteric cysts may have doublelayered features on ultrasound, which are commonly
found in duplication cysts.
No consensus has been reached on treatment of
asymptomatic duplication cysts. However, surgical management of asymptomatic adult cases is recommended
because various potential complications, including
malignancy, may arise. Exploratory laparotomy may
be indicated if the preoperative diagnosis is unclear.
Completely isolated duplication cysts can be treated via
simple ligation and division of the pedicle; no bowel resection is required[4]. A successful laparoscopic excision
of a completely isolated enteric duplication cyst was
reported recently[9]. We performed simple excision of
the cystic mass without disturbing the normal intraperitoneal anatomy.
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CASE REPORT

ERCP for patients who have undergone Billroth Ⅱ
gastroenterostomy and Braun anastomosis
Wen-Guang Wu, Jun Gu, Wen-Jie Zhang, Ming-Ning Zhao, Ming Zhuang, Yi-Jing Tao, Ying-Bin Liu,
Xue-Feng Wang
recommend extending the duodenoscope along the
greater curvature of the stomach and then advancing
it through the “lower entrance” at the site of the gastrojejunal anastomosis, along the efferent loop, and
through the “middle entrance” at the site of the Braun
anastomosis to reach the papilla of Vater. Ten patients
who had each undergone Billroth Ⅱ gastroenterostomy
and Braun anastomosis between January 2009 and
December 2011 were included in our study. The overall
success rate of enterography was 90% for the patients
who had undergone Billroth Ⅱ gastroenterostomy and
Braun anastomosis, and the therapeutic success rate
was 80%. We believe that this enterography route for
ERCP is optimal for a patient who has had Billroth Ⅱ
gastroenterostomy and Braun anastomosis and helps
to increase the success rate of the procedure.
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Core tip: We recommend extending the duodenoscope
along the greater curvature of the stomach and then
advancing it through the “lower entrance” at the site
of the gastrojejunal anastomosis, along the efferent
loop, and through the “middle entrance” at the site of
the Braun anastomosis to reach the papilla of Vater.
We believe that this enterography route for endoscopic
retrograde cholangiopancreatography is optimal for a
patient who has undergone Billroth Ⅱ gastroenterostomy and Braun anastomosis and helps to increase the
success rate of the procedure.

Abstract
Endoscopic retrograde cholangiopancreatography (ERCP)
is efficacious in patients who have undergone Billroth
Ⅱ gastroenterostomies, but the success rate decreases
in patients who also have experienced Braun anastomoses. There are currently no reports describing the
preferred enterography route for cannulation in these
patients. We first review the patient’s previous surgery
records, which most often indicate that the efferent
loop is at the greater curvature of the stomach. We
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A

Upper entrance

INTRODUCTION

Lower entrance

Endoscopic retrograde cholangiopancreatography (ERCP)
is efficacious in patients having undergone Billroth Ⅱ
gastroenterostomies, but the success rate decreases in
patients who also have had Braun anastomoses. A previous study reported success rates of 83% in patients with
simple Billroth Ⅱ gastroenterostomies but only 29% in
patients with both a Billroth Ⅱ gastroenterostomy and
an additional Braun anastomosis [1]. ERCP failures in
such patients are caused by difficulties entering the afferent loop and accessing the papilla[2-4]. There are currently
no reports describing the preferred enterography route
for cannulation in these patients. Herein, we describe our
method for identifying the optimal enterography route
for ERCP in patients with both a Billroth Ⅱ gastroenterostomy and a Braun anastomosis.

B
Upper entrance

Middle entrance
Lower entrance

CASE REPORT

Figure 1 The gastrojejunal anastomosis is detected at the distal end of
the stomach, and 2 stomal openings corresponding to an end-to-side
anastomosis can be identified endoscopically. If the efferent loop was
constructed at the greater curvature of the stomach in the previous surgery,
the “lower entrance” is the entrance to the right efferent loop (A). Three stomal
openings can be identified endoscopically at the site of the Braun anastomosis,
and the “middle entrance” leads to the appropriate loop to reach the papilla of
Vater. The “middle entrance” is unique irrespective of the endoscopic approach
used (B).

In this study, we included patients who had had Billroth
Ⅱ gastroenterostomies and Braun anastomoses and in
whom therapeutic biliary intervention was planned between January 2009 and December 2011 in the ERCP
unit in the Department of General Surgery, Xin Hua
Hospital, which is affiliated with the Shanghai Jiaotong
University School of Medicine. During this period, 1659
ERCP procedures were performed. Patients who had
normal anatomies, Billroth Ⅰ/Ⅱ gastroenterostomies,
Roux-en-Y gastroenterostomies, and choledochoduodenostomies were excluded from the study. A total of 10
patients who had undergone Billroth Ⅱ gastroenterostomies and Braun anastomoses were included in the study.
These 10 patients [2 women and 8 men; mean age: 70.8
years (range: 55-83 years)] were admitted to our hospital
as a result of upper right quadrant pain, fever and jaundice. Magnetic resonance cholangiopancreatography revealed intra- and extra-hepatic bile duct dilation (common
bile duct stones were presented in all patients).
When conducting the procedure, we first review the
patient’s previous surgery records, which most often indicate that the efferent loop is at the greater curvature of
the stomach. One major challenge is distinguishing between the afferent and efferent loops. Our solution is to
extend the duodenoscope along the greater curvature of
the stomach until the gastrojejunal anastomosis becomes
visible, from which perspective the “lower entrance” is
the entrance to the right efferent loop (Figure 1A). We
are occasionally able to draw back the duodenoscope to
“relax” the gastrojejunal anastomosis and thus differentiate the “upper entrance” from the “lower entrance.” The
efferent loop makes a better entrance for the duodenoscope because it is less angulated than the afferent loop.
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Three stomal openings can be visualized endoscopically,
but identifying the correct entrance is a major challenge
(Figure 1B). The “middle entrance” is the entrance to
the loop that can be used to reach the papilla of Vater
when the endoscope is advanced from the efferent loop
and is unique irrespective of the endoscopic approach
used.
Ten patients who had each undergone a Billroth Ⅱ
gastroenterostomy and a Braun anastomosis were included in our study. The overall success rate of enterography
was 90% for the patients who had Billroth Ⅱ gastroenterostomies and Braun anastomoses, and the therapeutic
success rate was 80%. One patient’s procedure was unsuccessful because of a failure to access the papilla (due
to a long afferent loop), and cannulation failure occurred
another patient.

DISCUSSION
Many endoscopists enter the afferent loop via the site of
the gastrojejunal anastomosis, but the sharp angulation
caused by adhesions may make it impossible to advance
the endoscope into the afferent loop. Premature entry
into the afferent loop at the gastrojejunal anastomosis is
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efferent loop, and through the “middle entrance” at the
site of the Braun anastomosis to reach the papilla of
Vater. If the previous surgery records do not specify the
location of the efferent loop, we extend the duodenoscope along the greater curvature of the stomach until
the gastrojejunal anastomosis is visible and then advance
it through the “lower entrance” and along the jejunal
loop until it reaches the 3 stomal openings at the site of
the Braun anastomosis. We use a catheter (usually the
wire-guided retrieval balloon that is used to remove the
common bile duct stone) to explore the middle limb and
inject contrast into the loop to confirm that the limb
is the duodenal stump (Figure 3) and have therefore
termed this procedure “retrieval-balloon-assisted enterography”[5,6]. It should be emphasized that when performing ERCP in patients with postsurgical anatomical
changes, endoscopic guidance is insufficient and should
be supplemented with radiographs. If the middle limb
into which the catheter was advanced is the distal jejunum rather than the duodenal stump, the duodenoscope
should be retracted to the gastrojejunal anastomosis and
then advanced through the “upper entrance,” along the
limb, and then into the “middle entrance” at the site of
the Braun anastomosis to reach the papilla of Vater.

Figure 2 The duodenoscope should be extended along the greater curvature of the stomach and then advanced through the “lower entrance”
at the site of the gastrojejunal anastomosis, along the efferent loop, and
through the “middle entrance” at the site of the Braun anastomosis to
reach the papilla of Vater.

Duodenal stump

COMMENTS
COMMENTS
Case characteristics

Ten patients were admitted to their hospital as a result of upper right quadrant
pain, fever and jaundice.

Clinical diagnosis

Upper right quadrant pain, fever and jaundice.

Figure 3 Retrieval-balloon-assisted enterography. A catheter is advanced
into the middle limb and contrast injected into the loop to confirm that the limb is
the duodenal stump.

Differential diagnosis

Magnetic resonance cholangiopancreatography.

Laboratory diagnosis

Liver function tests were outside normal limits.

Imaging diagnosis

the main cause of failure to access the papilla. We avoid
this by extending the duodenoscope along the efferent
loop until the Braun anastomosis is visible. We recommend extending the duodenoscope along the greater
curvature of the stomach and then advancing it through
the “lower entrance” at the site of the gastrojejunal anastomosis, along the efferent loop, and through the “middle
entrance” at the site of the Braun anastomosis to reach
the papilla of Vater. We believe that this enterography
route for ERCP is optimal for patients with Billroth Ⅱ
gastroenterostomies and Braun anastomoses (Figure 2)
and helps to increase the success rate of the procedure.
Ten patients who received Billroth Ⅱ gastroenterostomies and Braun anastomoses were included in our study.
The overall success rate of enterography was 90% for
the patients who had undergone Billroth Ⅱ gastroenterostomies and Braun anastomoses, and the therapeutic
success rate was 80%.
When the efferent loop is located at the lesser curvature of the stomach, we recommend extending the
duodenoscope along the greater curvature of the stomach and then advancing it through the “upper entrance”
at the site of the gastrojejunal anastomosis, along the
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Magnetic resonance cholangiopancreatography revealed intra- and extra-hepatic bile duct dilation (common bile duct stones were presented in all patients).

Treatment

Endoscopic retrograde cholangiopancreatography.

Related reports

Endoscopic retrograde cholangiopancreatography (ERCP) is efficacious in patients having undergone Billroth Ⅱ gastroenterostomies, but the success rate
decreases in patients who also have had Braun anastomoses.

Term explanation

Braun anastomosis is an anastomosis between the afferent and efferent loops
of the jejunum after a loop gastroenterostomy.

Experiences and lessons

The authors recommend extending the duodenoscope along the greater curvature of the stomach and then advancing it through the “lower entrance” at the
site of the gastrojejunal anastomosis, along the efferent loop, and through the
“middle entrance” at the site of the Braun anastomosis to reach the papilla of
Vater. The authors believe that this is the optimal enterography route for ERCP
in patients having undergone Billroth Ⅱ gastroenterostomies and a Braun
anastomoses.

Peer review

In this paper, Wu et al describe a method for identifying the optimal route for
ERCP in patients with both a Billroth Ⅱ gastroenterostomy and a Brown anastomosis. The methods used appear feasible and useful to increase success rate
of ERCP in such setting. The figures are a good argument for their methods.
The manuscript can be accepted for publication.
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Fecal calprotectin in coeliac disease
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gate the subclinical inflammatory changes of active CD
and FC should be considered a useless tool in the diagnostic work-up of uncomplicated CD but it should be
accompanied by aTg when ruling out organic disease
in patients with irritable bowel syndrome.
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Core tip: High levels of fecal calprotectin (FC) have
been found in several gastrointestinal diseases but only
few and discordant reports investigated the role of FC
in celiac disease (CD). So, we would like to share with
the readers the results of our experience in 50 CD patients, who were referred to our third-level CD Unit. We
think that FC is not able to investigate the subclinical
inflammatory changes of active CD and FC should be
considered a useless tool in the diagnostic work-up of
uncomplicated CD but it should be accompanied by aTg
when ruling out organic disease in patients with IBS.

Abstract
We would like to share with the readers the results
of our experience in 50 celiac disease (CD) patients,
enrolled between September 2012 and April 2013,
who were referred to our third-level CD Unit. The fecal
calprotectin (FC) concentration of 50 adults with newly
diagnosed CD was compared to that of a control group
of 50 healthy subjects. FC level was determined by enzyme linked immunosorbent assay with diagnostic cutoff of 75 μg/g. In addition, we tried to correlate the FC
level with symptoms, histological severity of CD (Marsh
grade) and level of tissue transglutaminase antibodies
(aTg) in CD patients. Finally, FC level was increased in
five CD patients and in four controls (10% vs 8%, P =
NS); mean FC concentration of patients and controls
were 57.7 (SD ± 29.1) and 45.1 (SD ± 38.4) respectively. Furthermore, no significant correlation was seen
between FC levels and symptoms/Marsh grade/aTg.
The five CD patients did not show inflammatory lesions
(e.g., ulcers, erosions) at upper endoscopy. The four
healthy controls with positive FC were followed-up for
further six months; in this observational period they
did not show clinical signs of any underlying disease.
On these bases, we think that FC is not able to investi-
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TO THE EDITOR
In recent years many studies have explored the role of fecal calprotectin (FC) in detecting the presence of bowel
inflammation[1]. High levels of FC have been found in
several gastrointestinal diseases but only few and discordant reports investigated the role of FC in celiac disease
(CD). In effect, a first report by Montalto et al[2] focused
on FC concentrations in 28 untreated CD patients compared with a control group of healthy subjects. The authors
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reported that FC level of CD patients do not differ significantly from those in controls. On the contrary, the paediatric study by Balamtekın et al[3] found that FC level was
higher in children with newly diagnosed CD compared
to that of CD patients under gluten free diet and healthy
controls. Similar results were also found by Ertekin et al[4].
So, we would like to share with the readers the results
of our experience in 50 CD patients, enrolled between
September 2012 and April 2013, who were referred to our
third-level CD Unit. The FC concentration of 50 adults
with newly diagnosed CD was compared to that of a control group of 50 healthy subjects. FC level was determined
by enzyme linked immunosorbent assay with diagnostic
cut-off of 75 μg/g. In addition, we tried to correlate the
FC level with symptoms, histological severity of CD (Marsh
grade) and level of tissue transglutaminase antibodies (aTg)
in CD patients. Finally, FC level was increased in five CD
patients and in four controls (10% vs 8%; P = NS); mean
FC concentration of patients and controls were 57.7 (SD
± 29.1) and 45.1 (SD ± 38.4) respectively. Furthermore,
no significant correlation was seen between FC levels and
symptoms/Marsh grade/aTg. The five CD patients did
not show inflammatory lesions (e.g., ulcers, erosions) at
upper endoscopy. The four healthy controls with positive

FC were followed-up for further six months; in this observational period they did not show clinical signs of any
underlying disease. On these bases, we think that FC is not
able to investigate the subclinical inflammatory changes of
active CD and FC should be considered a useless tool in
the diagnostic work-up of uncomplicated CD but it should
be accompanied by aTg when ruling out organic disease in
patients with irritable bowel syndrome.
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Express t test as t (in italics), F test as F (in italics), chi square test
as χ2 (in Greek), related coefficient as r (in italics), degree of freedom as υ (in Greek), sample number as n (in italics), and probability as P (in italics).
Units
Use SI units. For example: body mass, m (B) = 78 kg; blood
pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, blood glucose concentration, c (glucose) 6.4 ±
2.1 mmol/L; blood CEA mass concentration, p (CEA) = 8.6
24.5 mg/L; CO2 volume fraction, 50 mL/L CO2, not 5% CO2;
likewise for 40 g/L formaldehyde, not 10% formalin; and
mass fraction, 8 ng/g, etc. Arabic numerals such as 23, 243, 641
should be read 23243641.
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quantums can be found at: http://www.wjgnet.com/1007-9327/
g_info_20100315223018.htm.
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used abbreviations, such as DNA, RNA, HIV, LD50, PCR,
HBV, ECG, WBC, RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP,
EDTA, mAb, can be used directly without further explanation.
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Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna

IV

Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
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Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Alessandro Vitale, Padova
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
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Yoichi Hiasa, Toon
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Akio Inui, Kagoshima
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki



Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait
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Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania

Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Antanas Mickevicius, Kaunas
Poland
Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
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Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow

VI

Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
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Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Dong Wan Seo, Seoul
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
Jordi Camps, Reus
Carlos Cervera Barcelona
Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada, Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara
Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid
Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona
Carlos Taxonera, Madrid
M Isabel Torres, Jaén
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Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid
Silvia Vidal, Barcelona

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
Konstantinos Tsimogiannis, Vasteras

Switzerland
Gieri Cathomas, Liestal
Jean Louis Frossard, Geneve
Christian Toso, Geneva
Stephan Robert Vavricka, Zurich
Dominique Velin, Lausanne

Thailand
Thawatchai Akaraviputh, Bangkok
P Yoysungnoen Chintana, Pathumthani
Veerapol Kukongviriyapan, Muang
Vijittra Leardkamolkarn, Bangkok
Varut Lohsiriwat, Bangkok
Somchai Pinlaor, Khaon Kaen
D Wattanasirichaigoon, Bangkok

Trinidad and Tobago
B Shivananda Nayak, Mount Hope

Tunisia
Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

Turkey
Sami Akbulut, Diyarbakir
Inci Alican, Istanbul
Mustafa Altindis, Sakarya
Mutay Aslan, Antalya
Oktar Asoglu, Istanbul
Yasemin Hatice Balaban, Istanbul
Metin Basaranoglu, Ankara
Yusuf Bayraktar, Ankara

VII

Süleyman Bayram, Adiyaman
Ahmet Bilici, Istanbul
Ahmet Sedat Boyacioglu, Ankara
Züleyha Akkan Cetinkaya, Kocaeli
Cavit Col, Bolu
Yasar Colak, Istanbul
Cagatay Erden Daphan, Kirikkale
Mehmet Demir, Hatay
Ahmet Merih Dobrucali, Istanbul
Gülsüm Ozlem Elpek, Antalya
Ayse Basak Engin, Ankara
Eren Ersoy, Ankara
Osman Ersoy, Ankara
Yusuf Ziya Erzin, Istanbul
Mukaddes Esrefoglu, Istanbul
Levent Filik, Ankara
Ozgur Harmanci, Ankara
Koray Hekimoglu, Ankara
Abdurrahman Kadayifci, Gaziantep
Cem Kalayci, Istanbul
Selin Kapan, Istanbul
Huseyin Kayadibi, Adana
Sabahattin Kaymakoglu, Istanbul
Metin Kement, Istanbul
Mevlut Kurt, Bolu
Resat Ozaras, Istanbul
Elvan Ozbek, Adapazari
Cengiz Ozcan, Mersin
Hasan Ozen, Ankara
Halil Ozguc, Bursa
Mehmet Ozturk, Izmir
Orhan V Ozkan, Sakarya
Semra Paydas, Adana
Ozlem Durmaz Suoglu, Istanbul
Ilker Tasci, Ankara
Müge Tecder-ünal, Ankara
Mesut Tez, Ankara
Serdar Topaloglu, Trabzon
Murat Toruner, Ankara
Gokhan Tumgor, Adana
Oguz Uskudar, Adana
Mehmet Yalniz, Elazig
Mehmet Yaman, Elazig
Veli Yazisiz, Antalya
Yusuf Yilmaz, Istanbul
Ozlem Yilmaz, Izmir
Oya Yucel, Istanbul
Ilhami Yuksel, Ankara

United Kingdom
Nadeem Ahmad Afzal, Southampton
Navneet K Ahluwalia, Stockport
Yeng S Ang, Lancashire
Ramesh P Arasaradnam, Coventry
John Beynon, Swansea
Barbara Braden, Oxford
Simon Bramhall, Birmingham
Geoffrey Burnstock, London
Ian Chau, Sutton
Thean Soon Chew, London
Helen G Coleman, Belfast
Anil Dhawan, London
Sunil Dolwani, Cardiff
Piers Gatenby, London
Anil T George, London
Pasquale Giordano, London
Paul Henderson, Edinburgh
Georgina Louise Hold, Aberdeen
Stefan Hubscher, Birmingham
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Robin D Hughes, London
Matt W Johnson, Luton
Konrad Koss, Macclesfield
Anastasios Koulaouzidis, Edinburgh
Simon Lal, Salford
John S Leeds, Aberdeen
Michael Newton Marsh, Oxford
Michael Joseph McGarvey, London
Michael Anthony Mendall, London
Alexander H Mirnezami, Southampton
J Bernadette Moore, Guildford
Claudio Nicoletti, Norwich
Savvas Papagrigoriadis, London
David Mark Pritchard, Liverpool
James A Ross, Edinburgh
Kamran Rostami, Worcester
Xiong Z Ruan, London
Dina Tiniakos, Newcastle upon Tyne
Frank I Tovey, London
Dhiraj Tripathi, Birmingham
Vamsi R Velchuru, Great Yarmouth
Nicholas T Ventham, Edinburgh
Diego Vergani, London
Jack Westwood Winter, Glasgow
Terence Wong, London
Ling Yang, Oxford

United States
Daniel E Abbott, Cincinnati
Ghassan K Abou-Alfa, New York
Julian Abrams, New York
David William Adelson, Los Angeles
Jonathan Steven Alexander, Shreveport
Tauseef Ali, Oklahoma City
Mohamed R Ali, Sacramento
Rajagopal N Aravalli, Minneapolis
Hassan Ashktorab, Washington
Shashi Bala, Worcester
Charles F Barish, Raleigh
P Patrick Basu, New York
Robert L Bell, Berkeley Heights
David Bentrem, Chicago
Joshua Bleier, Philadelphia
Wojciech Blonski, Johnson City
Kenneth Boorom, Corvallis
Brian Boulay, Chicago
Carla W Brady, Durham
Kyle E Brown, Iowa City
Adeel AButt, Pittsburgh
Weibiao Cao, Providence
Andrea Castillo, Cheney
Fernando J Castro, Weston
Adam S Cheifetz, Boston
Adam S Cheifetz, Boston
Xiaoxin Luke Chen, Durham
Ramsey Cheung, Palo Alto
Parimal Chowdhury, Little Rock
Edward John Ciaccio, New York
Dahn L Clemens, Omaha
Yingzi Cong, Galveston
Laura Iris Cosen-Binker, Boston
Joseph John Cullen, Lowa
Mark J Czaja, Bronx
Mariana D Dabeva, Bronx
Christopher James Damman, Seattle
Isabelle G De Plaen, Chicago
Abhishek Deshpande, Cleveland
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Punita Dhawan, Nashville
Hui Dong, La Jolla
Wael El-Rifai, Nashville
Sukru H Emre, New Haven
Paul Feuerstadt, Hamden
Josef E Fischer, Boston
Laurie N Fishman, Boston
Temitope Foster, Atlanta
AmyEFoxx-Orenstein, Scottsdale
Daniel E Freedberg, New York
Shai Friedland, Palo Alto
Virgilio George, Indianapolis
Oliver Grundmann, Gainesville
Stefano Guandalini, Chicago
Chakshu Gupta, St. Joseph
Grigoriy E Gurvits, New York
Xiaonan Han, Cincinnati
Mohamed Hassan, Jackson
Martin Hauer-Jensen, Little Rock
Yingli Hee, Atlanta
Samuel B Ho, San Diego
Jason Ken Hou, Houston
Lifang Hou, Chicago
K-Qin Hu, Orange
Jamal A Ibdah, Columbia
Robert Thomas Jensen, Bethesda
Huanguang “Charlie” Jia, Gainesville
Rome Jutabha, Los Angeles
Andreas M Kaiser, Los Angeles
Avinash Kambadakone, Boston
David Edward Kaplan, Philadelphia
Randeep Kashyap, Rochester
Rashmi Kaul, Tulsa
Ali Keshavarzian, Chicago
Amir Maqbul Khan, Marshall
Nabeel Hasan Khan, New Orleans
Sahil Khanna, Rochester
Kusum K Kharbanda, Omaha
Hyun Sik Kim, Pittsburgh
Joseph Kim, Duarte
Jae S Kim, Gainesville
Miran Kim, Providence
Timothy R Koch, Washington
Burton I Korelitz, New York
Betsy Kren, Minneapolis
Shiu-Ming Kuo, Buffalo
Michelle Lai, Boston
Andreas Larentzakis, Boston
Edward Wolfgang Lee, Los Angeles
Daniel A Leffler, Boston
Michael Leitman, New York
Suthat Liangpunsakul, Indianapolis
Joseph K Lim, New Haven
Elaine Y Lin, Bronx
Henry C Lin, Albuquerque
Rohit Loomba, La Jolla
James David Luketich, Pittsburgh
Mohammad F Madhoun, Oklahoma City
Thomas C Mahl, Buffalo
Ashish Malhotra, Bettendorf
Pranoti Mandrekar, Worcester
John Marks, Wynnewood
Wendy M Mars, Pittsburgh
Julien Vahe Matricon, San Antonio
Craig J McClain, Louisville
George K Michalopoulos, Pittsburgh
Tamir Miloh, Phoenix
Ayse Leyla Mindikoglu, Baltimore
Huanbiao Mo, Denton
Klaus Monkemuller, Birmingham

VIII

John Morton, Stanford
Adnan Muhammad, Tampa
Michael J Nowicki, Jackson
Patrick I Okolo, Baltimore
Giusepp Orlando, Winston Salem
Natalia A Osna, Omaha
Virendra N Pandey, Newark
Mansour A Parsi, Cleveland
Michael F Picco, Jacksonville
Daniel S Pratt, Boston
Xiaofa Qin, Newark
Janardan K Reddy, Chicago
Victor E Reyes, Galveston
Jon Marc Rhoads, Houston
Giulia Roda, New York
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Helicobacter pylori and autoimmune disease: Cause or
bystander
Daniel S Smyk, Andreas L Koutsoumpas, Maria G Mytilinaiou, Eirini I Rigopoulou, Lazaros I Sakkas,
Dimitrios P Bogdanos
mune disorders, affecting organs not immediately
relevant to the stomach. This review discusses the current evidence in support or against the role of H. pylori
as a potential trigger of autoimmune rheumatic and
skin diseases, as well as organ specific autoimmune
diseases. We discuss epidemiological, serological, immunological and experimental evidence associating
this pathogen with autoimmune diseases. Although
over one hundred autoimmune diseases have been
investigated in relation to H. pylori , we discuss a select
number of papers with a larger literature base, and
include Sjögrens syndrome, rheumatoid arthritis, systemic lupus erythematosus, vasculitides, autoimmune
skin conditions, idiopathic thrombocytopenic purpura,
autoimmune thyroid disease, multiple sclerosis, neuromyelitis optica and autoimmune liver diseases. Specific
mention is given to those studies reporting an association of anti-H. pylori antibodies with the presence of
autoimmune disease-specific clinical parameters, as
well as those failing to find such associations. We also
provide helpful hints for future research.
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Core tip: Multiple infectious agents have been implicated in the development of autoimmune disease.
Helicobacter pylori is one pathogen which has been
linked with multiple autoimmune diseases. This review
will critically discuss a select few studies which have
a larger evidence base, both in terms of positive and
negative findings.

Abstract
Helicobacter pylori (H. pylori ) is the main cause of

chronic gastritis and a major risk factor for gastric cancer. This pathogen has also been considered a potential trigger of gastric autoimmunity, and in particular of
autoimmune gastritis. However, a considerable number
of reports have attempted to link H. pylori infection
with the development of extra-gastrointestinal autoim-
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POTENTIAL MECHANISMS OF H.
PYLORI-INDUCED AUTOIMMUNITY
Several mechanisms of pathogen-induced autoimmunity
have been described in studies of H. pylori-induced autoimmunity[19]. We briefly discuss some of these papers,
starting with the study by Jackson and colleagues [20].
These investigators found that chronic H. pylori infection was associated with an increased risk of an elevated
serum C-reactive protein, indicating an ongoing inflammatory state. This chronic inflammation may result in
ongoing antigenic stimulation, and induces a systemic
inflammatory response, and therefore extra-gastrointestinal disease[20]. However, such hypotheses are not accompanied by solid experimental data. We need to emphasize
that this, as well as most other studies investigating the
role of H. pylori, speculates rather than demonstrates a
pathogenic role for this bacterium. Another study found
that molecular mimicry of H. pylori antigens activated
cross-reactive T cells in autoimmune gastritis[21]. H. pylori
components (especially urease) have been shown to activate B cells to produce IgM rheumatoid factor, anti-dsDNA, and anti-phospholipid choline antibodies[22]. The
former studies belong to those few (compared to the
great majority of the studies) that to some extent provide a mechanistic approach as to how the pathogen can
inflict loss of immunological tolerance, which is an important component for the initiation of antigen-driven
autoimmunity. Similar mechanisms have been proposed
in relation to heat shock protein (hsp) 60[23]. Another
piece of evidence which can support the major role of H.
pylori in the development of autoimmune diseases (and
not just in the induction of autoantibodies) stems from
studies on animal models of autoimmune diseases. Infection of male C57BL/6 mice with H. pylori can induce
a disease that resembles human PBC[24]. However, most
animal models of autoimmune diseases do not rely on H.
pylori infection for the induction of the disease or do not
provide data to support that this pathogen is needed for
disease development. Most of the mechanisms discussed
in the literature remain as hypotheses that require more
extensive investigation.

INTRODUCTION
Autoimmune diseases arise from the interaction of genetic susceptibility and environmental exposures[1-4]. Among
environmental exposures, infectious triggers have been
implicated and studied extensively[1,5]. Infectious agents
include bacteria, viruses and parasites, and may also
consist of those organisms which comprise the normal
flora[5]. Several mechanisms by which infectious agents
may cause autoimmune disease have been proposed[6,7].
These include molecular mimicry[8-10], epitope spreading,
bystander effect[11,12], microbial super-antigens, immune
complex formation[13], MHC class Ⅱ expression on nonimmune cells[14], direct inflammatory damage[13], high
levels of pro-inflammatory cytokines such as interferon
(IFN)-γ[10], and T-regulatory/Th17 imbalance.
Among infectious agents implicated, Helicobacter pylori
(H. pylori) has received particular attention, in that it has
been implicated in both organ specific and non-organ
specific autoimmune disease[15]. As gastric disease in relation to H. pylori has been discussed extensively in multiple reviews and studies[16-18], it will not be discussed in
this review. Likewise, multiple other autoimmune conditions have been linked with H. pylori, with evidence bases
of varying content. In fact, amongst the autoimmune or
autoimmune related diseases listed by AARDA (American
Autoimmune Related Diseases Association, http://www.
aarda.org/), 95 have been studied sporadically or systematically in regard to their connection with H. pylori,
while among the remaining 61 there are no studies (yet)
in Pubmed (search up to 29 September 2013) (Tables
1 and 2). Therefore, this review will discuss selected
autoimmune conditions, both organ specific and nonorgan specific, which have an evidence base (positive or
negative) in relation to H. pylori infection. Amongst the
non-organ specific autoimmune disorders, we thoroughly
discuss immune thrombocytopenic purpura (ITP) and
autoimmune rheumatic diseases, such as rheumatoid arthritis (RA), systemic lupus erythematosus (SLE), Sjögren
syndrome (SjS), systemic sclerosis (SSc). Amongst the
organ specific diseases linked with H. pylori, autoimmune
thyroid disease (AiTD), and multiple sclerosis (MS)/neuromyelitis optica (NMO) are discussed, as well as autoimmune liver diseases such as primary biliary cirrhosis
(PBC), primary sclerosing cholangitis (PSC) and autoimmune hepatitis (AIH). Although a wealth of literature is
available for some conditions, we present selected papers
that highlight the current findings, or lack thereof. It will
become apparent that the evidence in support of H.
pylori as a cause of some autoimmune conditions varies
from one condition to the next.
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H. PYLORI AND AUTOIMMUNE
RHEUMATIC DISORDERS
The pathogenetic evidence linking H. pylori with autoimmune rheumatic diseases varies amongst diseases. For
example, while there are a reasonable number of studies
investigating this topic in SjS, the data stemming from
SLE are relatively few and inconsistent. There are several
explanations that could account for the great variation in
the number of the studies conducted amongst diseases.
Some studies are rare and translational research is difficult
to perform, as in for example the case of SSc. Other diseases do not have reliable animal models, and in these dis-
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Table 1 Autoimmune diseases or autoimmune disease-related disorders which have been studied for their possible (direct or indirect) relation with Helicobacter pylori infection
AID or AID-related disorders linked to H.pylori
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

AID or AID-related disorders linked to H.pylori

Alopecia areata
Antiphospholipid syndrome
Autoimmune angioedema
Autoimmune hepatitis
Autoimmune hyperlipidemia
Autoimmune hemolytic anemia
Autoimmune myocarditis
Autoimmune oophoritis
Autoimmune pancreatitis
Autoimmune polyglandular syndromes
Autoimmune thrombocytopenic purpura
Autoimmune thyroid disease
Autoimmune urticaria
Axonal and neuronal neuropathies
Behcet’s disease
Bullous pemphigoid
Cardiomyopathy
Celiac disease
Chagas disease
Chronic inflammatory demyelinating polyneuropathy
Chronic recurrent multifocal osteomyelitis
Crohn’s disease
Cogans syndrome
Demyelinating neuropathies
Dermatitis herpetiformis
Dermatomyositis
Devic’s disease (neuromyelitis optica)
Eosinophilic esophagitis
Eosinophilic fasciitis
Erythema nodosum
Experimental allergic encephalomyelitis
Fibromyalgia
Fibrosing alveolitis
Giant cell arteritis (temporal arteritis)
Giant cell myocarditis
Glomerulonephritis
Goodpasture’s syndrome
Graves’ disease
Guillain-Barre syndrome
Hashimoto’s thyroiditis
Henoch-Schonlein purpura
Hypogammaglobulinemia idiopathic thrombocytopenic purpura
IgA nephropathy
IgG4-related sclerosing disease
Immunoregulatory lipoproteins
Inclusion body myositis
Interstitial cystitis
Juvenile arthritis

49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95

Juvenile diabetes (Type 1 diabetes)
Kawasaki syndrome
Leukocytoclastic vasculitis
Lichen planus
Linear IgA disease
Lupus (SLE)
Microscopic polyangiitis
Mixed connective tissue disease
Mooren’s ulcer
Multiple sclerosis
Myositis
Narcolepsy
Neuromyelitis optica (Devic’s)
Neutropenia
Ocular cicatricial pemphigoid
Optic neuritis
Palindromic rheumatism
Pars planitis (peripheral uveitis)
Pemphigus
Peripheral neuropathy
Perivenous encephalomyelitis
Pernicious anemia
Polyarteritis nodosa
Polymyalgia rheumatica
Polymyositis
Primary biliary cirrhosis
Primary sclerosing cholangitis
Psoriasis
(Idiopathic) pulmonary fibrosis
Pyoderma gangrenosum
Raynaud’s phenomenon
Reactive Arthritis
Reiter’s syndrome
Relapsing polychondritis
Rheumatoid arthritis
Sarcoidosis
Scleroderma (systemic sclerosis)
Sjogren’s syndrome
Temporal arteritis/Giant cell arteritis
Thrombocytopenic purpura
Transverse myelitis
Type 1 diabetes
Ulcerative colitis
Undifferentiated connective tissue disease
Uveitis
Vasculitis (other forms)
Vesiculobullous dermatosis

The list includes diseases in alphabetic order as they have been deposited in the official website of AARDA (American Autoimmune Related Diseases Association) with minor revisions. Diseases with at least one study (Pubmed Search) investigating Helicobacter pylori (H. pylori) as a trigger have been included.
AID: Autoimmune disease.

cell infiltration and destruction of exocrine glands[19]. As
lacrimal and salivary glands are most affected, a link with H.
pylori has been made given its prevalence in the oral cavity[19],
which may be associated with anti-H. pylori antibodies[25].
Aragon et al[23] found that 79.4% of SjS patients had
anti-H. pylori antibodies, and that 88.2% had anti-hsp60.
This was significantly higher than other autoimmune controls (18.2% with anti-H. pylori; 27.3% with anti-hsp60),
and healthy controls (48.8% anti-H. pylori; 37.2% antihsp60)[23]. El Miedany et al[26] failed to find statistically
significant differences in the prevalence of anti-H. pylori

orders it has been almost impossible to assess the role of
infectious agents in the induction of autoimmunity. Also,
for some diseases the prevailing idea amongst researchers
has been that H. pylori is not an attractive etiologic agent,
and this has prevented more research in this topic over
the years. Nevertheless, epidemiological, serological and
clinical studies have been performed to some extent and
are reviewed herein.
Sjögren’s syndrome
SjS is an autoimmune condition characterized by lymphoid

WJG|www.wjgnet.com
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Table 2 Autoimmune diseases or autoimmune diseases-related disorders which have not been studied for their possible (direct or
indirect) relation with Helicobacter pylori infection
AID or AID-related disorders not linked to H. pylori
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

Acute Disseminated Encephalomyelitis
Acute necrotizing hemorrhagic leukoencephalitis
Addison's disease
Agammaglobulinemia
Amyloidosis
Ankylosing spondylitis
Anti-GBM/Anti-TBM nephritis
Autoimmune aplastic anemia
Autoimmune dysautonomia
Autoimmune immunodeficiency
Autoimmune inner ear disease
Autoimmune retinopathy
Balo disease
Castleman disease
Chronic fatigue syndrome
Churg-Strauss syndrome
Cicatricial pemphigoid/benign mucosal pemphigoid
Congenital heart block
Coxsackie myocarditis
CREST disease
Essential mixed cryoglobulinemia
Discoid lupus
Dressler’s syndrome
Endometriosis
Evans syndrome
Granulomatosis with Polyangiitis (formerly called Wegener’s Granulomatosis)
Hashimoto’s encephalitis
Herpes gestationis
Juvenile myositis
Lambert-Eaton syndrome
Lichen sclerosus
Ligneous conjunctivitis
Lyme disease,
(Chronic) Meniere’s disease
Mucha-Habermann disease
Myasthenia gravis
Pediatric Autoimmune Neuropsychiatric Disorders Associated with Streptococcus
Paraneoplastic cerebellar degeneration
Paroxysmal nocturnal hemoglobinuria
Parry Romberg syndrome
Parsonage-Turner syndrome
POEMS syndrome
Postmyocardial infarction syndrome
Postpericardiotomy syndrome
Progesterone dermatitis
Psoriatic arthritis
Pure red cell aplasia
Reflex sympathetic dystrophy
Restless legs syndrome
Retroperitoneal fibrosis
Rheumatic fever
Schmidt syndrome
Scleritis
Sperm and testicular autoimmunity
Stiff person syndrome
Subacute bacterial endocarditis
Susac’s syndrome
Sympathetic ophthalmia
Takayasu’s arteritis
Tolosa-Hunt syndrome
Vitiligo

The list includes diseases in alphabetical order as they have been deposited in the official website of AARDA (American Autoimmune Related Diseases Association) with minor revisions. Diseases with at least one study (Pubmed Search) investigating Helicobacter pylori (H. pylori) as a trigger have been included.
AID: Autoimmune disease.
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patients, and other studies found the prevalence of H.
pylori to be similar to that of the healthy controls[27,34,35].
After H. pylori eradication, no change in RA symptoms
was reported by several studies[36-38], although improvement was noted in others[39,40]. Currently, the data are
mixed regarding RA and H. pylori, and it appears that the
link is weak.

antibodies between patients with primary and secondary SjS (80.6% vs 71% for IgG, and 47.2% vs 38.7% for
IgA, respectively). However, anti-H. pylori antibodies were
significantly less prevalent in patients with connective tissue disorders lacking sicca syndrome symptomatology
(60.9% for IgG and 19.6% for IgM). The lowest prevalence of IgG and IgM anti-H. pylori antibodies was found
in normal controls (56.3% for IgG and 12.5% for IgM,
respectively)[26]. Similar results have been found in further
studies[27], but contradictory data have been provided in
others[28]. A study by the group of Theander[28] examined
the prevalence of H. pylori in a Swedish cohort of 164
SjS patients, and found that 45% were seropositive for H.
pylori infection, including 23% with anti-CagA antibodies.
However, these rates were lower than those seen in a control group of orthopedic outpatients without autoimmune
conditions, and similar to rates found among healthy individuals[28]. That group therefore concluded that H. pylori
infection was not linked with SjS[28].
Some studies have attempted to link evidence of H.
pylori infection with clinical features of SjS. For example,
El Miedany et al[26] have found that there is a significant
correlation between (IgG and IgM) anti-H. pylori antibody seropositivity and the presence of primary and secondary SjS, as well as various clinical parameters. Logistic
regression analysis has revealed that the presence of IgG
anti-H. pylori antibodies significantly correlates with age,
disease duration and global score for disease status.
Another possible link between SjS and H. pylori may
be found in mucosa-associated lymphoid tissue (MALT)
lymphomas that may arise from chronic antigenic stimulation (i.e., chronic infection and/or autoimmune disease).
H. pylori was detected in gastric tissue from MALT, and
interestingly, there is an increased incidence of MALT
lymphomas and marginal zone B cell neoplasms in SjS[29].
It is possible that H. pylori eradication in SjS may result in
decreased incidence of MALT, as is the case for gastric
MALT lymphomas[30-32]. Further studies regarding the
prevalence of H. pylori in SjS in different populations are
currently needed, in addition to monitoring for H. pylori
in at-risk individuals.

Systemic lupus erythematosus
H. pylori prevalence has been studied in patients with
SLE, but the results vary amongst reports. A recent
study has failed to find significantly higher prevalence
of anti-H. pylori antibodies in SLE patients compared
to controls[41]. Of note, this study showed an increased
prevalence of anti-H. pylori antibodies in patients with
anti-phospholipid syndrome, giant cell arteritis, SSc
and PBC[41]. Such findings have also been reported in
the past. Kalabay et al[42] have studied the prevalence of
anti-H. pylori antibodies in various autoimmune rheumatic diseases. These authors have found comparable
prevalence of this pathogen in patients with SLE and
healthy controls (57% vs 59%)[42]. The highest prevalence
of anti-H. pylori antibodies was found in patients with
undifferentiated connective tissue disorders (82%)[42]. Of
interest, an early study reported a negative association
between H. pylori seropositivity and the development
of SLE in African-American women[43]. In particular,
female African-American patients with SLE had a lower
prevalence of H. pylori seropositivity compared to controls (38.1% vs 60.2%). That study also found that seronegative African-American females were more likely to
develop SLE, and at an earlier age than their seropositive
counterparts[43]. Thus, the mean age of onset for SLE
was 34.4 years in the seropositive group and 28 years in
the seronegative group. These data suggest that either
the presence of the pathogen confers protection from
SLE or that the same mechanisms that make individuals prone to H. pylori infection also promote the immune
dysregulation which is necessary for SLE’s induction in
African-American females.
Much like RA, the role of H. pylori in SLE is also inconclusive. In an animal model, urease exposure induced
anti-ssDNA antibody production[22]. However, low anti-H.
pylori antibodies have been found in SLE patients, with
levels comparable to healthy controls[27,43]. Overall, the evidence does not support a role for H. pylori in the development of SLE[44].

Rheumatoid arthritis
Sir James Paget was one of the very first to consider the
possibility that what is now known as rheumatoid arthritis may indeed be caused by microbial infections. In
1853, Paget hypothesized that all diseases that manifest
their symptoms symmetrically, such as “the deformities of chronic rheumatism”, must be blood-borne and
could be caused by a demonstrable virus. H. pylori has
been considered one of the infectious agents linked
to RA; however, the data do not support this. An increased incidence of peptic ulcer disease in RA patients
is most likely related to the use of non-steroidal antiinflammatory drugs[33]. Yamanishi et al[22] found increased
IgM rheumatoid factor in B cells chronically stimulated
with H. pylori urease. However, several studies demonstrated that there is a lower prevalence of H. pylori in RA
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Systemic sclerosis
Dysregulation of innate and adaptive (humoral and cellular) immunity plays an important role in the induction
of SSc[45-47]. The very low concordance rate for SSc in
monozygotic twins has led investigators to consider that
the pathogenesis of this disease rests more in the effect
of environmental factors (including viruses and bacteria)
rather than genetic influences[48].
In a Japanese cohort of SSc patients, IgG antibodies
against H. pylori were found in 55.6% of the patients, a
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of vascular inflammation. Thus, the SS1 strain of H. pylori-infected heterozygous low density-lipoprotein receptor (LDLR)+/- apoE apolipoprotein E (apoE)+/- mice
develop autoimmune inflammation, platelet activation
and atherosclerosis[62]. A role for the pathogen in atherosclerosis and vasculitis has been suggested but there is
no general agreement on this issue[63]. A previous report
was unable to identify significant differences in the rate
of anti-H. pylori antibodies between patients with GPA
and control diseases[64]. The study by Lidar et al[61] failed
to find any association between anti-H. pylori antibody
seropositivity in healthy controls and polyarteritis nodosa, microscopic polyangiitis, eosinophilic granulomatosis
with polyangiitis (EGPA), also known as Churg Strauss
syndrome, and giant cell arteritis[61].
Another study reported disappearance of antiphospholipid syndrome after H. pylori eradication[65], but data
are too limited on the issue to draw any conclusions.

prevalence significantly higher compared to that in the
control group[49]. Another Japanese study found a similar prevalence of these antibodies (57.8%), and also a
higher prevalence of reflux esophagitis amongst anti-H.
pylori antibody-positive patients compared to anti-H. pylori antibody-negative patients[50]. Others have also noted
an increased rate of H. pylori infection in patients with
SSc compared to controls[15,23,51,52]. However, a significant
number of studies has failed to find an increased prevalence of H. pylori seropositivity compared to control
groups, further indicating the lack of conclusive data
regarding the extent by which H. pylori confers susceptibility to SSc[53-56].
Of clinical relevance, early data have indicated that
H. pylori eradication improves Raynaud’s phenomenon
in patients with SSc[57,58]. Another study has noted that
skin involvement appears to be a predominant feature
of H. pylori-infected SSc patients compared to their seronegative counterparts. No other clinical parameters,
including the distribution of sex, age, disease duration,
autoantibody profile, estimated pulmonary artery systolic pressure, hemoglobin, ESR, renal and liver function
indices were different between H. pylori-infected or
non-infected SSc patients[59]. On the other hand, SSc
patients with Barrett’s esophagus appear less likely to
be H. pylori-positive compared to SSc patients without
Barrett’s esophagus (10% vs 42.5%). Such findings have
underlined the potential protective role of H. pylori for
the development of Barrett’s esophagus[60]. In pathophysiological terms, the results of the data discussed so
far could be interpreted as follows: (1) H. pylori-infected
patients are more prone to develop SSc; (2) SSc patients
are more susceptible to infection by H. pylori, probably
due to the disturbed gastrointestinal motility which is a
characteristic feature of SSc; and (3) after the development of SSc (probably caused by reasons other than H
pylori), infection with the pathogen protects the affected
patients from unwanted complications (such as Barrett’s
esophagus).
Danese et al[56] have tackled the topic from another
corner. While they failed to find a difference in the prevalence of the pathogen between SSc patients and controls,
they reported that 90% of the H. pylori-positive SSc patients were infected with the virulent CagA strain compared to just 37% of the non-CagA seropositive controls.
Elevated levels of anti-hsp65 (but not of anti-hsp60) H.
pylori antibodies have been found in SSc patients compared to controls[42].

IMMUNE-MEDIATED SKIN DISORDERS
H. pylori infection has been considered a potential inducer of several immune-mediated skin disorders. These
disorders can be manifestations of systemic vasculitides
(Behçet’s disease) or may be related to skin disorders
with presumed autoimmune origin (psoriasis, alopecia
areata, lichen planus, etc.). Due to space constraints, this
review will discuss the role of H. pylori in selected skin
disorders including psoriasis, alopecia areata and Behçet’s disease. Other skin disorders linked to H. pylori
include, amongst others, atopic dermatitis, chronic or
nodular prurigo, recurrent aphthous stomatitis, rosacea,
chronic urticaria, lichen planus, and Sweet’s syndrome,
and are reviewed elsewhere[66]. We will also discuss the
link between H. pylori and chronic urticaria, as a plethora
of data have been obtained and the outcomes of these
studies are extremely helpful for the understanding of
the interactions between the pathogen and the host.
Psoriasis
Psoriasis affects 1%-3% of Caucasians. The etiology of
the disease remains poorly understood, although immunemediated mechanisms appear to play a significant role in
the development of the disease, including exposure to
particular pathogens.
To this end, several studies have investigated a possible link between H. pylori and psoriasis[67-74].
Anti-H. pylori antibodies have been reported to be
more prevalent in psoriatic patients compared to controls. For example, Qayoom et al[72] have reported that
40% of psoriatic patients and only 10% of healthy
controls (all without known upper gastrointestinal symptoms) had anti-H. pylori antibodies. However, other studies have failed to find any difference in the prevalence of
H. pylori[70].
A large study from Turkey, investigating 300 psoriatic patients and 150 controls, has reported comparable
prevalence of H. pylori infection in patients and controls.

Vasculitides
Data on the potential link between H. pylori and vasculitides are very limited. For example, we know very little
about the role of this pathogen in granulomatosis with
polyangiitis (GPA), formerly known as Wegener’s granulomatosis. A serological study has shown that anti-H.
pylori antibodies are more prevalent in GPA compared
to controls[61]. Such findings may be of biological significance as H. pylori has been considered a potential trigger
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However, the same study suggested that H. pylori status
relates to clinical parameters[75], as it was able to show
that patients lacking H. pylori had less severe psoriatic
disease compared to the seropositive cases. Also, all patients with moderate or severe psoriasis were H. pyloripositive. Intriguingly, patients treated for both psoriasis
(with acitretin) and for H. pylori (eradication therapy)
showed more rapid improvement of the skin disease,
compared to those treated with acitretin only. Notably,
psoriasis was also improved in patients receiving only
eradication treatment[75]. This study confirmed anecdotal
reports or case studies showing that eradication therapy
improves psoriasis[73,76].
Strains of H. pylori that express the cytotoxin-associated gene A (CagA) have been associated with a more
virulent disease and are believed to play an important
role in the clinical outcome of the infection. Several authors have considered that links between the pathogen
and autoimmunity may differ in accordance to the virulence of the infecting strain. This has also been the case
for H. pylori and psoriasis. To this end, Daudén et al[68]
were unable to find any difference in terms of CagA seropositivity between psoriatic patients and patients with
non-ulcer dysplasia (54.5% vs 68.1%, respectively).

evidence for this proposed therapy. Their analysis has
included 10 trials showing a benefit and 9 trials failing
to report a benefit of H. pylori eradication therapy. This
analysis reached the conclusion that the evidence provided so far that H. pylori eradication leads to improvement
of chronic urticaria outcomes is weak and conflicting.
Negative studies showing no benefit in the course of
chronic urticaria also led to an overall very low grade of
confidence. H. pylori virulent genotypes in the urticaria
patients do not appear to affect the clinical course of the
disease[92].
Behçet’s disease
The role of H. pylori infection in Behçet’s disease (BeD)
remains controversial[93-95]. Most studies originate from
Turkey, a country with a high incidence of BeD. Avci
et al[95] have failed to find an association between H.
pylori and BeD. Other studies published in the form of
abstracts or in Turkish journals have published inconsistent results reporting comparable or higher prevalence
rates of H. pylori infection in patients with BeD[93]. One
study also from Turkey reported an increased seropositivity of H. pylori cytotoxin-associated gene-A in patients with BeD[96].
Improvement of BeD features in patients receiving
eradication therapy has also been reported[95], and includes
improvements in the cutaneous lesions, arthritis/arthralgia
and oral or genital ulcers. The limited number of studies
prevents safe conclusions as to the potential links.

Chronic urticaria
The pathogenic role of H. pylori infection has been extensively studied in chronic urticaria. Though this disease
cannot be considered a typical autoimmune disease, it
is of interest to discuss the findings provided so far, as
these may help us understand the role of this pathogen
in the development of immune-mediated pathologies.
Investigations have not been limited to the prevalence
of infection[66], but have been extended to include the
role of eradication therapy in the clinical course of
chronic urticaria[77-86]. Selected papers give us an insight
into the extent by which the pathogen and its eradication
influence the clinical outcome of the disease. For example, recurrence of urticaria following re-infection by H.
pylori has been reported[87]. On the other hand, chronic
urticaria has also been described upon administration of
eradication therapy for H. pylori infection[79]. Nevertheless, some patients with chronic spontaneous urticaria
are resistant to conventional doses of antihistamine
medications. A subgroup of those (approximately 28%)
receiving both eradication therapy and antihistamines
show significant decrease of the Urticaria Activity Score
and complete loss of their urticaria symptoms, suggesting that treatment for H. pylori makes these patients
less resistant to antihistamines[77]. These findings are in
agreement with other studies reporting an overall improvement of chronic urticaria following administration
of eradication therapy for H. pylori[88-90]. Other studies
have failed to find any relationship between eradication
therapy and clinical phenotypes[91]. Of interest, a recent
comprehensive review utilized the Grading of Recommendations Assessment, Development, and Evaluation approach to analyze and determine the quality of
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Alopecia areata
AA is an immune-mediated disorder characterized by
hair loss. The disease affects all ethnic groups, ages, and
both sexes. Attempts to investigate the role of H. pylori
in this disease have been very few and led to inconclusive results[97,98]. Seroprevalence rates of H. pylori infection in patients with AA are increased or not compared
to controls[97,99]. Eradication of H. pylori in AA has also
been proposed[100], but not studied extensively.

IMMUNE THROMBOCYTOPENIC
PURPURA
ITP may occur by itself (idiopathically) or secondary to
another condition, including autoimmune conditions
(namely AiTD, SLE, anti-phospholipid syndrome). Although the prevalence of H. pylori in ITP patients has
been found to be similar to controls[101], improvements
in platelet counts following H. pylori eradication have
been reported[102-107]. Suzuki et al[106] reported that the
platelet response was more pronounced in those patients
with the CagA-positive H. pylori strain. Interestingly, antiCagA antibodies cross-react with peptides expressed on
platelets of ITP patients[108]. These findings have led to
the suggestion of eradication of H. pylori for the treatment of ITP[109]. Takahashi et al[110] reported that plateletassociated IgG declined after H. pylori eradication, as did
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molecular mimicry with the CagA region. In that study, H.
pylori was found in 75% (15 of 20 patients) of ITP patients of Japanese descent, and eradicated in 87% (13 of
15)[110]. Increased platelet count was observed in 54% (7
of 13) of patients within four months of eradication[110].
Over a dozen other studies have also indicated an improvement in platelet count following H. pylori eradication, and are well-reviewed by Hernando-Harder and
colleagues[66]. Platelet eluates from 12 ITP patients recognized H. pylori CagA, although it should be noted that
three of the 12 patients were seronegative for H. pylori
infection[110]. Levels of anti-CagA antibodies declined in
three patients following H. pylori eradication. This latter
result suggested a role for cross-reactivity and molecular
mimicry[110].
The role of molecular mimicry and cross reactivity
between H. pylori components and self-peptides is not
new, as antibodies against the H/K-ATPase in the gastric
mucosa have been found to be generated via molecular
mimicry with H. pylori in atrophic gastritis[111]. Molecular
mimicry has been considered a mechanism that could
explain other H. pylori-induced autoimmune phenomena,
but very few studies have addressed this in an experimental way. The role of CagA strains is also under investigation in other conditions[112,113].

thyroiditis may indeed reflect a potential contribution
of H. pylori in the simultaneous induction of multiple
autoimmune diseases in susceptible individuals[124]. The
exact mechanisms by which exposure to a microbe elicit
more than one autoimmune manifestations are not well
defined but cross-reactive responses against a microbial
mimic and several self-antigens have been documented[125-127], and may account for this. The reverse is also
possible, whereby an autoepitope is cross-reactively targeted by several unrelated microbial mimics in a “multiple
hit” scenario[128,129].

MULTIPLE SCLEROSIS AND
NEUROMYELITIS OPTICA
H. pylori infection has been considered the likely trigger
of various neurological disorders of the central nervous
system including MS/NMO, Alzheimer’s disease, Parkinson’s disease, seizure disorders, cerebrovascular diseases,
mild cognitive impairment, migraine and ophthalmic disorders, as reviewed elsewhere[130]. A large amount of data
has been reported regarding H. pylori and MS/NMO. A
recent study by Long et al[131] determined H. pylori infection status in a cohort of 2 NMO patients, 17 at high
risk of NMO, 42 MS and 27 healthy controls. H. pylori
antibodies were found in 90.4% NMO, 95.8% high-risk
NMO, 73.8% MS, and 59.3% controls[131]. There was no
statistically significant difference between the MS and
control group (P = 0.726)[131]. Interestingly, 93% of patients with aquaporin-4 antibodies were also seropositive
for H. pylori[131]. Yoshimura et al[132] analyzed 116 NMO
patients for various antibodies to infectious agents, as
well as for seropositivity for aquaporin-4 antibodies.
They found that H. pylori infection was associated with
anti-aquaporin-4 antibody positivity[132]. Similar findings
were also reported in other studies[133-135].
Several studies found a lower prevalence of H. pylori
amongst MS patients compared to controls. Mohebi
and colleagues noted a lower prevalence of H. pylori in a
cohort of MS patients[136], in a study which analyzed 163
MS patients and 150 controls for anti-H. pylori IgG and
IgM. Seropositive H. pylori patients had a lower MS incidence and fewer neurological complications[136]. Wender
also noted a lower anti-H. pylori prevalence in MS vs
controls[137]. Li et al[138] evaluated 105 MS patients and 85
controls for antibodies against H. pylori in sera. The MS
group was sub-divided into 52 opticospinal MS and 53
conventional MS. In the conventional MS group, 22.6%
of patients were positive for anti-H. pylori, compared to
51.9% of opticospinal MS and 42.4% of controls[138].
These data suggest a potential link between NMO and
H. pylori, although this does not appear to be the case in
MS.

AUTOIMMUNE THYROID DISEASE
A larger amount of data links H. pylori infection with
AiTD, and in particular with Graves’ disease[114]. Bassi
and colleagues[115] aimed to correlate the CagA strain
of H. pylori with AiTD by investigating 112 consecutive
patients at first diagnosis of AiTD. Those researchers
tested for H. pylori in stool samples (to confirm ongoing infection), and CagA in serum samples. H. pylori
and Graves’ disease were associated (83.7% patients
were H. pylori seropositive). No association was found
with Hashimoto’s thyroiditis[115]. Most patients (89.2%)
seropositive for H. pylori were infected with the CagA
strain[115]. This was in accordance with a previous study
by the same group[116]. Negative findings in regard to
Hashimoto’s were reported in other studies[103,117], while
some reported a positive association[114,118,119].
Cross-reactivity between bacterial and thyroid antigens has been proposed as a mechanism in H. pyloriinduced AiTD[120]. Indeed, amino acid sequence similarities between CagA H. pylori and thyroid peroxidase have
been reported[121], and one group described a reduction
in thyroid autoantibodies following H. pylori eradication[122]. Larizza et al[123] suggests that H. pylori may induce
or worsen Graves’ disease in patients carrying HLADRB10301, and further suggested eradication in certain
risk groups. These findings do suggest a possible causative link between the CagA strain of H. pylori and the
development of Graves’ disease, but deserve further
research. It should be noted that AiTDs are often found
concomitantly with other autoimmune conditions, and
that the link between the pathogen and autoimmune
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AUTOIMMUNE LIVER DISEASES
Some Helicobacter species, including H. hepaticus, H. pul-
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lorum and H. billis, are more bile-tolerant compared to
H. pylori, and can survive in very low concentrations in
human bile[139]. This finding has prompted investigators
to consider that Helicobacter species other than H. pylori
are potential inducers of hepatocyte and biliary epithelia
cell autoimmunity. Nevertheless, studies have addressed
the role of H. pylori in autoimmune liver diseases, and
provided interesting data.
The role of H. pylori has been studied mainly in PBC,
an autoimmune cholestatic liver disease characterized by
the immune-mediated destruction of small intrahepatic
bile ducts. Some studies have also been conducted in
PSC, another autoimmune cholestatic disease affecting
the larger bile ducts. Studies on the role of this pathogen
in the induction of AIH, an autoimmune liver disease
affecting hepatocytes, are very limited.

that H. pylori or other Helicobacter species can be detected
in up to 13% of liver tissue specimens from pediatric
patients with autoimmune sclerosing cholangitis (an
autoimmune form of PSC firstly noted in children) and
AIH[145]. The same authors detected in the past H. pylori
(but not other Helicobacter species) in liver tissues from
PBC and adult PSC patients[140].
As PSC patients frequently suffer from ulcerative
colitis, it has been hypothesized that alteration in the
gut flora due to UC-related intestinal inflammation may
promote gut translocation of Helicobacter to the liver. Gut
translocation of pathogens appears an attractive mechanism for the induction of liver autoimmunity and there
are some data in support of its validity[146,147].
The prevalence of anti-H. pylori antibodies does not
differ between pediatric PSC patients (6.6%) and controls
(4%-10% depending on the age)[145]. In fact, an increased
prevalence of antibodies against non-gastric anti-H.
pylori antibodies has been noted in patients with autoimmune liver diseases[148].

Primary Biliary Cirrhosis
Tanaka et al[140] have failed to detect H. pylori in liver tissues from patients with PBC. Others have been able to
detect H. pylori in PBC livers, although this was in a minority of samples tested[140].
Researchers have assessed the seroprevalence of H. pylori
in PBC and identified significant differences amongst patients and controls[15]. For example, Shapira et al[41] reported anti-H. pylori antibodies in 54% of patients with PBC
compared to 31% (P < 0.01) of patients with other conditions, while Tanaka et al[140] have failed to find any differences between patients and demographically-matched
controls (51% vs 46%, respectively).
Our group has assessed the role of molecular mimicry between H. pylori and PBC-specific autoantigens and
identified through database searches a significant amino
acid sequence similarity between the major mitochondrial autoepitopic region from pyruvate dehydrogenase
complex E2 subunit and urease beta of H. pylori [141].
However, we have failed to find any evidence of immunological cross-reactivity at the B-cell level[141]. We also
tested the identified mimics as targets of CD4 T-cell
responses, and we did not find any significant T-cell
recognition[142]. In a subsequent study, we investigated
the potential role of cross-reactive antibodies against H.
pylori VacA antigen and human PDC-E2, but the results
were also negative, clearly demonstrating that these two
H. pylori antigens are unlikely candidates as cross-reactive
targets in molecular mimicry mechanisms involved in
PBC[143].

Autoimmune Hepatitis
The prevalence of anti-H. pylori antibodies does not appear to differ between patients with AIH (pediatric or
adult) and controls[149-151]. Also, H. pylori DNA can be
found in a minority of liver tissue samples from patients
with AIH with no difference between patients and controls. Currently, there is insufficient evidence to link H.
pylori with AIH.

UNMET CHALLENGES AND
EXPERIMENTAL DOWNSIDES
The role of infectious agents in the development of autoimmune disease has been studied extensively. H. pylori
is included among those organisms that have been investigated, although findings vary from one condition
to the next. Large amounts of data suggest a plausible
link with AiTD, NMO, ITP and psoriasis. Less evidence
is present regarding RA, SLE, BeD, PBC, AIH and MS.
There is inconclusive evidence regarding SjS, SSc, PSC
and AA. Table 3 gives an overview of the major findings
in support or against the implication of H. pylori in the
development of these diseases.
Idiopathic diseases with an autoimmune component
have been the focus of investigation in regard to the
role of H. pylori. For example, an autoimmune form of
idiopathic dysrhythmias has been linked specifically with
CagA and VacA-positive H. pylori strains[152]. This indicated the potential of the pathogen to be linked with
conditions now considered “idiopathic”. Also, parasitic
diseases such as the Trypanosma cruzi-induced Chagas
disease need to be revisited, especially under recent developments showing not only that a proportion of these patients present with autoimmune features but also because
such patients are also co-infected with H. pylori strains[153].
In addition, other conditions that are now considered to

Primary Sclerosing Cholangitis
An early study in Scandinavian PSC patients indicated
detectable H. pylori DNA in livers from patients with
PSC and other liver diseases[140]. This has promoted a
series of subsequent studies investigating the role of
Helicobacter species in PSC and other autoimmune liver
diseases. Krasinskas et al[144] detected Helicobacter DNA in
9 of 56 (16%) PSC patients by 16SrRNA PCR, including
7 (12.5% of the total), in whom there was evidence of H.
pylori CagA by PCR. Recent PCR analyses have indicated
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Table 3 Evidence in support or against the role of Helicobacter pylori in autoimmune disease
Autoimmune
condition

Evidence in support and/or against the role of H. pylori

Overall opinion

SjS

Support:
Inconclusive
Oral cavity populated with H. pylori
Higher level of anti-H. pylori antibodies in SjS patients
Increased incidence of mucosal associated lymphoid tissue and lymphomas in parotid and
lacrimal glands of SjS patients
Against:
Low levels of anti-H. pylori antibodies in SjS patients compared to controls
SSc
Support:
Inconclusive
Higher incidence of H. pylori antibodies in SSc patients than controls
H. pylori eradication improves Raynaud's in SSc patients
Possible protective role against Barrett's esophagus
Higher level of CagA strain H. pylori infected patients
Against:
Low incidence of anti-H. pylori antibodies compared to controls
RA
Support:
Unlikely
Increased rheumatoid factor IgM from B cells chronically stimulated with H. pylori urease
Against:
Low prevalence of anti-H. pylori in RA patients
Unchanged clinical course or symptomatology after H. pylori eradication
SLE
Support:
Unlikely
H. pylori urease exposure induced anti-ssDNA antibody production in an animal model of SLE
Against:
Low levels of anti-H. pylori found among SLE patients, at levels comparable to controls
Negative association between H. pylori seropositivity and the development of SLE in AfricanAmerican women
ITP
Support:
Probable
Improvement of platelet counts following H. pylori eradication (CagA type H. pylori in particular)
Anti-CagA antibodies cross-react with peptides on platelets of ITP patient
Platelet associated IgGs declined following H. pylori eradication
Found in high prevalence in some ITP cohorts
Platelet eluates from ITP patients recognize H. pylori CagA
Against:
Low levels of H. pylori found in ITP patients
AiTD
Support:
Probable in Graves’ disease
Higher seropositivity and positive stool cultures for H. pylori in Graves’ disease patients
CagA strain predominant among Graves’ disease patients
Amino acid similarities between CagA and thyroid peroxidase
Reduction in anti-thyroid antibodies following H. pylori eradication
Against:
Unlikely in Hashimoto’s thyroiditis
Low levels of infection among Hashimoto’s thyroiditis patients
MS and NMO Support:
Probable in NMO
High rate of H. pylori infection among NMO patients
Correlation between H. pylori infection and presence of aquaporin-4 antibodies
Against:
Unlikely in MS
H. pylori infection rates in MS patients similar to or lower than control groups
Psoriasis
Support:
Probable
Higher levels of anti-H. pylori antibodies in patients
Appears to be correlation between H. pylori infection and disease severity
Clinical improvement following H. pylori eradication
Against:
No difference in anti-H. pylori levels compared to controls
No difference of CagA seropositivity between patients and controls
Behçet’s disease Support:
Unlikely
Higher infection prevalence in patients
Some clinical improvement noted after eradication
Against:
No difference between patients and controls
Alopecia areata Support:
Unlikely
Higher infection prevalence
Against:
No difference in infection prevalence between patients and controls
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PBC

Support:
Higher prevalence of anti-H. pylori antibodies among PBC patients
Amino acid similarities between pyruvate dehydrogenase E2 (PDC-E2) and urease beta of H. pylori
Against:
No differences of infection found between patients and controls
No immunological cross reactivities at the B or CD4 T-cell level
No crossreactivity between H. pylori VacA and PDC-E2
Support:
No current evidence
Against:
No differences in anti-H. pylori antibodies between patients and controls
No significant difference between H. pylori in liver tissues in patients compared to controls
Support:
Detectable H. pylori DNA in PSC liver samples
CagA in samples from PSC patients
Concomitant ulcerative colitis may be related to H. pylori translocation from the gut to the liver
Against:
No difference in H. pylori prevalence among pediatric or adult PSC patients compared to controls
No significant difference between H. pylori in liver tissues in patients compared to controls

AIH

PSC

Unlikely

Unlikely

Unlikely

Helicobacter pylori (H. pylori) has been implicated in the development of several autoimmune diseases. This table summarizes some of the evidence in support or against this hypothesis in various autoimmune diseases. Overall opinions reflect an inconclusive evidence base, those which are unlikely, and those
which have a relatively strong or strong (probable) evidence base. SjS: Sjogren’s syndrome; SSc: Systemic sclerosis; RA: Rheumatoid arthritis; SLE: Systemic
lupus erythematosus; ITP: Immune thrombocytopenic purpura; AiTD: Autoimmune thyroid disease; MS: Multiple Sclerosis; NMO: Neuromyelitis optica;
PBC: Primary biliary cirrhosis; AIH: Autoimmune hepatitis; PSC: Primary sclerosing cholangitis.

A "multiple hit" mechanism of molecular mimicry-induced autoimmunity

N. aromaticivorans

H. pylori

E. coli

L. delbrueckii

Microbial
Self
Human PDC-E2
(Primary biliary cirrhosis-specific autoantigen)

Figure 1 A “multiple hit” molecular mimicry mechanism involving microbial
mimics originated from Helicobacter pylori and other microbes linked with
primary biliary cirrhosis. The major autoepitope of primary biliary cirrhosisspecific anti-mitochondrial antibodies (PDC-E2, pyruvate dehydrogenase complex)
shares amino acid similarities with 4 microbial mimics from Helicobacter pylori (H.
pylori)[142], N. aromaticivorans[154], L. delbrueckii[155,156], and E. coli[140,157,158]. The working hypothesis is that exposure of susceptible individuals to infections caused by
these microbial agents will initiate humoral and cellular immune responses against
microbial epitopes (in our case, these will be those sharing similarity with the selfepitope). Antibodies or T-cells against the microbial mimics may then cross-react
with the human autoepitope initiating an autoreactive immune response which could
lead to the induction of cellular damage and the perpetuation of autoimmunity (and
can cause autoimmune disease). Experimental data so far provided demonstrate
the existence of cross-reactive responses between self and microbial peptides from
E. coli, N. amoraticivorans, and L. delbrueckii. However, experimental testing has
shown that the H. pylori mimic (from urease beta) is not a target of cross-reactive
responses specifically present in primary biliary cirrhosis[159]. The prevailing notion is
that the mimic from H. pylori does not share amino acid similarity to an extent that
could initiate cross-reactive response. On the contrary, the other microbial mimics
have sufficient homologies with the human autoepitope and can promote molecular
mimicry-based immune responses against self.

be autoimmune (such as chronic fatigue syndrome) have
not been evaluated for H. pylori involvement.
H. pylori is one of the very few infectious agents (along,
for example, with Epstein-Barr virus) that have been considered a common denominator in more than 30 autoimmune disorders (Figure 1). Most research in this area has
been limited to serological studies investigating two main
topics: first, the prevalence of H. pylori in the disease under
investigation vs the control groups; and second, the extent
by which H. pylori eradication improves the symptomatology of the patients. However, both approaches suffer from
conceptual and design constraints. For example, serological studies investigating the prevalence of anti-H. pylori
antibodies in patients and controls have so far provided
discrepancies. Demographic details which are known to
affect H. pylori status must also be taken into account in
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cohort selection. This approach will help us to understand
whether H. pylori infection predisposes to (or protects from)
the development of specific autoimmune diseases. Also, the
fact that the prevalence of H. pylori infection does not differ
amongst diseases and control groups does not necessarily
mean that this pathogen does not play an important role in
the development of immune-mediated disease. Thus, several investigators have considered that it is not the infection
per se but the ability of susceptible individuals to mount an
immune response against hsps or other immunologicallyimportant H. pylori antigens that plays a permissive role in
the loss of immunological tolerance to self-antigens. A possibility also exists that the pathogen exerts its pathogenic
effects in a “hit-a-run” scenario, (i.e., long after the inflammation caused by the original infection). This could make
it almost impossible to link the disease with the microbe in
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biological material from individuals already suffering from
the disease and its unwanted complications. Longitudinal
studies enrolling patients at very early stages of the
disease may help us to address this issue. For example,
relevant autoantibodies may appear years before clinical
manifestations of RA or SLE present. Researchers must
also take into account reports indicating that infection
with this pathogen may indeed confer protection rather
than susceptibility to the development of autoimmunity.
Another topic which needs to be addressed is that
the eradication of other autoimmune disease-relevant
microbial agents is responsible for the improvement of
symptoms of the patients receiving eradication therapy
for H. pylori. In addition, H. pylori eradication may alter
the microbiome status of the infected individuals, possibly promoting the persistence of potent infectious inducers of autoimmunity[5]. An immunosuppressive effect
of medication may be another possibility. These hypotheses need to be addressed experimentally. Also, work on
animal models of diseases and the role of infection with
this pathogen are scarce. It is therefore apparent that
the role of H. pylori in the development of autoimmune
disease needs further research, as positive findings may
indicate the need for eradication of the pathogen to alter
the clinical course, or prevent autoimmune disease in
those at risk.
In conclusion, H. pylori remains one of the most attractive candidate pathogens that could trigger autoimmunity. The ubiquitous nature of this pathogen may
explain why it has been implicated in a large number of
autoimmune conditions. There is no doubt that more
basic work in immunological aspects of the microbialhost interactions is needed to address the pathogenic
role of this multi-faceted pathogen.
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Core tip: In this review, we focus on the biochemical
features and physiological role of Helicobacter pylori (H.
pylori ) gamma-glutamyl transpeptidase and analyze the
mechanisms through which gamma-glutamyl transpeptidase affects H. pylori gastric colonization, persistence,
immune tolerance and damage to the gastric mucosa.
Ricci V, Giannouli M, Romano M, Zarrilli R. Helicobacter pylori
gamma-glutamyl transpeptidase and its pathogenic role. World J
Gastroenterol 2014; 20(3): 630-638 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v20/i3/630.htm DOI: http://
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Abstract

INTRODUCTION

Helicobacter pylori (H. pylori ) gamma-glutamyl transpep-

Helicobacter pylori (H. pylori) is a gram-negative, microaerophilic, S-shaped bacterium that colonizes approximately
50% of the world’s population. H. pylori infection causes
chronic gastritis, which is asymptomatic in the majority of carriers but may evolve into more severe disease,
such as atrophic gastritis, gastric and duodenal ulcers and
mucosa-associated lymphoid tissue lymphoma and gastric
adenocarcinoma[1]. H. pylori-induced gastroduodenal disease depends on the inflammatory response of the host
and on the production of specific virulence factors, such
as urease, which is responsible for ammonia generation;

tidase (GGT) is a bacterial virulence factor that converts
glutamine into glutamate and ammonia, and converts
glutathione into glutamate and cysteinylglycine. H. pylori
GGT causes glutamine and glutathione consumption in
the host cells, ammonia production and reactive oxygen
species generation. These products induce cell-cycle arrest, apoptosis, and necrosis in gastric epithelial cells. H.
pylori GGT may also inhibit apoptosis and induce gastric
epithelial cell proliferation through the induction of cyclooxygenase-2, epidermal growth factor-related peptides,
inducible nitric oxide synthase and interleukin-8. H.
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pylori GGT and its physiological role are summarized in
Figure 1.
H. pylori GGT is synthesized as a 60 kDa proenzyme
that autocatalytically forms a heterodimer of 40 and 20
kDa subunits[5,7,14,15]. Threonine380 at the N-terminus of
the small subunit is the cleavage site, and it is required for
the protein’s autocatalytic activity[14]. The enzymatic activity of the protein resides in the small subunit with the
gamma-glutamyl binding site at the Tyr433 residue, and
the Arg475 residue and the C-terminus of 20 kDa subunit contribute to catalysis[17,18]. H. pylori GGT possesses a
signal peptide and has been isolated by two independent
research groups as a secreted protein in bacterial broth
culture filtrates[15,19]. Nevertheless, another research group
identified H. pylori GGT as a periplasmic protein that is
likely to associate with the membrane by ionic bonds[7].
Purified H. pylori GGT exhibits hydrolysis activity
with very high affinities for glutamine and glutathione. H.
pylori GGT converts glutamine into glutamate and ammonia, and converts glutathione into glutamate and cysteinylglycine, through hydrolysis[8]. Because H. pylori cells
are unable to directly take up extracellular glutamine and
glutathione, these substances are hydrolyzed into glutamate through the action of GGT, either as a secreted or
periplasmic enzyme. These results indicate that the main
physiological role of H. pylori GGT is to enable bacterial cells to use extracellular glutamine and glutathione
as sources of glutamate. The resulting glutamate is then
transported by a Na+-dependent reaction into H. pylori
cells, where it is primarily incorporated into the TCA
cycle and partially used as a substrate for glutamine synthesis[8]. H. pylori GGT also has a physiological roles as a
periplasmic deamidase and as a contributor with asparaginase to the extracellular production of ammonia[8,20].
The ammonia produced by H. pylori GGT can be used as
a nitrogen source for bacterial cells and for resisting the
acidic gastric environment. The extracellular production
of ammonia, along with the consumption of extracellular
glutathione and glutamine, may alter the redox balance
of host cells in the gastric mucosa and render the host
cells more sensitive to the toxic effects of reactive oxidizing substances, which in turn cause DNA damage and
apoptosis (see below). The physiological roles exerted
by H. pylori GGT in bacterial cells and in the host cells
could provide metabolic advantages during the establishment of H. pylori infection. In fact, previous studies have
shown that H. pylori GGT plays an important role in the
bacterial colonization of the gastric mucosa, and H. pylori
GGT-defective isogenic strains are unable to colonize[5]
or are less efficient[6] at colonizing the gastric mucosa of
mice or piglets.

Table 1 Reported Helicobacter pylori gamma-glutamyl
transpeptidase effects
Effects

Ref.

Involved in H. pylori colonization and persistence in the
gastric mucosa
Hydrolysis of extracellular glutamine and glutathione to
generate glutamate that is transported into the H. pylori cell
Highly active periplasmic deamidase involved in ammonia
production
Significantly higher GGT activity in strains obtained from
patients with peptic ulcer disease
Gastric epithelial cell death - Mitochondria-mediated
apoptosis in gastric epithelial cells
Cell-cycle arrest of gastric epithelial cells
Glutathione degradation-dependent gastric epithelial cell
death
H2O2 generation, nuclear factor-κB activation and
interleukin-8 production in gastric epithelial cells
Induction of EGF-related growth factors and COX-2 in
gastric epithelial cells
Induction of apoptosis and inflammation in human biliary
cells
Degradation of the apoptosis-inhibiting protein survivin in
gastric epithelial cells
Inhibition of T cell proliferation and induction of G1 cell
cycle arrest
Induction of microRNA-155 in human T cells
Gastric persistence and immune tolerance

[5,6]
[8]
[8,20]
[21]
[7,16,24]
[24]
[8,27]
[21,27]
[15]
[25]
[30]
[9-11]
[38]
[12]

H. pylori: Helicobacter pylori; GGT: Gamma glutamyl transpeptidase; EGF:
Epidermal growth factor; COX-2: Cyclooxygenase 2.

the vacuolating cytotoxin VacA; the cytotoxin-associated
gene A product CagA; and the type Ⅳ secretion system
encoded by the cag pathogenicity island[1-4]. Another virulence factor, gamma‑glutamyl transpeptidase (GGT),
has been shown to play a role in the colonization of the
gastric mucosa by H. pylori[5,6], to induce the apoptosis of
gastric epithelial cells[7,8], and to inhibit T cell proliferation
and dendritic cell differentiation[9-12] (Table 1).
In this review, we focus on the biochemical features
and physiological role of H. pylori GGT and analyze the
mechanisms through which GGT plays a role in H. pylori
infection, gastric persistence, immune tolerance and gastric mucosa damage.

BIOCHEMICAL FEATURES AND
PHYSIOLOGICAL ROLE OF H. PYLORI
GGT
GGT is a threonine N-terminal nucleophile (Ntn) hydrolase that catalyzes the transpeptidation and hydrolysis
of the gamma-glutamyl group of glutathione and related
compounds[13]. GGT is widely distributed in living organisms and is highly conserved, with mammalian and bacterial homologs often sharing more than 25% of their sequence identity[14]. GGT is found in all gastric Helicobacter
species, but among the enterohepatic Helicobacter species,
it is found only in H. aurati, H. bilis, H. canis, H. muridarum
and H. trogontum[5,7,15,16]. The biochemical features of H.
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EFFECTS OF H. PYLORI GGT ON
GASTRIC EPITHELIAL CELLS
Virulence can be defined as the ability of a pathogen to
damage its host[3]. Although virtually all wild-type H. pylori
strains produce GGT, strain-to-strain variations in GGT

631

January 21, 2014|Volume 20|Issue 3|

Ricci V et al . H. pylori gamma-glutamyl transpeptidase
Glutamate

Glutathione

̴ 40 kDa
subunit

T380

C

̴ 40 kDa
subunit

N

Cleavage site

̴ 20 kDa
catalytic subunit C
Y433 R475
Outer membrane
T380

+

Cleavage site

̴ 20 kDa
catalytic subunit
Y433 R475

Glutathione

NH3

Na dependent
transport

N

Cys-gly

Peptidoglycan
Inner membrane

α-ketoglutarate
TCA cycle

Glutamate

NH3
ATP

Glutamine

Bacterial cytoplasm

NH3

Figure 1 Biochemical features and physiological role of Helicobacter pylori gamma-glutamyl transpeptidase. Helicobacter pylori (H. pylori) gamma-glutamyl
transpeptidase (GGT) is a secreted protein of 40 and 20 kDs subunits that converts glutamine to glutamate and ammonia, and glutathione to glutamate and cysteinylglycine. The glutamate produced is then transported into H. pylori cells, where it is incorporated into the tricarboxylic acid (TCA) cycle or utilized for glutamine synthesis.

H. pylori GGT enzymatic activity, which was completely
blocked by incubation with a glutamine analog that binds
and inhibits GGT and other glutaminases. It is wellknown that H. pylori infection induces apoptosis in gastric
epithelial cells[22]. An increase in apoptosis may play a
significant role in the development of pathological outcomes by disturbing the balance between the rate of new
cell production and the rate of cell loss, with atrophic
gastritis and gastric dysplasia (i.e., gastric preneoplastic
lesions) being associated with an increased rate of apoptosis[22]. Interestingly, Shibayama et al[7] also observed that
GGT induced necrosis rather than apoptosis in a different gastric epithelial cell line (i.e., KATO Ⅲ). A similar
difference in the type of cell death induced among different experimental models has recently been observed for
another H. pylori virulence factor, VacA[23]. This finding
raises the key question of how and to what extent the in
vitro-derived findings really mimic the in vivo situation[2].
Unlike apoptosis, necrosis results in the release of proinflammatory proteins, thereby augmenting gastric mucosal
inflammation and contributing to the pathogenesis of
peptic ulceration and gastric cancer[3,23].
In vitro, GGT-induced apoptosis has been shown to
occur via the so-called “intrinsic” (i.e., mitochondria-dependent) pathway with the release of cytochrome c in the
cytosol and the activation of caspase-9 and -3. These caspases are critical components of the apoptotic machinery
and are associated with the up-regulation of proapop-

level have been demonstrated among clinical isolates
from patients with different disease statuses[21]. In particular, a significantly higher GGT activity has been observed
in H. pylori isolates obtained from patients with peptic
ulcer disease relative to those obtained from patients with
nonulcer dyspepsia[21]. Thus, there is evidence of a direct
relationship between GGT production and the development of more severe gastroduodenal diseases. This finding stresses the clinical relevance of GGT as a virulence
factor in the overall H. pylori-induced pathogenic action.
That gastric ulcer is associated with a high risk of gastric
cancer[1] suggests that GGT may play an important role
in H. pylori-induced carcinogenesis.
By favoring H. pylori colonization of the gastric mucosa[5,6], likely through its lymphocyte-inhibiting action[10] (see
below), GGT might also act indirectly by allowing other
independent virulence factors (such as CagA, VacA, etc.)
to better exert their damaging actions against the gastric
mucosa. Nevertheless, mounting evidence suggests that
GGT exerts a direct damaging effect on gastric epithelial
cells. The effects of H. pylori GGT on gastric epithelial
cells are summarized in Figure 2.
Apoptosis-related effects
In 2003, Shibayama et al[7] demonstrated that purified H.
pylori GGT was able to cause apoptosis in cultured gastric
epithelial cells (AGS cell line) in a dose-dependent manner. This proapoptotic activity was strictly dependent on
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Figure 2 Effects of Helicobacter pylori gamma-glutamyl transpeptidase on gastric epithelial cells. Helicobacter pylori (H. pylori) gamma-glutamyl transpeptidase (GGT) causes consumption of mucosal glutamine and glutathione, production of ammonia and generation of ROS. These products induce caspase activation
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activation and apoptosis of gastric epithelial cells is also shown. H. pylori GGT may also inhibit apoptosis and induce proliferation through p38 MAPKs, AKT and NFκB activation and subsequent COX-2, iNOS, growth factors and interleukin-8 (IL-8) induction. ROS: Reactive oxygen species; p38 MAPK: p38 mitogen-activated
protein kinase; PI3K: Phosphatidylinositide 3-kinase; AKT: AKT kinase; NF-κB: Nuclear factor κB; COX-2: Cyclo-oxygenase 2; iNOS: Inducible nitric oxide synthase;
PG: Prostaglandin.

totic members of the Bcl-2 protein family (such as Bax)
and the downregulation of antiapoptotic proteins of the
same family (Bcl-2 and Bcl-xL)[24]. It is worth noting that
similar results have been found recently using human
cholangiocarcinoma cells (KKU-100 cell line) as an in
vitro cell model, in which H. pylori GGT was also found to
increase both the level of iNOS gene expression and the
secretion of interleukin (IL)-8[25]. Based on these results,
Boonyanugomol et al[25] suggested that H. pylori GGT
might be involved in the development of hepatobiliary
tract cancer by altering cell kinetics and promoting biliary
cell inflammation. However, this intriguing hypothesis
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remains highly speculative given that, as stressed above,
the in vivo biological plausibility and clinical counterpart
of the in vitro findings are still far from being confidently
ascertained.
Apoptosis-independent antiproliferative effects
Another research group found that recombinant H. pylori
GGT showed an apoptosis-independent inhibitory effect
on AGS cell proliferation in a dose-dependent manner,
although the minimum required protein concentration
was 25 times higher than the concentration needed to
inhibit the proliferation of human T cells[16]. The dis-

633

January 21, 2014|Volume 20|Issue 3|

Ricci V et al . H. pylori gamma-glutamyl transpeptidase

crepancies between these results and those of Shibayama
et al[7] have tentatively been attributed to the different
methodologies. In particular, only stress conditions such
as serum starvation seem to sensitize AGS cells to GGTdependent apoptosis[16]. Kim et al[26] investigated the effect
of H. pylori GGT on cell cycle regulation of AGS cells in
serum-containing medium. Although the changes were
less marked than those in serum-deprived cells, the investigators confirmed the previously observed apoptotic
action of GGT and found, in addition, that GGT caused
cell cycle arrest at the G1-S phase transition[26]. Cell cycle
arrest was associated with altered expression of specific
cell cycle regulatory proteins, namely the down-regulation
of cyclin E, cyclin A, cyclin-dependent kinase (Cdk) 4
and Cdk 6, and the up-regulation of the Cdk inhibitors
p27 and p21. Thus H. pylori GGT seems to act as a brake
at the G1 to S phase transition, thereby disrupting the
normal function of several components of the cell cycle
which also lead to apoptosis[26].

cells, for which glutamine is an important respiratory fuel
source[8]. In addition, GGT-dependent glutamine hydrolysis is associated with the production of ammonia[8,20],
which is well-known not only for its high toxicity to human cells[28] but also for greatly increasing the cytotoxic
action of another pivotal H. pylori virulence factor, namely the VacA toxin[29].
Flahou et al[27] recently confirmed that incubating AGS
with H. pylori GGT resulted in cell apoptosis. However,
they also observed that the supplementation of GGTtreated cells with glutathione strongly enhanced the degree of cell death and resulted in the induction of oncosis/necrosis and not apoptosis. This effect was preceded
by increased extracellular H2O2 concentrations, which
caused lipid peroxidation. These authors concluded that
the GGT-mediated degradation of glutathione results in
the generation of pro-oxidant products, in turn leading to
epithelial cell death, which will be caused by apoptosis or
necrosis depending on the amount of extracellular glutathione available as GGT substrate[27]. Indeed, the type of
in vitro H2O2-induced cell death is known to depend on
the concentration of this reactive oxygen species (ROS),
with the higher concentrations inducing necrosis rather
than apoptosis[27]. Like mammalian GGTs, H. pylori GGTmediated extracellular glutathione catabolism produces
ROS (such as H2O2) by thiol-dependent iron reduction,
and this production is increased with the addition of exogenous Fe3+ and, conversely, inhibited by treatment with
the iron chelator desferrioxamine[21]. Interestingly, it was
recently observed[30] that this type of GGT-dependent
pathway seems to play a key role in the H. pylori-induced
loss of the apoptosis-inhibiting protein survivin in gastric
epithelial cells by triggering enhanced proteasomal degradation of the protein. The loss of survivin may thus
contribute to the increased cell death induced by H. pylori
GGT.
As demonstrated both in AGS gastric cancer cells
and in primary non-transformed gastric epithelial cells,
the increased production of H2O2 by H. pylori GGT also
leads to the activation of nuclear factor-κB and the upregulation of IL-8 which is known to play a major role
in the inflammation-associated mucosal injury induced
by H. pylori[21]. Gong and coworkers[21] also found that H.
pylori GGT caused oxidative DNA damage, which can be
counteracted by preincubation with the H2O2 inhibitor
N-acetylcysteine, suggesting a key role for H2O2 generation in GGT-dependent DNA damage. However, Toller
et al[31] found that GGT was apparently not involved in
DNA double-strand breaks caused by H. pylori in primary
and transformed murine and human epithelial/mesenchymal cells, suggesting that H. pylori GGT did not contribute to the genetic instability and chromosomal aberrations observed during gastric carcinogenesis.

GGT-activated molecular pathways in gastric epithelial
cells
The mechanisms by which the enzymatic activity of H.
pylori GGT leads to gastric epithelial cell damage have
been carefully investigated by several groups[8,15,20,27]. In
mammalian cells, glutathione is synthesized in the cytosol
where it reaches mM levels and functions as a redox buffer to detoxify oxidizing molecules. Glutathione may be
translocated out of cells, where it serves as a substrate for
mammalian cell GGT that is integrated into the plasma
membrane using its active site. Because of GGT, the
gamma-glutamyl moiety of glutathione is transferred to
other amino acids along with the formation of gammaglutamyl amino acids to be subsequently taken up by the
cell; this sequence of events is the so-called “gamma-glutamyl cycle”. Because the Km for the hydrolysis reaction
catalyzed by H. pylori GGT is much lower than that of
the reaction catalysed by human GGT, gastric epithelium
colonization by H. pylori would result in the exhaustive
hydrolysis of epithelial cell glutathione[8]. If either the
glutathione supply or its synthesis fails to compensate for
its H. pylori GGT-dependent hydrolysis, the redox balance
of the gastric cell will be impaired. The reduced cytosolic
concentration of glutathione makes the epithelial cells
more sensitive to the toxic effects of oxidizing molecules,
making them more prone to DNA damage, cell cycle
alterations, apoptosis and carcinogenesis. Moreover, because glutathione synthesis is an ATP-dependent process,
its enhanced degradation by H. pylori GGT would also
cause increased compensatory energy consumption by
the epithelial cells, which in turn would result in impaired
cell viability and proliferation. The hydrolytic activity
of H. pylori GGT also exhibits a very high affinity for
glutamine, an important nutrient for the gastric mucosa.
Extracellular glutamine depletion by bacterial GGT at the
H. pylori colonization site would result in the impairment
of both the cytoprotective properties of gastric epithelial
cells and the immune function of recruited inflammatory
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Upregulation of EGF-related peptides and COX-2
The molecular cross-talk between H. pylori and human
gastric mucosa leading to gastric inflammation and cancer involves also the increased expression of epidermal
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lori[36]. Notably, H. pylori has also been demonstrated to
be able to penetrate the gastric epithelium in vivo reaching
the underlying lamina propria where it directly contacts
immune-inflammatory cells[37].
Because H. pylori is a cholesterol auxotroph and needs
to extract this nutrient from host cells, the inhibitory effects of VacA and GGT on the proliferation of human
CD4+ T cells is also modulated by the ability of H. pylori
to form cholesterol alpha-glucosides[11]. In further support of the roles of VacA and GGT on the inhibition of
T cells, it has recently been demonstrated that VacA and
H. pylori GGT positively regulate the expression of the
non-protein-coding microRNA (miRNA) miR-155 and
the master T cell regulator Foxp3 in human lymphocytes
through a cAMP-dependent pathway[38].
Both VacA and GGT from H. pylori may also affect
T cell activity in an indirect manner by reprogramming
dendritic cells to promote the differentiation of naive
T cells into T regulatory (Treg) cells[12]. Treg cell differentiation in response to H. pylori infection requires
the direct interaction of naive T cells with “tolerogenic”
dendritic cells that have been exposed to H. pylori, either
in the gastric mucosa or in gastric or mesenteric lymph
nodes[39,40]. Dendritic cells that have been exposed to H.
pylori fail to induce TH1 and TH17 type T cell responses in
vitro and in vivo; instead, such dendritic cells preferentially
induce the expression of the Treg cell-specific transcription factor FOXP3, the surface marker CD25 and the
anti-inflammatory cytokine IL‑10 in naive T cells[12]. This
action may contribute to gastric persistence and immune
tolerance during infection, and it may independently potentiate the evasion of the immune response generated
by the apoptosis of human monocytes in the presence of
H. pylori expressing functional cag pathogenicity island[41].
The immune response evasion might also be due to the
induction of COX-2 in gastric epithelial cells by H. pylori
GGT[15], which has been shown to suppress the TH1 polarization of T cell response to H. pylori[42].
The effects of H. pylori GGT on T cell-mediated immunity could represent the biological basis of observations in animal models, showing an important role for
GGT in H. pylori colonization[5,6]. Because H. pylori has
been classified as a type Ⅰ carcinogen[1], the inhibition of
immune responses caused by H. pylori GGT might also
be an important factor in the induction of malignant
MALT lymphoma and adenocarcinoma of the stomach.
The effects of H. pylori GGT on T cell-mediated immunity are summarized in Figure 3.

growth factor (EGF)-related peptides and the activation
of the EGF receptor signal transduction pathway as well
as upregulation of the expression of cyclooxygenase
(COX)-2, the inducible isoform of the enzyme responsible for prostaglandin production[1,2,15]. Our group[15]
demonstrated that GGT is the virulence factor responsible for the in vitro up-regulation of both EGF-related
peptides and COX-2 in human gastric epithelial cells.
This finding was supported by observations showing that
all such effects were counteracted by the selective GGT
inhibitor acivicin and that an H. pylori isogenic mutant
strain defective in GGT did not exert any effect on either
EGF-related peptides or COX-2 expression[15]. Apparently, a common signal transduction pathway that relies on
the activation of phosphatidylinositol-3 kinase and p38
kinase, but not MAP kinase kinase, triggers the GGTdependent effects on the cell expression of both EGFrelated peptides and COX-2. Notably, the GGT-induced
up-regulation of EGF-related peptides and COX-2
mRNA expression was significantly inhibited by treatment with desferrioxamine, which inhibits the formation
of ROS generated by cysteinylglycine in the presence
of transition metals[15]. This last finding suggests that H.
pylori GGT may trigger a proinflammatory and procarcinogenic mucosal response via oxidative stress in gastric
mucosal cells.

EFFECTS OF H. PYLORI GGT ON T
CELL-MEDIATED IMMUNITY
Mounting evidence indicates that H. pylori GGT may
modulate T cell-mediated immunity and contribute to
immune evasion during H. pylori infection. Gerhard et al[9]
first demonstrated that the inhibition of T cell proliferation by H. pylori is mediated by a low-molecular weight
protein secreted by the bacterium. The same research
group identified H. pylori GGT as the secreted bacterial
protein that induces cell cycle arrest in the G1 phase of
T cells and suppresses T cell proliferation[10]. They also
identified the disruption of Ras- but not PI3K-dependent
signaling by H. pylori GGT as the cause of the G1 arrest,
and it also suppressed T cell proliferation[10].
VacA toxin has also been identified as an additional
bacterial virulence factor that can efficiently block T cell
proliferation by inducing G1/S cell cycle arrest[32,33] and
inhibiting the activation of nuclear factor of activated
T cells (NFAT), a transcription factor acting as a global
regulator of immune response genes[32,34]. Interestingly,
impairment of the mitochondrial function has been
suggested as an additional mechanism involved in the
VacA-induced blockade of CD4+ T cell proliferation[35].
A similar action in the T cell mitochondria might also
be hypothesized for GGT, accounting for its proven capacity to damage epithelial cell mitochondria. VacA and
GGT released from the bacteria in the gastric mucosa
may directly contact intraepithelial T cells or penetrate
the mucosa-associated lymphoid tissue (MALT) through
the opening of tight junctions brought about by H. py-
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CONCLUSION
H. pylori produces a combination of virulence factors
that damage the gastric mucosa and subvert the host immune response to allow persistent colonization of the
challenging environment of the human stomach. In this
review, we focussed on H. pylori GGT, a bacterial protein
that inhibits cell proliferation and induces the apoptosis
of gastric epithelial cells through different pathways involving ammonia and ROS production. This action may
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Figure 3 Effects of Helicobacter pylori gamma-glutamyl transpeptidase on T cell-mediated immunity. Helicobacter pylori gamma-glutamyl transpeptidase (GGT)
and VacA inhibit T cell proliferation and differentiation to T helper 1 (TH1) and TH17. They also prevent T cell immunity by reprogramming dendritic cells to produce
interleukin-10 (IL-10) and IL-18 and promote the differentiation of naive T cells into T regulatory (Treg) cells that further suppress T H1 and TH17 effector functions.
FOXP3: Forkhead box P3; NFAT: Nuclear factor of activated T cells; IFN-γ: Interferon gamma.

contribute to gastric injury during H. pylori infection.
Interestingly, H. pylori GGT may also stimulate the expression of antiapoptotic factors and factors that protect
against cell damage, such as COX-2 and prostaglandins,
EGF-related growth factors and iNOS, which could heal
gastric mucosa but may also play a procarcinogenic role
during infection. The effects exerted by H. pylori GGT
may depend on the level of GGT expression and/or on
the concomitant expression of other bacterial virulence
factors. Instead, the effect of H. pylori GGT on the inhibition of T cell immunity and dendritic cell maturation
may favor colonization and bacterial persistence in the
gastric mucosa. The evasion of the immune response
by H. pylori GGT may also play a role during gastric
carcinogenesis. Increased knowledge of the molecular
mechanisms underlying H. pylori infection may lead to the
recognition of potential intervention targets to prevent
the progression of chronic gastritis to atrophic gastritis
and gastric cancer.
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Abstract
Ghrelin, the ligand of growth hormone secretagogue
receptor 1a, takes part in several functions of the digestive system, including regulation of appetite, energy homeostasis, gastric acid secretion and motility.
Ghrelin has also immunoregulatory properties and is
supposed to inhibit some inflammatory pathways that
can mediate gastric damage. Interestingly, ghrelin synthesis is reduced in the gastric mucosa of patients with
Helicobacter pylori (H. pylori ) infection, a worldwide
condition inducing a T helper (Th)1/Th17 cell responsedriven gastritis, which may evolve towards gastric atrophy and cancer. In this article, we review the available
data on the expression of ghrelin in H. pylori infection
and discuss how the defective ghrelin synthesis may
contribute to sustain the ongoing inflammatory response in this disease.

GHRELIN, A HORMONE WITH
IMMUNOREGULATORY FUNCTIONS
Initially described as a ligand of growth hormone secretagogue receptor 1a (GHS-R1a) expressed by growth
hormone-secreting pituitary cells[1], ghrelin is a potent
stimulator of growth hormone secretion[2]. Ghrelin is
largely produced in the alimentary tract, mainly in the
stomach, by gastric X/A-like endocrine cells in rodents
and fundic P/D1 cells in humans, while its synthesis
gradually diminishes from duodenum to the colon[3]. The
large synthesis of ghrelin and expression of GHS-R in
the stomach and in other organs and tissues suggested
additional effects other than stimulation of growth hormone in the pituitary. Indeed, it is now known that ghre-

© 2014 Baishideng Publishing Group Co., Limited. All rights
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lin takes part in several functions (Figure 1), including
the regulation of appetite and energy homeostasis, which
could favour adiposity and obesity[4-6]. Ghrelin is also
produced in pancreas, lung, kidney, testis, placenta and
by immune cells[7]. Ghrelin circulates in two major forms,
acyl and desacyl ghrelin[8]. Acyl ghrelin has an octanoyl
group essential to activate GHS-R1a[9,10-13]. Desacyl ghrelin lacks this octanoyl group and it was early thought to
be an inactive form of ghrelin since it does not activate
GHS-R1a. Indeed, desacyl ghrelin has been demonstrated
to counteract acyl ghrelin and inhibit the stimulation of
food intake, gastric and bowel emptying[14,15] and to be
involved in several other biological functions (e.g., in the
reproductive system, bone metabolism, cardiovascular
protection)[16-18]. Ghrelin has been also found to stimulate
neurogenesis[19], improve central memory[20], influence
sleep-wake cycle[21].
Acylation of ghrelin is mediated by ghrelin-O-acyltransferase (GOAT) in both mice and humans[22,23], an enzyme expressed by several tissues, including the stomach
and pancreas[15]. Although GOAT expression is high in
the stomach, a direct quantitative correlation with the expression of ghrelin mRNA has not been demonstrated[24].
GOAT is also present in the plasma and varies in relationship with the fasting or feeding status[25]. As acylated
ghrelin has a short in vivo half-life (about 9-13 min)[26],
desacyl ghrelin accounts for > 90% of the circulating
ghrelin[8] with a ratio of acyl/desacyl ghrelin varying from
1:15 to 1:55[8,27].
Besides physiologic activities, ghrelin exerts a gastroprotective effect during pathological conditions. Indeed,
in vivo in rats administration of ghrelin attenuates the
gastric mucosal lesions induced by detrimental agents,
such as ethanol and indomethacin, through an increase
of mucosal generation of prostaglandins prostaglandin
E2 (PGE2)[28,29]. Ghrelin is also an important regulator of
NOS and cyclooxygenase (COX) enzyme systems[1,30-33].
Moreover, studies in different animal models revealed that
ghrelin reduces the release of pro-inflammatory cytokines,
such as interleukin (IL)-1b, TNF-a, IL-6[34-37] and stimulates the expression of the anti-inflammatory cytokine
IL-10[38,39] by T lymphocytes and macrophages in different
mechanical or chemical-induced inflammatory conditions.
Treatment of human T lymphocytes and monocytes with
exogenous ghrelin inhibits the release of pro-inflammatory cytokines such as IL-1β, TNF-α and IL-6[40,41].
Altogether these data underline the gastroprotective
functions and the anti-inflammatory role of ghrelin.

may progress to atrophy with loss of pyloric and oxyntic
glands which, in turn, may negatively affect secretory
functions in the stomach. This gastritis related-damage
may interfere with ghrelin expression through a loss of
P/D1 cells in the fundus and body of the stomach. On
the other hand, H. pylori could directly act on mechanisms controlling ghrelin production through the release
of cytotoxins, lipopolysaccharide (LPS) and other noxious agents[43]. Indeed, ghrelin expression is reduced in
gastric biopsies of H. pylori uninfected subjects following
a 24 h incubation with H. pylori-derived culture broth[44].
This evidence is in keeping with the observation[45] that
LPS originating from Gram negative bacteria wall, such
as H. pylori, intraperitoneally administered in rats reduces
plasma ghrelin levels during the first three hours postinjection, probably through an interleukin-1-stimulated
release of prostacyclin, which acts directly on PGI 2
receptor-expressing ghrelin-producing cells of the gastric
oxyntic mucosa.
Many researchers compared circulating values of ghrelin in infected and non-infected patients with inconsistent results. The majority of these studies[46-66] found lower
levels of circulating ghrelin in H. pylori positive subjects in
Asia and Europe but not in United States. Conflicting results were also obtained when the effect of H. pylori eradication on ghrelin plasma levels was evaluated[46,56-58,67-72].
A metanalysis by Nweneka and Prentice concluded that
circulating ghrelin is significantly lower in H. pylori-positive than negative subjects but H. pylori eradication does
not significantly modify plasma ghrelin levels[73]. Several
factors could explain discrepancy in the results, such as
gender[53,74], age[75,76], gastric-related diseases (higher levels
in gastritis and peptic ulcer[77] than in gastric cancer[78]), H.
pylori strain differences (different expression of cytotoxyns)[43], extent and severity of gastritis (presence or not
of atrophy)[60,79,80] and different immunoassays used to
measure ghrelin.
Ghrelin expression in the stomach was also assessed by quantification of the gastric ghrelin peptide
content or ghrelin mRNA expression in endoscopic biopsies[44,51,52,58,59,62,65,70,71,80-83]. In all studies but three[51,59,65]
lower amounts of ghrelin peptide were found in H. pylori
infected in respect to non-infected subjects. In contrast
to circulating ghrelin, ghrelin mRNA[61,71] and ghrelin immunoreactive cells[83] increased after H. pylori eradication.
H. pylori infection has been reported to influence body
mass index (BMI), as it seems to be higher in infected
patients than non-infected subjects[84]. Several studies[85-88]
also reported an increase of BMI following H. pylori
eradication in Asia and in Europe. How H. pylori may influence BMI has not yet been fully understood but the reduction of dyspepsia following H. pylori eradication could
increase the appetite and consequently body weight[88].
The restoration of gastric ghrelin expression and an increase of circulating ghrelin levels have been thought to
be responsible of the weight gain process following H.
pylori eradication[67]. This hypothesis, however, has not
been confirmed in other studies[68,81] in which an increase

HELICOBACTER PYLORI INFECTION
ASSOCIATES WITH DECREASED
GASTRIC PRODUCTION OF GHRELIN
Helicobacter pylori (H. pylori) is a Gram negative microorganism, which colonizes the stomach and causes a
chronic gastritis, with the downstream effect of promoting peptic ulcer and cancer[42]. H. pylori-related gastritis
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CNS:
appetite
neurogenesis
memory
sleep-wake cycle
↑prolactin
Stomach:
acid secretion
gastric emptying
gastroprotection (↑PGE2)
anti-inflammatory

Cardiovascular system:
↓cardiomyocyte apoptosis
protection of myocardial damage
↑vasodilation

Pancreas:
control of endocrine and exocrine
secretion
Small and large intestine:
control of motility

Liver and peripheral energy
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gluconeogenesis
lipogenesis
↓glucose uptake
↓fatty acid oxydation
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gonadotrophic axis
foetal development

↑adipose tissue
↑body weight
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osteogenesis

Figure 1 Main functions of ghrelin in the human body. INF: Interferon; IL: Interleukin; PGE2: Prostaglandin E2; Th1: T helper 1; APC: Antigen presenting cell.

of gastric ghrelin synthesis following H. pylori eradication
was not correlated to the raise of BMI. Therefore, the
exact contribution of ghrelin in the increase of BMI following H. pylori eradication remains to be elucidated.

in mice associates with a severe gastric inflammation and
mucosal damage[100]. Restoring TGF-β1/Smad3 activity
with a specific SMAD7 antisense oligonucleotide markedly inhibits Th1 inflammatory cytokine response[97], thus
highlighting the importance of the impaired TGF-b1
activity in maintaining the H. pylori-driven pathological
response. Recently, H. pylori-associated gastritis has been
demonstrated to be characterised by elevated levels of
another subset of Th cells, termed Th17 and producing IL-17A, IL-17F, IL-21, IL-22 and IL-26[101-105]. Collectively these data, together with the demonstration
that both Th1 and Th17 cells can be pathogenic in mice
infected with Helicobacter species, suggest that H. pylori
infection may elicit Th1- and Th17-cell immune response
in the gastric mucosa thereby contributing to amplify the
ongoing mucosal inflammation and favouring the development of gastric lesions. How H. pylori infection induces Th1 and TH17 cell response is not, however, fully
understood. It is possible that factors released by H. pylori
stimulate macrophages and dendritic cells which, in turn,
produce factors driving Th1 and Th17 responses. This is
supported by the evidence that the H. pylori neutrophilactivating protein (H. pylori-NAP) is able in vitro to stimulate IL-12 production via agonistic interaction with tolllike receptor 2 and promote Th1 cell polarization[105]. H.
pylori-NAP enhances also IL-23, a cytokine involved in
the expansion/maintenance of Th17 cell responses. H.
pylori infection may also down-regulate factors involved in
the negative regulation of Th1 and Th17 cell responses.
The H. pylori-related impairment of ghrelin synthesis in the stomach could represent another step in the

IMPACT OF GHRELIN
DOWN-REGULATION ON THE GASTRIC
INFLAMMATORY RESPONSE TO
H. PYLORI
The mechanisms by which H. pylori drives the tissue damaging inflammatory response in the stomach have been
largely investigated. It is known that the response to H.
pylori infection and the variable mucosal damage are probably influenced by bacterial and host factors[89,90]. Gastric
epithelial cells infected by H. pylori exhibit hyperactivation
of nuclear factor κB (NF-κB) and produce elevated levels
of chemokines, such as IL-8, which contribute to recruit
neutrophils into the inflamed tissue[91,92]. H. pylori-driven
gastritis is associated with a strong activation of T helper
(Th)-type 1 cells, which release large amounts of interferon (IFN)-γ[93,94] and express high T-bet, a Th1-inducing
transcription factor[95]. Consistently, H. pylori-infected
biopsies contain elevated levels of IL-12, the main Th1
inducing factor in human beings[96]. The large release of
INF-γ leads to several inflammatory responses, including
the induction of Smad7[97], a strong inhibitor of transforming growth factor (TGF)-β1 activity[98,99]. The defective TGF-β1 activity documented in H. pylori-infected
biopsies fits with the demonstration that loss of TGF-β1
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Epithelial damage
gastritis

↑IFN-g

↑IL-1b

↓IL-10

↓PGE2

Diminished
ghrelin expression

APC

Th1 cells

Figure 2 Downregulation of ghrelin expression in the stomach during Helicobacter pylori infection. Epithelial damage and gastritis induced by Helicobacter pylori determine a diminished expression of ghrelin which, in turn, sustains the ongoing T helper (Th) 1 cells response. Down regulation of ghrelin is also followed by a reduced release of Prostaglandin E2 (PGE2) and interleukin (IL)-10 which, together with pro-inflammatory factors as IL-1b, contribute to the detrimental immune response
and damage in the stomach. APC: Antigen presenting cell.

damaging process caused by the microorganism (Figure
2). We have recently shown that treatment of H. pyloriinfected human gastric biopsies and lamina propria
mononuclear cells isolated from H. pylori-colonized gastric biopsies with exogenous ghrelin down-regulated the
expression of IFN-γ and IL-12[44]. In contrast, no change
in IL-4 was seen following ghrelin treatment, thus indicating that action of ghrelin is confined to Th1 cell immune
response. These finding are in line with previous studies
showing that ghrelin counteracts other H. pylori-induced
pathogenic signals, such apoptosis of gastric epithelial
cells[33] and activation of important transcription factors,
such NF-κB and MAP kinases[106].
The exact role of ghrelin in the development and
progression of gastric cancer cells remains to be ascertained. There is evidence that circulating ghrelin levels
are deeply diminished in patients with gastric cancer as
compared to healthy subjects[78,107], raising the possibility
that the diminished ghrelin expression seen in H. pyloripositive patients may be involved in the progression of
gastric cancer. On the other hand, studies [108,109] with
cultured gastric cancer cells have shown that ghrelin may
be mitogenic and, therefore, have a promoting effect on
neoplastic cell growth.
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CONCLUSION
Ghrelin, a hormone with anti-inflammatory and antiapoptotic properties, is supposed to play an important
gastroprotective role. The findings described in this article
indicate that H. pylori infection associates with a marked
down-regulation of ghrelin synthesis, thus delineating a
scenario in which such a defect contributes to sustain the
H. pylori-driven pathogenic response. Further experimentation would be, however, necessary to ascertain the basic
mechanism underlying the negative regulation of ghrelin
synthesis by H. pylori as well as to evaluate whether there
are inflammatory pathways which rely strongly on ghrelin
down-regulation. Studies are also needed to determine
the contribution of the diminished ghrelin production in
the evolution of H. pylori-associated pathology, as ghrelin
can increase the production of PGE2, a protective factor
for the gastric mucosa, which has been also implicated in
the pathogenesis of cancer[80,109].
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Core tip: This review deals with the active clinical problems related to Helicobacter pylori (H. pylori ) infection in obese patients. Even if still controversial, the
infection might represent a confounding and limiting
factor in bariatric surgery, due to the high incidence of
postoperative foregut symptoms and/or lesions in noneradicated patients. The controversies on preoperative
H. pylori screening are highlighted, as well as those
related to its clinical management, which is complicated
by the low eradication rates in obesity. Finally, a revision of studies on the possible correlation between H.
pylori and body mass index and its possible protective
role in development of obesity is included.

Abstract
The present review summarizes the prevalence
and active clinical problems in obese patients with
Helicobacter pylori (H. pylori ) infection, as well as the
outcomes after bariatric surgery in this patient population. The involvement of H. pylori in the pathophysiology of obesity is still debated. It may be that the
infection is protective against obesity, because of the
gastritis-induced decrease in production and secretion
of the orexigenic hormone ghrelin. However, recent epidemiological studies have failed to show an association
between H. pylori infection and reduced body mass index. H. pylori infection might represent a limiting factor
in the access to bariatric bypass surgery, even if highquality evidence indicating the advantages of preoperative H. pylori screening and eradication is lacking. The
clinical management of infection is complicated by the
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INTRODUCTION
Helicobacter pylori (H. pylori) is one of the most common
human infections and it is estimated that more than half
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of the world population is infected[1]. H. pylori is an ancient colonizer of the human stomach and represents the
main etiological factor in the development of gastritis,
peptic ulcer and gastric malignant lesions. The infection
is still highly prevalent in developing countries but it is
disappearing in the developed world (Table 1; modified
from[2]). Indeed, epidemiological studies show that H.
pylori infection still occurs more frequently in socioeconomically deprived populations living in crowded places
with poor hygienic conditions, and conversely, has a lower
frequency in people of high socioeconomic status[3]. The
influence of these factors on H. pylori infection in obesity remains to be ascertained. A study on obese patients
who were candidates for bariatric surgery[4] highlighted
race as a risk factor for H. pylori infection, in that AfricanAmericans and Hispanics had a higher probability than
Caucasians of being infected, with significant odds ratios
of 4.05 and 2.6, respectively. Interestingly, these two ethnic groups, at least in the United States, have the highest
obesity rates[5].

Table 1 Prevalence of Helicobacter pylori infection in the
general population worldwide

North America
South America

Europe

Middle East
Asia

Africa
Australia

PREVALENCE OF H. PYLORI INFECTION
IN OBESE PATIENTS

Prevalence (%)
30.0
23.1
70-90
70-90
82.0
84.2
70.7
69.0
48.8
42.1
36.0
11.9
11.0
90.0
80.0
> 90.0
88.0
55.4
45.1
> 95.0
70-90
15.4

in one study[12], without any comparison with histology.
Even though antisecretory therapy affects diagnostic accuracy of most H. pylori diagnostic tests, patients with
ongoing antisecretory treatment have been excluded only
in one study[22].
H. pylori infection plays a special role in obesity for
two main reasons: (1) its possible relationship with body
mass index (BMI); and (2) it is a negative factor in limiting access to bariatric surgery.

The prevalence of H. pylori infection in morbidly obese
patients is still controversial. Candidates for bariatric
surgery have a preoperative prevalence of H. pylori ranging from 8.7% in a German cohort[6] to 85.5% in a Saudi
cohort[7], with other series showing intermediate values.
Overall, available studies report a lower prevalence of
H. pylori infection in obese patients than in the general
population (Table 2). Nevertheless, the few studies that
have compared simultaneously the prevalence between
lean and obese patients are in disagreement, with half[3,4,8]
showing a higher H. pylori prevalence in obese patients
and the other half[18,23,27] an opposite trend. Discrepancies
might be related to both small sample size and variability in diagnostic testing. Different methods are used to
diagnose H. pylori infection. Serology was largely used in
these studies but it has a low diagnostic accuracy of only
80%-84%, and is only useful to exclude H. pylori infection. Indeed, positive serology should be confirmed by
a test for active infection, such as stool antigen assay or
urea breath test (UBT). The former has a sensitivity of
94% and a specificity of 92%, whereas UBT has a sensitivity of 88%-95% and specificity of 95%-100%. Finally,
histology has an excellent sensitivity and specificity, especially when specific immunostaining is used to detect H.
pylori bacteria, and could be partially replaced by biopsy
urease testing in patients who have discontinued treatment with proton pump inhibitors or antibiotics[1].
The majority of studies have used only one method
to diagnose H. pylori infection. When more than one test
was used, single tests were not compared with each other
and used alternatively. The only study[14] that compared
serology to histology found good accordance between
the two methods. Testing for active infection has been
rare. UBT and stool antigen assay have been used only
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Country
United States and Canada
Canada
Mexico
Chile
Brazil
Poland
Albania
Estonia
Germany
Czech Republic
Iceland
Switzerland
Sweden
Egypt
Turkey
Bangladesh
India
Japan
Taiwan
Ethiopia
Nigeria

H. PYLORI INFECTION AND
PATHOPHYSIOLOGY OF OBESITY
Both environmental and host agents are involved in the
pathophysiology of obesity, including diet, physical inactivity, and drug use, but also genetics and neurophysiological factors. However, an established factor in the development of obesity is dysregulation of the mechanisms
that control food intake; mainly under the control of the
hormones leptin and ghrelin that are secreted by the gastric mucosa. Leptin primarily suppresses food intake and
therefore induces weight loss. Ghrelin increases abruptly
before the onset of a meal and decreases rapidly after
eating; it has orexigenic effects and inhibits the secretion
of leptin. The relationship between ghrelin and H. pylori
infection in obesity has received much attention in recent
years because H. pylori gastric mucosal colonization may
impair gastric ghrelin production, with subsequent reduction of hunger[28]. Consequently, it has been hypothesized that H. pylori infection might have a protective role
against obesity.
Several studies[29-32] have investigated the relationship
between H. pylori-related gastritis and ghrelin, by comparing H. pylori-positive with H. pylori-negative patients, or
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Table 2 Prevalence of Helicobacter pylori infection in obese and normal weight patients worldwide

North America

South America

Europe

Middle East

Asia

n

% H. pylori + obese (n )

% H. pylori + control (n )

Country

H. pylori detection

Ref.

202
611
169
74
87
58
96
2684
259
232
126
83
42
533
96
319
69
224
656
62
214
152
156
1097

6.9 (101)
23.7
30.1
24.0
20.0
12.0
11.0
61.3 (240)
22.4
5.0
53.2
50.0 (50)
50.0
52.5
37.5
39.0
8.7
23.0 (42)
7.3
85.5
57.2 (103)
41.4
39.7
43.7 (414)

4.9 (101)
ND
ND
ND
ND
ND
ND
48.2 (2244)
ND
ND
ND
66.6 (33)
ND
ND
ND
ND
ND
77.0 (182)
ND
ND
27.0 (111)
ND
ND
60.0 (683)

United States

Histology
Histology
Histology
Urease test
Urease test
Mixed
Mixed
Serology
Serology
Histology
Histology
Histology
Urease test
Urease test
Mixed
Urease test
Urease test
Serology + histology
Histology
Histology
Serology
Histology
Histology
Serology

[8]
[9]
[10]
[11]
[12]
[13]
[14]
[4]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[6]
[23]
[24]
[7]
[3]
[25]
[26]
[27]

Chile
Brazil
Brazil
Brazil
Chile
Brazil
Switzerland
Germany
Greece
Kuwait
Saudi Arabia
Turkey
Taiwan

ND: Not defined; H. pylori: Helicobacter pylori.

patients before and after eradication treatment, analyzing
circulating ghrelin levels, the number of ghrelin immunoreactive cells per cubic millimeter in gastric mucosa[33-35]
and ghrelin mRNA expression[33,36,37]. The results of these
studies have been conflicting, however, a recent systematic review[38] concluded that circulating ghrelin levels are
lower in the presence of H. pylori infection. Moreover,
studies dealing with morbidly obese patients who are
candidates for bariatric surgery have shown discordant
results with regard to the relationship between H. pylori
and ghrelin. Obese patients have been reported to have
a reduced[26] or increased[18] number of immunoreactive
ghrelin cells, even if their number was lower in H. pyloripositive than -negative patients.
A possible explanation of these conflicting results can
be ascribed to H. pylori-related gastritis patterns. The outcome of H. pylori infection differs according to gastritis
extension, which generally starts with antritis subsequently progressing to pan-gastritis, which may be associated
with atrophy. In the presence of atrophy, secretory activity decreases, which probably involves ghrelin production[39]. Upper gastrointestinal endoscopy with multiple
mucosal sampling is required to define the pattern of
H. pylori-related gastritis, even if an indirect non-invasive
serological method is represented by the ratio between
pepsinogen (PG) Ⅰ and Ⅱ; a low PG Ⅰ/Ⅱ ratio being
suggestive of the presence of atrophy[40]. By the use of
PG Ⅰ/Ⅱ ratio, it has been shown that, within 1 year
of H. pylori eradication, BMI increased only in the low
PG Ⅰ/Ⅱ ratio group[41], suggesting that the sole presence of atrophy has a relevant role in influencing body
weight. Indeed BMI, after adjusting for sex and age, was
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significantly lower in patients with atrophic gastritis than
in those without atrophy[42]. Other factors can contribute
to explain the controversial results about the relationship
between H. pylori and ghrelin. First, the different time
elapsing from eradication might have influenced the mucosal healing process and then restored normal secretory
activity. Second, age might play a role because atrophy is
more frequent in elderly patients. Finally, changes in plasma ghrelin concentrations are not strictly associated with
gastric mucosal expression and this may be attributed to
the presence of ghrelin isoforms with different biological
activities[43].

H. PYLORI INFECTION AND BMI
Even if the significant increase in BMI observed after H.
pylori eradication treatment highlights a possible inverse
correlation between H. pylori infection and obesity, both
in adults[44,45] and children[46], available data are controversial. Indeed, several studies did not find any influence of
bacterial eradication on body weight[37,47]. Furthermore,
epidemiological studies have failed to show any association between H. pylori infection and BMI, with a metaanalysis of 18 observational studies, including 10000
subjects, that reported a slightly higher BMI in H. pyloripositive patients[48].
Two theories emerge from these studies. Studies that
observed a significant increase in BMI after successful H.
pylori eradication support a protective role of infection
towards obesity, which likely occurs through decreased
production and secretion of the orexigenic hormone
ghrelin[49]. Studies reporting a higher prevalence of infec-
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tion in obese patients disclaim a protective role of H.
pylori and support the increased incidence and severity
of infection observed in obese patients[3]. Obesity can
alter innate and adaptive immunity, with immunological
impairment related to the grade of obesity, resulting in
less maturation of monocytes into macrophages, reduced
polymorphonuclear bactericidal capacity, and a significant
decrease in NK cell activity[4].
However discrepancies among studies can be ascribed
to other factors. As previously mentioned, a misleading
factor is the frequent lack of classification of the patients
according to their gastritis patterns, especially atrophy[49].
Furthermore, the relationship between H. pylori and BMI
can be strongly influenced by the dietary change that can
occur after eradication. Indeed, H. pylori eradication can
ameliorate dyspeptic symptoms favoring dietary excess.

Concerning the management of obese patients who
are candidates for bariatric surgery, the main clinical issue
is represented by H. pylori resistance to antibiotic eradication, which could delay access to bariatric surgery. Obese
patients showed a significantly lower rate of eradication
than controls, at least to the 7-d regimens[57], with BMI
being an independent risk factor for eradication failure.
Although the mechanisms by which obese patients have
a poor eradication rate remain to be elucidated, it seems
likely to be due to the following reasons leading to subtherapeutic drug concentrations. First, the physiological
changes that occur in obesity, such as possible delayed
gastric emptying[58], may lead to a decrease in the rate of
drug absorption, regardless of the characteristics of the
drug. Second, the volume of distribution of drugs may
be altered in obese patients because the increased adipose
tissue mass can influence medications with lipophilic
properties[59,60]. Clearly, the need of a tailored eradication
regimen for obese patients based on body weight arises,
but no clinical trials have compared standard therapy versus weight-based regimens. An increase in the eradication
treatment efficacy can be obtained by extending the treatment period[61]. A recent trial, aimed to compare 7- and
14-d first-line treatment with clarithromycin-based triple
therapy in obese patients, showed that the latter is more
effective[62].

H. PYLORI AND BARIATRIC SURGERY
In the field of bariatric surgery, the American Association
of Clinical Endocrinologists/The Obesity Society/American Society for Metabolic and Bariatric Surgery guidelines[50] do not provide clear indication about preoperative H. pylori screening and management. The document
recommends H. pylori screening in patients belonging to
high-prevalence areas and upper endoscopy in selected
cases. Previous European guidelines[51] recommended
upper gastrointestinal endoscopy before bariatric surgery
in any symptomatic or asymptomatic patient in order to
treat any lesions, including H. pylori infection, that may
cause postoperative complications. The advantages of
preoperative H. pylori screening and eradication are still
controversial, mainly due to a lack of randomized control
trials (RCTs). However, different attitudes might be influenced by the differences in health systems and access to
upper gastrointestinal endoscopy.
Routine upper endoscopy studies, with concurrent H.
pylori screening and biopsies to rule out pathological abnormalities (e.g., esophagitis, polyps, hiatal hernia, gastritis, and duodenitis), have reported that abnormalities are
present in up to 91% of bariatric candidates[12,16,22], with
a higher incidence in patients with concomitant H. pylori
infection[11,14,52]. Some of these alterations are expected
to be cured by tailored bariatric surgery (i.e., hiatal hernia
and gastroesophageal reflux disease), even if the main
concern is represented by postsurgical gastric malignancy,
especially after bariatric procedures with gastric bypass.
The majority of obese patients with upper gastrointestinal lesions at the time of routine preoperative endoscopy
are asymptomatic[53], with only 20% of the obese patients
with pathological findings presenting with upper gastrointestinal symptoms[6]. Also, esophageal dysmotility, frequently observed in these patients, occurs in the absence
of symptoms[54]. The lack of visceral sensation in obese
patients has been ascribed to alterations in the autonomic
nervous system[55,56]. Thus, the decision to perform endoscopy before bariatric surgery on the basis of clinical
presentation may be misleading.
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EFFECT OF H. PYLORI INFECTION ON
BARIATRIC SURGERY OUTCOMES
The majority of the studies, focused on standard laparoscopic Roux-en-Y gastric bypass (LRYGB) outcomes,
have reported a reduced prevalence of postsurgical lesions after successful H. pylori eradication. After LRYGB,
H. pylori eradicated patients present with a reduced incidence of viscus perforations[13] and of postoperative
marginal ulcers[52]. In this latter retrospective study of 560
patients, the incidence of ulcers was 2.4% in patients that
were tested and treated for H. pylori infection prior to
surgery compared to 6.8% in those who did not undergo
such screening. However, other authors have reported
that, even though marginal ulcer rates following gastric
bypass were higher in patients with H. pylori, the higher
risk persisted even if the pathogen had been eradicated[63].
Indeed, after either LRYGB[64] or laparoscopic sleeve
gastrectomy[65,66], postsurgical lesions, mainly concerning
gastric ulcers, are attributed to surgical procedures, and
not to H. pylori infection. Moreover a recent retrospective
study did not show any effect of H. pylori status, whether
preoperatively positive or persistently positive after treatment, on the rates of marginal ulcer or stomal stenosis in
patients undergoing LRYGB[67]. So far, high-quality evidence indicating the advantages of preoperative H. pylori
screening and eradication is lacking and prospective welldesigned RCTs are necessary to establish the real clinical
outcomes of H. pylori-positive and -negative patients
after surgery. It should also be considered that the gastric
environment for H. pylori colonization may dramatically
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change after bariatric surgery[50] with possible spontaneous clearance of infection[68].
If the management of H. pylori infection in obese
patients who are candidates for bariatric surgery is still
controversial, there are plausible reasons to attempt
eradication in H. pylori-positive patients, particularly in
those undergoing LRYGB in whom a large part of the
stomach is inaccessible to upper endoscopy after surgery.
First, eradication should decrease the risk of gastroduodenal peptic lesions in the gastrojejunostomy site after
gastric bypass, and thus decrease early as well as later
ulcer-related postoperative symptoms and complications,
which are higher in H. pylori-positive patients[69]. Second,
there is evidence of a moderate benefit of H. pylori on
symptomatic dyspepsia[70,71]. Third, H. pylori is a class I
carcinogen in the development of gastric cancer with
an odds ratio of 2.0-5.9[72]. A recent systematic review[73]
on upper gastrointestinal malignancy after bariatric surgery concluded that, even if the incidence were rare, it
is advisable to screen patients before surgery because
adenocarcinoma, strictly related to H. pylori infection, was
present in most cases. In addition, the coexistence of H.
pylori infection with obesity can potentiate the cytokinemediated crosstalk between inflamed gastric and adipose
tissues, augmenting immune responses at both sites, and
thereby contributing to a pro-tumorigenic gastric microenvironment[74].
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CONCLUSION
Available data on H. pylori infection and obesity are still
controversial. Current guidelines do not indicate clearly
the management of H. pylori infection in obese patients
who are candidates for bariatric surgery, and the need for
H. pylori screening and eradication before surgery is still
debated. The eradication treatment is often hampered by
the low eradication rates obtained with first-line 7-d treatment. Prospective clinical studies aimed to ameliorate
both H. pylori eradication rates and to evaluate the clinical
outcomes of H. pylori infection after the different bariatric procedures are warranted.
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Helicobacter pylori and pregnancy-related disorders
Simona Cardaropoli, Alessandro Rolfo, Tullia Todros
malformation, death) and sometime consequences can
be observed later in life. Another important issue addressed by investigators was to determine whether it
is possible to transmit H. pylori infection from mother
to child and whether maternal anti-H. pylori antibodies could prevent infant’s infection. Studies on novel
diagnostic and therapeutic methods for H. pylori are
no less important, since these are particularly sensitive
topics in pregnancy conditions. It could be interesting to study the possible correlation between H. pylori
infection and other pregnancy-related diseases of unknown etiology, such as gestational diabetes mellitus,
obstetric cholestasis and spontaneous preterm delivery.
Since H. pylori infection is treatable, the demonstration
of its causative role in pregnancy-related disorders will
have important social-economic implications.
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Abstract
Helicobacter pylori (H. pylori ) infection is investigated

in gastric diseases even during pregnancy. In particular, this Gram-negative bacterium seems to be associated with hyperemesis gravidarum, a severe form of
nausea and vomiting during pregnancy. During the last
decade, the relationship among H. pylori and several
extra-gastric diseases strongly emerged in literature.
The correlation among H. pylori infection and pregnancy-related disorders was mainly focused on iron deficiency anemia, thrombocytopenia, fetal malformations,
miscarriage, pre-eclampsia and fetal growth restriction.
H. pylori infection may have a role in the pathogenesis
of various pregnancy-related disorders through different mechanisms: depletion of micronutrients (iron and
vitamin B12) in maternal anemia and fetal neural tube
defects; local or systemic induction of pro-inflammatory cytokines release and oxidative stress in gastrointestinal disorders and pre-eclampsia; cross-reaction
between specific anti-H. pylori antibodies and antigens
localized in placental tissue and endothelial cells (preeclampsia, fetal growth restriction, miscarriage). Since
H. pylori infection is most likely acquired before pregnancy, it is widely believed that hormonal and immunological changes occurring during pregnancy could
activate latent H. pylori with a negative impact not only
on maternal health (nutritional deficiency, organ injury, death), but also on the fetus (insufficient growth,
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Core tip: Helicobacter pylori (H. pylori ) infection in
pregnancy is not only associated with gastrointestinal
disorders such as hyperemesis gravidarum, but also
with iron deficiency anemia, fetal malformations, miscarriage, pre-eclampsia and fetal growth restriction.
These pregnancy related-disorders are potentially lifethreatening for both mother and fetus/neonate. Another important issue that has been addressed in literature
was the question of whether it is possible to transmit
H. pylori infection from mother to child and whether
maternal anti-H. pylori antibodies could prevent infant’s
infection. Indeed, if H. pylori is actually a causal factor,
the public health implications would be important since
the infection is treatable.
Cardaropoli S, Rolfo A, Todros T. Helicobacter pylori and pregnancy-related disorders. World J Gastroenterol 2014; 20(3): 654-664
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infection during pregnancy. Most studies on the correlation between H. pylori infection and pregnancy-related
disorders were cross-sectional investigations where
H. pylori positivity was detected during pregnancy or
soon after delivery. H. pylori infection was tested before
conception only in one prospective study, where early
pregnancy loss was associated with maternal H. pylori
CagA-strains seropositivity before intra-cytoplasmic
sperm injection[17]. Indeed, it is not possible to definitely
conclude whether pregnancy-related complications are
correlated to H. pylori infection acquired before or during pregnancy.
The prevalence of H. pylori infection in pregnant
women varies according to geographic area, socioeconomic conditions and method used to detect H. pylori
infection. For example, the prevalence of H. pylori infection among pregnant women is about 20%-30% in
most European countries[18-20], Japan[21] and Australia[22],
while it is 50%-70% in Turkey[23,24], Mexico and in Texas, United States[25,26], more than 80% in Egypt[27] and
Gambia[28]. Furthermore, inadequate sanitation practices, low social class and crowded or high-density living
conditions seem to be related to a higher prevalence of
H. pylori infection. These observations suggest that poor
hygiene and crowded conditions may facilitate transmission of infection among family members and they are
consistent with data on intra-familial and institutional
clustering of H. pylori[29,30].
The first investigations on pregnancy focused their
attention mainly on the relationship between hyperemesis gravidarum and H. pylori infection. Next, researchers
turned their attention to other pregnancy-related disorders, such as iron deficiency anemia, thrombocytopenia,
fetal growth defects and malformations, miscarriage
and, more recently, to pre-eclampsia. Another important issue that has been addressed was the question
of whether it is possible to transmit H. pylori infection
from mother to child and whether maternal anti-H. pylori antibodies could prevent infant’s infection. Finally,
investigations on diagnostic and therapeutic methods
for H. pylori are no less important, since they are particularly sensitive topics in pregnancy-related conditions.
Herein, we reviewed the up-to-date literature about H.
pylori and pregnancy.
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INTRODUCTION
Helicobacter pylori (H. pylori) infection affects approximately one half of the world population and it is more prevalent in developing countries [1,2]. This microorganism
colonizes the stomach. Typically, it is acquired during
childhood and causes asymptomatic chronic infection[2].
A small portion of H. pylori infected subjects develop
peptic ulcers and gastric carcinoma, usually during late
adulthood[2].
H. pylori pathogenicity depends on several strain-specific factors. Some H. pylori strains express specific genes
conferring pro-inflammatory, cytotoxic and vacuolating
properties which could enhance the in vivo pathogenicity[3]. Virulence factors such as urease and flagella are
present in all strains and they are pivotal for pathogenesis and colonization[4]. Adhesins, such as Outer inflammatory protein and Sialic acid-binding adhesin, facilitate
bacterial attachment to the host epithelium and often
induce its inflammatory response[5,6]. H. pylori-strains can
also express Cytotoxin-associated antigen A (CagA) and
Vacuolating cytotoxin A (VacA), the most investigated
cytotoxins among H. pylori virulence factors. CagA is
directly injected into the cytoplasm of epithelial cells,
affecting cell morphology, proliferation and apoptosis[7].
H. pylori strains carrying CagA have been associated
with both duodenal ulcer and gastric cancer[8], and infection with CagA-positive strain is generally associated to
higher levels of inflammatory mediators compared to
CagA negative strains[3]. VacA is a proteic pore-forming
toxin crucial to promote and maintain bacterial colonization[9]. It disrupts cell polarity, promotes epithelial cells
apoptosis and inhibits T cell proliferation and effector
function[10]. Interestingly, combined seropositivity for
both CagA and VacA directly correlates with elevated
morbidity[11-13].
During the past decades, several reports indicated a
correlation between H. pylori infection and various extragastric disorders[14]. Such manifestations include ischemic
heart disease, diabetes mellitus, idiopathic thrombocytopenia, urticaria, and sideropenic anemia[14]. Lanciers et
al[15] (1999) found a significantly increased incidence of
pregnant subjects with high H. pylori IgM (marker for
recently acquired infection) compared to non pregnant
women. These Authors suggested that pregnancy itself
may increase the susceptibility to H. pylori infection[15].
This is probably due to the fact that there are immunologic adaptations in pregnancy to ensure maternal
tolerance towards the semi-allogeneic fetus. In general,
pregnancy is characterized by a decreased cell-mediated
cytotoxic immune response with preservation of humoral and innate immunity[16].
Nowadays, no follow-up study was conducted to describe the complete immune response against H. pylori
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GASTROINTESTINAL DISORDERS IN
PREGNANCY
Mild to moderate dyspepsia is commonly associated
with nausea and vomiting and complicates about 50%
of all pregnancies and it diminishes women’s life quality
and social functions during early pregnancy[31]. In most
women, these symptoms resolve by fluid and vitamin
supplementation as well as dietary modification. About
0.3%-2% of pregnant women suffer from Hyperemesis
Gravidarum (HG) characterized by severe and protracted vomiting that often results in dehydration, electrolyte
imbalance, ketonemia, ketonuria, and weight loss[31-34].
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Dehydration and acid base disturbances may lead to renal and hepatic injury[35]. Patients who manifest continuous weight loss and electrolyte disturbances may be at
risk for growth restriction, fetal anomalies and decreased
neonatal birth weight[36].
The onset of gastrointestinal symptoms is always
during the first trimester, but HG may persist throughout gestation. The etiology of HG, which still remains
unknown, seems to be multifactorial and may be the final
result of various unrelated conditions. Indeed, treatment
is performed on a symptomatic basis[35]. In particular,
psychological causes, gastrointestinal tract dysfunctions,
endocrine factors (i.e., elevated human chorionic gonadotropin and estrogen), genetic incompatibility, immunological factors and nutritional deficiencies have been
considered part of the pathologic mechanism underlying
HG. However, no single theory seems to provide an adequate explanation for HG[33,35].
Significant positive association between HG and H.
pylori infection has been demonstrated by several casecontrol studies[37-42], and in a systematic review of 14
case-control studies, Golberg et al[32] (2007) found higher
prevalence of HG in H. pylori-infected pregnant women
than uninfected ones (pooled OR = 4.45; 95%CI:
2.31-8.54). In contrast, most of the studies aimed to determine the link between H. pylori and dyspepsia failed to
show a significant correlation between the clinical symptoms of the disease and H. pylori infection[43,44]. Only
two studies investigated the relationship between CagApositive H. pylori strains and gastrointestinal problems
in pregnancy. Noyan et al[45] (2004) found a significant
association between CagA-seropositivity and dyspepsia
in pregnancy, though H. pylori-seroprevalence resulted
slightly but not significantly higher in pregnant women
with dyspeptic complaints (74.6%) compared to the
controls (63.8%). Xia et al[46] (2004) demonstrated that
the infection rates of both H. pylori and CagA-positive
strains are significantly higher in HG patients (88.9%
and 78.1%, respectively) than in asymptomatic pregnant
women (45.0% and 31.3%, respectively) (P < 0.01 for
both).
Despite a high seropositive rate in pregnant women
with severe gastrointestinal symptoms during early pregnancy, no correlation was found between seropositivity
and clinical symptoms or their duration[47,48]. Shirin and
colleagues (2004) reported an association between H.
pylori and mild vomiting during early pregnancy but not
with gastrointestinal symptoms later in pregnancy [49].
Studies performed on endoscopic biopsies of gastric
mucosa demonstrated that the severity of gastrointestinal symptoms in early pregnancy may be associated with
the density of H. pylori in the gastric epithelium[50]. Additionally, two case reports showed that H. pylori eradication treatment reduces the severity of HG[51,52].
In contrast, several studies found no relationship
between HG and H. pylori[24,53-55]. These contradictory
findings are probably due to the fact that a universally
accepted HG definition does not exist, thus indicating a
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high heterogeneity of the study population.
It has been proposed that a reduction of gastric
acid production during early pregnancy as a result of
increased accumulation of woman’s body fluid, steroid
hormone changes, and immunologic tolerance could
lead the activation of latent H. pylori infection, which can
exacerbate nausea and vomiting symptoms[42].

IRON DEFICIENCY ANEMIA
Iron deficiency is the most common nutritional deficiency in the world and results in impairment of immune, cognitive and reproductive functions, as well as
decreased work performance[56]. Iron deficiency anemia
(IDA) affects more than a billion people worldwide and
contributes to up to 40 percent of maternal deaths in the
developing countries[57]. In a typical singleton pregnancy,
the average daily demand for iron is approximately 4.4
mg. A supplementation is needed when diet alone cannot supply this amount of iron, but despite iron supplementation, many women continue to remain anemic[58].
Muhsen et al[59] (2013) recommended the investigation of H. pylori infection as a potential factor that might
play a role in the occurrence of anemia in children and
pregnant women. Furthermore, eradication of H. pylori
infection has been recommended for patients with unexplained IDA[60,61]. These recommendations are based
on several studies that found a relationship between H.
pylori and IDA. In a systematic review and meta-analysis
of 12 case reports and series, 19 observational epidemiologic studies and six interventional trials, Muhsen
and Cohen (2008) found higher prevalence of IDA in H.
pylori-infected subjects than uninfected ones[62]. Several
IDA mechanisms have been hypothesized in H. pylori
infection, some of which are decreased mucosal iron
absorption capacity due to low gastric pH, reduction of
stomach vitamin C levels, bacterium-host competition
for dietary iron supply, lactoferrin mediated iron sequestration by gastric H. pylori, increased hepatocytes hepcidin release in response to IL-6 production associated
with H. pylori gastritis[56,62-67].
In pregnant women, H. pylori infection has been found
to be associated with IDA[19,68-70]. Weyermann et al[19] (2005)
found lower haemoglobin (Hb) levels at the beginning
of pregnancy in H. pylori infected mothers vs noninfected
(-0.25 g/dL; 95%CI: -0.49--0.003) and a more unfavourable change in Hb level during course of pregnancy (-0.14
g/dL; 95%CI: -0.38-0.10). In a cross-sectional study, out
of 117 pregnant women, 27 had anemia and all of the
anemic patients were shown to be H. pylori infected, and
with a high chance of fetal growth restriction[68]. In a
small prospective study aimed to confirm the association
between H. pylori infection and HG, it was found that infected pregnant women with HG have higher prevalence
of IDA compared to symptomatic uninfected patients[70].
In a small randomized double-blind placebo controlled
trial, high prevalence of H. pylori infection was seen in
pregnant women suffering from IDA and eradication of
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the infection by triple drug therapy during third trimester
enhanced the response to oral iron folic acid supplementation[69].

and consequently generalized endothelial dysfunction.
In fact, it was observed that H. pylori seropositive PE
subjects are characterized by a more severe inflammatory status compared to the inflammatory response
characterizing normal pregnancy, since pre-eclamptic
women showed higher levels of C-reactive protein,
tumour necrosis factor (TNF)-alpha and maternal leukocytes counts[77,79]. Interestingly, pre-eclamptic patients,
had higher H. pylori seropositivity rate and serum malondialdehyde levels, a common marker of lipid peroxidation, compared with healthy pregnant. Furthermore, the
subgroup of seropositive PE mothers had higher serum
levels of total cholesterol and low-density lipoprotein
(LDL)-C compared to seronegative PE women. The
Authors hypothesized that H. pylori infection may be a
contributory factor in atherosclerosis in PE cases later in
life[78]. Prospective cohort studies are required to confirm
this hypothesis. However, such studies would be difficult
to be conducted, since large cohorts of pregnant women
would be needed to detect significance and prospective
studies are limited in their ability to evaluate uncommon
outcomes such as PE.

PRE-ECLAMPSIA
Pre-eclampsia (PE) is a pregnancy-related syndrome
characterized by new onset hypertension and proteinuria
after 20 wk of gestation in a previously normotensive
woman. PE affects about 2%-8% of all pregnancies and
remains one of the main causes of either maternal or fetal mortality and morbidity worldwide[71]. Despite PE has
been object of intense investigation, its etio-pathogenetic mechanisms are still poorly understood. This difficulty
is certainly due to the fact that PE is a syndrome where
similar symptoms could origin from different pathogenic
pathways. PE is characterized by a generalized vascular
dysfunction and an excessive maternal inflammatory
response. Furthermore, it is possible to recognize two
different forms of PE: “placental PE”, characterized by
abnormal placentation and feto-placental compromise,
and “maternal PE”, where etio-pathogenic mechanisms
do not directly involve placenta and the fetus but they
are of exclusive maternal origin[72,73].
Several evidences suggest that subclinical infections
could play a role in the onset of PE[74,75]. The association
between H. pylori seropositivity and PE was found for
the first time by our group[76]. We showed that H. pylori
seropositivity frequency is higher in mothers with PE
(51.1%) compared with women with uneventful pregnancy (31.9%) (OR = 2.67; 95%CI: 1.08-6.57; P = 0.033)[76].
Afterwards, other two case-control studies reported a
significantly higher H. pylori seropositivity rate in PE
patients compared to controls[77,78]. UstUn et al[77] (2010)
reported a significantly higher positivity for IgA anti-H.
pylori in patients with PE compared with controls (P =
0.034), and Aksoy and colleagues found a H. pylori seropositivity rate of 81% in the pre-eclampsia group, and
of 60% in normal pregnant women (OR = 2.86; 95%CI:
1.05-7.82; P = 0.036)[78]. We also showed a strong association between the onset of PE and CagA-positive
H. pylori strains infection, which are more virulent and
therefore more likely to elicit the generalized inflammation and the subsequent vascular damage typical of
PE[76]. Recently, we found that CagA/VacA dual seropositivity is specifically associated with PE and, in particular, with “placental PE”[79]. Interestingly, Franceschi
et al[80] (2012) demonstrated that antibodies against the H.
pylori virulence factor CagA cross-react in vitro with placental tissue reducing its invasiveness ability and it is well
known that these antibodies recognize antigens localized
on the surface of endothelial cells[81]. Therefore infection
with CagA-positive strains could contribute not only to
the exacerbated maternal inflammatory response leading
to all forms of PE but also to the abnormal placentation
typical of “placental PE”.
H. pylori could be involved in the pathogenesis of PE
mainly by inducing inflammation and oxidative stress
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FETAL GROWTH RESTRICTION
Fetal growth restriction (FGR) is defined as failure of the
fetus to achieve its genetically determined growth potential[82,83]. FGR may be due to either feto-placental or maternal causes and 3%-10% of infants suffer from growth
restriction. Feto-placental causes include infections and
other placental pathologies. Known maternal causes of
FGR include vascular disorders (chronic hypertension,
pre-eclampsia or diabetes with vasculopathy), poor maternal weight gain, smoking, alcohol, cocaine, advanced
maternal age and previous poor pregnancy outcome[84].
Eslick et al[22] (2002) observed for the first time an
association between H. pylori infection and low birth
weight, in particular they showed that intrauterine
growth restriction was more common in H. pylori seropositive women (13.5%) than in seronegative mothers (6.0%) (OR = 2.41; 95%CI: 1.14-5.08; P = 0.018).
Furthermore, it has been reported that H. pylori infected
mice showed a decrease in implantation rates, and their
offspring were of low birth-weight[85]. However, in another experimental mice model study these results were
not confirmed[86].
H. pylori may be linked with an increase in symptoms
including dyspepsia, nausea or vomiting[42,52], because of
underlying undiagnosed peptic ulcer disease, which in
turn may affect maternal gastric absorption and therefore impair fetal growth. Also maternal anemia associated to H. pylori infection may lead to FGR. In fact, Mulayim et al[68] (2008) observed that pregnant women with
H. pylori infection delivered neonates with a significantly
lower birth-weight compared to mothers without the
infection. However, in this study FGR could be due to
maternal anemia since all anemic pregnant women were
in the H. pylori positive group. As previously underlined,
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it was recently demonstrated that anti-CagA antibodies cross-react in vitro with placental tissue reducing its
invasiveness ability [80] and the consequent abnormal
placentation could lead to FGR. However, in our study
on H. pylori virulence factors we demonstrated a strong
association between H. pylori infection and FGR in preeclamptic pregnancies, while there was no association
between H. pylori and idiopathic FGR[79].

immune (idiopathic) thrombocytopenic purpura (ITP),
require frequent careful monitoring during prenatal visits, especially once entering the third trimester in preparation for delivery[94]. Furthermore, a recent retrospective
study showed that ITP was an independent risk factor
for both perinatal mortality and preterm delivery[95].
Association between H. pylori and thrombocytopenia has been demonstrated in a non-pregnant population[96-98]. The etiology of thrombocytopenia may be due
to cross-molecular mimicry between specific H. pylori
protein (CagA) and platelet antigens[99], however no relationship was found between H. pylori infection and platelet count during pregnancy[68,79,100,101].
It would be interesting to confirm the above mentioned findings and to investigate the possible correlation among H. pylori infection and other pregnancyrelated diseases of unknown etiology, such as gestational
diabetes mellitus, obstetric cholestasis and spontaneous
preterm delivery. In fact, H. pylori infection seems to be
associated to diabetes mellitus[102] and hepatobiliary diseases in the general population[103] and it is well known
that bacterial infections increase the risk of spontaneous
preterm delivery[104].

OTHER PREGNANCY-RELATED
DISORDERS
H. pylori infection has been linked to other few disease
states in pregnancy but there are still small amount of
data supporting these premises.
Miscarriage
Miscarriage or spontaneous abortion, occurring in 15%
of pregnancies, is defined as an unintended termination of pregnancy resulting in fetal death prior to 23 wk
of gestation [87]. Among non-chromosomal causes of
fetal loss, infections have a minor relevance compared
to other etiologic factors. However Rossi et al[85] (2004)
observed a higher number of fetal resorption in H. pylori infected pregnant mice compared to non-infected
controls. Hajishafiha et al[17] found an association between H. pylori CagA-strains maternal infection and early
pregnancy loss in patients undergoing intra-cytoplasmic
sperm injection. Recently we found a significantly higher
percentage of H. pylori seropositive women among primigravidae with a miscarriage compared to controls,
while the presence of maternal serum antibodies against
H. pylori did not appear to be associated with recurrent
miscarriage[20]. These findings suggest a relationship between H. pylori infection and implantation/placentation
failure, possibly due to a cross-reaction between antibodies against H. pylori and placental tissue[80].

MOTHER-TO-CHILD TRANSMISSION
Children of H. pylori infected mothers seem to have
a higher risk of acquiring H. pylori[27,105]. However, experimental animal models suggested that vertical infection during the prenatal period or delivery procedure
is unlikely to be route of mother-to-child transmission
of the infection. It is possible that H. pylori is acquired
through breast-feeding, contaminated saliva and fecaloral transmission during co-habitation[21,86,106]. Indeed,
for the general population, the most common way of
transmission is from person to person by either oral-oral
route (through vomitus or possibly saliva) or fecal-oral
route. The person-to-person way of transmission is supported by the higher incidence of infection among institutionalized children and adults and the clustering of H.
pylori infection within families. Moreover, detection of H.
pylori DNA in vomitus, saliva, dental plaque, gastric juice,
and feces further supports this concept. Waterborne
transmission, probably due to fecal contamination, may
be an important source of infection, especially in those
world’s areas in which untreated water is common[29,30].
Furthermore, in our previous study on pre-eclampsia
and H. pylori we indirectly demonstrated the absence of
vertical transmission in humans, since we never found
the presence of H. pylori DNA in placentae of H. pylori
positive patients[76].
It is widely established that specific anti-H. pylori IgG
antibodies are transplacentally transferred from mothers to fetuses[18] and a close correlation between maternal and cord specific IgG levels was demonstrated[21,28].
These passively acquired antibodies decline over the first
3-4 mo of life[18,28]. Some researchers have suggested
that maternal IgG may protect against H. pylori colo-

Neural tube defects
Several studies reported that serum/plasma vitamin
B12 and folate levels are lower in subjects with H. pylori
infection compared to uninfected persons[88,89]. Moreover, several investigations indicated that vitamin B12
and folate levels improve after H. pylori eradication[90,91].
Two case-control studies in a Mexican-American and in
Iranian population reported that H. pylori could play a
role in neural tube defect (NTD) causation by reducing
folate and vitamin B12 concentrations. They showed that
H. pylori seropositivity in pregnant women can increase
the risk of occurrence of NTDs in newborns, since seropositivity was more frequent among mothers of newborns with NTDs than controls[25,92]. However in both
studies the differences were not significant.
Thrombocytopenia
Thrombocytopenia, although often innocuous[93], could
have dangerous complications during pregnancy. Pregnancies affected by extremely low platelets, often with
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nization[18,107] and this is supported by work in murine
models[108]. Other investigators found no evidence of a
protective role for passively acquired maternal antibodies
in infants at high risk of early H. pylori colonization[28].
It was also suggested that IgA antibodies in maternal
milk confer passive protection against early human H.
pylori colonization[109-111]. However, in a previous study
the relationship between breastfeeding and H. pylori was
investigated in 946 preschool children and their mothers
with C-urea breath test. H. pylori prevalence was higher
in breastfed children compared with children who were
never breastfed. The Authors concluded that breastfeeding was not protective against H. pylori[112].

sensitivity and specificity of these tests, they are expensive and require specific instrumentation and specialized
staff.
Furthermore, it was stated that ionizing radiation
dose involved in 14C-urea breath test is extremely low,
much lower than the radiation dose adsorbed from natural sources, a thousand times lower than the amount of
fetal radiation considered to be teratogenic, therefore in
the event of inadvertent exposure during pregnancy, the
pregnant women should be reassured[117].

H. PYLORI INFECTION DIAGNOSIS
DURING PREGNANCY

There are multiple options for H. pylori infection treatment. The association of a proton-pump inhibitor and
two antibiotics for 1 or 2 wk gives the best eradication
rates in non pregnant subjects. Currently, there are no
guidelines to treat H. pylori infection during pregnancy
and the optimal therapy in pregnancy remains uncertain[118]. Hayakawa et al[119] treated four women with hyperemesis gravidarum by a combination of penicillin and
erythromycin, leading to alleviation of symptoms thus
demonstrating the possible effectiveness of this specific
H. pylori treatment. This hypothesis is supported in four
additional case reports that showed similar symptom relief after antibiotic treatment[47,51,52,120].
Several investigators have evaluated the safety of individual drugs, including proton pump inhibitors used in
the anti H. pylori drug therapy in pregnant women. A recent meta-analysis reported that the use of proton pump
inhibitors during first-trimester does not seem to be
associated with increased risk of spontaneous abortion,
preterm delivery or major congenital birth defects[121].
Nevertheless, some experts recommend that H. pylori
eradication should be deferred until after pregnancy and
lactation[122].
It must be considered that treatment of H. pylori
infection has a low successful rate, with 35%-85% of
infections being cleared, reaching the lowest values in
some European countries[123]. The gradual but steady occurrence of antibiotic-resistant strains represents a major
obstacle in the treatment of H. pylori infection. Pharmacogenomics-based approaches seem to increase the cure
rates, but re-infection also remains problematic. In fact,
it is well known that eradication of H. pylori infections
with antimicrobial agents in adults does not induce immunity against re-infection. In general, low annual recurrence rates were observed in developed countries (up to
2% for both adults and children), but high recurrence
rates (> 10%) were observed in developing countries[124].
There is no clear evidence that pregnancy predisposes to
de novo H. pylori infection.
In view of these evidences, new approaches need
to be considered for treatment of this disease, such as
design of effective vaccines. Especially in case of pregnancy related diseases, it would be preferable to prevent
H. pylori infection consequences, thus avoiding phar-

H. PYLORI INFECTION TREATMENT
DURING PREGNANCY

The current diagnostic methods include invasive and
non-invasive tests. Invasive tests involve an upper gastrointestinal endoscopy with gastric mucosal biopsy and
rapid urease activity detection, histology, microbiological
culture, or polymerase chain reaction assays. Although
mucosal biopsy and histopathologic examination of
specimens for the presence of H. pylori and/or gastritis
is considered the gold standard for the diagnosis of H.
pylori infection, invasive tests are not well tolerated by patients and may be a source of ethical problems. Gastroscopy can be performed in pregnant patients, but only
when it is strictly necessary[113].
The non invasive methods are more widely accepted
in the prenatal period and include serum antibody detection, carbon-labeled urea breath tests, and stool antigen
detection.
Serologic and stool antigen tests are the first choice
for H. pylori infection diagnosis in pregnancy, since they
are easy to perform and low-cost non invasive diagnostic
tests. Serologic tests are usually based on the detection
of specific anti-H. pylori IgG antibodies in the patients’
sera by immuno-enzymatic assay. Measurement of IgG
antibodies against H. pylori reveals an immune response
that could represent either a current infection or a previous exposure, since IgG antibodies disappear only several months after eradication of the microorganism[114].
The stool antigen test is an enzymatic immunoassay
that detects the active presence of H. pylori antigen in
human feces. Stool antigen test is preferred to determine
the H. pylori status after eradication[115].
Urea breath tests are not commonly used during
pregnancy, despite they are reliable and noninvasive
diagnostic test. In fact, it is demonstrated that 13C-urea
breath test, using the stable isotope 13C as tracer, is not
radioactive and safe also in children and pregnancy.
Therefore, it could be used as a valuable non-invasive
semi-quantitative diagnostic tool for the assessment of
gastric bacterial H. pylori infection. The urea breath test
is recommended for test-and-treat strategies and suitable
for control after eradication therapy and in epidemiological or pharmacological studies[116]. Despite the excellent
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Figure 1 Helicobacter pylori infection correlation with pregnancy-related disorders. Helicobacter pylori (H. pylori) infection can cause local damage and inflammation, leading to gastrointestinal disorders such as dyspepsia in pregnancy and hyperemesis gravidarum. H. pylori sequesters essential micronutrients from the host
organism. In particular, iron depletion may lead to iron deficiency anemia (IDA), while reduction of vitamin B12 and folate may result in fetal neural tube defects. Lack
of these micronutrients may also be favored by gastric malabsorption in case of the above mentioned gastrointestinal problems. Furthermore, IDA could indirectly be
the consequence of local and systemic inflammation induced by H. pylori infection. Finally, the immune and inflammatory responses caused by this infection lead to
endothelial and placental injury, through the cross-reaction of anti-H. pylori and tissue antigens and through the production of pro-inflammatory cytokines. Placental
dysfunction characterizes important diseases of pregnancy, such as miscarriage, fetal growth restriction (FGR) and pre-eclampsia that it is also characterized by endothelial damage and it is often associated with FGR. Furthermore, IDA could be a risk factor for FGR.

macologic therapies during pregnancy. Recently, several
clinical trials and animal studies have been focused on
generating H. pylori recombinant vaccines useful to eradicate and protect against the infection; however a safe and
effective H. pylori vaccine has not yet been developed for
use in humans[123].
Therefore, if H. pylori infection will be confirmed as
an important risk factor for pregnancy complications,
we suggest the conventional H. pylori eradication, namely
triple therapy, should ideally be obtained several months
before conception in order to reach seronegativity. This
approach would avoid cross-reaction between anti-H.
pylori antibodies and host tissue antigens, waiting for the
discovery of novel effective vaccines.

and systemic induction of pro-inflammatory cytokines
release and oxidative stress in gastrointestinal disorders
and pre-eclampsia; cross-reaction between specific anti-H. pylori antibodies and antigens localized in placental
and endothelial cells (pre-eclampsia, fetal growth restriction, miscarriage) (Figure 1). Since H. pylori infection is
most likely acquired before pregnancy, it is believed that
hormonal and immunological changes occurring during pregnancy can activate latent H. pylori infection and
this could have an impact not only on the mother health
(nutritional deficiency, organ injury, death), but also on
her child (insufficient growth, malformation, death) and
sometime consequences can be observed later in life.
H. pylori mother to child transmission does not appear to occur during pregnancy or delivery. Furthermore,
it was demonstrated that specific antibodies against this
microorganism are transferred to the fetus/infant both
transplacentally and by means of maternal milk. However, it is not clear whether maternal antibodies are able
to protect the children against H. pylori colonization.
Currently, clinicians choose a non-invasive diagnostic
method for H. pylori infection and prefer to treat the infection out of pregnancy. If H. pylori will be confirmed
as causal and/or contributing factor of major pregnan-

CONCLUSION
H. pylori infection was investigated not only in association with gastrointestinal manifestations during pregnancy but also with other severe pregnancy-related disorders.
H. pylori infection may have a role in the pathogenesis
of these disorders through different mechanisms: depletion of micronutrients (iron and vitamin B12) in the case
of maternal anemia and fetal neural tube defects; local
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cy-related disorders, it will have important positive implications for the public health system since the infection
is treatable. It is likely that pre-pregnancy diagnosis and
preventive H. pylori eradication would reduce the incidence of some of these complications. More data are
needed to understand if screening for H. pylori infection
could be effective in preventing pregnancy disorders.
The design of an effective vaccine will be even more
useful in order to avoid drug resistance and re-infection
problems.
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Core tip: First-line therapy for Helicobacter pylori infection should have an efficacy higher than 90% to
prevent the need for additional treatment and the
emergence of secondary antimicrobial resistance. The
first-line eradication regimen should be based on what
works best in a defined geographical area and must
take into account the prevalence of antimicrobial resistance in that region. Non-bismuth quadruple (i.e. ,
concomitant) therapy appears to have high efficacy
and, in our opinion, is the first choice of treatment for
eradicating the infection.

Abstract
Helicobacter pylori (H. pylori ) is a well-known human

pathogen that plays an essential role in the pathogenesis of chronic gastritis, peptic ulcer disease, and
gastric malignancies. Although H. pylori is susceptible
to several antimicrobials, this infection has proven
challenging to cure because of the increasing prevalence of bacterial strains that are resistant to the most
commonly used antimicrobials, particularly clarithromycin. An effective (i.e. , > 90%) first-line therapy is
mandatory for avoiding supplementary treatments and
testing, and more importantly for preventing the development of secondary resistance. This study reviews
the recent literature on first-line therapies for H. pylori .
The eradication rates following standard triple therapy
(a proton pump inhibitor plus amoxicillin and clarithromycin) for H. pylori infection are declining worldwide.
Several first-line strategies have been proposed to
increase the eradication rate, including extending the
treatment duration to 14 d, the use of a four-drug
regimen (bismuth-containing quadruple, sequential,
and concomitant treatments), and the use of novel
antibiotics, such as fluoroquinolones. However, the ef-
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INTRODUCTION
Helicobacter pylori (H. pylori) is a global human pathogen that
plays a key role in the development of prevalent diseases,
including peptic ulcer disease and gastric malignancy[1,2].
Therefore, this infection should be cured whenever it is
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diagnosed[3].
Seven- to ten-day triple therapy consisting of a protonpump inhibitor (PPI) plus amoxicillin and clarithromycin
is the standard first-line treatment option for H. pylori
eradication since its first acceptance in the international
guidelines in 1996[4-6]. The efficacy of this treatment is
strongly affected by clarithromycin resistance, and we have
been witnessing a progressive decline in the eradication
rate over the last decade, both in the United States and
Europe, to below the acceptability threshold of 80%[7-11].
In some European countries, the success rates are disappointingly low, with values of only 25%-60%[12,13].
Several strategies have been proposed to increase the
eradication rate, including the extension of the treatment duration to 14 d, the use of a four-drug regimen
(bismuth-containing quadruple, sequential, and concomitant treatments), and the use of novel antibiotics, such as
levofloxacin[14-21]. As with other infectious diseases, the
treatment results are best when reliably excellent regimens
are used to treat patients infected with organisms that are
susceptible to the chosen antimicrobials[22,23]. Pretreatment susceptibility testing can be performed directly (by
culture of the organism) or indirectly [by molecular testing of the stools of infected patients or by fluorescent insitu hybridization using paraffin-embedded gastric biopsy
samples] and allows the selection of a regimen that is
tailored based on antimicrobial susceptibility[7]. However,
in many instances, therapy must be chosen empirically,
and in this case, the best approach is to use regimens that
have proven to be reliable and to perform well locally[24].
This approach should take advantage of knowledge of
resistance patterns obtained from local or regional antimicrobial surveillance programs and/or should be based
on local clinical experience with regard to which regimens
are effective in a given area.
The present article aims to critically assess, through
a systematic review of the literature and pooled-data
analysis, the current options for H. pylori eradication. To
this end, we analyzed and compared recent evidence regarding the efficacy of several therapeutic regimens. The
advantages and disadvantages of the proposed anti-H.
pylori regimens, as well as the existing evidence for their
clinical validation and widespread use in routine practice,
are provided. This article will focus on first-line treatment; therefore, second-line or rescue therapies will not
be discussed.

mycin resistance is critically important, as it negatively
impacts the efficacy of standard triple therapy. A systematic review showed that the rate of clarithromycinresistant strains ranged from 49% (Spain) to 1% (The
Netherlands) worldwide[27]. In areas with clarithromycin
resistance of < 10% [i.e., The Netherlands, Sweden, Ireland, Germany, Malaysia, and Taiwan (South)], it is still
possible to employ a standard triple therapy to achieve
a per-protocol (PP) eradication rate > 90%. The obsolescence of standard therapies for high clarithromycin
resistance areas is now clearly stated in the 2012 Maastricht Ⅳ/Florence consensus report: a threshold of 20%
is used to separate the regions of high/low clarithromycin resistance, with clarithromycin-containing regimens
maintaining their role as standard therapies only if local
resistance to this agent does not exceed 20%[28]. However, standard triple therapy should be abandoned in areas
with clarithromycin resistance ≥ 20% [i.e., Spain, Turkey, Italy (Central), Alaska, China, Japan, and Cameroon]
because the PP eradication rates of standard therapy are
often less than 85%, and the intention-to-treat (ITT)
eradication rates are usually less than 80%[7,26,29].
The use of probiotics has attracted attention as an
alternative approach for increasing eradication rates
and decreasing treatment-related side effects. The exact
role of probiotics in the eradication of H. pylori remains
largely unknown. However, evidence for an encouraging
increase in the eradication rates achieved with standard
triple therapy by including Saccharomyces boulardii[30] or
Lactobacillus spp.[31] supplementation has been provided
by recent meta-analytical data.

MODIFIED TRIPLE THERAPY
Based on a large body of published clinical trials, a quinolone-containing triple therapy has proven to be effective
as a first-line therapy for H. pylori infection. The eradication rates of levofloxacin-containing triple therapy ranged
from 72% to 96%[30].
This regimen might be considered in populations with
clarithromycin resistance greater than 15%-20% and quinolone resistance less than 10%[32]. However, quinolonecontaining triple therapy is not generally recommended
as a first-line therapy at the moment due to concerns
about the rising prevalence of quinolone-resistant H. pylori
strains. Furthermore, greater use of quinolones would
likely result in the development of more quinolone-resistant pathogens responsible for respiratory and urogenital
tract infections.

STANDARD TRIPLE THERAPY
Standard triple therapy consists of a 7-10-d regimen with
a PPI [standard dose, twice a day (bid)], amoxicillin (1 g,
bid), and clarithromycin (500 mg, bid). Clarithromycin
resistance is the major cause of eradication failure for
standard triple therapy[25]. Pooled data from 20 studies involving 1975 patients treated with standard triple
therapy showed an eradication rate of 88% in clarithromycin-sensitive strains vs 18% in clarithromycin-resistant
strains[26]. Therefore, the background rate of clarithro-
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STANDARD SEQUENTIAL THERAPY
The standard sequential therapy regimen consists of
a 5-d dual therapy with a PPI (standard dose, bid) and
amoxicillin (1 g, bid) followed by a 5-d triple therapy with
a PPI (standard dose, bid), clarithromycin (500 mg, bid),
and metronidazole/tinidazole (500 mg, bid). Recently,
several studies have shown that a 10-d sequential therapy
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can achieve a promising success rate of 85%-90%[19,33,34].
In a recent rigorous systematic review of 46 randomized clinical trials evaluating 5666 previously untreated
patients, Gatta et al[35] showed that the overall eradication rate of sequential therapy was 84.3% (95%CI:
82.1%-86.4%) and that sequential therapy was able to
eradicate 72.8% (95%CI: 61.6%-82.8%) of the strains
resistant to clarithromycin.
This superiority is attributed to the capability of the
sequential regimen to overcome clarithromycin resistance. In this regard, a randomized, double-blind, placebo-controlled trial demonstrated that the PP eradication
rates of sequential therapy and standard triple therapy
for clarithromycin-resistant strains were 89% and 29%,
respectively[19].
The mechanism by which sequential administration
of antimicrobials is effective despite clarithromycin
resistance remains to be fully elucidated. It has been hypothesized that the initial administration of amoxicillin
may cause disruption of the bacterial cell wall, thereby
preventing the development of clarithromycin efflux
channels, which are known to rapidly transport the drug
out of the bacterial cell[36]. Alternatively, the improved
efficacy of the sequential regimen may be attributed to
the larger number of antibiotics (e.g., 3) to which the
microorganism is exposed compared with standard triple
therapy.
However, more recent studies have questioned both
the optimal performance rates and the superiority of
sequential therapy compared to legacy triple therapy[37,38].
Indeed, a recent multicenter South American randomized trial demonstrated that 14-d standard triple therapy
was more efficacious than the 10-d sequential regimen[17].
Additionally, Choi et al[39] showed that, in South Korea,
the PP eradication rates of sequential therapy and standard triple therapy were 86% and 77%, respectively,
with no statistically significant difference between the
two. More recently, a multicenter randomized trial was
published comparing high-dose PPI 14-d triple, 14-d sequential, and 10-d sequential therapies in Taiwan[40]. This
study showed that 10-d sequential therapy was a nonoptimized regimen, achieving an efficacy of less than 90%
in a setting with 9% clarithromycin resistance. As such,
the failure of sequential therapy might be expected in
settings with high rates of clarithromycin and metronidazole resistance.

rate being 78.5%[42]. In 3 studies, a 14-d tetracyclinecontaining sequential therapy was compared with the
14-d triple therapy. The H. pylori eradication rate was
higher with the sequential than with the triple regimen,
the infection being cured in 77.2% and 63.6% of cases,
respectively[43-45]. In 9 studies, the efficacy of a levofloxacin-containing sequential therapy was investigated[41].
The eradication rates at ITT analysis ranged from 65.4%
to 96.8%. One study, conducted in an area with > 20%
clarithromycin resistance and relatively low (i.e., < 6%)
levofloxacin resistance, demonstrated that levofloxacincontaining sequential regimens (at 250 mg bid or 500 mg
bid) were significantly superior to a clarithromycin-containing sequential regimen, achieving eradication rates
higher than 90%[46]. This result was confirmed by another study that used high-dose PPI (i.e., esomeprazole 40
mg, bid) and high-dose levofloxacin (i.e., 500 mg, bid) and
demonstrated an eradication rate of 93% at ITT and 95
PP[47]. Levofloxacin-containing sequential regimens have
also been demonstrated to achieve cure rates higher than
90% by Molina-Infante et al[48], who used levofloxacin
250 mg bid, and by Ozdil et al [49], who used levofloxacin
500 mg bid.
Extending the duration of levofloxacin-containing
sequential treatment from 10-d to 14-d does not appear to increase the efficacy, although the 14-d therapy
achieved a distinctly higher eradication rate compared
with standard 14-d triple therapy (86.6% vs 45.3%)[50].
The efficacy of a tinidazole-free sequential therapy was
tested in 1 study, in which clarithromycin (500 mg, bid)
was added to a PPI and amoxicillin (i.e., amoxicillin was
not substituted with tinidazole) in the second 5-d segment of the treatment[51]. Following this sequential therapy, the eradication rate did not differ compared to that
of a 10-d triple therapy at ITT analysis (73.0% vs 72.2%,
respectively).
Another study tested the efficacy of two 10-d modified bismuth-containing sequential therapies consisting
of a PPI, amoxicillin, bismuth, and metronidazole or
clarithromycin for the first 5-d followed by a PPI, amoxicillin, bismuth, and furazolidone for 5 additional days[52].
The infection was cured in 78.5% of cases treated with
the metronidazole-containing regimen and in 82% of
cases treated with the clarithromycin-containing regimen, the success rates being similar to that of a standard
10-d triple therapy (81.1%).
In conclusion, the value of sequential regimens as
first-line therapies for H. pylori infection appears to be
decreasing, and these regimens will require a thorough reevaluation.

MODIFIED SEQUENTIAL THERAPY
Over the past several years, numerous studies have evaluated the use of a modified (i.e., non-clarithromycin-containing) sequential therapy[41].
In 6 studies, the efficacy of a tetracycline-containing
sequential therapy was investigated[41]. The eradication
rate at ITT analysis varied widely from 50.0% to 87.9%.
The eradication rate did not appear to increase when
quadruple, rather than triple, therapy was administered
for 5 d in the second sequential therapy phase, the cure
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CONCOMITANT THERAPY
Concomitant therapy is another novel regimen that proved
to be successful in the presence of clarithromycin resistance[25]. This 4-drug regimen includes a PPI (standard
dose, bid), clarithromycin (500 mg, bid), amoxicillin (1 g,
bid), and metronidazole (500 mg, bid), all of which are
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given for the entire duration of therapy. This therapy is
superior to standard triple therapy for H. pylori eradication[52] and is also less complex than sequential therapy,
as this regimen does not involve changing drugs halfway
through. A head-to-head non-inferiority trial of 10-d
sequential and 10-d concomitant therapy showed that
these therapies were equivalent (93.1% vs 93.0% by PP
analysis)[53]. Further advantages of concomitant therapy
include its simplicity (addition of a nitroimidazole to
standard treatment) and its wider geographical validation
(including Japan, Colombia, Taiwan, Spain, and Greece)
compared with sequential therapy.
Recently, Kim et al[54] compared concomitant quadruple therapy with standard triple therapy for firstline H. pylori eradication, showing that 5-d quadruple
concomitant therapy eradicated H. pylori in over 90% of
patients. In particular, the eradication rates were 86.1%
with the triple therapy and 91.4% with the concomitant
therapy (PP); however, the difference was not statistically
significant. Georgopoulos et al[55,56] recently evaluated the
efficacy and tolerability of a 10-d concomitant regimen
in Greece. This country has high resistance rates to both
clarithromycin (nearly 25%) and metronidazole (approximately 40%)[57,58]; thus, it is a setting in which sequential
therapy is reportedly more likely to fail[51]. This was an
open-label, single arm trial[55], and thereafter, a randomized controlled trial was performed to compare legacy
triple therapy of the same duration (10 d)[57]. The performance of the concomitant regimen at ITT analysis was
90% in the former study and 90.2% (vs 73.8% for standard triple therapy) in the latter study.
In a recent comparative study, patients with dual
antibiotic resistance had significantly lower eradication
rates (i.e., 33.3%) compared with patients without dual
resistance (i.e., 95.1%) after sequential therapy, whereas
concomitant therapy led to eradication of the infection in 75% of patients with dual resistance compared
with 92.4% of patients without dual resistance[53]. However, this study was conducted in a low-clarithromycinresistance setting where even standard regimens can
still yield excellent eradication. In a report from Spain,
a country with high rates of antibiotic resistance, a
10-d concomitant therapy successfully eradicated 100%
of clarithromycin-resistant and 75% of dual-resistant
strains (vs 75% and 60%, respectively, with sequential
therapy), although the small number of clarithromycinand dual-resistant strains (5 and 4, respectively), does
not allow firm conclusions to be drawn[59]. Recently, our
group performed a non-inferiority randomized trial[47]
to determine whether a 5-d levofloxacin-containing quadruple concomitant regimen was as safe and effective as
the 10-d levofloxacin-containing sequential regimen for
eradicating H. pylori infection in patients naïve to treatment. ITT analysis showed similar eradication rates for
concomitant (92.2%) and sequential therapies (93.3%).
The PP eradication results were 96.5% for concomitant
therapy and 95.5% for sequential therapy. The differences between the sequential and concomitant treatments
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were 1.1% in ITT analysis and -1.0% in the PP analysis,
confirming that 5-d levofloxacin-containing quadruple
concomitant therapy is similarly effective and safe for
eradicating H. pylori infection compared with 10-d levofloxacin-containing sequential therapy. Additionally, 5-d
levofloxacin-containing quadruple concomitant therapy
is less expensive than 10-d levofloxacin-containing sequential therapy.
Bismuth-containing quadruple therapy (omeprazole,
bismuth, metronidazole, and tetracycline) has been
recommended by the Second Asia-Pacific Consensus
Guidelines for H. pylori Infection[60] and by the Maastricht Ⅳ Consensus Report [28] as an alternative first
choice regimen to standard triple therapy in areas with
a low clarithromycin resistance, and it is recommended
as the first-line therapeutic option in areas with a high
prevalence of clarithromycin resistance. Bismuth-containing quadruple therapy has the advantage of utilizing
compounds for which resistance has rarely been reported, with the exception of metronidazole; however,
metronidazole resistance can be at least partially overcome by increasing the dose and duration of therapy[61].
Two studies, each with more than 100 patients, have
demonstrated eradication rates of > 90% when this
combination was given for 10 d[44,62]. Recently, a novel
bismuth-containing quadruple therapy using a single
3-in-1 capsule containing bismuth subcitrate, metronidazole, and tetracycline has been proposed to decrease
the pill burden and improve patient compliance. In a
randomized clinical trial, this single-capsule bismuthcontaining 10-d treatment showed an ITT cure rate of
80% and a PP cure rate of 94%[18].
In a 2010 meta-analysis evaluating first-line use of
10-d bismuth-containing quadruple therapy or standard
therapy, 78.3% of the patients who received quadruple
therapy and 77% of those who received standard therapy achieved ITT eradication, indicating similar (and suboptimal) therapeutic effectiveness for both regimens[63].
Recently, Malfertheiner et al[18] compared the efficacy of
a 10-d bismuth-containing quadruple therapy and a 7-d
triple therapy. In this study, quadruple therapy resulted
in a PP eradication rate of 94%, whereas triple therapy
achieved a rate of only 70%.
Currently, the optimal treatment duration of bismuth-containing quadruple therapy remains unclear;
however, a 10-14 d course is most commonly employed
in clinics[64].

HYBRID THERAPY
Hsu et al[65] reported a hybrid (sequential-concomitant)
therapy consisting of a dual therapy with a PPI (standard
dose, bid) and amoxicillin (1 g, bid) for 7 d followed by
a concomitant quadruple therapy with a PPI (standard
dose, bid), amoxicillin (1 g, bid), clarithromycin (500 mg,
bid), and metronidazole (500 mg, bid) for 7 d. The new
therapy extends the duration of amoxicillin treatment
to 14 d and concomitantly employs three antibiotics
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Table 1 Recommended first-line therapies for Helicobacter pylori infections
Treatment

PPI (standard dose, bid) +
amoxicillin (1 g, bid) + clarithromycin (500 mg, bid)
PPI (standard dose, bid) +
amoxicillin (1 g, bid) followed
by a triple therapy with a PPI
(standard dose, bid) + clarithromycin (500 mg, bid) + metronidazole/tinidazole (500 mg, bid)
High clarithroPPI (standard dose, bid) +
mycin resistance amoxicillin (1 g, bid) + levoarea (≥ 20%)
floxacin (250 mg, bid)
PPI (standard dose, bid) +
amoxicillin (1 g, bid) followed
by a triple therapy with a PPI
(standard dose, bid) + levofloxacin (250/500 mg, bid) +
tinidazole (500 mg, bid).
PPI (standard dose, bid) +
amoxicillin (1 g, bid) + clarithromycin (500 mg, bid) +
metronidazole (500 mg, bid)
PPI (high dose, bid) + amoxicillin (1 g, bid) + levofloxacin (500
mg, bid) + tinidazole (500 mg,
bid)
PPI (standard dose, bid) +
metronidazole (500 mg, bid)
+ bismuth (120 mg, q.i.d.) +
tetracycline (500 mg, q.i.d.)
PPI (high dose, bid) + amoxicillin (1 g, bid) followed by a
quadruple therapy with a PPI
(high dose, bid) + amoxicillin
(1 g, bid) + clarithromycin (500
mg, bid) + metronidazole (500
mg, bid)
Low clarithromycin resistance
area (< 20%)

Days No. of
patients

Eradication Eradication Adverse
rate % effects %
rate %
(PP)
(ITT)

Methods of
evaluating
eradication

Ref.

Type of study

7-10

1975

UBT or H or R

Overall
77.3-100

0-33

Mégraud et al[26]

Meta-analysis

5+5

5666

UBT or H or R

Overall
84.3

0-44

Gatta et al[35]

Meta-analysis

7-10

900

UBT or H or R

Overall
72-96

0-52

Berning et al[32]

Meta-analysis

5+5

250

UBT

22.1-23.5

Romano et al[46]

RCT

5

135

UBT

91.4

91.4

35.6

Kim et al[54]

RCT

5

90

UBT

92.2

96.5

27.8

Federico et al[47]

RCT

10

218

UBT

92

94

47

Malfertheiner et al[18]

RCT

7+7

171

UBT

90

92

47

Molina-Infante et al[66]

RCT

96/96.8

98.3/98.4

PPI: Proton pump inhibitor; UBT: Urea breath test; H: Histology; R: Rapid urease test; RCT: Randomized controlled trial; PP: Per-protocol; ITT: Intentionto-treat.

in the last 7 d of the treatment course. In 117 H. pylori
-infected subjects, the novel therapy provided excellent
eradication rates of 99% and 97% according to PP and
ITT analysis, respectively[65]. It is important to note that
the new therapy has a high efficacy for the treatment of
H. pylori strains harboring dual resistance to clarithromycin and metronidazole. The extension of the amoxicillin treatment duration to 14 d in the hybrid therapy
might account for the higher eradication rate of H. pylori
strains with dual resistance to clarithromycin and metronidazole. Recently, in a randomized clinical trial, MolinaInfante et al[66] compared hybrid therapy (omeprazole 40
mg bid and amoxicillin 1 g bid for 14 d with clarithromycin 500 mg bid and nitroimidazole 500 mg bid for the
final 7 d) with concomitant therapy (the same 4 drugs
taken concurrently twice daily for 14 d) in 343 consecutive individuals with H. pylori infection who were naïve
to treatment and resided in areas of high clarithromycin
and metronidazole resistance (Spain and Italy). In PP
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analysis, the rates of eradication for hybrid and concomitant therapies were 92% and 96.1%, respectively. In
ITT analysis, the rates were 90% and 91.7%, respectively,
showing that optimized non-bismuth quadruple hybrid
and concomitant therapies cured more than 90% of patients with H. pylori infections in areas of high clarithromycin and metronidazole resistance. However, further
studies comparing bismuth and non-bismuth quadruple
regimens in this setting are warranted. Table 1 shows the
recommended first-line therapies for Helicobacter pylori
infections.

CONCLUSION
Ideally, the treatment for an infectious disease should be
chosen based on culture and susceptibility testing using
biological material (e.g., urine, sputum) obtained from
each patient. This is not always feasible in H. pylori-infected patients because it requires an invasive procedure
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(i.e., esophago-gastro-duodenoscopy), which is not indicated in dyspeptic patients younger than 45 years of age
without “alarm” symptoms. To ensure a higher chance
of eradicating the infection during the first attempt, an
empirical first-line therapy should be chosen based on
the pattern of local antimicrobial resistance[67]. We suggest in vitro antimicrobial sensitivity testing for cases in
which two different eradication regimens fail to eradicate
the infection.
It is important to keep in mind that clarithromycincontaining triple therapy loses efficacy when resistance
is between 7% and 10%. Moreover, clarithromycincontaining sequential and concomitant regimens lose
efficacy in the face of clarithromycin resistance between
15% and 20% and when metronidazole resistance approaches 40%, thus increasing the likelihood of dual
(i.e., clarithromycin + metronidazole) resistance. A valid
alternative to concomitant therapy is represented by hybrid (i.e., sequential + concomitant) therapy, which has
proven to be effective in more than 90% of H. pyloriinfected patients in the setting of high clarithromycin
and metronidazole resistance [66]. Bismuth-containing
quadruple therapy is also a valid alternative; however, in
our opinion, the duration should be extended to 14 d to
overcome metronidazole resistance.
Compliance is an important issue, and significant effort should be directed toward identifying a regimen that
is short and easy for the patient to follow. In this regard,
the recently reported 5-d levofloxacin concomitant regimen[47] might represent an easy regimen to follow, although its use as an empirical first-line therapy should be
limited to patients living in areas where fluoroquinolone
resistance is rare and resistance to both clarithromycin
and metronidazole is high. Additionally, the 5-d levofloxacin concomitant regimen might be regarded to as a
good alternative to rescue therapy, provided the patient
has no history of prior fluoroquinolone resistance[68].
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microbials, resulting in a more effective anti-H. pylori
therapy have been investigated in depth by several
researchers. One of the potential therapies is probiotic
cultures; promising results have been observed in initial
studies with numerous probiotic strains. Nevertheless,
many questions remain unanswered. In this article, we
comprehensively review the possible mechanisms of
action of probiotics on H. pylori infection, and present
the results of published studies using probiotics as possible agents to control H. pylori infection in children.
The effect of the addition of probiotics to the standard
H. pylori eradication therapy for the prevention of antibiotic associated side-effects is also discussed.
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Core tip: Because of the decrease in the Helicobacter
pylori (H. pylori ) eradication rate after standard triple

therapy with a proton pump inhibitor and two antibiotics, alternative therapies have recently received attention. In this article, we comprehensively review the
possible mechanisms of action of probiotics on H. pylori
infection, and present the results of the published studies using probiotics as possible agents to control H.
pylori growth in children. The effect of the addition of
probiotics to the standard H. pylori eradication therapy
for the prevention of antibiotic associated side-effects is
also discussed.

Abstract
The combination of a proton pump inhibitor and two
antibiotics (clarithromycin plus amoxicillin or metronidazole) has been the recommended first-line therapy
since the first guidelines for Helicobacter pylori (H.
pylori ) infection in children were published. In recent
years, the success of eradication therapies has declined, in part due to the development of H. pylori resistant strains. Alternative anti-H. pylori treatments are
currently becoming more popular than the traditional
eradication methods. Components that may be used
either as a monotherapy or, in combination with anti-
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rates[18]. Declining eradication rates with standard triple
regimens have led to the development of alternate treatment options[20,21].
Recently, ESPGHAN and NASPGHAN jointly
renewed clinical guidelines for H. pylori infection in children using a standardised evidence based approach[22].
Bismuth-based triple therapy or sequential therapy was
recommended as alternate first-line regimens. Quadruple
therapy with PPI, metronidazole, amoxicillin, and bismuth was also suggested as second line therapy or salvage
therapy in the absence of primary culture and sensitivity
testing[20,22]. These regimens have the disadvantages of
being expensive, risking poor compliance, causing sideeffects and encouraging the emergence of resistance.
Moreover, as most of the colonized children remain asymptomatic, the administration of antibiotic treatments
is not ethically acceptable. Other factors limiting the administration of such treatments in developing countries is
their high cost for families from low socio-economic strata (those most affected by the infection) and the relative
inefficiency of the antibiotics due to the fact that children
tend to be rapidly re-colonized. Alternative anti-H. pylori
treatments are currently becoming more popular than
the traditional eradication methods. Components that
may be used either as a monotherapy or, in combination
with antimicrobials, resulting in a more effective anti-H.
pylori therapy have been investigated by several researchers[23]. One of the potential therapies involves probiotic
cultures; promising results have been observed in initial
studies with numerous probiotic strains[24-26]. Nevertheless, many questions remain unanswered. In this article,
we comprehensively review the possible mechanisms of
action of probiotics on H. pylori infection, followed by
the outcomes of the published studies using probiotics
as possible agents to control H. pylori growth in children.
The effect of the addition of probiotics to the standard H.
pylori eradication therapy for the prevention of antibiotic
associated side-effects is also discussed.

INTRODUCTION
Helicobacter pylori (H. pylori) is a highly prevalent, serious
and chronic infection that has been associated causally
with a diverse spectrum of gastrointestinal disorders
including chronic gastritis, peptic ulcer disease, gastric
adenocarcinoma and gastric mucosa-associated lymphoid
tissue lymphoma[1]. In both developed and developing
countries, H. pylori is most frequently acquired during
childhood, and is associated with family size, clustering
in families, low socioeconomic status and low level of
education[2-5]. It is commonly thought that once the H.
pylori infection is acquired, it evolves toward persistent
chronic infection[6] and that spontaneous clearance is relatively rare[6-8]. However, in a study of children in which
prevalence by age was reported in intervals of 1 year, no
increase in prevalence by age was observed[9]. This suggests that transient H. pylori infection is not uncommon
in children[6,10,11]. In 6-24-mo old children in Mexico, and
Texas, researchers found 80% spontaneous reversion of
the infection[10,11]. In a very recent study involving 718
schoolchildren in Mexico City, Duque et al[12] found that
the majority of them maintained their initial status of H.
pylori infection throughout the follow-up, while 11.7%
showed changes in their infection status. Variables related
to health status and infection transmission, such as iron
status and number of siblings, were shown to be important for the incidence of H. pylori and the spontaneous
clearance of infection[12].
The combination of a proton pump inhibitor (PPI)
and two antibiotics (clarithromycin plus amoxicillin or
metronidazole) has been the recommended first-line
therapy since the first guidelines for H. pylori infection
in children were published[13-15]. In recent years, the success of eradication therapies has declined, in part due to
the development of H. pylori resistant strains[16]. Several
studies have documented high resistance rates to clarithromycin and metronidazole in paediatric and adult
populations[17-19]. In Europe, Koletzko et al[17] showed
that primary resistance to clarithromycin and metronidazole was present in 20% and 23% of H. pylori strains
respectively, while secondary resistance was found in
42% and 35% of the strains recovered after at least one
failed treatment for H. pylori. The use of clarithromycin
for other indications, mainly for respiratory tract infections, seemed to be the major risk factor for development
of primary resistance to this drug. On the other hand,
the only risk factor for primary metronidazole resistance
was immigration from a non-European country. In fact,
the authors showed that children born in Asia, Africa or
the Middle East had a 2.4 times higher risk for primary
metronidazole resistance than patients of the same age
and gender born in Europe. Iterative metronidazole
treatments for parasitic or diarrhoeal diseases in children
originating from Africa and Asia may be incriminated in
the increased primary resistance rates of metronidazole
recorded in these paediatric populations. A prospective
United States multicentre study in adults and children
also documented similar high clarithromycin resistance
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DEFINITION
Probiotic
An oral supplement or a food product that contains a
sufficient number of viable micro-organisms to alter the
microflora of the host and has the potential for beneficial
health effects[27,28].
Probiotic micro-organisms are typically members
of the genera Lactobacillus, Bifidobacterium, and Streptococcus[27-29]. These bacteria are fermentive, obligatory, or
facultative anaerobic organisms, which are typically nonmotile and of varying shapes. Typically they produce
lactic acid. Their inherent biological features enable them
to predominate and prevail over potential pathogenic
microorganisms in the human digestive tract. It is currently hypothesized that these microbes generate small
molecular metabolic byproducts that exert beneficial regulatory influence on host biological functions, including
short-chain fatty acids such as butyrate. These metabolic
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pylori activity. They are small, heat-resistant and dialysable
peptidic structures with antimicrobial activities, which are
synthesized by several bacterial species including lactic
acid bacteria[23].
Other possible mechanisms of protection induced by
probiotics include inhibition of the adhesion of H. pylori.
The adhesion of H. pylori to epithelial cells is important
in determining the outcome in H. pylori-associated diseases[38]. Certain lactobacilli can exert their antiadhesion
activity by secreting antimicrobial substances[23]. However,
strains such as lactobacilli reuteri (L. reuteri) can inhibit H.
pylori growth by competing with adhesion receptors[39]. A
nonspecific rather than a specific blockage of receptor
sites is the most likely mechanism because lactobacilli can
inhibit adhesion of a large varieties of pathogenic bacteria, although each adheres to its particular receptor on the
cells[40].
It has been suggested that intake of probiotics
strengthens the mucosal barrier by stimulating mucin
production. Reduced mucus secretion in a damaged epithelium is a frequent finding in H. pylori-associated gastritis. H. pylori is known to suppress MUCI and MUC5A
gene expression in a human gastric cell line[41]. It has
been shown in vitro that lactobacilli plantarum and lactobacilli
rhamnosus increase the expression of MUC2 and MUC3
genes[42]. This property can mediate the ability of these
strains to restore the mucosal permeability of gastric mucosa[43] or inhibit the adherence of pathogenic bacteria,
including H. pylori[42].
Finally, modulation of immune response to pathogens
should also be taken into account as a potential mechanism of probiotic efficacy. The inflammatory response
to gastric H. pylori infection is characterized by the release
of various inflammatory mediators such as chemokines
and cytokines[23]. Probiotics could modify the immunologic response of the host by interacting with epithelial
cells and modulating the secretion of antiinflammatory
cytokines, which would result in a reduction of gastric
activity and inflammation[44]. However, the effect of probiotics on the immune response is difficult to generalize.
Distinct probiotics strains may generate different immune
responses, which, in turn, depend on the host’s immune
status[45].

byproducts are sometimes referred to as “postbiotics”
and may function biologically as modulators of immune
function[30]. The most studied probiotic bacteria to date
belong to the genera Lactobacillus and Bifidobacterium. Some
yeasts and yeast byproducts have also been studied and
have been used as probiotic agents, for example the yeast
Saccharomyces boulardii.

MECHANISMS OF ACTION
Several probiotic strains, especially lactobacilli, have exhibited antagonistic properties against H. pylori in vitro[31].
There are several putative mechanisms for probiotic efficacy against H. pylori. Lactobacilli species are commensal
in the human alimentary tract and their concentrations
in the normal stomach vary between 0 and 10 3/mL
fluid[25]. Being acid resistant, they persist in the stomach
longer than other bacteria. The possible role of the local microbiota in the protection against gastric lesions is
suggested by the study of Elliott et al[32] who found that
the level of total aerobes in the stomach of healthy rats
ranged from 103 to 104 CFU/g of tissue, with Gramnegative micro-organisms representing only 5% of the
population; autochthonous gastric lactobacilli were present
in all rats. However, one day after the induction of gastric
ulcers the total aerobe count peaked at 109-1010 CFU/g
and remained high for 1 wk. At this time, Gram-negative
bacteria were the majority of the total aerobes while the
lactobacilli population disappeared. Colonization by Gramnegative bacteria occurred preferentially at the site of
ulcer. These findings suggest that the gastroduodenal microbiota, though low numerically, could represent a first
line of defense against pathogenic bacteria. Thus, the intake of exogenous lactic acid bacteria, in particular those
with probiotic properties, may reinforce these protective
functions in the stomach by maintaining local microbiological homeostasis, interfering with H. pylori and/or decreasing inflammatory processes[31].
Non-immunological barriers such as the acidity of
the stomach and the gastric mucosal barrier also represent a first line of defense against pathogenic bacteria.
Two main types of substances have been implicated in
the inhibition of H. pylori by lactic acid bacteria: short
chain fatty acids (SCFAs) and bacteriocins. SCFAs such
as acetic, propionic, butyric, and lactic acids are produced
during the metabolism of carbohydrates by probiotics
and have an important role in decreasing pH[33]. Bhatia et
al[34] were the first to observe an antagonistic effect of a
lactobacillus strain against H. pylori and to implicate SCFAs in this effect. A dose-dependent inhibition of H. pylori growth has been observed with acetic and lactic acid,
the latter demonstrating the most intense effect[35]. Lactic
acid, in addition to its antimicrobial effect resulting from
the lowering of the pH, could inhibit the H. pylori urease.
However, the inhibitory effects of lactobacilli on H. pylori
differ from strain to strain[23]. Certain lactobacilli synthesize
antimicrobial compounds related to the bacteriocin family[36,37]. Bacteriocins are compounds with potential anti-H.
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PROBIOTICS AND H. PYLORI INFECTION
Several studies using murine models have shown that probiotic treatment, although it is unable to clear H. pylori, is
effective in reducing bacterial colonization and decreasing
gastric inflammation in H. pylori-infected mice[46-50]. It has
been postulated, on the basis of the results of in vitro and
animal studies, that probiotics could possibly compete
with and down-regulate H. pylori infection in humans[23].
Though utilization of probiotics alone does not lead to
the eradication of H. pylori[51-55], a growing body of recent
evidence suggests that regular intake of probiotics suppresses H. pylori infection in humans, maintaining lower
levels of this pathogen in the stomach[25].
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100.00

10
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Figure 1 Forest plot showing odds ratios obtained from seven trials comparing an antibiotic therapy with the same therapy plus a probiotic. The antibiotic
therapies and the probiotics are not the same in all trials.

Few clinical trials evaluating the use of different probiotic strains have been reported. In some of these studies, probiotics were used alone while in others they were
used as adjunctive agents in the classical treatment of H.
pylori infection.

the child (or family member) on a four-point scale: mild
(non-interfering with daily activities), moderate (slightly
interfering with daily activities), severe (interfering with
daily activities), very severe (continuous and if on therapy,
producing treatment interruption). Stool consistency was
graded from hard (0) to watery (4). Data were collected
before (1 wk before intervention), during (5th and 10th
day) and after completion of eradicating therapy (15th and
20th day) and patients were invited to return their diaries
immediately after the intervention period. No significant
difference in H. pylori eradication rates between the treated group and the control group were found. However, in
all probiotic supplemented children when compared with
those receiving placebo there was a significant reduction
in GSRS score during eradication therapy which became
markedly evident at the end of follow-up (Table 1). Children receiving L. reuteri reported less side-effects than
those receiving placebo[57].
Goldman et al[58] tested the efficacy of a commercial
yogurt containing B. animalis and L. casei as an adjuvant
to triple therapy and found no significant difference in
H. pylori eradication rates at 1 and 3 mo between probiotic and placebo group. Side effects were not assessed.
Similarly, in a randomized, double-blind, controlled trial
conducted in Poland[59], no difference was found with respect to H. pylori eradication rates between children who
received triple therapy supplemented with Lactobacillus
GC and the control group. Also, the incidence of adverse
effects was not reduced. In a randomized, open trial
conducted in Romania[60], children with dyspepsia and H.
pylori infection were treated with eradication triple therapy
and randomized to receive either Streptococcus boulardii
(S. boulardii) (for 4 wk) or placebo. No significant difference in H. pylori eradication rates between the treated
group and the control group were found. However, the
incidence of side effects was reduced in the S. boulardii
group.
Recently, Tolone et al[61] supplemented a standard triple

Utilization of probiotics in association with antibiotics in
the treatment of H. pylori
The clinical trials performed in children on the effect of
probiotics on H. pylori eradication rates as an adjuvant
to eradicating regimens are summarized in Table 1 and
Figure 1. In the earliest study, Sýkora et al[56] found that
the addition of lactobacilli casei (L. casei) DN-114001 to
a standard triple therapy improved the rate of H. pylori
eradication. Intention-to-treat based eradication rates
for the triple therapy group supplemented with L. casei
were 84.6% (95%CI: 71.2%-95.5%), and 91.6% (95%CI:
76.9%-98.2%) by per-protocol analysis. Eradication in
the placebo group was 57.5% (95%CI: 42.2%-72.3%)
in the intention-to-treat analysis and 61.3% (95%CI:
44.4%-75.0%) in the per protocol analysis. Reported
adverse effects were infrequent and self-limiting after
therapy cessation in both groups[56].
In a randomized, double-blind, controlled trial conducted in Italy[57], symptomatic children with H. pylori
infection were treated with 10-d sequential therapy and
randomized to receive either L. reuteri ATCC 55730 or
placebo for 20 d. All children (or family member) also
attended an interview to recall history of gastrointestinal
symptoms and the 15-item Gastrointestinal Symptom
Rating Scale (GSRS) was used to assess severity and
frequency of symptoms. The following symptoms were
specifically investigated: epigastric burning and/or pain,
abdominal pain, acid regurgitation, heartburn, sucking
sensation in the epigastrium, nausea, vomiting, bloating, abdominal distension, eructation, increased flatus,
disorders of defecation, inappetence, halitosis, taste disturbance and urticaria. The symptoms were scored by
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Lionetti et al[57]

Goldman et al[58]

Gotteland et al[64]

Lactobacillus acidophilus LB
(LB); capsule containing 109
heat-killed and lyophilized
LB (Lacteol Forte, Laboratoire
du Dr. Boucard, Paris,
France); b.i.d. for 8 wk, and
Saccharomyces boulardii plus
inulin (SbI); sachet containing
250 mg of lyophilized Sb
(Perenteryl, Merck Quìmica
Chilena, Santiago, Chile); bid
for 8 wk
Bifidobacterium animalis
and Lactobacillus casei (107
CFU/mL) in 250 mL of a
commercial yogurt; once
daily for 3 mo

L. casei DN-114 001 1010 CFU
in 100 mL of fermented milk
(actimel, Danone); 2 wk

Probiotic strain
(product; dose; time)

A (50 mg/kg per
day), C (20 mg/kg
per day bid), and O
(1 mg/kg per day)
1-wk + probiotic vs
same eradication
therapy + placebo
R, DB, O (1 mg/kg/die) L. reuteri [pill containing 108
PC
plus A (50 mg/
CFU of L. reuteri ATCC 55730
kg/die) for 5 d
(SD2112), Reuterin, Nòos];
followed by O (1
one pill once daily for a
mg/kg/die) plus C
period of 20 d
(15 mg/kg/die)and
T (20 mg/kg/die)
for the next 5 d +
probiotic vs same
eradication therapy
+ placebo

R, DB,
PC

P, R, A (25 mg/kg twice
DB, PC daily), C (7.5 mg/
kg twice daily),
and O (10 or 20 mg
twice daily) 1 wk +
probiotic vs same
eradication therapy
+ placebo
O, R
A (50 mg/kg tid),
C (15 mg/kg bid),
and L (1 mg/kg
bid) 8 d vs Probiotic
vs Symbiotic

Sýkora et al[56]

Therapy

Study
design

Ref.

40 (aged 3.3-18
yr) symptomatic
children and
adolescents

65 (aged 5-15
yr) symptomatic
children and
adolescents

141 (aged 5-12
yr) asymptomatic
children.
81 children were
observed without
any treatment

86 (aged 9-15
yr) symptomatic
children and
adolescents

Patients

C-UBT

EGDS
(histopathology and
RUT) [pangastritis
(27); antral gastritis,
mild (20); antral
gastritis, moderate
(14); antral gastritis,
severe (10)]

EGDS and 13C-UBT
(histological data
NA)

13

EGDS
(histopathology,
culture, and RUT)
and HpSA

Diagnosis

33 (84.6)1 33 (91.6)2 vs
27 (57.5)1; 0.0045
27 (61.3)2; 0.0019

Eradication

n (%); P value

201,2 vs
201,2

331,2 vs
321,2

17 (85)1,2 vs 16 (80)1,2;
NS

15 (45.5)1,2 vs 12 (37.5)1,2;
0.345 at 1 mo
14 (42.4)1,2 vs 13 (40.6)1,2;
0.542 at 3 mo

452 vs 462 30 (66)2 vs 3 (6.5)2 vs 6
vs 502
(12)2; < 0.001
No spontaneous
clearance was observed
in children without
treatment

391 362 vs
471 442

No. of
treated
patients

Table 1 Clinical trials in children using probiotics as a complement during Helicobacter pylori eradication treatment

Reduction of GSRS score during eradication
therapy [4.1 ± 2 (95%CI: 2.9-5.9) vs 6.2 ± 3
(95%CI: 5.2-8.3); P < 0.01] and at the end of
follow-up [3.2 ± 2 (95%CI: 2.4-4) vs 5.8 ± 3.4
(95%CI: 4.8-6.9); P < 0.009];
Epigastric pain (15% vs 45%; P < 0.04);
Abdominal distension (0% vs 25%; P < 0.02);
Eructation (5% vs 35%; P < 0.04);
Disorders of defecation (15% vs 45%; P <
0.04);
Halitosis (5% vs 35%; P < 0.04)

NA

NA

9 (23.1) vs 10 (21.2); NS
(nausea, headache, abdominal pain,
recurrent vomiting, diarrhoea)

Side effects

n (%); P value

13

C-UBT (1 d)

13

C-UBT (8 wk)

C-UBT ( 1 and 3 mo)

13

HpSA and 13C-UBT (4
wk)

Test for confirming
eradication (time after
completion of therapy)
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83 (aged 5-17
yr) symptomatic
children and
adolescents.
Excluded from the
analysis were 17
children for lack
of diary and/or
13
C-UBT

90 (aged 3-18
yr) children and
adolescents with
dyspepsia

A (50 mg/kg per
Lactobacillus Plantarum 5 ×
68 (mean age,
day bid), C (15 mg/ 109, L. reuterii 2 × 109, L. casei
8.3 yr) children
kg per day bid),
subsp. Rhamnosus 2 × 109,
with heartburn,
and O (1mg/kg
Bifidobacterium infantis and B. dyspepsia, nausea
per day) 1-wk +
longum 2 × 109, L. salivarius 1 and epigastric pain
probiotic vs same
× 109, L. acidoPhilus 1 × 109,
eradication therapy Streptococcus termophilus 5
+ placebo
× 109, and L. sporogenes 1 ×
109 + inuline as a prebiotic
(5 g/dayose q.d., Probinul ,
Cadigroup); 7 d
R, DB, A (50 mg/kg per
Lactobacillus acidophilus, L.
66 (aged 3-14 yr)
PC
day bid) and F (6
rhamnosus, L. bulgaricus,
children with
mg/kg per day bid)
L. casei, Streptococcus
chronic abdominal
1-wk; O (1 mg/kg thermophilus, Bifidobacterium pain, gastrointestinal
per day) 4-wk +
infantis, B. breve; 1 × 109
bleeding,
probiotic vs same
CFU/1 sachet, Protexin Co;
unexplained
eradication therapy
4 wk
frequent vomiting
+ placebo
and unexplained
iron deficiency
anemia

R

A (50 mg/kg per
Saccharomyces boulardii,
day, bid) and C (15 Enterol, Biocodex, Gentilly
mg/kg per day,
Cedex; 250 mg bid; 4-wk
bid) 7-10 d; O or
E (1 mg/kg per
day, bid) 3-wk +
probiotic vs same
eradication therapy
+ placebo
R, DB, A (50 mg/kg per Lactobacillus GG 1 × 109 CFU;
PC
day bid), C (20 mg/
7d
kg per day bid),
and O (1 mg/kg
per day) 1-wk +
probiotic vs same
eradication therapy
+ placebo

O, R

EGDS (positive RUT
or histopathology)
[Antral nodularity
(57); Gastric
erythema (16);
Duodenal ulcer (14);
Gastric ulcer (1)]

EGDS
(histopathology)
[histological data:
NA]

EGDS (2 of 3
tests - 13C-UBT,
histopathology or
RUT) [histological
data NA]

EGDS
(histopathology
and RUT) [chronic
gastritis: mild (8);
moderate-to-severe
(82); active (32);
inactive (58)]

331,2 vs
331,2

341,2 vs
341,2

30 (90.1)1,2 vs 23 (69.7)1,2;
ConstiPation: 2 (5.8) vs 2 (5.8); P = NS
0.04
Nausea/vomiting: 2 (6.1) vs 9 (27.3); P = 0.02
Diarrea: 2 (6.1) vs 8 (24.2); P = 0.04
Abdominal bloating: 3 (9.1) vs 4 (12.1); P = 1

Therapy-related diarrhea: 2 (6) vs 6 (20);
P = NS
Total side effects: 18 (51.4) vs 13 (40.6);
P = NS
Abdominal pain: 0 vs 0 Nausea:
4 (11.4) vs 3 (9.4); P = NS
Vomiting: 2 (5.7) vs 1 (3.1); P = NS
Constipation: 2 (5.7) vs 2 (6.2); P = NS
Flatulence: 3 (8.6) vs 1 (3.1); P = NS
Taste disturbance: 4 (11.4) vs 5 (15.6); P = NS
Loss of appetite: 3 (8.6) vs (3.1); P = NS
Need for discontinuation of therapy: 0 vs 0
30 (88.2)1,2 vs 26 (76.4)1,2; Epigastric pain: 2 (5.8) vs 6 (17.6); P < 0.05
0.1
Nausea: 1 (2.9) vs 3 (8.8); P < 0.05
Vomiting : 0 vs 2 (5.8); P < 0.05
Diarrhea: 0 vs 8 (23.5); P < 0.05

45 (93.3)1,2 vs 34 (80.9)1,2;
4 (8.3) vs 13 (30.9); P = 0.047 (bloating,
NS
taste disturbance, nausea, abdominal pain,
diarrhoea, constipation, loss of appetite,
fatigue)

342 vs 322 23 (69)2 vs 22 (68); RR =
0.98 (95%CI: 0.7-1.4)2

481,2 vs
421,2

C-UBT (4 wk)

C-UBT (4 wk)

HpSA (4-8 wk)

13

13

EGDS (4-6 wk)
(histopathology and
RUT)

Intention-to-treat analysis; 2Per-protocol analysis. O: Open; R: Randomized; DB: Double-blind; SB: Single blind; PC: Placebo controlled; P: Prospective; A: Amoxicillin; C: Clarithromycin; F: Furazolidone ; M: Metronidazole; T:
Tinidazole; O: Omeprazole; E: Esomeprazole; L: Lansoprazole; CFU: Colony forming units; RUT: Rapid urease test; UBT: Urea breath test; H. Pylori: Helicobacter pylori; HpSA: H. Pylori stool antigens; GSRS: Gastrointestinal symptom rating scale; NA: Not available; L. johnsonii: Lactobacilli johnsonii; L. paracasei: Lactobacilli paracasei.
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group. No changes in 13C-UBT values were observed in
untreated children. The results of this study suggest that
the suppressive effect on H. pylori colonization in children
depends on the probiotic strain used.
In a multicentric, randomized, controlled, doubleblind trial carried out in 271 asymptomatic children who
tested positive for H. pylori by 13C-UBT, Gotteland[65] evaluated whether cranberry juice and the probiotic L. johnsonii La1 could act additively or synergistically to suppress H.
pylori. Subjects were allocated in four groups: cranberry
juice/L. johnsonii La1, placebo juice/L. johnsonii La1,
cranberry juice/heat-killed L. johnsonii La1, and placebo
juice/heat-killed L. johnsonii La1 (control), given for 3 wk,
after which a second UBT was carried out. A third 13CUBT was done after one-month washout in those children who tested negative in the second 13C-UBT. H. pylori
eradication rates significantly differed in the four groups:
1.5% in the control group compared with 14.9%, 16.9%,
and 22.9% in the placebo juice/L. johnsonii La1, cranberry
juice/heat-killed L. johnsonii La1, and cranberry juice/L.
johnsonii La1, respectively; the latter group showed a
slight but not significant increase when compared with
the other treated groups. The third 13C-UBT was carried
out only in 19 of the 38 children who tested negative in
the second 13C-UBT and H. pylori was detected in 80%
of them, suggesting just a temporary inhibition of the
organism that disappeared once the administration of the
inhibiting factors was interrupted.
In a recent study L. gasseri OLL2716 was administered
in cheese to pre-school children to evaluate whether its
long time administration (for one year) can eradicate
H. pylori and/or prevent H. pylori infection[66]. A total of
440 children were screened by the H. pylori stool antigen
(HpSA) test. Thereafter, 132 H. pylori-positive and 308
H. pylori-negative children were recruited to eradication
and randomized prevention arms, respectively. Of the
132 H. pylori-positive children, 28 withdrew in the beginning because they did not like the cheese. However, 18
of the 28 subjects agreed to undergo an HpSA test again
1-year later, and were designated as the control group.
Eighty-two of the remaining H. pylori-positive subjects
completed the eradication arm, of which 24 (29.3%)
were considered to be cured after treatment according to
the HpSA test, whereas no eradication was observed in
the six subjects in the placebo group consuming ordinary
cheese. Spontaneous eradication was found in 1 of 18
children (5.6%) who represented the control group. The
difference in the rate of eradication between the active
and control groups was statistically significant. However,
HpSA test was repeated in 12 of 24 subjects who were
HpSA- negative after undergoing the L. gasseri treatment,
but found that 5 of those 12 (41.7%) had reversed to be
HpSA-positive. Therefore, a final eradication rate was
around 17%. In the randomized prevention arm, 123 of
156 (79.0%) and 99 of 122 (81.0%) completed active and
placebo arms, respectively, of which 4.1% and 8.1% were
HpSA positive at 12 mo based on a per-protocol analysis
(P = 0.21).

therapy with a commercial probiotic for 7 d and showed
that there was no improvement in the rate of H. pylori
eradication in the probiotic group. However, the addition
of probiotic to triple therapy significantly decreased the
frequency of epigastric pain, nausea, vomiting, and diarrhea. In a more recent double-blind randomized placebo
controlled study[62], H. pylori-positive children were treated
with a triple drug treatment protocol and randomly allocated to receive either probiotic or placebo. H. pylori
was eradicated in 90.09% of patients receiving probiotic
and in 69.69% of those receiving placebo (P = 0.04). In
probiotic supplemented children there was a lower rate
of nausea/vomiting and diarrhea.
In summary, seven of the eight studies listed in Table
1 compare eradication rates for groups treated with antibiotics with those treated with antibiotics plus probiotics.
The odds ratios for these seven studies are shown in the
forest plot in Figure 1. Six of these seven have estimated
odds ratios greater than 1.0 implying an estimated benefit
for the addition of probiotics, but only two are statistically significant. The antibiotics used in the studies differ
as do the treatment regimens. Similarly, the probiotics
used and diagnostic techniques differ between studies.
With such heterogeinity of design, even though the statistical test of the heterogeneity is not significant (χ 2 = 6.5;
P = 0.37), a meta-analysis of these studies would not be
appropriate.
Utilization of probiotics alone
The clinical trials performed in children on the effect of
probiotics on H. pylori eradication rates alone are summarized in Table 2. In a double-blind, randomized, controlled clinical trial Cruchet et al[63] evaluated the efficacy
of lactobacilli johnsonii (L. johnsonii) La1 or lactobacilli paracasei (L. paracasei) ST11 as a unique intervention on H. pylori
eradication in 252 asymptomatic school children screened
for H. pylori by 13C-Urea breath test (UBT). Subjects were
distributed into five groups to receive a product containing live L. johnsonii La1 or L. paracasei ST11, heat-killed L.
johnsonii La1 or L. paracasei ST11, or just vehicle everyday
for 4 wk. There was a moderate but significant difference
in 13C-UBT values in children receiving live L. johnsonii
La1, whereas no differences were observed in the other
groups. The authors conclude that regular ingestion of a
probiotic strain such as L. johnsonii La1 may interfere with
H. pylori colonization in asymptomatic children and may
be an effective alternative to modulate H. pylori infection
and its associated gastritis in pediatric populations with
high prevalences of infection by this pathogen.
In a randomized open trial, Gotteland et al[64] randomized asymptomatic H. pylori-positive children to receive
either 7-d triple therapy, or Saccharomyces boulardii as a
symbiotic simultaneously with inulin or L. acidophilus LB
daily for 8 wk. An additional group of asymptomatic H.
pylori-positive children was followed for 8 wk without any
treatment. A significant decrease in 13C-UBT, performed
after 8 wk, was observed in the antibiotic group and
in the S. boulardii group but not in the L. acidophilus LB
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R, DB, PC

SB, PC

Gotteland et al[65]

Boonyaritichaikij
et al[66]

252 (aged 6-17 yr) asymptomatic
children and adolescents:
Living La1/LH, n = 511;
Heat-killed La1/LH, n = 501;
Living ST11/LH, n = 501;
Heat-killed ST11/LH, n = 511;
LH, n = 501

Patients

271 (aged 6-16 yr) asymptomatic
children and adolescents:
CB/La1, n = 701;
Placebo juice/La1, n = 671;
CB/heat-killed La1, n = 651;
Placebo juice/heat-killed La1
(control), n = 691
Lactobacillus gasseri
88 (aged 3-7 yr) asymptomatic
OLL2716 (LG21), pieces
children and adolescents
of cheese weighing 1.6-2.0 completed the eradication arm:
g, approximately 5 × 108
LG21, n = 821;
CFU/g for 1 yr
ordinary cheese, n = 61
while 222 completed the
prevention arm: LG21, n = 1231;
Ordinary cheese, n = 991

Lactobacillus johnsonii (La1),
living or heat-killed, 80
mL/die, (> 107 CFU/mL)
(Chamyto, Nestlé) and L.
helveticus (LH) for 4 wk;
Lactobacilli paracasei ST11,
living or heat-killed, (> 107
CFU/mL) and LH for 4 wk
Lactobacillus johnsonii La1,
living or heat-killed, 80
mL/die, (> 107 CFU/mL)
for 3 wk (Chamyto, Nestlé)
with or without cranberry
juice (CB) (200 mL)

Probiotic strain
(product; dose; time)

HpSA

24 (29.3)1 vs 0. In the
randomized prevention
arm: 5 (4.1) vs 8 (8.1); P = 0.21
were HpSA positive at 12
mo

C-UBT 16 (22.9)1 11 (16.9)1 10 (14.9)1
vs 1 (1.5)1; P < 0.01

13

HpSA (1 yr)

13
C-UBT (a second 13C-UBT at
the end of treatment and a third
13
C-UBT after 1 mo)

C-UBT (at the end of treatment)

(time after completion of therapy)

n (%); P value
13

Test for confirming eradication

Eradication

C-UBT A moderate but significant
difference in 13C-UBT
values was detected in
children receiving live La1,
whereas no differences
were observed in the other
groups

13

Diagnosis

The third UBT was carried out in only 19 of the 38
children found to be H. Pylori-negative in the second
UBT: 12, 2, and 5 subjects from the CB/La1, placebo
juice/La1, and CB/heat-killed La1 groups, respectively.
Only four children (21) remained negative, after 1 mo
without treatment: two from the placebo juice/La1
group and two from the CB/La1 group
A total of 440 asymptomatic children were screened
by the HpSA test. Thereafter 132 H. Pylori positive
and 308 H. Pylori negative children were recruited
to eradication and randomized prevention arms,
respectively. Eradication was defined as reversion
by HpSA at 12 mo; prevention as persistently HpSA
negative at 12 mo

Comments

So far, there has been no convincing evidence on the beneficial effect of supplementation of probiotics to triple therapy for eradicating H. pylori infection in children. The very
few trials performed in children on the effect of probiotics alone suggest just a temporary inhibition of H. pylori that disappears once the administration of the inhibiting factors are interrupted. Nonetheless, the majority of these studies were based on relatively small samples and, therefore, they may lack the statistical power necessary to detect an
important effect of the probiotics. Finally, in most studies, the effect of probiotic treatment on H. pylori infection in children has been estimated indirectly by 13C-UBT. On the
other hand, probiotic treatment seems to be able to reduce H. pylori therapy associated side effects and indirectly may help to improve the eradication rate; however it seems that
the beneficial effects are strain specific. We conclude that standardized multicenter, placebo-controlled studies in larger series of children are needed to demonstrate any benefit
of probiotics in the management of H. pylori infection in children, including its effect on the severity of H. pylori gastritis. Additional work is necessary to determine the strain,
dose and administration to be used. Long-term studies are also needed in children to prove whether the persistent suppressive effect of probiotics on H. pylori and its associated
gastritis could prevent diseases such as gastric cancer or peptic ulcer.

CONCLUSION

Per-protocol analysis. R: Randomized; DB: Double-Blind; SB: Single Blind; PC: Placebo Controlled; CFU: Colony Forming Units; 13C-UBT:Urea Breath Test; H. Pylori: Helicobacter pylori; HpSA: H. Pylori stool antigens.
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Study design

Cruchet et al[63]
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lymphoid tissue lymphomas
Marta-Isabel Pereira, José Augusto Medeiros
reversal of the chronic immune stimulus through antibiotic eradication of H. pylori infection, the presence
of immortalizing genetic abnormalities, of advanced
disease or of eradication-refractoriness requires a more
aggressive approach which is, presently, not consensual. The fact that MALT lymphomas are rare neoplasms, with a worldwide incidence of 1-1.5 cases per
5
10 population, per year, limits the ease of accrual of
representative series of patients for robust clinical trials
that could sustain informed evidence-based therapeutic
decisions to optimize the quality of patient care.
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Abstract
Mucosa-associated lymphoid tissue (MALT) lymphoma
is an indolent extranodal marginal zone B-cell lymphoma, originating in acquired MALT that is induced in
mucosal barriers as part of a normal adaptive immune
response to a chronic immunoinflammatory stimulus,
most notably chronic infection by Helicobacter pylori (H.
pylori ). This antigenic stimulation initially leads to lymphoid hyperplasia; the acquisition of additional genetic
aberrations culminates in the activation of intracellular survival pathways, with disease progression due
to proliferation and resistance to apoptosis, and the
emergence of a malignant clone. There are descriptions
of MALT lymphomas affecting practically every organ
and system, with a marked geographic variability partially attributable to the epidemiology of the underlying
risk factors; nevertheless, the digestive system (and
predominantly the stomach) is the most frequently
involved location, reflecting the gastrointestinal tract’s
unique characteristics of contact with foreign antigens,
high mucosal permeability, large extension and intrinsic lymphoid system. While early-stage gastric MALT
lymphoma can frequently regress after the therapeutic
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Core tip: Mucosa-associated lymphoid tissue (MALT)
lymphomas are indolent B-cell lymphomas, originating
in acquired MALT induced as a response to a chronic
immunoinflammatory stimulus, notably infection by Helicobacter pylori (H. pylori ). Antigenic stimulation determines lymphoid hyperplasia; additional genetic aberrations activate survival pathways, with the emergence of
a malignant clone. The digestive system (predominantly
the stomach) is the most frequent location, reflecting
contact with foreign antigens, mucosal permeability
and intrinsic lymphoid system. Early-stage gastric MALT
lymphoma can regress through the eradication of H.
pylori . Immortalizing genetic abnormalities, advanced
disease or eradication-refractoriness require treatment
alternatives, presently not consensual. Representative
clinical trials are needed to optimize patient care.
Pereira MI, Medeiros JA. Role of Helicobacter pylori in gastric
mucosa-associated lymphoid tissue lymphomas. World J Gastro-
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Table 1 World Health Organization-based classification of
mucosa-associated lymphoid tissue lymphomas
Hierarchical classification
Tumors of hematopoietic and lymphoid tissue
Mature B-cell neoplasms
Non-Hodgkin (B-cell) lymphomas
Marginal zone (B-cell) lymphomas
Extranodal marginal zone lymphomas of mucosa-associated
lymphoid tissue

INTRODUCTION
Extranodal marginal zone lymphomas of the mucosaassociated lymphoid tissue (MALT) type are indolent,
low-grade, mature small B-cell non-Hodgkin lymphoid
neoplasms (Table 1) that represent the paradigm for
the association between tumorigenesis and a chronic
inflammatory stimulus, and are one of the best models
of the relationship between specific genetic events and
oncogenesis[1-5].
Although rare, these neoplasms are clinically relevant
due to their unique place in the oncology spectrum as a
malignancy that, in many cases, can be cured with a short
course of antibiotic therapy.

Hierarchical classification of mucosa-associated lymphoid tissue
lymphomas, according to the 2008 World Health Organization definitions.
Adapted from Swerdlow et al[5], 2008.

environmental and microenvironmental factors and a genetic predisposition, can culminate in the emergence of a
malignant clone. The mechanisms underlying the antigendependence of MALT lymphomas, and the impact of
the inflammatory microenvironment, have gradually been
elucidated, with tumor progression now known to be
driven by an interaction between B-cell receptor (BCR)derived signals and T-helper (Th) cell signals[11].
It has been demonstrated that MALT lymphoma
B-cells exhibit polyreactive surface BCR immunoglobulins, and that direct stimulation by the specific alloantigens and auto-antigens recognized by these surface
antibodies leads to the proliferation of tumor cells; after
this oligoclonal expansion, a dominant lymphoma clone
can surface through selective pressure[11-13]. BCR polyreactivity has been shown to include simultaneous intermediate affinity to self-antigens (including stomach extract)
and foreign antigens (including Helicobacter sonicate),
although some authors suggest that polyreactivity is exclusive of tumors carrying t(11;18), and that most other
MALT lymphoma antibodies are monoreactive and of
high-affinity[13,14].
It has also been shown that MALT lymphomas are infiltrated by type 2 Th (Th2)-polarized T-cells and that tumor
proliferation is enhanced by intratumoral CD4+ T-cells[11].
A large proportion of these CD4+ T-cells are suppressive
CD25+ forkhead box P3 (FOXP3)+ regulatory T-cells (Tregs),
which are themselves recruited by tumor B-cells; higher
numbers of tumor-infiltrating FOXP3+ cells confer a better response to H. pylori eradiation therapy[11,15].

MALT LYMPHOMAS AND
HELICOBACTER
Mucosa-associated lymphoid tissue
Primary lymphoid tissue can be found in the thymus and
bone marrow, where lymphocytes differentiate from progenitor cells into functional, mature lymphoid cells. Secondary lymphoid tissue is present in the lymph nodes, in
the spleen and in mucosa-associated lymphoid tissue; the
latter, with numerous lymphocytes and antigen-presenting cells, develops in the stroma under the epithelium of
mucosal barriers that are in contact with the outside environment (gastrointestinal, respiratory and genitourinary
tracts), where antigens accumulate and are processed and
presented to lymphocytes, as part of a normal adaptive
immune response[6]. MALT, like the other components
of the immune system, can give rise to a lymphoproliferative disease - the MALT lymphoma. The immune cell
of origin of this malignant proliferation appears to be a
marginal zone (post germinal center) B-cell present both
in lymph nodes and in extranodal tissue, related to plasma
cells[7-9].
Despite their association with mucosa-associated
lymphoid tissue, MALT lymphomas rarely arise in native
physiologic MALT; rather, the majority of cases develop
on extranodal acquired MALT infiltrates induced by an
immune response to a chronic antigenic stimulus[3,10].
The best studied causal associations are with chronic
infections, with the highest levels of evidence being
found for gastric MALT and Helicobacter pylori (H. pylori)
gastroduodenitis[3,10].

Bacteria-induced lymphomagenesis: H. pylori infection, generally acquired in childhood, is the most frequent
chronic bacterial infection worldwide, and is a major
cause of gastroduodenal disease, including chronic gastritis, benign peptic ulcers, gastric carcinoma and gastric
MALT lymphoma, although only a very small proportion
of H. pylori-infected subjects develop these complications[16-19]. In fact, in a population with an incidence of H.
pylori infection of approximately 60%, only 24 cases of
gastric MALT lymphoma were observed out of approximately 70000 gastroscopies performed over a period of
18 years[20,21]. The outcome of the infection depends on
the host immune response mounted against H. pylori, es-

Etiopathogenesis
Chronic antigenic stimulation and the microenvironment: These etiologic associations have led to the
hypothesis that chronic or repeated immune stimulation
leads to a lymphoid expansion which, in the presence of
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tients to just over 20% in H. pylori-negativity[25].
The relationship between chronic infection with H.
pylori, microenvironment and lymphomagenesis has been
strengthened by the fact that tumor cells only proliferate
in response to strain-specific H. pylori cell preparations
when in the presence of tumor-infiltrating T-cells; on
the other hand, the latter expand in response to H. pylori
stimulation even when isolated from the tumor microenvironment[26]. The elimination of the stimulus to the
T-cell expansion that sustains tumor-growth, through the
eradication of H. pylori, leads to tumor regression[26]. The
central role that tumor microenvironment T-cells play in
MALT lymphomagenesis means that the modulation of
local T-cell immunity could be an attractive therapeutic
approach[27].
It has been suggested that lymphomagenesis and
genetic aberrations are also facilitated by DNA-damage
caused by reactive oxygen species produced by neutrophils as part of the immune response to an infection by H.
pylori strains positive for the virulence factor cytotoxin-associated gene A (CagA)[10]. In fact, CagA-positive strains
associate with higher grades of mucosal inflammation,
severe atrophic gastritis and gastric carcinogenesis, and
activate the phosphoinositide 3-kinase/AKT pathway, an
anti-apoptotic, pro-proliferative survival pathway, contrary to CagA-negative strains[28,29].

Table 2 Recurrent chromosomal translocations described in
mucosa-associated lymphoid tissue lymphomas
Translocation

Fusion protein

t(11;18) (q21;q21)
t(1;14) (p22;q32)
t(1;2) (p22;p12)
t(14;18) (q32;q21)
t(3;14) (p14;q32)

API2-MALT1
BCL10-IGH
BCL10-IGK
IGH-MALT1
FOXP1-IGH

API2: Apoptosis inhibitor 2; MALT1: Mucosa-associated lymphoid tissue
translocation protein 1; BCL10: B-cell chronic lymphocytic leukemia/
lymphoma protein 10; IGH: Immunoglobulin heavy chain; IGK:
Immunoglobulin kappa light chain; FOXP1: Forkhead box protein P1.

pecially the functionality of cytotoxic effector T-cells[16].
This has also been demonstrated for chronic atrophic
autoimmune gastritis, secondary to the infiltration and
destruction of the gastric mucosa by cytotoxic T-cells
specific for H. pylori epitopes that cross-react with the
gastric proton-pump[16].
Several arguments support the central role played by
H. pylori in MALT lymphomagenesis. Chronic infection
with H. pylori is significantly associated with the induction
of gastric lymphoid follicles, representing the proposed
first step in MALT lymphomagenesis of lymphoid expansion[20]. In addition, H. pylori infection can be demonstrated serologically in most patients, and the bacterium
can be histologically identified in the gastric mucosa of
the majority of gastric MALT lymphomas, with some
series describing incidences as high as 92%, although
the density and detectability of H. pylori decrease as the
histology progresses from chronic gastritis to gastric
MALT lymphoma[10,22-24]. These data suggest that bacterial
colonization is important for early lymphomagenesis, but
becomes less relevant as the disease progresses; in fact,
a monoclonal B-cell clone can be identified in chronic
gastritis, before the development of clinical lymphoma[24].
In vivo data in a murine model have shown that infection
with Helicobacter spp. is able to reproduce most pathophysiological changes that take place during the early stages
of MALT lymphomagenesis[11].
H. pylori eradication through specific antibiotherapy
[classic triple therapy with amoxicillin, clarithromycin and
a proton-pump inhibitor (PPI), or one of its variations]
leads to lymphoma regression in 75% of cases, in a few
weeks to 18 mo[10]. The odds of success associate with
the clinical stage, being very high for early-stage lymphomas, lower for more advanced stages and practically
nil once the serosa is breached. These observations also
support the hypothesis that H. pylori-independence is a
feature of lymphoma progression, associated with the acquisition of additional genetic alterations[10]. This aspect
parallels the finding in gastric carcinoma (the intestinal
type primarily associating with H. pylori infection) that
the absence of active infection by H. pylori is a significant
adverse prognostic factor, with one series finding a decrease in 10-year overall survival (OS) in locally advanced
disease, from approximately 70% in H. pylori-positive pa-
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Genetics of MALT lymphoma
Lymphomas present with several genetic aberrations,
including translocations, point mutations, gene amplifications and deletions of genes (including tumor suppressors), some of which have been shown to have diagnostic
and prognostic value. Non-random chromosomal translocations involving a limited group of genes are characteristic[30]. In MALT lymphomas, 5 recurrent cytogenetic
alterations have been described, converging on the same
intracellular pathways[31] (Table 2).
Genes and signaling pathways: The immunoglobulin
(Ig) heavy chain gene (IGH) is frequently involved in
translocations in MALT lymphomas and other lymphoproliferative diseases, as a consequence of the chronic
antigenic stimulation which underlies the Etiopathogenesis of these neoplasms and the central role played by
the BCR in lymphomagenesis[10]. The Ig kappa light chain
(IGK) and lambda light chain genes can likewise be involved, through the same mechanism. In fact, B-lymphoid
cells, as part of their normal immune response, undergo
rearrangements of the Ig genes as part of somatic hypermutation and class-switch recombination[32]. These
directed mutations originate a localized genetic instability that can lead to aberrant rearrangements, with the
juxtaposition of oncogenes to Ig gene enhancers[32]. The
continued enhancer activation as a normal response to
immune stimulation will, in turn, result in the overexpression of the activated oncogene, with inflammation driving oncogenesis.
Normal lymphocyte function depends on the strict
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activation of NF-κB[34]. The API2-MALT1 fusion oncoprotein also contributes to the constitutive activation of
NF-κB through an additional alternative non-canonical
pathway[33,34]. Thus, this translocation is an important
driver of MALT lymphomagenesis, immortalizing the
cell and releasing it from BCR-antigen-dependence for
its NF-κB activation and survival[10,40]. This is in agreement with the clinical observations that the presence of
t(11;18) correlates with resistance to a successful eradication of H. pylori, that patients who respond to eradication
therapy are generally negative for the fusion transcript,
and that its presence is more frequent in H. pylori-negative than H. pylori-positive patients, suggesting that the
latter need chronic stimulation of their BCR by antigenantibody complexes for lymphoma cell survival[10,39-41].
The NF-κB-activating translocations t(1;14) and t(14;18)
have similarly been noted to be associated with bacterial
eradication-resistance[39].
Notably, t(11;18) is the most common structural chromosomal abnormality described in MALT lymphomas,
being particularly frequent in gastric (reports ranging
from 10%-35%), colonic and pulmonary locations[12,41,42].
It has a very high specificity (being exclusive or nearlyexclusive) for the MALT subtype, is the most specific of
the recurrent translocations in these neoplasms, and is of
high diagnostic value[43]. It is absent from non-complicated H. pylori-positive gastritis but often found in gastric
MALT lymphoma patients infected with CagA-positive
H. pylori[10]. The transcript is rarely present in MALT
lymphomas with areas of high-grade (diffuse large B-cell
lymphoma, DLBCL) transformation, leading some authors to consider it exclusive of low-grade cases[41,44]. On
the other hand, it associates with advanced stages and
submucosal involvement, being absent from lymphomas
restricted to the mucosa[10,41].
The t(14;18) (q32;q21) results in the fusion of IGH
with MALT1, inducing the overexpression of MALT1,
which oligomerizes and activates NF-κB[10]. This translocation is virtually absent from gastric locations, but
variably common in different extragastric tumors, with
reports ranging from 20% of salivary gland to 100% of
hepatic tumors[45-47].
The t(1;14) (p22;q32) induces the juxtaposition of
BCL10 with the IGH gene enhancer region, with a resulting overexpression of BCL10 and activation of NF[38]
κB . In the t(1;2) (p22;p12) variant, BCL10 is juxtaposed to IGK, originating an identical overexpression of
BCL10. The two variants, though characteristic of MALT
lymphomas, are found in under 4% of described cases
and associate frequently with other cytogenetic aberrations, such as trisomy 3[10].
The t(3;14) (p14;q32) apposes the FOXP1 with the
IGH enhancer, resulting in the overexpression of the
former[48]. FOX family proteins have been shown to be
involved in signal transduction that mediates proliferation, differentiation and the immune response[49]. Though
its precise mechanism of action remains to be clarified, in
MALT lymphoma (as in DLBCL) FOXP1 overexpression

regulation of the transcriptional activity of nuclear factor
kappa B (NF-κB), and the deregulation of this signaling
pathway is a contributor to lymphomagenesis[33]. NF-κB
is a primary transcription factor normally sequestered in
the cytoplasm[34]. As part of the innate immune response,
it is a point of convergence of various pathways that
originate on surface receptors, including the BCR, leading to inducible modifications of the expression of genes
that modify the immune response, cell survival, proliferation and apoptosis[34]. Deregulation of pathways converging on NF-κB can thus lead to cellular immortalization,
and is frequent in immune, autoimmune and oncologic
diseases, including MALT lymphoma, where it is fundamental for the continued development of a lymphoma
that has achieved H. pylori-independence[3,35].
Antigen stimulation of the BCR recruits B-cell chronic lymphocytic leukemia/lymphoma protein 10 (BCL10)
to the antigen-receptor complex and this protein, in turn,
links BCR signaling to the NF-κB pathway, through its
interaction with mucosa-associated lymphoid tissue translocation protein 1 (MALT1)[10,36]. MALT1 oligomerizes
with BCL10, leading to the downstream activation of
NF-κB[10,34,37]. In the absence of oligomerization, wildtype MALT1 is incapable of activating NF-κB; however,
when it oligomerizes in the absence of BCL10, it acquires
the NF-κB-activating ability of the hetero-oligomer MALT1 activity and NF-κB activation are thus dissociated from upstream signaling originating in the surface
BCR and, consequently, from antigenic stimulation[10].
BCL10 also acquires the ability to constitutively activate
NF-κB independently of antigenic stimulation, when it
is overexpressed, such as when it is brought under the
control of hyperactive promoter or enhancer regions,
through chromosomal translocations[10,38]. None of these
alterations, however, are independently sufficient for
MALT lymphomagenesis, and the interaction with other
immune, genetic and environmental factors is probably
necessary for continued tumor growth[31].
Recurrent translocations: Rearrangements of the genes
encoding the proteins described above - MALT1, BCL10,
IGH and IGK - as well as API2 and forkhead box P1
gene (FOXP1), result from the 5 recurrent translocations
that have been described for MALT lymphoma (Table
2). The three most common and characteristic translocations - t(11;18) (q21;q21), t(1;14) (p22;q32) and t(14;18)
(q32;q21) - are present with variable frequency depending
on the tissue of origin of the lymphoma[10]. They generate oncogenic fusion proteins that activate the NF-κB
pathway, and lymphomas with these translocations show
an overexpression of NF-κB target genes[31,39].
The t(11;18) (q21;q21) results in the chimeric fusion
of apoptosis inhibitor 2 (API2) and MALT1, originating
a transcript that codes a functional fusion protein that has
the ability of MALT1 to activate NF-κB but is controlled
by the API2 promoter, which is itself stimulated by NF[10,38]
. Therefore, this fusion gene results in a positive
κB
feedback cycle that leads to the unregulated, constitutive
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has been described as an adverse prognostic factor[48-51].
Like t(14;18), its frequency varies among different anatomical locations, with the original series describing incidences ranging from 0% in gastric locations to 50% of
thyroid samples[48].

as the coexistence of primary gastric MALT lymphoma
and Epstein Barr virus-associated gastric carcinoma, or
of colonic adenocarcinoma and gastric MALT[61-63]. It has
been proposed that, in these circumstances, treatment decisions should prioritize the tumor with the worst prognosis at the moment of diagnosis, which is generally the
carcinoma[64].

Other somatic alterations: Apart from the characteristic translocations, several other somatic genetic alterations can be identified in MALT lymphomas, including
numeric chromosome aberrations and allelic imbalances.
The specific frequencies of each genetic aberration vary
in the literature, with reports addressing distinct lymphoma locations and stages, using differing methodologies
and focusing on series from separate geographical locales.
It has been suggested that these geographical differences
reflect a true heterogeneity in the distribution of genetic
aberrations, and not just different sampling methods, and
that the different anatomical locations are a reflection of
distinct processes of lymphomagenesis[44,52].

Diagnosis
The diagnosis of MALT lymphoma rests on the clinical
suspicion of a lymphoproliferative disease or another
malignancy, confirmed by histopathologic data; the latter
must be complemented by the judicious use of immunohistochemistry (and eventually flow cytometry), cytogenetics and molecular biology, moreover considering
that the histological differential diagnosis between severe
gastritis and early stage lymphoma can be difficult[4].
Histopathology: The histopathologic evaluation of a
tissue biopsy sample remains fundamental for the diagnosis of MALT lymphoma. This lymphoma is characterized by the presence of a typical infiltrate located in the
marginal zone of follicles with reactive germinal centers,
with possible extension into the interfollicular region,
made up of small, morphologically heterogeneous monoclonal B-cells, originating in post-germinative memory
cells, and including centrocyte-like marginal zone cells,
monocytoid B-cells, immunoblastic and centroblast-like
cells; plasmocytes can be seen in the sub-epithelial zones
and are monoclonal in up to half of cases[6,10,18,45]. Pathologic acquired MALT and MALT lymphoma are similar
to physiological MALT[18]. Therefore, the principal diagnostic criterion for MALT lymphoma is the invasion and
destruction of the adjacent epithelium, originating typical
lymphoepithelial lesions, as described by Wotherspoon,
although the European Society for Medical Oncology
(ESMO) has recently determined by consensus that the
presence of these lesions is neither essential for, nor specific of, a diagnosis[10,18,22,65]. Immunohistochemistry can
be a valuable aid in the differentiation between MALT
lymphomas and other small cell lymphomas, including
follicular lymphoma, chronic lymphocytic leukemia/small
lymphocytic lymphoma (CLL/SLL) and even mantle-cell
lymphoma (MCL)[18,45] (Table 3). Immunophenotyping
can also contribute to the differential diagnosis between
small cell lymphomas[45]. MALT lymphoma B-cells have
an immunophenotype that is identical to the normal
phenotype of a non-neoplastic marginal zone lymphocyte, with positivity for the B-cell surface markers CD19,
CD20 and CD22 and negativity for CD5 (unlike CLL/
SLL), cyclin D1 (unlike MCL) and CD10[18,45,65]. Malignant
cells exhibit light-chain restriction, as a marker of clonality[66]. It has been further suggested that the microRNA
signature can be informative in the distinction between
gastritis and MALT lymphoma[67].
Although MALT lymphoma is a low-grade disease,
with large transformed cells being rare in the neoplastic
infiltrate, it can undergo transformation to an aggressive

Epidemiology
MALT lymphomas represent approximately 7% of newly-diagnosed lymphomas[8]. They are a rare malignancy,
with a worldwide incidence estimated at 1-1.5 cases per
105, per year[5]. Gastric cancer, in comparison, is 5 to
10-fold more frequent (United States National Cancer
Institute Surveillance Epidemiology and End Results
data). As with other indolent lymphomas, the incidence
increases with age, with the majority of patients being
over 50 years old (with a median of 61)[5].
These lymphomas can affect practically all organs and
systems, although different anatomical locations have a
large geographic variability, which has been partially attributed to a distinct epidemiological risk factor distribution[53]. Overall, the digestive system is the most frequently
involved location, reflecting the gastrointestinal tract’s
unique characteristics of contact with foreign antigens,
mucosal permeability, large extension and intrinsic lymphoid system[10,45,54]. In fact, MALT lymphomas represent
a large proportion of all gastrointestinal lymphomas: in a
revision of B-cell gastrointestinal lymphomas, one-fifth
were pure MALT lymphomas and a further 8% were
MALT lymphomas with a DLBCL component[55]. Gastrointestinal involvement by B-cell lymphomas is most
common in the stomach (which accounts for 60%-75%
of gastrointestinal lymphomas, and for over 50% of all
MALT locations), followed by the small intestine, colon
and rectum[3,54,56-58].
The involvement of various non-contiguous sites
(including both different systems and discrete segments
of the same system, such as different aspects of the gastrointestinal tract, separated by healthy tissue) is common
in MALT lymphomas, both at diagnosis and throughout
the evolution of the disease, and has been interpreted as
recurrence, dissemination or independent synchronous
or metachronous development[12,59,60]. There are descriptions of the concomitance of MALT lymphoma with
other lymphomas and even with other malignancies, such
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Table 3 Useful phenotypic markers for the differential
diagnosis of mucosa-associated lymphoid tissue lymphoma
Antigen
sIg+
CD19+
CD20+
CD22+
CD79a+
CD5CD10CD23Cyclin D1-

Table 4 Association between abdominal computerized
tomography findings and the likelihood of low-grade and
high-grade lesions

Notes
Low-grade lesions

B-cell receptor
Pan-B-cell marker
Pan-B-cell marker
Pan-B-cell marker
Pan-B-cell marker
Positive in CLL/SLL
Positive in follicular lymphoma
Positive in CLL/SLL
Positive in mantle cell lymphoma

Normal scans
Gastric wall thickening
< 5-10 mm
Small depressed lesions
with vague margins

Well-demarcated masses with homogeneous
attenuation and mild contrast enhancement
Perigastric adenopathies more likely

Adapted from Hayashi et al[76], 2010.

CD: Cluster of differentiation; sIg: Surface immunoglobulin; CLL/SLL:
Chronic lymphocytic leukemia/small lymphocytic lymphoma.

doscopy techniques for the evaluation of the microstructural pattern of the lesion and distribution of abnormal
vessels could be useful both for diagnosis and followup[73]. In a series of patients with localized gastric disease,
nonstructural areas with abnormal vessels were present at
magnified esophagogastroduodenoscopy in all patients at
diagnosis, disappearing with histopathologic remission[73].
Compared to histopathology, nonstructural areas had a
sensitivity of 77% and a specificity of 87%, while the
presence of abnormal vessels had both a sensitivity and
specificity of 86%[73].
Endo Ultrasonography enables the endoscopist to
evaluate the degree of organ involvement and infiltration
of contiguous structures in a single procedure, which is
fundamental for staging[10]. The presence of diffuse parietal thickening in endo-ultrasonography is suggestive
of infiltration by lymphoma[71]. The ultrasonographic
appearance of MALT lymphoma can be characteristic in
some locations, and it has been suggested that when sonographic findings are characteristic, excisional biopsy can
be replaced by ultrasound-guided core-needle biopsy[74].
Abdominal computerized tomography (CT) can detect locally advanced gastric MALT lymphoma, presenting as a diffuse or localized parietal thickening, as well as
lymphadenopathy, local complications (including perforation) and hepatosplenomegaly[75]. Gastrointestinal dissemination can manifest as circumferential parietal thickening
of an intestinal segment, or localized polypoid masses
with homogeneous and isoattenuating or hypoattenuating
enhancement[71,75]. Three-dimensional reconstruction in
gastrointestinal lymphomas correlates with the underlying histopathology, with an increased likelihood of lowgrade gastric MALT lymphoma in patients with normal
scans, with minimal gastric wall thickening (5-10 mm) or
with small depressed lesions with vague margins[76] (Table
4). On the other hand, a severe diffuse thickening of the
gastric wall (> 10 mm), focal well-demarcated masses, or
masses with homogeneous attenuation and mild contrast
enhancement, suggest high-grade lesions; perigastric adenopathies are also more likely in the latter than in lowgrade lymphoma[76]. In contrast, multiple lymphomatous
polyposis is common in MCL, a bulky mass with uniform
isoattenuating in the right lower quadrant suggests Burkitt
lymphoma, and thickened nodular folds with multiple
ulcerative lesions, perforations and obstruction are typi-

diffuse large B-cell lymphoma (the most common histological type of primary gastric lymphoma, representing
over half of cases), through poorly understood mechanisms[45,51,68]. Transformed MALT/DLBCL appears to
have a similar prognosis to de novo DLBCL, with overlapping progression-free and overall survivals[69].
Cytogenetics and molecular biology: The identification of the characteristic recurrent chromosomal translocations, by conventional cytogenetics, FISH or molecular
biology, is informative and can contribute to the differential diagnosis of MALT lymphoma, as described above.
Medical image: Imaging studies are fundamental not
only for the diagnosis but also for the adequate staging
of the lymphoma at presentation.
Esophagogastroduodenoscopy with multiple biopsies is the gold standard for the diagnosis of gastric
MALT lymphoma. In a 24-patient series, the most common endoscopic findings were mild hyperemia (67%),
superficial erosions (17%) and superficial ulcers (17%)[21].
Gastric ulcers, especially when unresponsive to conventional treatment, should be biopsied due to the risk
of malignancy; although gastric carcinoma is the usual
finding in malignant gastric ulcers, some cases of gastric
lymphoma can also present as ulcers, including with local
complications, such as perforation[70]. Push enteroscopy
with serial biopsies is safe and easy, and can detect the
synchronous involvement of the duodenum and jejunum
by MALT lymphoma, a finding that was present in 11%
of patients in a retrospective series[59]. Colonoscopy is
also able to identify macroscopic changes in the mucosa
(such as discoloration with a reduction of superficial
vessels) in colorectal MALT lymphoma and, according
to some authors, should also be part of the diagnostic
workup of gastric MALT lymphoma to screen for metachronous involvement[71]. Serial esophagogastroduodenoscopies with multiple biopsies are mandatory for the
follow-up of post-remission gastric MALT lymphoma,
especially in early-stage disease, where recurrence tends
to be localized to the mucosa and undetectable by other
imaging modalities[72].
It has been suggested that the use of magnified en-
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Table 5 Comparison of four frequently used staging systems
for primary gastrointestinal lymphomas

Table 6 Tumor-node-metastasis staging system qualifiers

Tissue invasion

Tumor

Gastrointestinal
tract
Mucosa or
submucosa
Mucosa
Submucosa
Muscularis propria
or subserosa
Serosa
Intra-abdominal
extension
Adjacent tissues
or organs
Regional lymph
nodes
Infradiaphragmatic
distal lymph nodes
Disseminated
disease
Supradiaphragmatic
lymph nodes
Non-contiguous
gastrointestinal2
Non-contiguous
metastasis3
Marrow
involvement

Ann arbor Radaszkiewicz Lugano

Paris

ⅠE

ⅠE

Ⅰ

T1 N0 M0

ⅠE

ⅠE1

Ⅰ

T1 N0 M0

ⅠE

ⅠE1

Ⅰ

ⅠE

ⅠE1

Ⅰ

ⅠE

ⅠE2

Ⅰ

T1m N0 M0
T1sm N0 M0
T2 N0 M0

ⅠE

ⅠE2

Ⅰ

T3 N0 M0

Nodes
Metastasis
Bone marrow

Stage

Definition

Tx
T0
Nx
N0
Mx
M0
Bx
B0

Extension of lymphoma not established
No evidence of primary lymphoma
Nodal involvement not evaluated
No evidence of nodal involvement
Dissemination of lymphoma not evaluated
No evidence of lymphoma dissemination
Bone marrow infiltration not evaluated
No evidence of bone marrow infiltration

Ⅱ
ⅠE

ⅠE

ⅡE

T4 N0 M0

Table 7 International prognostic index for aggressive B-cell
lymphomas

ⅡE

ⅡE

Ⅱ1

T1 N1 M0

Prognostic factor

ⅡE

ⅡE

Ⅱ2

Advanced age
Advanced stage
High tumor burden and
activity
Poor performance status
Multifocal distribution

1

T N2 M0

Ⅳ
ⅢE

ⅢE

Ⅳ

T1 N3 M0

ⅣE

ⅣE

Ⅳ

T1 N1 M1

ⅣE

ⅣE

Ⅳ

T N M2

ⅣE

ⅣE

ⅣE

T1 N1 M1B1

1

> 60 yr
Ann arbor stages Ⅲ or Ⅳ
Increased serum lactate
dehydrogenase
ECOG ≥ 2
Two or more extranodal sites

The International Prognostic Index is calculated by adding 1 point for
each adverse risk factor. ECOG: Eastern Cooperative Oncology Group
performance status scale.

1

Study Group proposed the Paris System [tumor-nodemetastasis (TNM)-B], an adaptation of the existing TNM
system in mainstream use for the classification of nonhematologic solid malignancies, for the staging of primary gastrointestinal lymphomas[81] (Tables 5 and 6).

In the case of synchronous lesions originating in the gastrointestinal
tract, staging refers to the characteristics of the most advanced lesion.
Note that the Lugano system does not include a stage Ⅲ. 1Any subtype
of tumor extension (T1 to T4) or nodal (N0 to N3) or metastatic (M0 to
M2) involvement; 2Non-contiguous gastrointestinal involvement refers
to the presence of lymphoma in more than one gastrointestinal site with
segments of discontinuity that are free of disease (such as the involvement
of the stomach and rectum, with a free small intestine and bowel);
3
Including the non-contiguous involvement of the peritoneum. References
for the 4 staging systems are given in the main text.

Prognosis
Most MALT lymphomas are at diagnosis characterized by
non-disseminated (early-stage) disease, with both marrow
and distal nodal involvement being rare, although regional lymph node infiltration is relatively frequent in gastric
MALT lymphomas[45]. Staging alone is not sufficiently
predictive of disease outcome in lymphoproliferative diseases, with survival being influenced by several concurrent prognostic factors. To adequately integrate all these
factors into the clinical decision, prognosis can be quantified in B-cell lymphomas through internationally validated scales or indices, such as the International Prognostic
Index (IPI), which was developed for aggressive B-cell
lymphomas[82] (Table 7). There is no prognostic index that
is specific for MALT lymphomas. However, it has been
demonstrated that IPI scores correlate significantly with
time to relapse in MALT lymphomas, differentiating low,
low-intermediate and high risk groups; on the other hand,
data regarding the utility of the FLIPI (follicular lymphoma IPI) in this group of patients is contradictory[83,84].
Additional indicators of poor prognosis include the presence of a large-cell component at diagnosis, B symptoms
(unexplained fever, night sweats and unintentional weight
loss), high serum β2-microglobulin or serum lactate dehydrogenase, low serum albumin, bone marrow failure
(evidenced by anemia or thrombocytopenia), advanced

cal of T-cell enteropathy; DLBCL is multiform and often
invasive[76]. Despite its utility for initial staging, abdominal
CT scanning does not appear to be useful for the followup of localized gastric MALT lymphoma[72]. In a series
of patients with early-stage gastric MALT lymphoma in
complete remission, 5.7% had recurrent disease, which
was confined to the mucosa and, therefore, undetectable
on CT[72].
Staging
The staging of both Hodgkin and non-Hodgkin lymphoma is standardized through the Ann Arbor system, with
the Costwolds modifications[77,78]. Due to the intrinsic
limitations of this system in primary extranodal lymphomas of the gastrointestinal tract, the Radaszkiewicz and
the Lugano modifications were proposed, with variable
success[79,80]. To overcome the perceived shortcomings of
the various lymphoma staging system adaptations, both
for the correct definition of the primary tumor extension
and depth of infiltration, and as a basis for therapeutic
decisions, the European Gastro-Intestinal Lymphoma
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age (over 60 years) or poor performance status (2 or
above on the WHO/Eastern Cooperative Oncology
Group scale), and the presence of a bulky tumor[82,85,86].
The presence of extragastric disease also appears to have
prognostic value[83]. The absence of complete remission
with first-line treatment is a further a posteriori indicator
of poor prognosis. We have discussed above how genetic
aberrations, such as the presence of the t(11;18), correlate with resistance to treatment. Rearrangements of the
BCL6 locus, or BCL6 protein overexpression, appear to
associate with large-cell transformation of MALT; OS in
de novo and MALT-transformed gastric DLBCL correlates
strongly with BCL6 overexpression[87,88].

majority of tumors at diagnosis), leading to a complete
endoscopic and histopathologic remission with an excellent prognosis and the possibility of cure in approximately
80% of patients (most patients in Stage ⅠE1 and a smaller proportion of patients in stage ⅠE2), while lymphomas
in Stage ⅡE and above are usually less responsive; regression of Stage ⅠE (and some ⅡE) gastric DLBCL, both
de novo and transformed from MALT, following H. pylori
eradication therapy, has also been described[10,95-99]. Although the probability of MALT lymphoma regression in
response to a successful H. pylori eradication is influenced
by the patient’s cytogenetics, through the mechanisms
described above, it has been suggested that introducing
empiric eradication therapy in the absence of molecular
testing is clinically justified, due to the high remission rates
that can be achieved[4]. Nevertheless, when these methods
are available, testing for t(11;18) could be a helpful a priori
predictor of response to therapy[65,100].
Testing for H. pylori infection should be performed
in all patients with gastric MALT lymphoma, through
esophagogastroduodenoscopy with biopsy (for histopathology, culture or a rapid urease test); through a fecal
antigen test; or through a urea breath test[101]. Comparing
the available tests for H. pylori, the antigen test has been
noted to have a higher sensitivity and negative predictive
value (both 100%) than the rapid urease test, while the
latter was found to have a higher specificity and positive
predictive value[102]. PPI should be suspended at least one
week before testing[101]. Irrespective of the test results,
the ESMO consensus is that “eradication therapy must
be given to all gastric MALT lymphomas, independently
of stage or histological grade”[65].
The first line therapy for eradication is the triple association between a PPI, clarithromycin and either metronidazole or amoxicillin[65,101]. In special select cases, the
antibiotics may have to be selected through an antibiotic
sensitivity test, as in the case of known antibiotic allergies[103]. Successful eradication should be confirmed by
repeat testing for H. pylori four weeks or more after completion of therapy, due to potential treatment failures,
which are partly due to compliance issues[101]. We have
described a failed eradication rate of nearly 20% with an
amoxicillin/clarithromycin/PPI association, in a population of unselected H. pylori-positive patients without gastric lymphoma, despite ex vivo sensitivity of all strains to
the two antibiotics used[104]. In the case of treatment failure, eradication should be re-attempted with a quadruple
association of a PPI, tetracycline, metronidazole and a
bismuth salt[101].
While over 80% of patients can achieve a complete
lymphoma remission (according to GELA criteria[105])
with successful H. pylori eradication, there are no clear
predictive factors for lymphoma response to eradication,
and primary refractoriness can be found in 10%-20%
of low-grade gastric MALT lymphomas[97,106]. In a series
of Ann Arbor Stage ⅠE1 patients, there were 7% of
non-responders, who were not different from responders in gender, age, endoscopic appearance or large-cell

Treatment
Current guidelines are consensual in indicating H. pylori
eradication therapy as the first line approach in gastric
MALT lymphoma[89]. However, due to the paucity of
extensive series of patients with MALT lymphomas and,
more importantly, of prospective clinical studies, the
optimal treatment of H. pylori-negative and eradicationresistant H. pylori-positive gastric lymphomas has not
been convincingly established[65,89]. Therefore, different
centers report a variety of approaches, many of which
have relevant side-effects[8,57,90].
These lymphomas follow an indolent clinical course
with prolonged OS (80% at 5 years) and disease-free
survival, on par with other low-grade lymphomas and,
in early stage disease, tend to respond to a wide variety
of treatment approaches; however they are characterized
by a high recurrence rate, with most patients relapsing
within 5 years, often in organs with acquired MALT that
are distant from the original location[45,90-92]. Second remissions can be regained with retreatment; however, the
disease-free interval tends to decrease after each subsequent remission[91]. Early-stage disease tends to remain localized for a long time, and responds satisfactory to local
treatment approaches, such as surgery or radiotherapy[90].
However, survival correlates inversely with the stage at
diagnosis (90%-95% at 5 years for stage Ⅰ, 75% for stage
Ⅱ and as low as 30% for stage Ⅳ), with about one-third
of patients presenting with advanced disseminated disease at diagnosis and requiring systemic treatment[90].
Antibiotherapy: Since MALT lymphomas are indolent
neoplasms, in selected patients with asymptomatic or
minimally-symptomatic non-gastric MALT lymphoma
without a large-cell component, a strategy of expectant
active surveillance of the patient (watchful waiting) with
repeated imaging studies and hematological monitoring
can be the most adequate approach at diagnosis, moreover due to the possibility of spontaneous regression of
MALT lymphomas, which can occur even when there is
unequivocal histological confirmation of the lesion and
when there is a transformed high-grade component[93,94].
On the other hand, the antibiotic eradication of H.
pylori infection is the first line treatment for gastric MALT
lymphomas in Ann Arbor Stage ⅠE (representing the
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and regressed after re-eradication; the tumors in the
remaining patients were H. pylori-negative and regressed
spontaneously[72]. The presence of persistent minimal
histological residuals after H. pylori eradication with endoscopic normalization can be managed through a watchful
waiting approach with regular endoscopic biopsies, with
over 95% of patients either maintaining stable minimal
histological residuals or eventually achieving a complete
response, as was demonstrated by two series of over 100
patients[98,107,108].
Although there have also been descriptions in small
series of regression of H. pylori-negative MALT lymphomas after eradication therapy, which have been interpreted by the authors as being causally related, the physiopathologic basis for this finding needs to be further
explained[110,111].

Table 8 Chemotherapy treatment options in American and
European guidelines
Drug group

Drugs

Alkylators

Chlorambucil1
Cyclophosphamide1,2
Bendamustine1,2
Fludarabine1,2
Cladribine1
Doxorubicin2
Mitoxantrone2
Vincristine2

Purine nucleoside analogues
Anthracyclines and
anthracenediones
Vinca alkaloids

Reflecting the lack of clear consensus, current guidelines propose different
associations of these agents as monotherapy, combination chemotherapy,
and combined immunochemotherapy with rituximab. 1European Society
for Medical Oncology 2013 guidelines; 2National Comprehensive Cancer
Network 2011 guidelines.

Local treatment approaches: In gastric MALT lymphoma, the current view is towards stomach-conserving
conservative treatment, avoiding first-line surgical resection[98]. Nevertheless, a surgical approach can be curative
in MALT lymphomas, especially when the lymphoma
is an unexpected finding after resection, or collocates
with a more aggressive carcinoma that is completely resected[61,112,113]. Regardless of curative intent, an invasive
approach can be indicated in the first line for the control
of local complications of the tumor.
Radiotherapy has a high curative potential in the
stomach-conserving treatment of gastric MALT lymphoma, in H. pylori-negative patients or following a lack
of response to eradication in H. pylori-positive cases, with
80% of eradication-refractory patients achieving a complete remission with radiotherapy; a dose of 30-40 Gy in
15-20 fractions has been proposed[58,98,106,114].

component size; significantly, complete remissions were
achieved in over 98% of distal tumors, but only in 70%
of proximal tumors[99].
The fact that gastric MALT lymphoma regression, in
response to H. pylori eradication, can take up to 18 mo,
means that refractoriness should not be assumed prematurely, and determines a compulsory extended followup period, with regular esophagogastroduodenoscopies
and repeat biopsies to demonstrate complete remission,
although the optimal frequency of endoscopic evaluation has not been definitely established[4,10]. A period of
watchful waiting with repeated esophagogastroduodenoscopic biopsies has also been proposed as a valid option
after successful gastric MALT lymphoma regression following eradication[107]. The fact that 5% of patients with
gastric MALT lymphoma in complete remission develop
local metachronous gastric carcinoma despite H. pylori
eradication (an incidence reported to be 6 to 9-fold that
of the general population), diagnosed by long-term endoscopic follow-up, also underlines the importance of close
endoscopic surveillance[106,108]. Nevertheless, the ideal
duration of the follow-up period after initial eradication
treatment remains to be defined, with some authors suggesting immediate treatment after a successful eradication without lymphoma remission, while others propose
continued watchful waiting [97]. The identification of
resistance-associated genetic aberrations, such as t(11;18),
could be an indication of true refractoriness to eradication, guiding therapeutic decisions. Likewise, the presence
of a large-cell component should help inform a choice to
opt for alternative therapies if eradication fails to induce
regression. The presence of symptoms that interfere with
the patient’s quality of life is an indication to suspend
watchful waiting and introduce treatment[109].
Complete remissions that are achieved through H.
pylori eradication are prolonged. In a series of stage Ⅰ
E1 patients in complete remission, after a median of 35
mo of follow-up only 5% showed lymphoma recurrence,
which was limited to the mucosa and only detectable on
endoscopic biopsies[72]. In 57% of these patients, recurrence was associated with re-infection with H. pylori,
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Chemotherapy: Eradication-refractory gastric MALT
lymphomas have high rates of response to chemotherapy,
and this is a valid approach after confirmed failure of
first-line eradication. Likewise, it is justified in systemic
disease with a priori dissemination. In contrast, the use
of chemotherapy in localized MALT lymphomas after a
successful response to H. pylori eradication, proposed by
some authors to prevent recurrence, is still controversial,
with no evidence to support it[4,8,115].
Several chemotherapeutic drugs have been assayed
when systemic therapy is warranted, both as single-agent
treatments and in combinations, in case-series reports
or in small-sized clinical trials, with varying results, depending on the anatomical location and the stage of the
lymphoma (Table 8). Advances have been scarce in the
6 years since the extensive treatment review by Morgner
and colleagues; as of 2013, there is no definitive data to
support the choice of one modality of systemic treatment over the others, and the benefit of chemotherapy
over local treatment approaches in earlier stage disease is
still not clear[65,116]. A controlled prospective clinical trial
of early-stage (ⅠE and ⅡE) gastric MALT lymphoma
comparing surgery, radiotherapy, and chemotherapy with
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different treatment approaches[8].
Monotherapy with an anti-CD20 monoclonal antibody (rituximab) can induce sustained complete remissions of MALT lymphoma, with descriptions of success
in both localized and systemic disease, and with retreatment at relapse leading to reinduction of complete remission[122-125]. In MALT lymphoma, as in other B-cell
lymphomas, rituximab has also been used as part of
combination immuno-chemotherapy and radiotherapy,
with good results, improving the responses to singleagent or multiple-agent chemotherapy, with tolerable
side-effects[71,91,126-128]. However, some trials suggest that
time to progression was not improved, while others fail
to find an improvement with rituximab, results that highlight the importance of starting well-designed phase Ⅲ
studies that can clarify the role of the various treatment
approaches and of combination modalities[7,129].
An alternative to rituximab is radio-immunotherapy
with 90Y-ibritumomab tiuxetan, an anti-CD20 monoclonal antibody containing a radioactive isotope that was
able to induce high rates of complete remissions of
up to 24 mo in highly treated refractory patients, while
permitting a ten-fold reduction in the dose radiotherapy,
potentially overcoming some of the local complications
of the latter[130,131].

cyclophosphamide, vincristine and prednisolone, with or
without doxorubicin (CVP/CHOP), showed a significantly higher event-free survival with combination chemotherapy, compared to either surgery or radiotherapy,
but with identical OS in all three arms[117].
It has been noted that tumor microenvironment
T-cells play an important role in lymphomagenesis induced by chronic antigenic stimulation, underlying the
potential utility of chemotherapeutic agents that simultaneously target malignant B-cells and microenvironment
T-cells, such as single-agent nucleoside analogues [27].
Fludarabine demonstrated a significant reduction in peripheral blood T-cells, compared to eradication alone,
while in biopsy samples there was an increase in Tregs[27].
Cladribine achieved a complete response rate of 100% in
primary gastric lymphomas, with an overall (gastric and
extragastric) survival at 80 mo of 84%[118]. On the other
hand, the T-cell modulation associated with nucleoside
analogues such as fludarabine and cladribine can lead
to long-term immunosuppression and increased infectious risk, with increased morbidity[90]. A phase Ⅱ trial of
gemcitabine, a less T-suppressive analogue expected to
overcome this problem, was discontinued due to disappointing results[90].
Single-agent alkylators, including chlorambucil and
bendamustine, have shown clinical effectiveness with acceptable toxicity, demonstrating that this is another valid
treatment approach[91,115,119,120]. However, it has been suggested that t(11;18) is a marker of non-response to alkylating regimens[65].
Several of the newer agents have also been tried in
gastric MALT lymphomas. Thalidomide is an antiangiogenic and immunomodulatory drug with anti-NF-κB activity, which justifies its potential utility in MALT lymphomas[35]. It has been used as a salvage therapy in a series
of H. pylori eradication-refractory chemo-resistant gastric
MALT lymphomas, with an overall response rate (ORR)
of 0% in patients with the API2-MALT1 transcript and
of 86% in patients without the transcript; the latter (but
not the former) showed a significant downregulation of
the expression of NF-κB in residual neoplastic cells and
tumor microenvironment[35]. These data suggest that the
presence of t(11;18) is also predictive of non-response to
thalidomide[35].
The role of the ubiquitin proteasome system (UPS)
in the regulation of the NF-κB pathway serves as the
rationale behind the use of proteasome inhibitors in the
treatment of MALT lymphomas[121]. Previous basic and
clinical experience with these agents has demonstrated
that they disrupt multiple UPS-dependent cellular pathways, with apoptosis as the final event[8]. However, trials
of bortezomib have demonstrated high rates of toxicity
at full-dose, which persisted with a reduced-dose protocol
that had an ORR under 50%[8,121]. Given the indolence
and prolonged survival of MALT lymphoma, acute and
long-term toxicity should be taken into account when
interpreting results and comparing risk-benefit ratios of
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CONCLUSION
MALT lymphomas are rare and heterogeneous malignancies that occupy a unique position in the spectrum of
oncologic disease, as they can potentially be cured with a
simple course of antibiotics.
Nevertheless, as indolent lymphomas, they present
to the clinician the singular challenge of having to identify the optimum balance between effective therapy and
minimal toxicity for a neoplastic disease that can have a
decades-long course of remission and relapse, often in
the absence of robust data and representative series on
which to sustain an evidence-based practice of medicine.
The known association of gastric MALT lymphoma
with chronic immune stimulation through H. pylori infection has offered invaluable insights into lymphomagenesis and, by extension, the mechanisms of neoplastic
transformation in general. The knowledge thus acquired
has, in turn, exposed key molecules of cell-cycle regulation, survival, apoptosis and proliferation, which can be
manipulated as specific therapy targets. Such findings can
often be reciprocally translated between MALT lymphomas and other lymphoproliferative and plasma cell diseases, which share common pathways of malignization.
The clinical translation of these findings must, necessarily, rely on strengthened long-term multicentric international collaborations to enable the accrual of representative numbers of patients for epidemiologic studies and
prospective, randomized, blinded clinical trials. Only then
can we hope to move towards the truly targeted, personalized treatment approach that these patients require.
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Core tip: In this article the authors have made a review
of the most important literature with knowledge of various factors affecting Helicobacter pylori eradication
success. The paper presents an analysis of established
and new eradication regimens, as well as factors affecting their performance. Since the last 3 decades many
new developments appeared in the field of this intriguing infection, along with implementation of recently
published guidelines. Authors made a new look to future perspectives in managing this complex infection.

Abstract
The rising prevalence of antibiotic resistance has created a need to reassess the established Helicobacter
pylori (H. pylori ) eradication protocols, and to develop
new ones. Various bacterial and host factors are evaluated, and their contribution to eradication failure is estimated. For a long time being considered the cornerstone eradication scheme, the standard triple therapy
has been replaced with novel, more efficient regimens,
namely sequential and concomitant, along with the
emergence of a new design of bismuth quadruple
therapy. A rescue levofloxacin based regimen has overcome the fear of therapy failure due to higher prevalence of dual resistant (clarithromycin and metronidazole) H. pylori . Culture-free and efficient susceptibility
test are reestablishing the concept of tailored therapy,
making eradication success close to originally desirable
rates. Alleviating therapy side effects and improving
patient compliance are as important as choosing appropriate eradication schemes, so various probiotic
compound supplements are taken into consideration.
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INTRODUCTION
Helicobacter pylori (H. pylori) is a gram-negative, microaerophilic bacterium inhabiting human stomach, first
isolated by Warren and Marshall in 1983, and that has
since then become a point of interest worldwide[1]. It
is a major pathogen causing gastric and duodenal ulcer,
gastric cancer and mucosa-associated lymphoid tissue

699

January 21, 2014|Volume 20|Issue 3|

Kanizaj TF et al . H. pylori : Future perspectives in therapy

lymphoma[2,3]. Recently, it has been linked to extragastric
malignancies such as colorectal adenocarcinoma and
nonmalignant diseases such as iron deficiency anemia,
idiopathic thrombocytopenic purpura and vitamin B12
deficiency, with new data on its role in neurodegenerative diseases and metabolic syndrome[2,4,5].
During three decades of H. pylori eradication, various
therapeutic protocols have emerged, with the standard
triple therapy recently succeeding generally bellow 80%,
far away from the originally expected rate of > 90%[6-9].
Possible factors causing progressive eradication therapy
failure have been evaluated, with the consensus that antibiotic resistance and patient compliance are the most
important ones[6-9]. Accordingly, common opinion is that
local antibiotic resistance screening and detailed evaluation of patient prior antibiotic usage, are main steps in
preventing further eradication rate decline[2,7,9,10-12].
In this article we will review the most important results of various established and novel eradication protocols and the factors affecting them, along with a look to
new perspectives in managing this complex and intriguing infection.

resistance to previously mentioned antibiotics, resistance
to amoxicillin, bismuth, furazolidone and tetracycline
remains low[9]. The implication of antibiotic resistance is
mainly accentuated with clarithromycin. In the case of
clarithromycin resistance the rate of success of clarithromycin-containing regimen is very low (10%-30%). Metronidazole resistance is associated with 5%-25% lower
eradication rate [10,18]. Levofloxacin, as metronidazole
resistance can be overcome with increasing the length of
treatment and using bismuth in quadruple therapy[16,19].
Other contributing factors are the presence of dormant
coccoid bacterial forms, the density of H. pylori in the
stomach, virulence factor status, biofilm formation, intracellular location of the bacteria and the presence of
multistrain infection[13-15,20,21]. The presence of dormant,
non-replicating bacteria causes phenotypic resistance,
which is a form of reversible antibiotic resistance causing treatment failure[9].

FIRST LINE ESTABLISHED AND NOVEL
TREATMENT OPTIONS
Standard triple therapy (proton pump inhibitor-PPI, clarithromycin, amoxicillin or metronidazole for 7-14 d) was
a cornerstone of H. pylori treatment for years, recently
gaining unacceptable eradication rates, mainly due to
increase in clarithromycin resistance. According to new
Maastricht guidelines, it is not advisable to use standard
triple therapy in areas with clarithromycin resistance over
15%-20%, what lead to revival of some forgotten regimens, and construction and evolution of new ones[6,8].
Considering the fact that it is possible to overcome the
resistance to metronidazole and that resistance to certain
antibiotics rarely develops, new eradication schemes of
various duration and dosage with strong inhibition of
acid secretion, have been constructed to bypass triple
therapy failure[16].
Bismuth-containing quadruple therapy represents alternative to standard triple therapy in areas with low clarithromycin resistance and the main first-line therapeutic
option for areas with high prevalence of clarithromycin
resistance. Consisting of bismuth salt, tetracycline and
metronidazole it is effective independently of clarithromycin resistance. By using this regimen at full doses
and for 14 d one can expect 95% or greater treatment
success, irrespective of the level of metronidazole resistance[22]. Therapy for 7, and likely 10 d is very susceptible
to metronidazole resistance, however, the prevalence
of resistance, which results in a decrease in outcome to
less than 90%, is probably approximately 30%[18]. Unfortunately recent meta-analysis, evaluating empirical approach with bismuth-containing quadruple or standard
triple eradication regimen, revealed suboptimal data
(78.3% and 77% eradication therapy success)[23]. Possible
negative effects of metronidazole resistance could be
resolved with increased dosage and longer duration of
treatment (10-14 d). This regimen has been sometimes
marginalized through literature considering the unavail-

BACTERIA AND HOST INFLUENCING
ERADICATION
There are multiple factors, concerning both the bacteria
and the host, making H. pylori eradication so difficult.
Factors affecting proton pump inhibitor metabolism
and bioavailability, such as CYP2C19 and MDR1 polymorphism, and the IL-1B polymorphism affecting intragastric acidity, were implied in eradication success rate,
with fast metabolizers and acid hypersecretory found
to have lower therapy success[6,13,14]. Several studies have
shown lower eradication rates in patients with non-ulcer
dyspepsia compared to peptic ulcer disease. The reason
may be that patients with non-ulcer dyspepsia seem to
be infected with less virulent, slow-proliferating strains,
making them less susceptible toward antibiotics, with
those strains more frequently being resistant to clarithromycin[13,14]. More contradictory data were published
about negative impact of increased body mass, diabetes
and smoking on eradication rate[13,15]. Finally, before evaluating any cause of eradication failure, physicians must
be aware of patient compliance, as those taking < 80%
of their treatment regimen have a high chance of failure
and subsequent antimicrobial resistance[12,14].
Multiple bacterial factors are influencing eradication
therapy success rate, with the development of resistance
to antibiotics as the most important[9,10,16]. Recent multicenter study by Megraud et al[16] showed that resistance
rates in Europe for adults were 17.5% for clarithromycin, 14.1% for levofloxacin and 34.9% for metronidazole, with rates higher in Western/Central and Southern
Europe than in Northern Europe. A steady increase in
clarithromycin resistance and almost doubling of levofloxacin resistance was noted, linked with an increase in
outpatient antibiotic usage[7,16,17]. As opposed to emerging
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ability of bismuth salts and tetracycline worldwide, complex dosing scheme, not yet known optimal dose and
adverse effects[6]. After a study by Malfertheiner et al[24]
and Venerito et al[25] in 2011, a revival of a quadruple regime consisting of PPI with a 3 in 1 capsule containing
bismuth subcitrate potassium, metronidazole and tetracycline has emerged with improved eradication success
exceeding 90%.
The PPI component of H. pylori eradication regimens
has a major influence on overall therapy success, due to
its intrinsic antibacterial effect, and more importantly
the possibility to convert the nonproliferating, dormant
forms of bacteria into active, proliferating forms by raising pH, leading to higher antibiotic efficacy[26]. Recent
studies with new generation PPIs (esomeprazole and
rabeprazole) have shown their higher potency in raising
pH irrespective of CYP2C19 polymorphism, with eradication rate improvement[27,28].
First developed in Italy in the 90s, sequential therapy (5
d PPI and amoxicillin, followed by 5 d PPI, clarithromycin and metronidazole), is a regime that was proven to be
more efficacious than triple therapy in many studies[8,29-32].
Recent multicenter randomized trial in Taiwan showed
superiority of sequential over standard triple therapy,
adding to its confirmation on population outside Italy[33].
The ability to eradicate the clarithromycin resistant bacteria has been demonstrated, and a sequential therapy has
been already included in the recent consensus report as
a valid first line option in geographic regions with high
clarithromycin resistance[6]. Possible limitation of this
regimen could be related to inferior results in treatment
of dual resistant strains[30]. The level of metronidazole resistance determines the level of clarithromycin resistance
required for eradication regimen success to decrease to
< 90%. In low clarithromycin resistance areas metronidazole resistance undermines 10 d sequential therapy
when it reaches 20%, and 14 d sequential therapy at approximately 30%. If metronidazole resistance is absent
or low, sequential therapy for 10 or 14 d is very mildly
affected with clarithromycin resistance. The complexity
of sequential therapy was frequently reported as a possible problem of that regimen. Since this issue was never
objectively evaluated, comparative studies of different
therapy regimens (by using questionnaire, by prescriptive
time evaluation etc.) are needed. The mechanism behind
sequential therapy success is thought to be the disruption of the bacterial wall with initial 5 d of amoxicillin
therapy, what prevents formation of efflux channels and
consequent resistance for clarithromycin[15,34]. Nevertheless, a lot of authors have been hypothesizing that the
use of 3 antibiotics, rather than the sequential scheme of
administration, adds to this regime efficacy[15,35,36]. In this
situation, adding to complexity and possible lower adherence to therapy, complexity of sequential administration
would be unnecessary.
Two novel eradication regimens, namely concomitant
(PPI, clarithromycin, amoxicillin, metronidazole for 10 d)
and hybrid (PPI and amoxicillin for 7 d, followed by PPI,
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amoxicillin, clarithromycin and metronidazole for 7 d),
have proven their efficacy over triple and sequential therapy in the last few years, especially with dual (clarithromycin
and metronidazole) resistant strains[15,37-43]. Several studies
have demonstrated that concomitant therapy is more effective (with comparable side effects) than standard triple
therapy, although highly variable efficacy is reported with
concomitant therapy and optimal treatment duration is
not defined[36,44]. Most of these studies were performed
with shorter (5-7 d) schemes. Meta-analyses and recent
head-to-head comparison in Thailand have shown that
the outcome of concomitant therapy is duration dependent[44-46]. Unsatisfactory results have been recently reported even when this scheme was adopted for two weeks.
One of the findings of a large randomized trial in Latin
America showed that 14 d triple therapy is more effective
than 5 d concomitant or 10 d sequential therapy[47]. Geographic variations in the pattern of H. pylori resistance to
antibiotics might account for some of these discrepancies
in results, accentuating the need for implementation of
local resistance pattern knowledge in generalized eradication therapy recommendations. Some of the advantages
of non-bismuth quadruple regimens over the sequential
regimen are longer duration of all the prescribed antibiotics, and broader validation in randomized controlled trials
(RCT) of wider geographical regions[39]. A recent RCT in
Spain over 338 patients, showed a slight advantage of concomitant over sequential therapy, allowing close to 90%
eradication rates[34]. Non-bismuth eradication schemes
are recommended as first line therapy in areas with high
clarithromycin resistance (> 15%-20%) where bismuth
containing quadruple therapy is not locally available[6]. The
problem with empirical application of concomitant regimen is dual metronidazole-clarithromycin resistance. Before final conclusions on topic of concurrent vs sequential
regimen further wider geographical region studies are essential in populations with high dual resistance.
A recently proposed hybrid therapy has been proven
equally effective to 14 d concomitant regimen in a pilot
study (ITT eradication rate 90% vs 92%)[37]. Therefore it
could be considered in the same populations where concomitant therapy is recommended. This is a novel regimen, with only few evaluation studies published, so the
optimal therapy duration and success rates in populations
with high dual resistance are still not defined. This protocol is more complicated than those earlier proposed, with
retained complex sequential approach and possible higher
side effects rates because of concomitant treatment in
the second phase. According to the preliminary data it is
associated with comparable side effect profile and therefore merits consideration in further comparative studies
in order to define final conclusions[10].
When considering an eradication protocol in first,
and especially multiple therapy line failure, it is of utmost
importance to reassess patients compliance and prior
antibiotic usage, to design a scheme according to local
resistance patterns and therapy success, and always confirm successful eradication[6,7,9,10,15]. Because of emergence
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of resistance to previously used antibiotic, it is advisable
not to use the same antibiotic after therapy failure, and
to modify the scheme duration, dosage and antisecretory
effect, with addition of antibiotics for which resistance
rarely develops[48,49]. After second line treatment failure
it is recommended to perform culture and susceptibility
testing prior to third line treatment[6]. An expert agreement is that culture susceptibility testing before first
or second line therapy is not advisable. With known
obstacles of culture susceptibility testing, such as the
need for endoscopic examination, the fact that culture is
time-consuming, costly and not 100% sensitive and that
susceptibility knowledge is not always followed with accordant eradication, highly effective empiric first line and
rescue regimens can achieve acceptable results[8,15,50].

issues, possibly better fluoroquinolone-containing regimens include fluoroquinolone-bismuth therapy and fluoroquinolone concomitant therapy. Since neither of this
protocol has been optimized or tested widely, generally
they should be used as tailored therapies especially in the
context of the emerging levofloxacin resistance[10].
Aside from tailored therapy according to culture susceptibility testing, few antibiotics with practically inexistent resistance have been evaluated. Rifabutin, a rifamycin derivate commonly used to treat Mycobacterium aviumintracellulare, has shown promising eradication rates in patients with several therapy failures. The eradication rates
for second-, third- and forth and more line therapies are
79%, 66% and 70% respectively[55]. It is marginalized in H.
pylori treatment due to its high cost, severe side effects,
primarily myelotoxicity, and possibility of multiresistant
Mycobacterium tuberculosis emergence[56]. Additional studies
are needed to optimize the regimen in terms of dose and
duration. Due to low primary bacterial resistance, furazolidone was evaluated as a multiple failure rescue regimen, but has not found an established position, mainly
due to its possible genotoxic and carcinogenic effect[57].

RESCUE REGIMENS
Several rescue regimens have been evaluated in recent
years, especially with worldwide rise of clarithromycin
and metronidazole resistance. Bismuth quadruple regimes are recommended as first and second line treatment options in areas of high clarithromycin resistance[6].
Based on analysis of 30 studies, after first line standard
triple regimen, mean second line bismuth quadruple
regimes yielded 77% eradication therapy success. Major
determinants of eradication efficacy were metronidazole
dosage and treatment duration[49].
Another rescue regimen recommended by the Maastricht guidelines for second and third line therapy, is the
triple levofloxacin protocol (PPI, levofloxacin and amoxicillin for 10-14 d)[6]. It is especially valuable in situations where sequential and concomitant regimens where
used, and where highly possibly dual resistant bacteria
emerged[49,51]. Recently Gisbert et al[52] evaluated levofloxacin rescue therapy after sequential and concomitant
treatment, and presented an encouraging eradication rate
of 75%. When comparing levofloxacin triple therapy
to bismuth quadruple therapy, which fails in around
20%-30% of patients, several meta-analyses have shown
better outcomes with the levofloxacin regimen[48,53]. Besides being established as a rescue protocol, levofloxacin
based therapy has proven its efficacy as a first line treatment, although not generally recommended due to rapid
emergence of fluoroquinolone resistance and adverse effects[8,15,53]. In contrast to metronidazole there is no dose
dependent-effect in overcoming levofloxacin resistance
(eradication protocols becomes ineffective when resistance reaches 13%). In a randomized controlled study by
Federico et al[35], a 5 d levofloxacin concomitant and 10 d
sequential scheme in treatment naïve patients, achieved
per-protocol eradication rates of 96.5% and 95.5%,
respectively. An interesting study from Australia, evaluating fluoroquinolone containing regimens, showed high
eradication rates around 95% with quadruple therapy
consisting of PPI, amoxicillin or bismuth subcitrate, rifabutin and ciprofloxacin, in patients who failed at least
one therapy course [54]. Considering overall resistance
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WHAT THE FUTURE BRINGS?
As evident from myriad emerging studies evaluating established and creating new H. pylori eradication schemes
recently, a consensus therapy has not yet been achieved.
Main factors for eradication therapy failure are antibiotic
resistance and poor patient compliance[10]. With regard to
before mentioned culture susceptibility testing deficiencies and highly effective first and second line empirical
treatments, the so-called “tailored” eradication therapy
has not yet taken effect. With the development of noninvasive, rapid and culture-free susceptibility tests, primarily for clarithromycin and levofloxacin, it would be
easier to perform tailored therapy even for treatment of
naïve patients, with achievement of originally expected
eradication rate of > 95%[9,17]. The use of polymerase
chain reaction, a fast and inexpensive, culture-free method for susceptibility testing, was proven to improve the
eradication rate when used to create tailored therapy[58].
Recently a study from Taiwan was published, evaluating
genotypic resistance-guided third-line sequential therapy
and showing promising eradication results. Genotypic
resistance testing is more convenient and rapid than
standard culture susceptibility testing, with a possibility
to determine resistance even from stool samples[59]. With
more efficient susceptibility testing, local resistance surveillance would be easier to perform, adding to higher
success of eradication therapy in general[7,9]. While waiting for generally available and reliable noninvasive susceptibility tests, allowing unrestricted application of tailored therapy, we should keep in mind that success rate
of proposed regimens justify in many instances empirical application of first- and second- line therapies. Even
with possibility that sometimes local or regional expert
treatment guidelines will not be strictly in line with gen-
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eral ones, optimal approach is to use regimens that have
been proven to be reliably excellent locally and/or regionally. Expert decisions should be based on knowledge
of regional resistance patterns (obtained from imperative regional antimicrobial surveillance programs), local
clinical experience with regard to which regimens are
best effective and available and history of prior patient
drug exposure. The regimen of the highest predicted
success rate should apply with confirmation of successful eradication outcome. This approach allows us screening for possible increase in appearance of antimicrobial
resistance in everyday clinical practice.
Besides the importance of knowing detailed patient
antibiotic usage history and the ability of the physician
to persuade the patient to take the medicines according
to plan, a lot of effort is being made to reduce eradication therapy side effects. Various probiotic compounds
containing Lactobacillus, Bifidobacterium, Saccharomyces
and other benevolent bacteria, have been evaluated in
improving eradication rate and reducing therapy side effects. Their contribution to eradication therapy is accomplished through direct antibacterial effect, modulation of
host immune response and stabilization of the mucosal
barrier[60,61]. Few recent studies have shown beneficial effect of probiotic compounds on eradication rate and on
diminishing therapy side effects, although results from
different studies are contradictory, suggesting a need for
further evaluation[61-63].
Development of a vaccine against H. pylori infection
is an ultimate goal for eradicating all the negative effects
of this versatile bacterium. There are several reasons for
the fact that an efficient vaccine has not yet been developed. It took many years for the scientific community
to acknowledge the contribution of H. pylori in peptic
ulcer disease, and especially its carcinogenic potential.
Another important factor is the complicated host immune response, along with considerable genetic diversity
of H. pylori, what hampers the technical path in developing the vaccine. At last, due to a long period between H.
pylori acquisition and manifestation of disease, especially
gastric cancer, there is a general climate making development of the vaccine slow and inefficient[64,65].
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CONCLUSION
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A simple and uncomplicated path in H. pylori eradication
has been recently disturbed with progressive bacterial
resistance for cornerstone antibiotics. With the development and implementation of novel eradication regimens
the situation looks more promising, although the final
answer to H. pylori infection has not yet been established.
Hopefully, non-invasive and rapid susceptibility tests will
take place in strengthening the tailored therapy concept,
and efficient vaccine will obviate the need for H. pylori
induced disease management.
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Helicobacter pylori -negative, non-steroidal
anti-inflammatory drug: Negative idiopathic ulcers in Asia
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are considered to be the potential risk factors for idiopathic ulcers. Management of idiopathic ulcers is challenging, at present, because there is no effective preventative measure against recurrence in contrast with
cases of H. pylori -positive ulcers and NSAIDs-induced
ulcers. As it is expected that H. pylori infection rates in
Asia will decline further in the future, measures to treat
idiopathic ulcers will also likely become more important.
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Core tip: In Asia, numerous studies reported that idiopathic ulcers accounted for a small percentage of all
ulcers in the 1990s, but in the 2000s, multiple studies
reported that the proportion of idiopathic ulcers had
reached 10%-30%, indicating that the incidence of
idiopathic ulcers in Asia has also been rising in recent
years. As it is expected that Helicobacter pylori infection rates in Asia will decline further in the future, measures to treat idiopathic ulcers will also likely become
more important.

Abstract
Since the discovery of Helicobacter pylori (H. pylori )
infection in the stomach, the bacteria infection and
non-steroidal anti-inflammatory drugs (NSAIDs) use
had been considered to be the 2 main causes of peptic ulcers. However, there have been recent reports of
an increase in the proportion of peptic ulcers without
these known risk factors; these are termed idiopathic
peptic ulcers. Such trend was firstly indicated in 1990s
from some reports in North America. In Asia, numerous
studies reported that idiopathic ulcers accounted for a
small percentage of all ulcers in the 1990s, but in the
2000s, multiple studies reported that the proportion of
idiopathic ulcers had reached 10%-30%, indicating that
the incidence of idiopathic ulcers in Asia has also been
rising in recent years. While a decline in H. pylori infection rates of general population in Asia is seen as the
main reason for the increased incidence of idiopathic
ulcers, it is also possible that the absolute number of
idiopathic ulcer cases has increased. Advanced age,
serious systemic complication, and psychological stress
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INTRODUCTION
After Helicobacter pylori (H. pylori) was discovered in 1982,
it was considered to be the cause of a large number of
peptic ulcers (90%-95% of duodenal and 70%-90% of
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gastric ulcers)[1]. H. pylori, aspirin, and other non-steroidal
anti-inflammatory drugs (NSAIDs) comprise the causes
of a large proportion of peptic ulcers. A subsequent
rise in global NSAID use and a relative increase in the
proportion of NSAID-caused ulcers[2,3] led to wide acceptance that H. pylori infection and NSAID use are the
2 main causes of peptic ulcers[4]. Other causes include
Zollinger-Ellison syndrome, Crohn’s disease, and viral
infections such as cytomegalovirus and herpes.
However, there have been recent reports of an increase in the proportion of peptic ulcers without these
known risk factors; these are termed idiopathic peptic ulcers. By the 1990s, several studies reported that idiopathic
ulcers comprised 20%-40% of all peptic ulcers in North
America[5-7]. In this region, 20% of H. pylori-positive
ulcers recurred after bacterial elimination[8], a markedly
higher percentage than that reported in other areas. This
finding indicated that a large number of “bystander”
cases existed, wherein a patient is positive for H. pylori but
the bacteria are not directly involved in causing the ulcer.
In the 2000s, increases in the proportion of idiopathic
ulcers were also reported in Europe and Asia (Table 1).
However, a few studies still report low idiopathic ulcer
proportions (4%), including a recent report from Italy[6].
Detailed reviews of idiopathic ulcers were published
in 2002[37] and 2008[38]. Here, we examine more recent
trends in the incidence of idiopathic ulcers, particularly in
Asia.

pylori infection in these situations. However, this method
continues to show positive results for some time after
bacterial elimination[42], making it difficult to differentiate
between current and past infections. Nevertheless, it is a
useful test because it provides a precise diagnosis of idiopathic ulcer (as few false negatives as possible). There are
several tests for even more precise diagnosis of H. pylorinegative patients; although these tests do not directly confirm the presence of H. pylori, they eliminate the diagnosis
of idiopathic ulcer based on tissue findings associated
with infection, such as neutrophil infiltration into the gastric mucosa or atrophy of the gastric mucosa[28,30].
Another important factor in diagnosing idiopathic
ulcers is careful elimination of NSAID users. Aspirin and
other NSAIDs can be purchased without a doctor’s prescription in many countries. A large number of surreptitious NSAID users likely exist; therefore, patients must
be questioned scrupulously about their drug history. Indeed, several previous studies have clarified the existence
of surreptitious NSAIDs users. Lanas et al[43] examined
patients with gastrointestinal perforation using platelet cyclooxygenase activity in the blood as an objective marker
of aspirin usage. They identified 13% more aspirin users
with this method than were found through investigation
of medical history. Moreover, based on measurements
of blood salicylic acid concentrations, Hirschowitz et al[44]
reported that 50% of intractable peptic ulcer patients
who denied using aspirin were in fact aspirin users. These
findings underscore the necessity of carefully eliminating NSAID users when diagnosing idiopathic ulcers.
Retrospective studies, which can only determine NSAID
usage from past medical records, would be inevitably too
lenient in eliminating NSAID users. The result would be
a tendency to report higher rates of idiopathic ulcers;
therefore, care must be taken when interpreting such
data.

PRECAUTIONS FOR IDIOPATHIC ULCER
DIAGNOSIS
When diagnosing idiopathic ulcers, H. pylori infection
and history of NSAID use, the 2 main causes of peptic
ulcers, must be completely ruled out. Otherwise, one will
naturally find a high proportion of idiopathic ulcers.
Various methods are used to diagnose H. pylori infection, none of which is 100% accurate alone. Thus, the
absence of H. pylori can be determined only when several
tests are combined and the results of all are found to be
negative[38]. Diagnostic methods that use endoscopic biopsy specimens-histology, culture, and rapid urease tests
(RUT)-can show false negatives due to sampling errors
caused by non-uniform distribution of H. pylori inside the
stomach[39]. Therefore, biopsies must be obtained from
several locations. Further, these methods can show false
negatives immediately after acute upper digestive tract
hemorrhage[40]. In these situations, other diagnostic methods must be used in combination. The urea breath test
(UBT) examines urease activity throughout the stomach
due to H. pylori, and is used to compensate for sampling
errors in tests using biopsy specimens. However, care
is needed when using UBT, as false negatives can result
when bacterial concentrations decrease during administration of proton pump inhibitors (PPIs)[41], similar to other
tests using biopsies. The serum antibody method is not
affected by PPI administration or acute upper digestive
tract hemorrhage; therefore, it is useful for diagnosing H.
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IDIOPATHIC ULCER TRENDS IN ASIA
Six reports of the proportion of idiopathic ulcers in
Asia were published in 1999-2003 based on patient data
from the 1990s[19-24], 5 of which reported low rates of
1.3%-4.1%[19-23]. In 9 studies from 2005-2006 based on
patient data from the 2000s[28-36], almost all reported that
the proportion of idiopathic ulcers was 10%-30%, indicating that the proportion of these ulcers among all peptic ulcers in Asia is increasing. A decline in H. pylori infection rates among background healthy individuals is likely
a cause of this increase. This trend is common among
Asian countries[45], and indicates that recent improvements in sanitation and the increased use of H. pylori
elimination therapies have decreased the H. pylori infection rates in the region. Even if the increase in idiopathic
ulcers is merely a relative rise accompanying a decline in H.
pylori-positive ulcers, or if H. pylori has only been coexisting as a bystander in many cases, the decline in H. pylori
infection rates among the overall population has given
prominence to the issue of idiopathic ulcers. Further, it
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Table 1 Prevalence of idiopathic ulcers
Ref.
North America
Perterson et al[5]
Jyotheeswaran et al[6]
Ciociola et al[7]
Europe
McColl et al[9]
Gisbert et al[10]
Meucci et al[11]
Bytzer et al[12]
Konturek et al[13]
Arents et al[14]
Arroyo et al[15]
Sbrozzi-Vanni et al[16]
Musumba et al[3]
Australia
Borody et al[17]
Xia[18]
Asia
Tsuji et al[19]

Year

Country

Sampling period

Sampling style

Subjects
disease

Subjects
number

Prevalence
of IPU (%)

Diagnostic method for

1996
1998
1999

United States
United States
United States

Not mentioned
1993-1996
1991-1995

RCT
Retrospective
6 RCT

DU
PUD
DU

185
305
2910

26
39
27

Hist/RUT/culture
Hist/RUT
Hist/RUT/culture

Cross-sectional
Prospective
Prospective
RCT
Prospective
Retrospective
Prospective
Retrospective
Retrospective
and prospective

DU
DU
PUD
DU
PUD
PUD
PUD
PUD
PUD

400
774
409
276
1898
405
830
300
386

1.5
0.8
4.4
8
18.7
5
4.1
4
12

Hist/RUT/UBT/antibody
RUT/culture/UBT
Hist/RUT
Hist/culture/antibody
UBT
Hist/RUT/culture
Hist/RUT/UBT
Hist/UBT
Hist/RUT/antibody

0.3
40

Hist/culture
Hist/RUT/culture

1993
1999
2000
2001
2003
2004
2004
2010
2012

United Kingdom
Past 5 yr
Spain
Not mentioned
Italy
1995-1996
Denmark
1993-1995
Poland
1996-2000
Netherland
1991-1998
Spain
Not mentioned
Italy
2005-2007
United Kingdom
2005-2010

1991
2000

Australia
Australia

Not mentioned
Not mentioned

Prospective
Prospective

DU
PUD

302
48

1999

Japan

1995-1997

Prospective

DU and GU

Higuchi et al[20]

1999

Japan

Not mentioned

Cross-sectional

DU

DU: 120,
GU: 215
338

Aoyama et al[21]
Nishikawa et al[22]
Chan et al[23]
Xia et al[24]
Kamada et al[25]
Chu et al[26]
Yakoob et al[27]
Hung et al[28]
Ong et al[29]
Ootani et al[30]
Jang et al[31]
Chen et al[32]
Goenka et al[33]
Chang et al[34]
Wong et al[35]
Kang et al[36]

2000
2000
2001
2001
2003
2005
2005
2005
2006
2006
2008
2010
2011
2011
2012
2012

Japan
Japan
Hong Kong
Hong Kong
Japan
Hong Kong
Pakistan
Hong Kong
Singapore
Japan
South Korea
Taiwan
India
Taiwan
Hong Kong
South Korea

1995-1998
1992-1997
1997-1998
1997-1999
Past 8 yr
1996-2002
1999-2000
2000
2002-2004
2000-2002
2004-2005
2003-2004
2008-2009
2007-2008
2002-2009
2006-2008

Cross-sectional DU and GU
Cross-sectional
PUD
Prospective
hPUD
Prospective
DU
Cross-sectional
DU
Prospective
DU
Retrospective
DU
Prospective
hPUD
Prospective
PUD
Prospective
hPUD
Prospective
PUD
Prospective
DU
Prospective
PUD
Prospective
PUD
Prospective
hPUD
Prospective
PUD

302
398
977
599
464
1343
217
638
600
116
895
731
142
204
4827
173

GU:2.3,
DU: 0.9
2.4
2.6
1.3
4.1
17.4
1.3
23
29
18.8
8
1.7
22.2
8
36.6
17.2
13.8
16.2

H. pylori

Hist/RUT/culture/antibody
Hist/RUT/culture/UBT/
antibody
Hist/culture/antibody
Hist/RUT/antibody
Hist/RUT
Hist/RUT/UBT
Hist//UBT/antibody
Hist/RUT
Hist/RUT
Hist/RUT
Hist/RUT
RUT/UBT/antibody
Hist/RUT
RUT/UBT
RUT/UBT
Hist/RUT/UBT
Hist/RUT
Hist/RUT/culture/antibody

RCT: Randomized controlled trial; RUT: Rapid urease test; UBT: Urea breath test; PUD: Peptic ulcer diseases; DU: Duodenal ulcers; GU: Gastric ulcers;
hPUD: Hemorrhagic peptic ulcer diseases; H. pylori: Helicobacter pylori.

has been reported that not only the proportion of idiopathic ulcers has increased but also the actual number of
cases has been increasing annually[28]. This trend suggests
the existence of not just a relative cause but also some
other direct factor that is contributing to the incidence of
idiopathic ulcers. Next, we will examine the incidence of
idiopathic ulcers in various Asian countries in detail.

approximately 5000 peptic ulcer patients from 2002-2009
reported a 13.8% proportion of idiopathic ulcers[34],
again showing that these ulcers are not rare in Hong
Kong. A study on yearly changes in the proportion of
idiopathic ulcers in the same institution reported a rise
from 1997-1998 to 2000 of 4.1% to 18.8%[28], with other
reports also showed an increase in the proportion of idiopathic ulcers over time[26]. While this rise in idiopathic
ulcer rates reflects a relative increase accompanying a
decline in H. pylori-positive ulcers due to the increased
use of bacterial elimination therapy or decline of H. pylori
infection rate among background healthy population[46],
yearly data also suggest that the actual number of idiopathic ulcer patients is increasing[28].

Hong Kong
Hong Kong has been the most active region in conducting clinical studies on idiopathic ulcers; these studies
have provided valuable data for understanding trends in
idiopathic ulcer incidence. Two studies on the proportion of idiopathic ulcers based on patient data from the
1990s reported somewhat scattered results of 4% and
17%[23,24]. However, 3 studies based on data from the
2000s reported relatively high and consistent values of
14%-23%[26,28,34]. In particular, a recent major study on
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Japan
Five studies of the frequency of idiopathic ulcers in Japan based on 1990s patient data reported very low rates
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of 0.9%-2.6%[19-22,24]. In addition, a 2000-2002 investigation of hemorrhagic ulcer patients found that 11% were
H. pylori-negative and NSAID-negative [30]. However,
after eliminating cases with a possible history of H. pylori
infection based on histological atrophy of the gastric mucosa, the final proportion of cases with idiopathic ulcers
was 1.7%[30]. There have since been no further studies
on the frequency of idiopathic ulcers in Japan. Recently,
there has been a marked decline in H. pylori infection
rates among the general Japanese population[47], and it
is possible there has been an accompanying rise in the
proportion of idiopathic ulcers, as has occurred in other
Asian countries. Sugiyama et al[48] found a similarly low
proportion of idiopathic ulcers in Japanese ulcer patients
divided into 2 age groups, which showed major differences in H. pylori infection rates. Based on this finding, they
surmised that the proportion of idiopathic ulcers does
not vary according to H. pylori infection rates. Considering the extremely low proportion of idiopathic ulcers in
Japan in the 1990s, information on recent trends would
be of great interest.

pylori infection rate at the time[51], the study reported a
large proportion of idiopathic ulcers. However, problems
with the methods used to diagnose H. pylori infection and
issues with the retrospective study design, which did not
allow a precise idiopathic ulcer diagnosis, possibly led to
this apparently high proportion.
A study of 2002-2004 patient data from Singapore
reported an 11% proportion of idiopathic ulcers[29]. However, data on serum thromboxane B2 concentrations suggested that 1/3 of these cases were surreptitious NSAID
users, resulting in a true proportion of idiopathic ulcers of
8%[29]. Singapore is a multi-ethnic country and is known
to have relatively lower rates of H. pylori infection than
other Asian nations[52]. Nevertheless, this final proportion
of idiopathic ulcers is relatively low. This study showed
the importance of eliminating surreptitious NSAID users
through blood tests, as well as through interviews.
Patient data from India from 2008-2009 showed an
extremely high proportion of idiopathic ulcers at 37%[33],
on par with rates in North America. This study diagnosed H. pylori using RUT and UBT, thus having a certain
level of precision. Although the H. pylori infection rates
in India have traditionally been high[53,54], recent studies
have reported a decline in infection rates[55], and the high
frequency of idiopathic ulcers may be a reflection of this.
However, since this study involved only a single institution and a relatively small number of ulcer patients, further investigation is needed.

South Korea
There are two reports from South Korea on the frequency of idiopathic ulcers based on patient data from the
2000s. One of them, based on 2004-2005 data, reported
a high (22%) proportion of idiopathic ulcers[31]. However, the diagnosis of H. pylori infection in this study was
based on only a single RUT and histological examination.
Therefore, it is unclear whether the diagnosis of H. pylori
negativity was sufficiently precise. The more recent study,
based on 2006-2008 data, employed a strict definition of
H. pylori negativity using a urease test, histological examination, culture, and the serum antibody method. This
report confirmed a high proportion of idiopathic ulcers
(16.2%)[36]. No reports from South Korea are based on
patient data from the 1990s; therefore, comparisons with
past data cannot be performed. However, it can be surmised that idiopathic ulcers are not rare in South Korea,
similar to Europe and the United States. The recent decline in H. pylori infection rates among the general South
Korean population[49,50] can be considered as the cause of
the increase in the proportion of idiopathic ulcers unrelated to H. pylori.

RISK FACTORS OF IDIOPATHIC ULCERS
Although a clear cause of idiopathic ulcers hasn’t yet to
be shown, several factors related to the condition have
been proposed.
Age
Numerous studies in Europe, the United States, and
Asia have shown that idiopathic ulcer patients are significantly older than those with simple H. pylori ulcers or
H. pylori/NSAID ulcers[11,23,24,28,29,56], although older age
may be a mere confounder of the following risk factors
such as systemic complications or psychological stress.
Aging has been shown to be accompanied by a decline in
the defense functions of the gastric mucosa owing to a
variety of mechanisms, particularly a lower prostaglandin
concentration in the gastric mucosa as a person ages[57],
which may be a potential cause for gastric ulcers but not
for duodenal ulcers. Prostaglandin plays a central role in
the gastric mucosa defense structure by increasing gastric mucus secretions, bicarbonate secretions, and blood
flow[58]. Thus, the diminished prostaglandin concentration
in elderly individuals renders the gastric mucosa more
fragile, creating an environment in which ulcers are more
likely to occur.

Taiwan
A study from Taiwan based on data from 2003-2004 reported an idiopathic ulcer frequency of 8%[32]. Another
report based on 2007-2008 data reported a 17% frequency[34], indicating that the proportion of idiopathic ulcers
has been rising in recent years. The cause of this trend is
also thought to be a decline in H. pylori infection rates in
Taiwan[33].
Other Asian countries
A study of 1999-2000 patient data from Pakistan reported that 29% of ulcers were idiopathic[27]. Although
this developing country was thought to have a high H.
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Systemic complications
Many studies, primarily from Asia, have reported that a
wide variety[22,24,26,29] of serious[35] systemic complications
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nificantly from 13% in 2010 to 24% after the disaster in
2011 (Figure 1)[67]. This study excluded cases complicated
by severe trauma due to the disaster, showing indirectly
that psychological stress can be an independent cause of
peptic ulcers among disaster victims. Interestingly, the H.
pylori-, NSAID-negative ulcers that arose after the disaster
were in patients who were significantly older than those
with other ulcer types[67]; this finding is consistent with
the characteristic of idiopathic ulcers described above.
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MANAGEMENT OF IDIOPATHIC ULCERS
Bacterial elimination therapy is often effective for preventing the recurrence of H. pylori-positive ulcers and
does not require subsequent maintenance therapy with
acid-suppressive agents[4]. In NSAID-induced ulcers,
changing therapy to COX-2-selective NSAIDs or other
alternative medications that do not cause as much damage to the gastrointestinal mucosa can be expected to
suppress recurrences[4]. However, for idiopathic ulcers,
although acid-suppressive agents can produce temporary
relief, they are not an effective preventative measure
against recurrence. It has been shown that recurrence
rates are high when patients remain unmedicated after
such temporary cures. A study from Denmark observed
32 unmedicated patients with H. pylori-negative duodenal
ulcers for 2 years, and reported a 35% recurrence rate[12].
Additionally, a prospective study from Hong Kong that
observed unmedicated patients with idiopathic, hemorrhagic gastroduodenal ulcers for 7 years found that
42% experienced a relapse of ulcer hemorrhage. This is
4 times the percentage found while observing patients
with H. pylori-positive ulcers who were unmedicated after bacterial elimination[69]. Further, a recent report from
South Korea found that compared to H. pylori-positive
ulcers and NSAID-induced ulcers, idiopathic ulcers
showed more recurrences, which led to increased medical costs[36].
Although it has been shown that recurrences can
easily occur when patients with idiopathic ulcer are not
treated, there is no consensus on whether maintenance
therapy with acid-suppressive agents can effectively
prevent these recurrences. In the aforementioned study
from Denmark, PPI administration was found to have an
effect on preventing the recurrence of H. pylori-negative
duodenal ulcers[12]. However, a recent major follow-up
study from Hong Kong that examined 663 patients with
idiopathic hemorrhagic gastroduodenal ulcers did not
find H2-blocker or PPI administration to be effective in
preventing ulcer hemorrhage relapse[35]. Around 50% of
the cases in the Hong Kong study were gastric ulcers[35],
and it was found that gastric ulcers, even idiopathic
cases, might show different reactivity to acid-suppressive
agents than duodenal ulcers. Until it is determined which
medications can effectively prevent the recurrence of
idiopathic ulcers, the most realistic choice appears to be
continuous PPI therapy.

Figure 1 Changing pattern of the etiology of peptic ulcers before (2010)
and after (2011) the Great East Japan earthquake. In the analysis of etiologic
factors of the ulcers, cases from each year were classified into four groups
according to the Helicobacter pylori (H. pylori) status and non-steroidal antiinflammatory drugs (NSAIDs) intake. The proportion of H. pylori-negative nonNSAIDs takers among PU patients after the earthquake (2011) was significantly
higher than in the previous year (13% in 2010 vs 24% in 2011, P < 0.05). The
date available from reference[67].

are risk factors for idiopathic ulcers. This finding is possibly related to reports stating that peptic ulcers that occur
in intensive care units or against a background of serious
underlying disease are unrelated to H. pylori infection[59,60].
Physical or psychological (see below) stress caused by an
underlying disease might be related to ulcer incidence.
Several recent studies have reported the relationship between hepatocirrhosis and hemorrhagic peptic
ulcers[61-63]. In particular, decompensated hepatocirrhosis
was demonstrated to be a risk factor for hemorrhagic
peptic ulcer, independent of H. pylori infection[61-63]. Thus,
hepatocirrhosis is an important cause of idiopathic ulcers. Although the pathology by which hepatocirrhosis
leads to a peptic ulcer is complex, portal hypertension is
likely involved. Visceral congestion from portal hypertension might be linked to ulcer incidence, as it damages the
gastroduodenal mucosal blood flow and inhibits the process of mucosal repair[63-65]. In addition, decreased gastric prostaglandin synthesis observed in hepatocirrhosis
patients may be involved in the hepatocirrhosis-related
gastric mucosal injury[62,63].
Psychological stress
A link between psychological stress and peptic ulcers
has long been suggested[65], but once H. pylori infection
and damage from NSAID use were identified as the 2
main causes of peptic ulcers, it became unclear whether
psychological stress should be considered an independent cause of peptic ulcer[4,21]. However, there have been
reports of ulcer formation in the victims of the Great
East Japan Earthquake that struck in 2011[67,68]. Kanno et
al[67] compared the ulcer incidence 3 mo after the disaster
with the ulcer incidence in the same period during the
previous year; they found a 1.5-fold rise in ulcer cases
after the disaster. Further, the proportion of H. pyloriand NSAID-negative (that is, idiopathic) ulcers rose sig-
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CONCLUSION
10

Numerous studies reported that idiopathic ulcers in Asia
accounted for a small percentage of all ulcers in the
1990s, but in the 2000s, multiple studies reported that the
proportion of idiopathic ulcers had reached 10%-30%.
Despite limitations such as difficulties in precise diagnosis
of H. pylori infection and identification of surreptitious
NSAID users, it is clear that the incidence of idiopathic
ulcers in Asia has been rising in recent years. While a decline in H. pylori infection rates in Asia is seen as the main
reason for the increased incidence of idiopathic ulcers,
it is also possible that the absolute number of idiopathic
ulcer cases has increased. As it is expected that H. pylori
infection rates in Asia will decline further in the future,
measures to treat idiopathic ulcers will also likely become
more important. Further multicenter studies from many
different countries, with the same protocol, are necessary
to investigate the real incidence of idiopathic ulcers and
the real causes.
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Core tip: In this review, we summarize recent updates
on basic and clinical aspects of Helicobacter pylori (H.
pylori )-associated immune thrombocytopenia (ITP).
We highlight the efficacy of H. pylori eradication in
adult and childhood ITP as well as in secondary ITP,
variability in the efficacy of eradication in various countries, factors predicting the eradication-related platelet
response, and the mechanisms responsible for the development of ITP in association with H. pylori infection.
It is apparent that in a distinct subgroup of H. pylori associated ITP, this bacterial infection is central to the
ITP pathogenesis.

Abstract
Immune thrombocytopenia (ITP) is an autoimmune
disease mediated by anti-platelet autoantibodies. There
is growing evidence that the eradication of Helicobacter
pylori (H. pylori ) effectively increases platelet count in
a considerable proportion of ITP patients infected with
this bacterium. In the majority of ITP patients responding to H. pylori eradication therapy, the anti-platelet autoantibody response is completely resolved with no relapse for more than 7 years, indicating that the disease
is cured. Therefore, adult patients with suspected ITP
should be examined for H. pylori infection, and eradication therapy is recommended if the infection is present.
Notably, however, the efficacy of H. pylori eradication
therapy in ITP patients varies widely among countries,
with a higher response rate in Japan compared with the
United States and European countries other than Italy.
The pathogenesis of H. pylori -associated ITP is still
uncertain, although the mechanisms are known to involve multiple factors. H. pylori may modulate the Fcγreceptor balance of monocytes/macrophages in favor
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INTRODUCTION
Helicobacter pylori (H. pylori), a gram-negative spiral bacterium, is the causative agent in chronic gastritis, gastric
and duodenal ulcer disease, and gastric cancer. H. pylori
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has also been implicated in the pathogenesis of extradigestive disorders, including cardiovascular, hematologic,
and autoimmune diseases[1]. The strongest evidence has
been reported for immune thrombocytopenia (ITP), with
high-quality studies showing that the disease improved
after H. pylori was successfully eradicated.
ITP is a typical organ-specific autoimmune disease;
it is mediated by anti-platelet autoantibodies that bind
to platelets and megakaryocytes, accelerating platelet destruction by the reticuloendothelial system and suppressing platelet production[2]. The autoantibody response
primarily targets platelet-surface glycoproteins such as
GP Ⅱ b/ Ⅲ a and GP Ⅰ b. This condition is known as
primary ITP when it occurs without an underlying disease, but it is also seen in patients with various diseases,
including systemic lupus erythematosus (SLE). Although
the etiology of ITP is obscure, microorganisms such as
human immunodeficiency virus and hepatitis C virus
are known to contribute to its development[3], indicating
that in a particular subset of ITP, infectious agents play
a significant role in the pathogenesis of the autoimmune
response.
First observed in 1988 [4], the increase in platelet
counts in ITP patients after eradicating H. pylori has since
been confirmed by several studies. Consequently, H.
pylori eradication therapy is now a treatment option for
ITP[5]. However, a number of questions regarding the
relationship between H. pylori infection and ITP remained
unsolved, including the great variability in the efficacy
of H. pylori eradication therapy among countries, factors
predicting the platelet response after H. pylori eradication,
and mechanisms responsible for the platelet response
associated with H. pylori eradication[6]. Some of these
questions have been answered in the past few years. This
review summarizes recent updates on clinical and therapeutic aspects of H. pylori-associated ITP, as well as the
pathogenesis of this disease.

complete remission at 12 mo after the eradication. Although most early studies excluded patients with severe
thrombocytopenia, who were at high risk of bleeding,
several case series have reported the efficacy of eradicating H. pylori even in patients with refractory ITP, including patients with severe thrombocytopenia that resisted
multiple therapeutic regimens including splenectomy[9-11].
Although most studies began assessing the platelet counts
one month after starting eradication therapy, we observed
platelet recovery after just a week in almost half of those
responding[12]. Long-term follow-up studies showed that
this platelet response lasted 7 or more years after H. pylori
was eradicated, with very few cases of relapse[13,14]. An
assessment of circulating B cells producing anti-GPⅡ
b/Ⅲa antibodies before and after eradication treatment
indicated that the anti-platelet autoantibodies disappeared
after platelet recovery when H. pylori had been successfully eradicated[12]. Thus, in certain patients, ITP appears
to be clinically and immunologically cured by eradicating
H. pylori.
In the first systematic review with meta-analysis,
Franchini et al[15] reviewed 788 patients with ITP, including 494 H pylori-infected patients collected from 17 studies, in 2007. Platelet counts increased in ITP patients
who received eradication treatment, compared with
untreated patients, and the weighted mean difference
(WMD) in platelet count was 34.0 × 109/L regardless of
the outcome of H. pylori eradication. The platelet counts
increased significantly in H. pylori-infected patients after successful H. pylori eradication, compared with the
following groups: untreated H. pylori-infected patients
(WMD of 40.8 × 10 9/L), H. pylori-infected patients
who failed eradication (WMD of 52.2 × 109/L), and
H. pylori-uninfected patients (WMD of 46.4 × 109/L).
Another systematic literature review involving 1555
patients revealed a weighted mean complete response
(platelet count ≥ 100 × 109/L) after successful H. pylori
eradication of 42.7%, and an overall response (platelet
count ≥ 30 × 109/L, and at least doubling of the basal
count) of 50.3%[16]. Even in patients with a low baseline
platelet count (< 30 × 109/L), the overall response rate
was 35.2%, including 20.1% with a complete response.
These findings indicate that H. pylori eradication is closely
related to platelet recovery in adult ITP patients. Finally,
another systematic review evaluated the efficacy of the H.
pylori eradication regimen in patients with ITP by comparing the platelet response in patients with or without
an H. pylori infection[17]. The odds of achieving platelet
recovery following the eradication regimen were 14.5
times higher in 205 H. pylori-infected patients than in 77 H.
pylori-uninfected patients. This clearly indicates that platelet recovery after the eradication regimen results from the
eradication of H. pylori itself, rather than from H. pyloriindependent mechanisms such as immune-modulatory
effects of the drugs themselves, or the eradication of
bacteria other than H. pylori.
The clear linkage between platelet recovery and the
disappearance of H. pylori suggests a direct role for H. py-

EFFICACY OF H. PYLORI ERADICATION
IN ITP
Adult ITP
In 1988, Gasbarrini et al[4] reported that platelet counts
increased in all of 8 H. pylori-infected patients with ITP
who were treated with a regimen to eradicate H. pylori,
while the platelet counts were unchanged in 3 H. pyloriinfected patients who did not receive the regimen. Reports followed of partial or complete platelet responses
observed in a large proportion of ITP patients treated
with an H. pylori eradication regimen consisting of a 1- to
2-wk standard triple therapy with a proton pump inhibitor, clarithromycin, and either amoxicillin or metronidazole[6-8]. A nation-wide survey in Japan involved 207 H.
pylori-infected adult patients with ITP, making it the largest study on the efficacy of eradicating H. pylori in ITP
patients[9]. In that study, after the successful eradication
of H. pylori, 63% of the patients achieved some degree
of platelet recovery, and within this group, 23% showed
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lori infection in the ITP pathogenesis. In addition, in the
majority of ITP patients who achieved a complete platelet response after H. pylori eradication, the anti-platelet
autoantibody response was also eliminated. Thus, patients
who are infected with H. pylori and who respond to the
eradication therapy fall into a distinct, widely recognized
ITP subgroup, termed H. pylori-associated ITP[18,19], that
is considered a type of secondary ITP[5]. Given the relatively high efficacy, safety, and economy of H. pylori eradication therapy, H. pylori detection should be considered
when examining adult patients who are suspected to have
ITP, and eradication therapy is recommended if H. pylori
infection is present[5,8].

Table 1 Prevalence of Helicobacter pylori infection and
platelet response after Helicobacter pylori eradication in
children with immune thrombocytopenia n (%)
Ref.

Prevalence of

Helicobacter
pylori

Platelet
response

infection

[29]

Rajantie et al
Jaing et al[30]
Hayashi et al[31]
Yetgin et al[32]
Jaing et al[33]
Loffredo et al[34]
Neefjes et al[35]
Wu et al[36]
Bisogno et al[37]
Hamidieh et al[38]
Treepongkaruna et al[39]
Ferrara et al[40]
Maghbool et al[41]
Russo et al[42]

Variability among countries
Although the efficacy of H. pylori eradication therapy in
infected adults with ITP has been confirmed by highquality systematic reviews, some studies have reported little to no platelet response after H. pylori eradication therapy. For example, Jarque et al[20] and Ahn et al[21] observed
platelet recovery was in only 13% and 7%, respectively,
of adult patients with ITP after successfully eradicating H.
pylori. Michel et al[22] found no platelet response in 14 H.
pylori-infected ITP patients even after successfully eradicating the H. pylori. These widely varying reports of the
efficacy of H. pylori eradication therapy in ITP patients
are explained, in part, by different eligibility criteria and
different definitions of platelet response among the various studies. However, response rates differed between
the 57.9% reported by studies in Japan, and the 38.3%
rate reported by studies from other countries[16]. Studies
from Japan and Italy tend toward better response rates,
ranging from 28% to 100%, than studies from the United
States and Spain (< 13).
Thus, variability in the efficacy of H. pylori eradication
in different populations should be considered to establish
recommendations for screening and eradicating H. pylori.
For example, H. pylori screening is certainly worthwhile in
Japan, a country with a high prevalence of infection and
a high response rate to eradication treatment. In fact, in
a recently developed reference guide for managing adult
ITP in Japan, H. pylori eradication is a prominent strategy
for managing ITP in adult patients[23]. Namely, the guide
states that all patients diagnosed with ITP should be
screened for H. pylori infection, and eradication therapy
is recommended as a first line of treatment, regardless
of platelet count, if H. pylori infection is present. These
recommendations may not be appropriate in the United
States or in European countries (other than Italy), in
which both the prevalence of infection and the response
rates to eradication therapy are low. Indeed, H. pylori eradication is not mentioned in the international consensus
report on the management of primary ITP[24], while the
eradication therapy is recommended in patients who are
found to have H. pylori infection in the American Society
of Hematology 2011 evidence-based practice guideline
for ITP[5].
A recent systematic review demonstrated a correla-
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Country

Finland
Taiwan
Japan
Turkey
Taiwan
Italy
Netherlands
Taiwan
Italy
Iran
Thailand
Italy
Iran
Italy

0/17 (0)
9/22 (41)
2/10 (20)
11/35 (31)
10/63 (16)
8/39 (21)
3/47 (6)
6/32 (19)
8/24 (33)
4/31 (13)
16/55 (29)
8/24 (33)
5/30 (17)
50/244 (20)

ND
5/9 (50)
1/1 (100)
0/9 (0)
ND
0/8 (0)
3/3 (100)
ND
1/8 (13)
0/4 (0)
0/7 (0)
8/8 (100)
5/5 (100)
13/33 (39)

ND: Not described.

tion in ITP patients between the prevalence of H. pylori
infection and the platelet response rates to eradication
therapy[16]. The reason for such variability among countries is not clear, but differences in the epidemic H. pylori
strains according to geographical area could account for
differences in the clinical response. In this regard, H. pylori strains that possess cytotoxin-associated gene A (CagA)
have been proposed to have a role in the pathogenesis of
H. pylori-associated ITP based on the potential cross-reactivity between CagA and platelet glycoproteins[25,26]. The
frequency of CagA-positive strains varies by geographic
location: the majority of the H. pylori strains found in
Eastern Asia, including Japan, express CagA, whereas
the proportion of CagA-positive strains in European
countries and North America is much lower[27]. However,
genetic and other environmental factors are also likely to
contribute to the variability in platelet recovery after H.
pylori eradication among different populations.
Childhood ITP
The clinical course of ITP is quite different in children
than in adult patients. ITP in children is usually an acute
form with spontaneous recovery within 6 mo, although
thrombocytopenia lasts more than 6 mo in about 20% of
children with ITP[28]. There are only a few pediatric studies evaluating the role of H. pylori infection in chronic
ITP in children. Table 1 summarizes the studies assessing
the prevalence of H. pylori infection and platelet response
after eradicating H. pylori in children with ITP. Although
a Finnish study failed to detect H. pylori infection in any
of 17 children with chronic ITP[29], other studies detected
H. pylori infection in a small proportion of children with
chronic ITP[30-42]. The highest prevalence was reported
in a study conducted in Taiwan, which showed an infection rate of 41%[29]. A recent multicenter study in Italy
revealed that 50 (20) of 244 children with ITP were in-
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fected with H. pylori[42]. In general, the prevalence of H.
pylori infection is lower in children than in adults with ITP
in a given population.
Reports of platelet recovery after H. pylori eradication
therapy in children are highly variable and inconsistent.
In the first study in Taiwan, platelet counts increased
in 5 (56) of 9 H. pylori-infected children with ITP after
eradication therapy[29]. In studies from the Netherland,
Italy, and Iran, platelet counts increased measurably in all
H. pylori-infected children after eradication treatment, although the number of subjects analyzed was very small (3,
8, and 5, respectively)[35,40,41]. However, other studies from
Turkey, Italy, Iran, and Thailand showed that none of the
patients who underwent treatment to eradicate H. pylori
infection responded to it[32,34,38,39]. Even studies from the
same country gave diametrically opposite accounts of the
efficacy of H. pylori eradication. These contradictory results may be partly due to the small number of H. pyloriinfected children with ITP. An Italian study, which had
the largest number of patients, showed that 13 (39) of 33
children with H. pylori infection responded to the eradication treatment[42]. The prevalence of H. pylori infection in
children with chronic ITP is generally low, suggesting that
H. pylori infection plays only a minor role in the development of childhood ITP. However, we should recognize
that some children infected with H. pylori can recover if
the H. pylori is successfully eliminated. A large-scale study
is necessary to confirm the relationship between H. pylori
infection and childhood ITP.

patients in a subgroup of seemingly primary ITP (H. pylori-associated ITP), and H. pylori infection appears to be
uninvolved in the pathogenic process of other secondary
ITPs.

CHARACTERISTICS OF H. PYLORIASSOCIATED ITP
Features of ITP patients infected with H. pylori
Several authors have tried to identify characteristics of H.
pylori-associated ITP by comparing the clinical features of
adult ITP patients with or without H. pylori infection. ITP
patients infected with H. pylori were significantly older
than uninfected patients[9], but this is predictable because
the prevalence of H. pylori infection increases with age in
the general population[44]. Multiple studies have failed to
detect significant differences in any other demographic
or clinical characteristic, including sex, platelet count, or
response to therapy.
Several studies have looked for differences in genetic
factors in ITP patients with or without H. pylori. Veneri
et al[45] examined the human leukocyte antigen (HLA)DRB1 and DQB1 alleles in Italian patients with ITP, and
found that H. pylori-positive patients had a lower frequency of DRB1*03, and higher frequencies of DRB1*11,
DRB1*14, and DQB1*03, compared with H. pylori-negative patients. However, we failed to detect any association
between H. pylori infection and HLA-DRB1 or DQB1
alleles in Japanese patients with ITP[46]. Instead, we found
that gene polymorphism within the loci for interleukin
(IL)-1β was associated with H. pylori infection in patients
diagnosed before age 50. While these observations suggest an involvement of genetic background in H. pylorirelated ITP, the associations should be confirmed by replication studies enrolling patients from other populations.
On the other hand, there was no difference in the
IL-2, IL-4, or IL-6 serum levels between patients with
and without H. pylori infection [47]. The serum levels
of chemokines, including monocyte chemoattractant
protein-1, regulated upon activation normally T-cell
expressed and secreted, and epithelial cell-derived neutrophil attractant-78, were significantly higher in patients
with H. pylori infection than in those without[48], although
increased levels of these chemokines were also observed
in individuals that had H. pylori-related gastrointestinal
disorders but did not have ITP. Thus, studies have failed
to identify demographic, clinical, genetic, or immunologic
characteristics unique to ITP patients infected with H.
pylori. This is probably because there are at least two distinct subgroups of H. pylori-infected ITP patients: those
with H. pylori-associated secondary ITP, who respond to
eradication therapy, and those with primary ITP and a
coincidental H. pylori infection.

Other forms of secondary ITP
ITP may develop in the context of other disorders or
conditions, including lymphoproliferative, autoimmune,
and infectious diseases[43]. Although H. pylori-associated
ITP is now categorized as a secondary ITP condition,
the efficacy of H. pylori eradication therapy has not been
deeply examined in patients with other types of secondary ITP. To evaluate the role of H. pylori infection in the
pathogenesis of secondary ITP, we conducted an openlabel prospective study involving 34 consecutive H. pyloriinfected patients with ITP, including 16 with primary
ITP, 8 with secondary ITP associated with SLE, and 10
with secondary ITP associated with liver cirrhosis. All the
patients received a standard H. pylori eradication regimen
consisting of amoxicillin, clarithromycin, and lansoprazole, and the H. pylori was successfully eradicated in all
except one patient with primary ITP, and another with
liver cirrhosis. As shown in Figure 1, the platelet count
had increased 3 mo after eradication treatment in nearly
all the patients with primary ITP, but was virtually unchanged in patients with SLE or liver cirrhosis. In addition, a decrease in circulating anti-GPⅡb/Ⅲa antibodyproducing B cells was observed in patients with primary
ITP, but not in ITP patients with SLE or liver cirrhosis.
These findings clearly indicate that the eradication of H.
pylori fails to improve the pathogenic process in patients
with some forms of secondary ITP. Thus, the efficacy
of H. pylori eradication therapy is likely to be restricted to
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Factors predicting a positive response to H. pylori
eradication therapy
Parameters that predict the platelet response to H. pylori
eradication therapy have been extensively analyzed in
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Figure 1 Changes in platelet count and in anti-GPⅡb/Ⅲa antibody-producing circulating B cells before and 3 mo after an Helicobacter pylori eradication
regimen in Helicobacter pylori-positive immune thrombocytopenia patients with no additional disease, or with systemic lupus erythematosus or liver cirrhosis. Changes in absolute values were compared by paired t test. aP < 0.05. A dotted line indicates the cut-off for circulating anti-GPⅡb/Ⅲa antibody-producing B
cells, which was 2/105 peripheral blood mononuclear cells (PBMCs). ITP: Immune thrombocytopenia; SLE: Systemic lupus erythematosus.

H. pylori-infected ITP patients. The most consistently
reported feature that predicts a favorable response is a
shorter duration of ITP[9,49,50], but other studies have not
found this association[51-53]. Other clinical characteristics,
including an age less than 65 when diagnosed with ITP[49],
a higher baseline platelet count[49], no prior corticosteroid
therapy[51], no concomitant corticosteroid therapy[54,55],
and no prior therapy for ITP[49], have been reported as
factors predicting the platelet response, but other studies
have reported conflicting results.

WJG|www.wjgnet.com

Several studies have examined whether there is a
genetic predisposition to the platelet response. An association was shown between the HLA-DQB1*03 haplotypes and a higher probability of the platelet response[45].
Moreover, single nucleotide polymorphisms within the
genes for tumor necrosis factor-β and an inhibitory Fcγ
receptor ⅡB (FcγRⅡB) were found to be useful for
predicting the response to the eradication treatment[55,56].
In terms of the anti-platelet autoantibody specificity, we
found that the presence of an anti-GPIb autoantibody
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response predicts resistance to H. pylori eradication therapy. Interestingly, a study from Italy reported that ITP
patients with antibodies to CagA were more likely to respond to eradication therapy than patients without these
antibodies[57]; although a study conducted in Japan failed
to confirm this observation[50], we should recognize that
CagA-positive strains are more common in Japan than in
Italy.
Finally, Sato et al[58] assessed potential associations
of the platelet response to H. pylori eradication with upper gastrointestinal endoscopic findings and histologic
features of stomach tissue obtained by biopsy. A severe
degree of gastric atrophy on endoscopy and intense inflammation and atrophy in the gastric corpus detected by
biopsy were predictors for a favorable response. These
findings together indicate that both genetic background
and bacterial factors, which collaboratively regulate the
host inflammatory response to the bacterium, can account, at least in part, for the variable response to H.
pylori eradication therapy.

surface antigens. Although it was recently reported that
monoclonal antibodies generated against recombinant
H. pylori urease B react with GP Ⅱ b/ Ⅲ a expressed
on the platelet surface, this study failed to show the
presence of this cross-reactive antibody repertoire in
patients with H. pylori-associated ITP[60]. While these
findings suggest that cross-reacting antibodies against H.
pylori may be present in patients with ITP, their pathogenic role remains obscure.
Non-specific activation of the immune system
In another potential mechanism, chronic H. pylori infection may act on the host’s immune system to stimulate
acquired immune responses, causing autoreactive T and
B cells to emerge. Yamanishi et al[61] showed that H. pylori
components are able to initiate autoimmune responses via
autoantibodies that are produced through the activation
of B-1 cells. However, this non-specific mechanism alone
does not explain how an autoimmune response specific
to platelet glycoproteins, such as that observed in ITP
patients, would develop. In fact, there is no difference in
the production of non-specific autoantibodies, including
anti-nuclear, anti-microsome, and anti-smooth muscle
antibodies, in individuals with and without H. pylori[62].

MECHANISMS OF
H. PYLORI-ASSOCIATED ITP
It has become clear that H. pylori-associated ITP is a subset of ITP in which H. pylori infection is actively involved
in the pathogenic process. In patients with H. pyloriassociated ITP, H. pylori eradication increases the platelet
count in parallel with a suppression of anti-platelet autoantibody production, and results in the remission or even
cure of the disease in many patients. Since eradicating
H. pylori does not increase the platelet count in non-ITP
subjects[59], the platelet recovery after successful H. pylori
eradication is specific to ITP patients, and is likely to be
mediated through the inhibition of an ongoing autoimmune response to platelets.

Modulation of monocyte/macrophage function
We have been evaluating mechanisms that elicit and
maintain autoantibody responses to platelet glycoproteins
in patients with ITP[63-65]. After detailed analyses of the
GPⅡb/Ⅲa-reactive CD4+ T cells and B cells in ITP patients, we proposed a “pathogenic loop” model for the
ongoing IgG anti-platelet autoantibody response in ITP
patients[66]. Specifically, macrophages in the reticuloendothelial system capture opsonized platelets via Fcγ receptors, and present antigenic platelet glycoprotein-derived
peptides to T cells. Autoreactive CD4+ T cells are then
activated by their recognition of the antigenic peptides
and exert helper activity to stimulate B cells to produce
IgG anti-platelet autoantibodies, which in turn bind to
circulating platelets. Theoretically, once this pathogenic
loop is established, the production of IgG anti-platelet
autoantibodies continues endlessly. Since anti-platelet
autoantibodies are eliminated after eradicating H. pylori in
patients with H. pylori-associated ITP[12], this pathogenic
loop would consequently be disrupted and blocked. To
elucidate the mechanism by which H. pylori eradication
changes the ongoing pathogenic loop in ITP patients, we
conducted a prospective study in which the phenotype
and function of the autoreactive T and B cells and of
the monocytes/macrophages involved in the pathogenic
loop were serially measured in H. pylori-infected and -uninfected ITP patients treated with a standard eradication
regimen[67]. At baseline, we found enhanced phagocytic
capacity and low expression levels of inhibitory FcγRⅡ
B in the circulating monocytes from H. pylori-infected patients, but not in those from uninfected patients. Suppression of this activated-monocyte phenotype was observed
one week after starting the H. pylori eradication regimen,

Molecular mimicry
Several hypotheses have been proposed regarding the
mechanism by which H. pylori induces the development
of ITP. One intriguing theory is that cross-reactive antibodies are produced that react with both H. pylori components and platelet surface antigens through molecular
mimicry. Michel et al[22] investigated this molecular-mimicry hypothesis by testing platelet eluates derived from
H. pylori-infected ITP patients, and found that platelet
eluates with the capacity to react with GPⅡb/Ⅲa or
GPIb failed to recognize any H. pylori antigens. On the
other hand, Takahashi et al[25] reported that platelet eluates from H. pylori-infected ITP patients recognized
CagA in immunoblots, but those from H. pylori-infected
non-thrombocytopenic individuals did not. Unfortunately, since the IgG concentrations in the eluates were
not adjusted in these studies, the intensity of individual
bands was not quantitative. In addition, since platelets
are known to take up and concentrate circulating IgG
in intracellular granules, it is not clear whether the antiCagA antibodies detected truly cross-react with platelet-
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sonizing platelets by binding to H. pylori, von Willebrand
factor, and GPⅠb, like anti-platelet autoantibodies. However, we should recognize that H. pylori infection is usually
established in infants with an immature immune system,
and that the prevalence of ITP among H. pylori-infected
individuals is extremely low. Therefore, it is apparent that
H. pylori infection alone is insufficient to induce the onset
of ITP. Additional triggers would be necessary to elicit
the anti-platelet autoimmune response observed in H.
pylori-associated ITP.

when eradication was successful. The anti-platelet autoantibody responses and platelet kinetic parameters subsequently improved, indicating that suppression of the
activated-monocyte function precedes the improvement
in the autoantibody response.
Interestingly, modulation of the Fcγ-receptor balance
toward an activating phenotype has also been observed
in H. pylori-infected mice, through a downregulation of
inhibitory FcγRⅡB in splenic and circulating monocytes/macrophages. A study in China recently confirmed
that the FcγRⅡB expression on circulating monocytes
is down-regulated in H. pylori-infected ITP patients[68].
Therefore, H. pylori infection plays an important role in
ITP pathogenesis by altering the Fcγ receptor balance
of monocytes/macrophages in favor of activating Fcγ
receptors, through downregulation of the inhibitory receptor FcγRⅡB. These findings indicate that the platelet
recovery after H. pylori eradication in ITP patients is mediated, at least in part, through a change in Fcγ receptor
balance toward the inhibitory FcγRⅡB. The molecular
events that induce this change in monocytes/macrophage
properties are unclear. Although H. pylori does not invade
the gastric epithelium, it can induce both the secretion of
soluble inflammatory mediators and cellular apoptosis in
the host, leading to local inflammation in the epithelium
and the subepithelial layers. Released H. pylori components have been reported to be responsible for activating
dendritic cells and macrophages through toll-like receptor
signaling[69,70].
Interestingly, a change in Fcγ receptor balance toward
the inhibitory FcγRⅡB in monocytes/macrophages has
also reported in the therapeutic action of other established treatment regimens for ITP, such as intravenous
immunoglobulin and high-dose dexamethasone. Samuelsson et al. demonstrated that intravenous immunoglobulin
requires the presence of FcγRⅡB to prevent antibodyinduced thrombocytopenia in a murine model of passive ITP[71], in which the FcγRⅡB expression on splenic
macrophages was upregulated upon intravenous immunoglobulin treatment. The upregulation of inhibitory
FcγRⅡB expression on circulating monocytes was also
reported in ITP patients successfully treated with highdose dexamethasone[72]. These findings point to the Fcγ
receptor balance of monocytes/macrophages as an attractive therapeutic target for ITP.

CONCLUSION
The past few years have witnessed important advances
in our understanding of the relationship between H.
pylori infection and ITP. The sustained efficacy of the H.
pylori eradication regimen in adults with ITP has affected
decision-making in clinical practice. The importance of
detecting and eradicating H. pylori in patients with seemingly typical ITP is now recognized, especially where H.
pylori infection is prevalent, such as in Japan. A growing
body of evidence indicates that H. pylori-associated ITP
is a unique ITP subset in which the bacterium is central
to the pathogenic process. The development of H. pyloriassociated ITP appears to depend on multiple factors.
Among these, modulation of the Fcγ receptor balance
of monocytes/macrophages through inhibition of the
immunosuppressive FcγRⅡB signal, which is a host immune response associated with H. pylori infection, is a key
mechanism for initiating and maintaining the anti-platelet
autoantibody response. These insights provide valuable
clues that may assist in the development of new therapeutic strategies for ITP.
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Efficacy of fermented milk and whey proteins in
helicobacter pylori eradication: A review
Aarti Sachdeva, Swapnil Rawat, Jitender Nagpal
Controlled Trials Register and abstracts/proceedings
of conferences up to May 2013. A preponderance of
the evidence available on fermented milk-based probiotic preparations and bovine lactoferrin suggests a
beneficial effect in Helicobacter eradication. Evidence
for α-LA and immunoglobulins is promising while that
for glycomacropeptide is preliminary and requires
substantiation. The magnitude of the potential benefit
documented so far is small and the precise clinical
settings are ill defined. This restricts the potential use
of this group as a complementary therapy in a nutraceutical setting hinging on better patient acceptability/
compliance. Further work is necessary to identify the
optimal substrate, fermentation process, dose and the
ideal clinical setting (prevention/treatment, first line
therapy/recurrence, symptomatic/asymptomatic, gastritis/ulcer diseases etc. ). The potential of this group in
high antibiotic resistance or treatment failure settings
presents interesting possibilities and deserves further
exploration.
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Abstract

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

Helicobacter pylori (H. pylori ) eradication is considered

a necessary step in the management of peptic ulcer
disease, chronic gastritis, gastric adenocarcinoma
and mucosa associated lymphoid tissue lymphoma.
Standard triple therapy eradication regimens are inconvenient and achieve unpredictable and often poor
results. Eradication rates are decreasing over time with
increase in antibiotic resistance. Fermented milk and
several of its component whey proteins have emerged
as candidates for complementary therapy. In this context the current review seeks to summarize the current
evidence available on their role in H. pylori eradication. Pertinent narrative/systematic reviews, clinical
trials and laboratory studies on individual components
including fermented milk, yogurt, whey proteins, lactoferrin, α-lactalbumin (α-LA), glycomacropeptide and
immunoglobulin were comprehensively searched and
retrieved from Medline, Embase, Scopus, Cochrane

WJG|www.wjgnet.com

Key words: Helicobacter pylori ; fermented milk; whey
proteins; bovine lactoferrin; α-Lactalbumin; glycomacropeptide; immunoglobulin
Core tip: Treatment regimens for Helicobacter are
cumbersome, prone to side effects and often have low
success rates. Fermented milk and related proteins
have often been explored as potential candidates for
complementary therapy. The current review sought to
summarize the current evidence available on their role
in Helicobacter pylori eradication and found substantial
evidence to support the use of fermented milk based
probiotic preparation and bovine lactoferrin. Evidence
for other whey proteins is preliminary and requires
substantiation. Further work is necessary to identify
the optimal substrate, fermentation process, dose and
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(α-LA), glycomacropeptide and immunoglobulin were
comprehensively searched and retrieved from Medline,
Embase, Scopus, Cochrane Controlled Trials Register
and abstracts/proceedings of conferences up to May
2013. The available studies/meta-analysis were rated
for quality as per the Scottish Intercollegiate Guidelines
Network (SIGN) check lists[8] and the Quality Rating
for Individual Studies[9]. The evidence was subsequently
graded using the Revised Grading System[10]. The level
of recommendation was later defined into one of four
grades (A, B, C or D; SIGN grades)[11].

the ideal clinical setting. The potential of this group in
antibiotic resistance or treatment failure settings also
presents interesting possibilities.
Sachdeva A, Rawat S, Nagpal J. Efficacy of fermented milk
and whey proteins in helicobacter pylori eradication: A review.
World J Gastroenterol 2014; 20(3): 724-737 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i3/724.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i3.724

INTRODUCTION

Fermented Milk

Helicobacter pylori (H. pylori) is a gram negative, spiral
shaped bacterium found in the gastric mucous layer. It
has an ammonia-producing surface urease which allows
adherence to and colonization of the gastric epithelium,
by neutralizing the acidic gastric environment[1]. H. pylori
is now implicated in peptic ulcer disease, chronic gastritis, gastric adenocarcinoma, mucosa associated lymphoid tissue lymphoma and duodenal ulcer disease[2-4].
Eradication of H. pylori is considered a necessary step
in the management of these diseases. Standard triple
therapy eradication regimens (proton pump inhibitor
plus clarithromycin and amoxicillin or nitroimidazole)
are inconvenient and achieve unpredictable and often
poor results[5]. Further, eradication rates are reported to
be decreasing over time with an increase in antibiotic
resistance[6]. Second line quadruple regimens are further
limited by poorer patient compliance and increased side
effects[6]. In this context, several alternative and complementary therapies have been tried in an attempt to
achieve better eradication without affecting compliance.
In this search, fermented milk and several of its component whey proteins have emerged as potential candidates
for complementary therapy. They have the inherent advantage of better patient acceptability.
Several randomized controlled trials and a recent
meta-analysis document that fermented milk-based probiotic preparations improve H. pylori eradication rates by
10%. Their efficacy has been argued to be better than
capsule-based bacteria-only preparations and considered
partly or completely contributed by the anti-bacterial and
immunogenic properties of component whey proteins
formed as a result of fermentation etc. Potential efficacy
of individual whey proteins in H. pylori eradication has
also been a subject of interest in recent research. However the role of fermented milk or whey proteins in
clinical practice is not yet universally accepted, precisely
defined or widely discussed[7]. In this context the current
review sought to summarize the current evidence available on the role of fermented milk and its component
whey proteins in H. pylori eradication.
For the purpose of the current review pertinent narrative/systematic reviews, clinical trials and laboratory
studies on individual components including fermented
milk, yogurt, whey proteins, lactoferrin, α-lactalbumin

Fer mented milk refers to whole or skimmed milk
curdled to a beverage or custard like consistency by
lactic acid producing bacteria. A wide assortment of
products, varying by the process, bacteria, duration and
other variables, are available and widely consumed in
different countries. However, there are several commonalities. Fermented milk possesses a protein system
constituted by two major families of proteins i.e., casein
and whey proteins. Casein is insoluble, and accounts
for 80% of the whole protein inventory. Whey proteins
are globular water soluble molecules and include bovine
lactoferrin, α-LA, glycomacropeptide, immunoglobulin,
β-lactoglobulin and lactoperoxidase. Whey is thought to
have the ability to act as an antioxidant, immune enhancer, antihypertensive, antitumor, hypolipidemic, antiviral,
antibacterial and as a chelating agent[12].
In the context of Helicobacter eradication there
is a fair body of evidence from trials conducted using
fermented milk (usual culturally/commercially available
preparations including yogurt), fermented milk based
probiotic preparations (FMPPs; fermented milk with
specifically added live probiotic bacteria like Lactobacilli)
and capsule based probiotics. An observational study
on 464 healthy Mexican subjects documented lower
prevalence of H. pylori seropositivity in those consuming yogurt more than once a week compared with nonconsumers[13]. As presented in Table 1, several clinical
trials and a systematic review of RCTs compared an
FMPP vs placebo or standard therapy plus FMPP vs
standard therapy and documented a beneficial effect
of FMPPs[14]. The overall quality and quantity of evidence for FMPPs appears convincing (Recommendation
Grade-A) and beneficial effect appears to be sustained
when FMPP were used in combination with standard
therapy (Recommendation Grade A[15-18]). Also, benefit
has been documented in symptomatic children (Recommendation Grade-B), symptomatic and asymptomatic
adults (Recommendation Grade-B) and in patients who
failed eradication on standard therapy (Recommendation
Grade-B). The overall magnitude of the benefit was estimated to be 5%-15%[14].
With reference to the active principle components
responsible for this effect, the available clinical evidence
can be better summarized on the basis of three argu-
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Table 1 Studies comparing “fermented milk based probiotic preparation” with placebo or “standard therapy + fermented milk
based probiotic preparation” with “standard therapy”
Ref.

Type of trial Evidence
1
grade

Positive
Bekar et al[15], 2011, Turkey

Human

1+

Quality
2
rating

+

Subjects

Study
design

Study groups/methods

Outcome
variable/s

Results and conclusions

82 pts of

RCT

Two groups - Control group

Eradication

Significantly more patients (78.2%

(n = 36; Triple therapy -

of H. pylori;

vs 50.0%) in the treatment group

dyspepsia
and H.

Sachdeva et al[14] 2009, India

Metaanalysis

1+

++

lansoprazole, clarithromycin adverse events achieved eradication in comparison

pylori

and amoxicillin + placebo)

of eradica-

with control group. Side effects were

infection

and Treatment group [n =

tion therapy

less frequent and less severe in the

46; Triple therapy + kefir

(Urease test

treatment group

(fermented milk drink con-

after 45 d of

taining probiotics)]; given for

treatment)

14 d
Trials had to be randomized

Eradication

The pooled odds ratio for eradica-

or quasi-randomized and

of H. pylori;

tion by ITT analysis in the treatment

10 eligible

Meta-

trials; data analysis
available

of

controlled, using a FMPP

adverse events vs control group was 1.91 (1.38-2.67;

for 963

human

in the intervention group

of eradication

patients

RCTs/

treating Helicobacter-infected

therapy

CCTs

patients. The only difference

(95%CI: 0.05-0.15; P < 0.0001) by fixed

between the two groups had

effect model. Fermented milk based

P < 0.0001) using fixed effect model
The pooled risk difference was 0.10

probiotic preparations improve H.

to be FMPP

pylori eradication rates by approximately 5%-15%, whereas the effect on
Sýkora et al[16], 2005, Czech Republic

Human

1+

++

and United Kingdom

[17]

Sheu et al , 2006, Taiwan

Human

1+

+

86 symp-

RCT

Human

1-

++

Eradication

adverse effects is heterogeneous
ITT based eradication rates for the

tomatic

- Omeprazole, amoxicillin

of H. pylori,

group A were 84.6% and 91.6% by PP

H. pylori

and clarithromycin for 7 d

Endoscopic

analysis. Eradication in the group B

positive

with fermented milk contain- and Histologic was 57.5% in the ITT and 61.3% in the

children

ing L. casei DN-114001 for 14

138

RCT

comparison

PP group. Eradication success was

d (n = 39) vs OAC group -

higher in the group A compared to

Omeprazole, amoxicillin and

group B in both ITT (P = 0.0045) and

clarithromycin for 7 d (n =

PP analysis (P = 0.0019)

47)
Two groups - yogurt
(containing L. acidophilus

patients

Miki et al[20], 2007, Japan

Two groups - OAC-LC group

Successful

The yogurt-plus-quadruple therapy

eradication of group had a higher H. pylori eradica-

in whom

La5, Lactobacillus bulgaricus,

H. pylori, drug

tion rate than did the quadruple

triple

Bifidobacterium lactis Bb12 and

compliance,

therapy only group (ITT analysis 85%

therapy

Streptococcus thermophilus)-

side effects

vs 71.1%, P < 0.05; PP analysis- 90.8%

failed

plus-quadruple therapy

vs 76.6%, P < 0.05). Side effects were

group for 7 d (n = 69) vs qua-

more frequent in the quadruple thera-

druple therapy only group (n

py-only group than in the yogurt-

= 69) for 7 d
Two groups - Fermented

Suppressive

who were

milk (Bifidobacterium bifidum

effect of BF-1

C-UBT. H. pylori-negativity (below

positive

YIT) (BF-1) (n = 34) vs pla-

fermented

5%: n = 6 and 4 in the BF-1 and pla-

for H.

cebo (untreated milk) (n = 35)

milk on H.

cebo groups, respectively) subjects

pylori

for 12 wk

pylori urease

69 subjects

RCT

infection

plus-quadruple therapy group
H. pylori infection was judged by the

activity and
gastric situa-

Sheu et al[18], 2002, Taiwan

Human

1-

+

Two groups - triple plus

tion
Successful

By ITT analysis, the triple-plus-

pylori

yogurt (TYG) (containing L.

eradication of

yogurt group had a higher H. pylori

infected

acidophilus La5, Lactobacillus

H. pylori, drug

eradication rate than the triple-only

patients

bulgaricus, Bifidobacterium

compliance,

group (P < 0.05) and side effects were

lactis Bb12 and Streptococcus

side effects

160 H.

CCT

thermophilus) group (n = 80)

Felley et al[21], 2001, Boston

Human

1-

+

53 vol-

CCT

more commonly found in the TG
than in the TYG. Also a significantly

vs triple only group (TG) (n =

higher proportion of patients in the

80) for 7 d

TYG completed the 7-d regimen than
in the TG (67.5% vs 43.8%, P < 0.05)
In the LC-1 group, four had higher

Two groups - Acidified milk

Effect of the

unteers

containing L. johnsonii La1

given treat-

scores in the antrum, 14 were found

infected

(LC-1) (n = 25) vs Placebo

ment on H.

to have a decreased H. pylori density

(pasteurized milk) (n = 27)

pylori density,

reflected by lower scores (P = 0.02)

for 3 wk followed by 500 mg gastric inflam-

and in the placebo group in antrum

with H.
pylori

bid clarithromycin received

mation and

scores remain identical in 10 volun-

by all subjects during the last

activity

teers and decreased in 11 (0.08). The

2 wk

results suggest that H. pylori infection
and gastritis can be down-regulated
by LC-1
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Cats et al[22], 2003, Netherlands

Human

1-

-

Two groups - Fermented

Effect of L.casei

Urease activity decreased in nine of

pylori

14 H.

milk (L.casei) for 3 wk (n =

on urease

the 14 (64%) subjects with L. casei

positive

14) vs control group (n = 6)

CCT

activity in vivo supplementation and in two of the six
(H. pylori posi- (33%) controls (P = 0.22). A slight, but

subjects

tive subjects)

non-significant, trend towards a suppressive effect of L. casei on H. pylori

Wang et al[19], 2004, Taiwan

Human

1-

-

70 vol-

CCT

(containing L. acidophilus

unteers
with H.

Bifidobacterium lactis Bb12 and

pylori

Kim et al[24], 2007, South Korea

Human

Human

NR

FTNA

-

FTNA

Effect of

in vivo may exist
Administration of AB-yogurt de-

yogurt on H. creased the urease activity of H. pylori

La5, Lactobacillus bulgaricus, pylori infection

infected

Park et al[23], 2001, South Korea

Two groups - AB yogurt

in humans

after 6 wk of therapy (P < 0.0001).
Regular intake of yogurt containing

Streptococcus thermophilus) (n

Bb12 and La5 effectively suppressed

= 59) vs milk placebo (n = 11)

H. pylori infections in humans

for 6 wk
Two groups - Fermented

Eradication

pylori

milk (Lactobacillus acidophilus,

of H. pylori,

H. pylori density of antrum tended

infected

Lactobacilus casei) (n = 21) vs

Comparison

to decrease in treatment group com-

volunteers

Placebo (n = 19) for 4 wk

40 H.

262 H.

CCT

CCT

All patients were compliant and the

of endoscopic pared with placebo group (P = 0.072).
findings,

3 cases in treatment group were noted

Compliance

for negative conversions of both rapid

Two groups - triple plus

Eradication of

urease test and C-UBT
In PP analysis, H. pylori eradication

H. pylori

pylori

yogurt group for 3 wk (n =

infected

147) vs triple only group (n =

marginally higher than that in control

patients

115) for 1 wk

group, 78.4% (P = 0.055). And accord-

rate in the yogurt group, 87.7% was

ing to ITT analysis, the eradication
rate in the yogurt group, 78.2% was
also marginally higher than that of
control group, 69.5% (P = 0.062)
Negative
Goldman et al[25], 2006, Argentina

Human

1+

++

65 chil-

RCT

dren who

Two groups - triple therapy Eradication of
with probiotic food (com-

H. pylori

We found no significant differences
in H. pylori eradication rates at 1 and

tested

mercial yogurt containing

positive

Bifidobacterium animalis and

3 mo between the treated group (ER
45.5% and 42.4%) and the control

for H.

Lactobacillus casei) (n = 33) vs

group (ER = 37.5% and 40.6%). Study

pylori

triple therapy with placebo

could not demonstrate an adjuvant

(milk fluid) (n = 32)

effect of the studied probiotic food to
triple therapy in the eradication of H.

Song et al[26], 2005, South Korea

Human

NA

-

70 patients

CCT

Two groups - triple-plus-

pylori infection in children
H. pylori eradi- Eradication was successful in 88.6%

with

fermented milk (Lactobacilli)

cation rate,

in the Lactobacilli group and 85.7%

duodenal

(n = 35) vs triple plus placebo

Fermented

in the placebo group (P = 1.00). Lac-

ulcer

(n = 35)

milk group

tobacillus containing fermented milk

reduces

couldn’t exert beneficial effects on H.

treatment-re- pylori eradication or treatment-related
lated adverse

adverse reactions

reactions
1

Levels of evidence: 1++ High quality meta-analysis, systematic reviews of RCTs, or RCTs with a very low risk of bias; 1+ Well conducted meta-analysis,
systematic reviews of RCTs or RCTs with a low risk of bias; 1- Meta-analysis, systematic reviews or RCTs or RCTs with a high risk of bias; 2++ High quality systematic reviews of case-control or cohort studies or high quality case-control or cohort studies with a very low risk of confounding, bias, or chance
and a high probability that the relationship is causal; 2+ well conducted case control or cohort studies with a low risk of confounding, bias, or chance and a
significant risk that the relationship is not causal; 3 Non-analytic studies, e.g., case reports, case series; 4 Expert opinion. 2Quality rating for individual studies: ++ Applies if all or most criteria from the checklist are fulfilled; where criteria are not fulfilled the conclusions of the study or review are thought very
unlikely to alter; + Applies if some of the criteria from the checklist are fulfilled; where criteria are not fulfilled or are not adequately described, the conclusions of the study or review are thought unlikely to alter; - Applies if few or no criteria from the checklist are fulfilled; where criteria are not fulfilled or are
not adequately described, the conclusions of the study or review are thought likely or very likely to alter. H. pylori: Helicobacter pylori; RCT: Randomised
controlled trial; CCT: Controlled clinical trial; CT: Clinical trial; C-UBT: 13C-urea breath test; FMPP: Fermented milk based probiotic preparation; NR: Not
reported; FTNA: Full text not available; NS: Not significant; LC-1: L. johnsonii La1.

group then in the control group there should be some
improvement partly or completely negating the effect of
the addition of bacteria in the treatment group[39-41].
As summarized in Tables 1-3, the available evidence
supports the above assertions and arguments. It is evident from the clinical studies and meta-analysis presented in Tables 1-3 that FMPPs have some efficacy against
Helicobacter (10 positive trials and one positive meta-anal-

ments (Tables 1, 2 and 3). First, if whey proteins have
clinically significant anti-Helicobacter properties then
FMPP alone or in combination with standard therapy
should have documented effectiveness (improvement in
eradication rates)[15-26]. Secondly, capsule based probiotic
preparations (bacteria only) should be partly or completely ineffective in H. pylori eradication[27-38]. Thirdly,
if FMPP’s are compared with a fermented milk control
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Table 2 Studies comparing capsule based probiotic (bacteria only) with placebo or standard therapy plus capsule based probiotic vs
standard therapy
Ref.

Type
of trial

Positive
Canducci et al[27], Italy, 2000

Human

Evidence Quality
1
2
grade
rating
1+

+

Subjects

Study
design

Study groups/
methods

120 H. pylori

RCT

Two groups: RCA

Outcome variable/s

Results and conclusions

Effect of L. acidophilus

In RCA group eradication

positive pa-

(Rabeprazole,

could improve the efficacy was successful in 72% at

tients

Clarithromycin,

of a standard anti-H. pylori PP analysis or 70% at ITT

Amoxycillin)

therapy

group- triple

analysis and in RCAL
group eradication was

therapy (n = 60),

achieved with 88% with

RCAL group-

PP analysis, 87% with ITT

triple therapy with

analysis

Lactéol Fort for 7 d
Negative
Gotteland et al[28], 2005

Lionetti et al[29], 2006, Italy

Human

Human

1+

1+

+

++

254 children

To evaluate the capacity of

Antibiotics (group

Lactobacillus acidophilus LB

in 66%, 12% and 6.5%

H. pylori

Ab)- (n = 57) for 8

and of symbiotic combina-

of the children from the

40 H. pylori

RCT

H. pylori was eradicated

Three groups:

positive for

d, Lactobacillus aci-

tion of Sb plus inulin to

Ab, Sb1 and LB groups,

dophilus LB (group

interfere with H. pylori

respectively. A moderate

Ab)- (n = 63) for 8

colonization in children

but significant difference

wk, Saccharomyces

in ∆ DOB was detected in

boulardii plus inulin

children receiving living

(group Sb1)- (n =

Sb1, but not in those

62) 8 wk
receiving LB
RCT Two groups: Group Effect of Lactobacillus reuteri No significant differences

positive chil-

A- 10 d sequential

dren

therapy plus L.

to prevent or minimize the

were observed between

gastrointestinal side-effects the groups in the success

reuteri ATCC 55730,

of H. pylori eradication.

Group B-Placebo

Treatment was successful

with the same

in 17 of 20 [85% (95%CI:

therapy

68-100)] patients in probiotic supplemented when
compared with 16 of 20
patients in placebo group
[80% (95%CI: 61–99)] (P =

Nista et al[30], 2004, Italy

Human

1+

++

106 H. pylori

RCT Two groups: Group

positive pa-

A- triple therapy

Effect of probiotic on

NS)
The H. pylori eradication

incidence and severity of

rate was similar between

for 7 d plus Bacillus antibiotic-associated side-

tients

clausii (probiotic)
for 14 d starting

effects during anti- H.

B. B. clausii and placebo
groups. In particular, ITT

pylori therapy and eradica- analysis has shown H. pylori was eradicated in 39

from the first day

tion was evaluated with

of the treatment

means of 13C-urea breath

of 54 patients (72.2%) in

(n = 54) Group B-

test

the B. clausii group and in

triple therapy plus

37 of 52 patients (71.15%)

placebo (n = 52)

in the placebo group. In
PP population, H. pylori
was eradicated in 39 of 50
patients (78%) in the B.
clausii group and in 37 of
50 patients (74%) in the

Myllyluoma et al[31], 2005, Finland

Human

1+

+

47 subjects

CCT Two groups: Group Effect of probiotic therapy

placebo group
The H. pylori eradication

with H. pylori

A –probiotic drink

on symptoms associated

infection

(n = 23), group B-

with the recommended H.

higher in the group re-

Placebo (n = 24)

pylori eradication treat-

ceiving probiotic therapy

during H. pylori

ment. As a secondary end-

(91% vs 79%, P = 0.42)

eradication and for

point to find out whether

rate was non-significantly

3 wk following the this therapy could improve
Cindoruk et al[32], 2007, Turkey

Human

1+

+

124 patients

treatment
RCT Two groups: Group

with H. pylori

A- triple therapy

infection

plus S. boulardii,

the eradication rate
Efficacy and safety of S.

H. pylori eradication rate,

boulardii in the prevention

although higher in the

of side effects and the erad- treatment group, was sta-

Group B- triple

ication success of anti-H.

tistically similar in treat-

therapy plus pla-

pylori therapy

ment and control groups:

cebo for 14 d

71% (44/62) vs 59.7%
(37/62), respectively (P >
0.05)
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Armuzzi et al[33], 2001, Italy

Human

1+

+

CCT Two groups: Group Effect of probiotic Lactoba- H. pylori eradication rates

60 healthy

A- triple therapy for cillus GG to minimize or to

asymptom-

7 d plus Lactobacil-

atic subjects

prevent the occurrence of

in group A was 83.33%
(25/30) and in group B

lus GG for 14 d dur- gastrointestinal side effects was 80% (24/30). H. pylori

screened
positive for

ing and the week

eradication rate had no

H. pylori

after eradication

significant difference

infection

therapy, Group Btriple therapy plus

Guo et al[34], China, 2004

Human

FT NA

FT NA

placebo
Two groups:

Efficacy of probiotic in the

Eradication rate was

lori positive

treatment group

treatment of H. pylori

93.6% (44/47) in treat-

symptomatic

(triple therapy plus

ment group and 88% in

patients

Bifid triple viable

control group (44/50). H.

capsule contain-

pylori eradication rate had

ing Bifidobacteria

no significant difference

97 H. py-

CCT

longum, faecal streptococci, Lactobacillus
acidophilus) (n = 47)
control group: triple
Armuzzi et al[35], 2001, Italy

Human

FT NA

FT NA

120 healthy

therapy (n = 50)
CCT Two groups: Group Effect of probiotic Lactoba- H. pylori eradication rates

asymptom-

A- triple therapy for

cillus GG to minimize or

in group A was 80%

atic subjects

7 d plus Lactobacil-

to prevent the occurrence

(48/60) and in group B

screened

lus GG for 14 d dur-

of gastrointestinal side

was 76.67% (46/60). H.

positive for

ing and the week

effects.

pylori eradication rate had

H. pylori

after eradication

infection

therapy, Group B-

no significant difference

triple therapy plus
Cremonini et al[36], Italy, 2002

Human

FT NA

FT NA

placebo
Four groups- re-

Efficacy of probiotic in the

The H. pylori eradication

ceived both during

eradication of H. pylori

rate was almost identical

ymptomatic

and for 7 d after a

infection

between the probiotic and

patients

1 wk-triple therapy

85 H. pylori

CCT

positive, as-

placebo groups

Group Ⅰ- Lactobacillus GG (n = 21),
group Ⅱ-Saccharomyces boulardii
(n = 22), group
Ⅲ-lactobacillus spp.

And bifidobacteria
(n = 21), group
Ⅳ-placebo (n = 21)

Tursi et al[37], 2004, Italy

Human

FT NA

FT NA

70 patients

CCT Two groups- group Effect of probiotic supple-

H. pylori was negative in

with persis-

A- quadruple

mentation on the effective-

33/34 group A patients

tent H. pylori

therapy plus bacte-

ness and tolerability of

(PP: 97.05% ITT: 94.28%)

infection

ria lactobacillus casei

a new second-line 10 d

and 30/32 Group B

subsp. casei DG or

quadruple therapy

patients

group B- quadruple
Cao et al[38], China, 2005

Human

FT NA

FT NA

therapy only
CCT Two groups: Group Effect of treatment given in Eradication rates in group

128 H. pylori positive

A -quadruple thera-

symptomatic

py plus Clostridium

eradication of H. pylori

group B 92.19% (59/64)

patients

butyricum group B-

was not significantly dif-

quadruple therapy

ferent

A 96.88% (62/64) and

1

Levels of evidence: 1++ High quality meta-analysis, systematic reviews of RCTs, or RCTs with a very low risk of bias; 1+ Well conducted meta-analysis,
systematic reviews of RCTs or RCTs with a low risk of bias; 1- Meta-analysis, systematic reviews or RCTs or RCTs with a high risk of bias; 2++ High quality
systematic reviews of case-control or cohort studies or high quality case-control or cohort studies with a very low risk of confounding, bias, or chance and
a high probability that the relationship is causal; 2+ well conducted case control or cohort studoes with a low risk of confounding, bias, or chance and a
significant risk that the relationship is not causal; 3 Non-analytic studies, e.g., case reports, case series; 4 Expert opinion. 2Quality rating for individual studies: ++ Applies if all or most criteria from the checklist are fulfilled; where criteria are not fulfilled the conclusions of the study or review are thought very
unlikely to alter; + Applies if some of the criteria from the checklist are fulfilled; where criteria are not fulfilled or are not adequately described, the conclusions of the study or review are thought unlikely to alter; - Applies if few or no criteria from the checklist are fulfilled; where criteria are not fulfilled or are
not adequately described, the conclusions of the study or review are thought likely or very likely to alter. H. pylori: Helicobacter pylori; RCT: Randomised
controlled trial; CCT: Controlled clinical trial; CT: Clinical trial; NR: Not reported; NS: Not significant.

ysis compared with 2 negative trials; Argument 1 above).
It is also apparent from Table 1-3 that studies using
capsule-based probiotic preparations are predominantly
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negative (1 positive trial compared with 11 showing no
benefit; and Argument 2). In support of Argument 3 the
overall data on the beneficial effect of bacterial probiotic
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Table 3 Clinical trials comparing fermented milk based probiotic preparations vs plain fermented milk
Ref.

Type of trial Evidence Quality Subjects Study Study groups/
1
2
grade
rating
design
methods

Positive
Pantoflickova et al[39], 2003,
Switzerland

Outcome
variable/s

Results and conclusions

Human

1-

++

50 H. pylo- RCT Two groupsri positive
fermented
healthy
milk with LC
volun(n = 25) vs ferteers
mented milk
as Placebo (n
= 25). Subjects
took the treatment twice
daily during
the first 3 wk
and once daily
for the next 13
wk

Effect of
LC1 intake
without
antibiotics
on H. pylori
gastritis, H.
pylori density

LC1 intake had a favorable, albeit weak, effect
on H. pylori associated
gastritis, particularly
in the antrum. Regular
ingestion of fermented
milk containing
L.johnsonii may reduce
the risk of developing
disorders associated
with high degrees of
gastric inflammation
and mucus depletion

Horie et al [40], 2004, Japan,
South Korea, Egypt

Human

1-

-

Effect of
IgY-Urease
drinking
yogurt on
C-UBT
values

TG showed a reduction
in UBT values from
51.18 ± 3.40 at wk 0 to
33.70 ± 3.50 and 31.03 ±
3.54 at 2 and 4 wk resp.
Suppression of H. pylori
infection in humans
could be achieved by
consumption of drinking yogurt fortified
with IgY-urease

Sakamoto et al[41], 2001,
Japan

Human

2-

42 sub- CCT Two groupsjects with
A- test group
H. pylori
(yogurt
infection
containing 1, 5
g of egg yolk
IgY-urease 3
times daily)
(n = 22), Bcontrol group
(IgY-urease
free yogurt) (n
= 20)
31
CT The study was
subjects
conducted in
infected
two parts. 1st
with H.
part = 90 g of
pylori
yogurt (0-9
infection
wk). 2nd part
= 90 g yogurt
containing
LG21 (9-18
wk)

Efficacy of
The [13C] urea breath
Lactobaciltest and assays of
lus gasseri
serum pepsinogens
OLL2716
revealed a significant
(LG21) as a improvement following
probiotic for LG21 treatment. LG21
Helicobacter was thus determined
pylori
to be effective in both
suppressing H. pylori
and reducing gastric
mucosal inflammation

Placebo intake led
to a decrease in severity and activity
of gastritis in the
antrum (inflammatory cell score after
3-wk and 16 wk
consumption: 6.3
± 0.7 and 6.4 ± 1.0,
respectively). In
the placebo group,
mucus depletion
scores remained
at the same level
during the whole
duration of the
study. H. pylori
density decreased
in 38% of subjects
after 3 wk and 50%
after 16 wk
CG showed some
decrease in UBT
values from 51.40 ±
4.48 to 44.38 ± 5.17
and 43.53 ± 5.48 at
0, 2 and 4 wk, resp.
There was no significant difference
obtained at week 0
and weeks 2 or 4

There was no significant difference
in C-UBT levels at
0 (26.2 ± 15.1) and
9 (26.6 ± 13.7) wk

1

Levels of evidence: 1++ High quality meta-analysis, systematic reviews of RCTs, or RCTs with a very low risk of bias; 1+ Well conducted meta-analysis,
systematic reviews of RCTs or RCTs with a low risk of bias; 1- Meta-analysis, systematic reviews or RCTs or RCTs with a high risk of bias; 2++ High quality
systematic reviews of case-control or cohort studies or high quality case-control or cohort studies with a very low risk of confounding, bias, or chance and
a high probability that the relationship is causal; 2+ well conducted case control or cohort studoes with a low risk of confounding, bias, or chance and a
significant risk that the relationship is not causal; 3 Non-analytic studies, e.g., case reports, case series; 4 Expert opinion. 2Quality rating for individual studies: ++ Applies if all or most criteria from the checklist are fulfilled; where criteria are not fulfilled the conclusions of the study or review are thought very
unlikely to alter; + Applies if some of the criteria from the checklist are fulfilled; where criteria are not fulfilled or are not adequately described, the conclusions of the study or review are thought unlikely to alter; - Applies if few or no criteria from the checklist are fulfilled; where criteria are not fulfilled or are
not adequately described, the conclusions of the study or review are thought likely or very likely to alter. H. pylori: Helicobacter pylori; RCT: Randomised
controlled trial; CCT: Controlled clinical trial; CT: Clinical trial; C-UBT: 13C-urea breath test.

mented milk, several results are noteworthy. Of the three
trials reporting control group data, two (one RCT and
one CCT; Evidence grade 1-)[39,40] documented an improvement in gastritis or C-UBT values in the control
group which is consistent with the argument presented
earlier. In the third pre- and post-intervention trial (clinical
trial, evidence grade 2[41]) no significant differences were
observed during the period that yogurt was administered
alone. Hence, although there are some discrepant results
the preponderance of the available evidence appears con-

preparations in Helicobacter eradication can, at best, be
classified as “equivocal” (3 trials with weak methodology
and equivocal results). This apprehension is further substantiated by a meta-analytic sub-analysis presented in an
earlier report[42]. In this sub-analysis the beneficial effect
of these preparations was minimal and it failed on exclusion sensitivity analysis (exclusion of one study majorly
altered results) in consonance with the hypothesized argument.
In the context of studies comparing FMPP with fer-
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Table 4 Whey protein components and its basic properties
Whey components

Concentration
(g/L)

% of Whey Protein Molecular weight
(kDa)

Number of amino
acids residues

Biological
properties

Recommendation grade
1
against Helicobacter

Source of
essential and
branched chain
amino acids
Primary protein
found in human
breast milk
Source of
essential and
branched chain
amino acids
Primary protein
found in colostrum Immune
modulating
benefits
Antioxidant
Antibacterial,
antiviral, and
antifungal
Promotes
growth of beneficial bacteria
Naturally occurs
in breast milk,
tears, saliva,
bile, blood, and
mucus
Inhibits growth
of bacteria
Source of essential amino acids
Large protein
Source of
branched chain
amino acids
Lacks the
aromatic amino
acids phenylalanine, tryptophan
and tyrosine

-

β-Lactoglobulin

1.3

50%-55%

18277

162

α-Lactalbumin

1.2

20%-25%

14175

123

Immunoglobulins
(A, B and C)

0.7

10%-15%

25000 (light chain)
+ 50000-70000
(heavy chain)

-

Lactoferrin

0.1

1%-2%

80000

700

Lactoperoxidase

0.03

0.50%

70000

612

Bovine Serum Albumin

0.4

5%-10%

66267

582

Glycomacropeptide

1.2

10%-15%

6700

64

D

D

A

-

D

1

Grades of recommendations: A: At least one meta-analysis, systematic review, or RCT rated as 1++ and directly applicable to the target population or A
systematic review of RCTs or a body of evidence consisting principally of studies rated as 1++ directly applicable to the target population and demonstrating overall consistency of results; B: A body of evidence including studies rated as 2++ directly applicable to the target population and demonstrating overall consistency of results or Extrapolated evidence from studies rated as 1++ or 1+; C: A body of evidence including studies rated as 2+ directly applicable
to the target population and demonstrating overall consistency of results or Extrapolated evidence from studies rated as 2++; D: Evidence level 3 or 4 or
Extrapolated evidence from studies rated as 2+.

sistent with the hypothesis that whey milk proteins may
partly or completely explain the anti-Helicobacter properties of fermented milk based probiotic preparations.
Overall, the recommendation for fermented milk may
be classified as Recommendation Grade-A. The magnitude of the benefit achieved by FMPPs is small (10%)
but holds across a variety of preparations. FMPPs also
carry the potential inherent advantage of better patient
acceptability. Thus, they could offer a viable alternative for complementing traditional regimens. Further
research is necessary to identify the active substrate/s
and to define the exact product to be used, the optimal
clinical setting (prevention/treatment, first line therapy/

WJG|www.wjgnet.com

recurrence, symptomatic/asymptomatic, gastritis/ulcer
diseases, treatment failure etc.) and potential benefits in
the setting of high antibiotic resistance.

Whey Proteins
Whey proteins are globular water soluble molecules constituting 20% of the milk protein system. The whey protein profile, including general chemical, physicochemical
and biological properties is depicted in Table 4. β-LG
comprises the maximum percentage of whey protein but
it has not been documented to possess any anti-bacterial
properties. Other proteins have promising antibacterial
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attributes and hence have been studied in in vitro, in vivo
and in human trials. With specific reference to H. pylori
infection and associated conditions lactoferrin, α-LA,
glycomacropeptide and immunoglobulins appear to be
potentially relevant and warrant further discussion.

mycin, tinidazole and lactoferrin) showed a statistically
insignificant improvement in the eradication rate (4%
in ITT analysis and 7% in per-protocol analysis). The
results of this trial are limited by marked geographical
heterogeneity (multicentre trial) in eradication rates.
Although the available evidence suggests that bLf is
beneficial (Recommendation Grade-A), the magnitude
of the documented benefit is small. Given that it lacks
the inherent advantage in patient acceptability (requires
to be given as a drug), the concept that fermented milk
potentially has a clinically significant benefit (other than
suggesting that whey protein may be partly/completely
responsible for the benefit with FMPP) remains unclear.
Its role in various clinical settings and more so in the
presence of high antibiotic resistance deserves further
exploration.

Bovine lactoferrin
Bovine lactoferrin, an iron-binding glycoprotein, is a
non-enzymatic antioxidant found in the whey fraction of
fermented milk as well as in colostrum. The possibility
that bLF may help to improve the H. pylori eradication
rate was first conceived in 1997 when, in an in vitro study
by Yamazaki et al[43], bLf was found to be bactericidal
to H. pylori in Brucella broth. Later in vitro studies have
confirmed the same and yielded evidence of the possible
mechanism of bactericidal action of bLf relating it to
the high iron-binding affinity and prevention of iron utilization by H. pylori[44,45]. An additional mechanism based
on the interaction of bLf with the bacterial surface is
also suggested in the context of bactericidal effect on S.
mutans and V. cholerae[46]. It has been observed that bLf
can bind to the outer membrane of Gram-negative bacteria and trigger the release of lipopolysaccharides, and
kill the bacteria through osmotic damage[47,48]. Building
on the available evidence Wada et al[49], in their study, examined the therapeutic effect of bLf on H. pylori infection using in vitro and in vivo experimental systems. In the
experiment a significant inhibition of H. pylori binding to
gastric epithelium was accomplished within 8 h after incubation. As a follow up experiment mice infected with
H. pylori were given 10 mg of bLf orally every day and
their stomachs were removed after 2 wk. 40.0% of all H.
pylori attached themselves to the epithelium in the stomach of the untreated mice, whereas only 19.9% of the H.
pylori did in the bLf-treated mice. However, in a similar
experiment by Huynh et al[50], bLF, desferrioxamine and
human recombinant lactoferrin had positive in vitro effects but all three failed to reduce H. pylori load in mice.
The above experimental evidence led to several human
clinical trials. These are summarized in Table 5[43,51-57]. As
presented, 5 (of 7 available) positive clinical trials and a
meta-analysis appear to establish the beneficial effect of
bLf (4%-17% as per meta-analysis) on H. pylori eradication fairly well[58]. The positive response was variously
explained by the authors: (1) synergistic action of the
antibiotics with bLf against H. pylori; (2) Inhibition of
Helicobacter growth in an acidic pH by bLf; (3) Ability of
bLf to bind to iron inhibiting growth of H. pylori; and
(4) decrease in incidence of side effects and non-compliance. Two studies by Zullo et al[56] and Imoto et al[57]
did not show any significant difference on addition of
lactoferrin to triple therapy. In the first study this could
be explained by the lack of synergism between lactoferrin and amoxicillin[56]. Alternatively, the anti-bacterial effect of lactoferrin based on bacterial membrane damage
of Gram negative bacteria could be marginalized when
amoxicillin is administered. In the second study the
authors using quadruple therapy (rabeprazole, clarithro-
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α -LA
α-LA is a major milk protein comprising 20-25% of
whey proteins and has strong calcium binding ability.
α-LA is reported to be biologically active in vivo with
well-demonstrated antiulcer activity in rats. Matsumoto
et al[59], in an in vivo study using ethanol ulcer model rats,
documented 82% reduction of ulcerative lesion index
using 200 mg/kg bw of α-LA. Similar results were reported by Mezzaroba et al[60], with absolute alcohol and
indomethacin ulcer model rats given commercial α-LA.
This intervention resulted in 30%-70% reduction in the
ulcerative lesion index in comparison with controls. The
exact mechanism of the protective effect and its impact
on Helicobacter is not well studied. However, as reported,
whey protein concentrates have consistently shown antiHelicobacter properties. The minimal evidence on the
subject precludes any definitive comment on the potential of α-LA as an anti-Helicobacter agent. The paucity
of literature on the subject presents wide scope for future research.
Glycomacropeptide
Glycomacropeptide (GMP), also referred to as caseinomacropeptide and caseinoglycopeptide, is formed when
bovine κ-casein is hydrolysed into para-κ-casein, which
remains with the curd, and GMP, which is removed
with the whey. It constitutes 15%-20% of whey protein.
GMP has also been found to have several immunomodulatory functions and antibacterial properties. Otani et
al[61] demonstrated that GMP, which contains sialic acid,
inhibits the activity of Salmonella typhimurium lipopolysaccharide, inhibiting bacterial and viral adhesion especially
to epithelial cells and dental plaque[62,63]. Other relevant
properties like suppression of gastric secretions in dogs
have been reported by a study group[64].
A study done in Japan attempted to enhance the
ability of glycopeptides to bind pathogenic bacteria in
vivo by conjugating with the non-digestible saccharides.
The results of this study suggest that GMP could be a
promising agent for preventing intestinal infection using
its ability to bind pathogenic bacteria[65]. In the context
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Table 5 Studies comparing bovine lactoferrin with placebo or “standard therapy + bovine lactoferrin” with “standard therapy”
Ref.

Type of trial Evidence Quality
1
2
grade
rating

Sachdeva et al[58], 2009, India Metaanalysis

1+

++

Di Mario et al[51], 2003, Italy

Human

1+

+

Di Mario et al[52], 2006, Italy

Human

1+

+

Okuda et al[53], 2005, Japan

Human

1-

+

Tursi et al[54], 2007, Italy

Human

1-

+
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Subjects

Study design

Study groups

Outcome
variable

Results and conclusion

5 trials; 682 Metaanalysis Trials had to
EradicaThe pooled odds ratio (5-studsubjects
of human
be randomtion of
ies) for eradication by intention
[bLF group RCTs/CCTs ized or quasiH. pylori; to treat analysis was 2.22 (95%CI:
(n = 316);
randomized
adverse
1.44-3.44; P = 0.0003) using the
control
and controlled, events of fixed effects model (FEM) and 2.24
group (n =
using bLF in
eradi(95%CI: 1.15-4.35; P = 0.0003) using
366)]
the intervention
cation
the random effects model (REM)
group treating
therapy
(Cochran’s Q = 6.83; P = 0.145).
Helicobacter-inThe pooled risk difference was
fected patients.
0.11 (95%CI: 0.05 -0.16; P = 0.0001)
The only differby FEM (Cochran’s Q = 6.67; P =
ence between
0.154) and 0.10 (95%CI: 0.04-0.17;
the two groups
P = 0.0023) by REM. There was no
had to be bLF
significant difference in incidence
of adverse effects
150 conRCT
Three groups – Efficacy of Eradication rates (ITT) were Asecutive
A-triple therapy standard 92.2%, B-71.2%, C-70.2 %. Results
H. pylori(rabeprazole,cla triple ther- suggest that lactoferrin tested in
positive
rithromycin,tini apy plus the present study was effective in
patients
dazole) with lac- bovine curing H. pylori and could be a new
suffertoferrin for 7 d lactofer- agent to assist the antimicrobials in
ing from
(n = 51), B-triple rin in the
the eradication of the bacterium
dyspeptic
therapy for 7 d eradicasymptoms,
(n = 52), C- triple tion of H.
gastritis
therapy for 10 d
pylori
and peptic
(n = 47)
ulcer disease
402 conRCT
Three groups – Efficacy Eradication rate (ITT)- A- 77%, Bsecutive
A- triple therapy of bovine
73%, C = 90%. Incidence of side
H. pylori(esomeprazole, lactofer- effects was A- 9.5%, B- 9%, C- 8.2%
positive
clarithromycin rin in the Results demonstrate that bovine
patients
,tinidazole) for treatment lactoferrin is an effective adjuvant
suffer7 d (n = 136), of H. pylori to triple therapy for eradication of
ing from
B-lactoferrin fol- infection
H. pylori Infection
dyspeptic
lowed by triple
symptoms,
therapy for 7 d (n
gastritis
= 132), C- triple
and peptic
therapy with
ulcer dislactoferrin (n =
ease
134)
59 H. pyCCT
Two groupsEfficacy Positive response (> 50% decrease
lori infected
bLF (n = 31), of a single in C-UBT values) was observed in
healthy
placebo (n = 28) admin10 of 31 bLF-treated subjects and
volunteers
istration 1 of 28 control subjects, indicating
or children
of bLF.
that the rate of positive response
who were
Improve- in the bLF group was significantly
enrolled in
ment of
higher than that in the control
a previous
H. pylori
group
epideinfection,
miological
adverse
study
effects
70 consecuCCT
Two groupsEffiEradication rate- A-88.57%,
tive paA-quadruple
cacy and B-94.28%. Side effects- A-29.41%,
tients with
therapy (ratolerabilB-17.64%. bLF supplementation
persistent
nitidine bismuth ity of bLF was found effective in reducing
H. pylori
citrate plus
suppleside-effect incidence. It seems
infection
triple therapy- mentation capable of achieving a slight (NS
after failure
esomeprazole
to this statistically) improvement in eradiof a first
,amoxicillin,
quadruple
cating H. pylori
standard
tinidazole) (n = therapy in
treatment
35), B- quadruple re-treating
therapy plus
H. pylori
lactoferrin (n = infection
35)
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Zullo et al[55], 2005, Italy

Human

1+

++

133 consecutive
patients
with nonulcer dyspepsia and
H. pylori
infection

RCT

Two groups- A- Eradicatriple therapy
tion rate
for 7 d (n = 68), of H. pylori
B- quadruple
infection,
therapy (triple
side eftherapy plus
fects and
lactoferrin) (n = compli65)
ance

Zullo et al[56], 2007, Italy

Human

1+

+

144 consecutive
dyspeptic
patients

RCT

Imoto et al[57], 2004

Human

FTNA

FTNA

25 H. pylori positive
healthy
volunteers

CCT

Two groups –
A- triple therapy
(rabeprazole,
levofoxacin,
amoxycillin) (n
= 72), B- quadruple therapy
(rabeprazole,
clarithromycin,
tinidazole plus
bovine lactoferrin) (n = 72)
Two groups- AbLf mixed with
a commercial
yogurt (n = 16)
B- yogurt (n = 9)

Eradication rate (ITT) A- 77.9%, B76.9%. Side effects- A –10.3%, B9.2%. Quadruple therapy with bLF
did not significantly increase the
H. pylori cure rate of standard 7-d
clarithromycin-amoxycillin based
triple therapy in non-ulcer dyspepsia patients

EradicaEradication rate (ITT) A- 68.1%,
tion rate B-72.2%. H. pylori eradication rate
of H. pylori following both quadruple therapy
infection,
with lactoferrin and a low-dose
side ef- PPI, triple therapy with levofloxafects and
cin is disappointingly low
compliance

Effect
The C-UBT values at week 8 were
of bLf
significantly lower than those
against H.
at week 0 in the bLf group (P <
pylori
0.01), whereas no difference was
observed in the control group

1

Levels of evidence: 1++ High quality meta-analysis, systematic reviews of RCTs, or RCTs with a very low risk of bias; 1+ Well conducted meta-analysis,
systematic reviews of RCTs or RCTs with a low risk of bias; 1- Meta-analysis, systematic reviews or RCTs or RCTs with a high risk of bias; 2++ High quality systematic reviews of case-control or cohort studies or High quality case-control or cohort studies with a very low risk of confounding, bias, or chance
and a high probability that the relationship is causal; 2+ well conducted case control or cohort studoes with a low risk of confounding, bias, or chance and
a significant risk that the relationship is not causal; 3 Non-analytic studies, eg case reports, case series; 4 Expert opinion. 2Quality rating for individual studies: ++ Applies if all or most criteria from the checklist are fulfilled; where criteria are not fulfilled the conclusions of the study or review are thought very
unlikely to alter; + Applies if some of the criteria from the checklist are fulfilled; where criteria are not fulfilled or are not adequately described, the conclusions of the study or review are thought unlikely to alter; - Applies if few or no criteria from the checklist are fulfilled; where criteria are not fulfilled or are
not adequately described, the conclusions of the study or review are thought likely or very likely to alter. H. pylori: Helicobacter pylori; RCT: Randomised
controlled trial; CCT: Controlled clinical trial; CT: Clinical trial; C-UBT: 13C-urea breath test; FTNA: Full text not available; NS: Not significant.

of Helicobacter infection several authors have expressed
the view that GMP has gastroprotective properties[66] but
there is no direct evidence supporting its role in its eradication. Currently, in the absence of direct evidence the
potential benefit of GMP in the treatment of H. pylori
infection remains speculative.

the in vivo effects of the immunoglobulin in prevention
or treatment of H. pylori infections in humans is only
suggestive and deserves further work.

CONCLUSION
In conclusion, FMPP and bovine lactoferrin appear to be
beneficial in Helicobacter eradication (Evidence Grade-A
or -B in various settings with level 1++ studies available).
Evidence for α-lactabumin and whey protein concentrates enriched in immunoglobulins is “suggestive of
benefit”. However the studies are small and/or based on
animals (level 3 or 4 studies only; no grading possible).
Literature on glycomacropeptide is very preliminary
precluding relevant inferences. No studies directly comparing the efficacy of individual components amongst
themselves or to FMPP were available. Overall, the magnitude of the potential benefit documented so far for the
group is small and the precise clinical settings are poorly
defined. This restricts more widespread use of this group
as a complementary therapy in a nutraceutical setting
hinging on better patient acceptability/compliance. Further work is necessary to identify the optimal substrate,
fermentation process, dose of administration and the
ideal clinical setting (prevention/treatment, first line
therapy/recurrence, symptomatic/asymptomatic, gastri-

Immunoglobulins
Immunoglobulins constitute a complex group, the elements of which are produced by B-lymphocytes. They
make a significant contribution to the whey protein content (10-15%). Some of them attach to surfaces, where
they behave as receptors, whereas others function as
antibodies, which are released in the blood and lymph.
Early et al[67], in an in vitro study, demonstrated that whey
protein concentrates produced using milk from H. pylori
immunized cows contain antibodies that are active at the
pH of the stomach, and bactericidal against H. pylori in
vitro. Oona et al[68], in their study on 20 children suffering from recurrent abdominal pain and with proven H.
pylori infection, showed alleviation of gastritis and/or
a decrease in the degree of colonization of the antrum
mucosa in 9/14 children, and of the corpus mucosa in
7/15 children using immune colostrum of cows immunized (whole-cell vaccine prepared with H. pylori strain
NCTC 11637) before calving. It is clear that evidence on
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tis/ulcer diseases etc.). The potential of this group in high
antibiotic resistance or treatment failure settings presents
interesting possibilities and deserves further exploration.
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Solitary rectal ulcer syndrome: Clinical features,
pathophysiology, diagnosis and treatment strategies
Qing-Chao Zhu, Rong-Rong Shen, Huan-Long Qin, Yu Wang
entiating SRUS from other conditions. However, the etiology remains obscure, and the condition is frequently
associated with pelvic floor disorders. SRUS is difficult
to treat, and various treatment strategies have been
advocated, ranging from conservative management to
a variety of surgical procedures. The aim of the present
review is to summarize the clinical features, pathophysiology, diagnostic methods and treatment strategies associated with SRUS.
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Core tip: We summarize the clinical features, pathophysiology, and diagnostic methods associated with
solitary rectal ulcer syndrome (SRUS). Several therapies such as topical medication, behavior modification
supplemented by fiber and biofeedback, and surgery
are also discussed. The review might be conducive to
understanding the nature of SRUS more systematically.

Abstract
Solitary rectal ulcer syndrome (SRUS) is an uncommon benign disease, characterized by a combination of
symptoms, clinical findings and histological abnormalities. Ulcers are only found in 40% of the patients; 20%
of the patients have a solitary ulcer, and the rest of the
lesions vary in shape and size, from hyperemic mucosa
to broad-based polypoid. Men and women are affected
equally, with a small predominance in women. SRUS
has also been described in children and in the geriatric
population. Clinical features include rectal bleeding, copious mucus discharge, prolonged excessive straining,
perineal and abdominal pain, feeling of incomplete defecation, constipation, and rarely, rectal prolapse. This
disease has well-described histopathological features
such as obliteration of the lamina propria by fibrosis
and smooth muscle fibers extending from a thickened
muscularis mucosa to the lumen. Diffuse collage deposition in the lamina propria and abnormal smooth
muscle fiber extensions are sensitive markers for differ-
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INTRODUCTION
Solitary rectal ulcer syndrome (SRUS) is a rare benign disorder characterized by a combination of symptoms, endoscopic findings, and histological abnormalities[1]. It was
first described by Cruveihier[2] in 1829, when he reported
four unusual cases of rectal ulcers. The term “solitary
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ulcers of the rectum” was used by Lloyd-Davis in the late
1930s and in 1969 the disease became widely recognized
after a review of 68 cases by Madigan et al[3], and few
years later, a more comprehensive pathogenic concept of
the disease was reported by Rutter et al[4]. SRUS is an infrequent and underdiagnosed disorder, with an estimated
annual prevalence of one in 100000 persons. It is a disorder of young adults, occurring most commonly in the
third decade in men and in the fourth decade in women.
Men and women are affected equally, with a small predominance in women[5]. However, it has been described
in children and in the geriatric population[6]. Solitary rectal
ulcer is a misnomer because ulcers are found in 40% of
patients, while 20% of patients have a solitary ulcer, and
the rest of the lesions differ in shape and size, including
hyperemic mucosa to broad-based polypoid lesions[7].
There is even a suggestion that the disease process also
may involve the sigmoid colon[8].
In addition, the etiology is not known but may involve a number of mechanisms. For example, ischemic
injury from pressure of impacted stools and local trauma
due to repeated self-digitation may be contributing factors[9]. Furthermore, opinion differs regarding the best
treatment for this troublesome condition, varying from
conservative management and enema preparations to
more invasive surgical procedures such as rectopexy[10].
In this mini-review, several aspects of this syndrome are
evaluated, and detailed information about the disease will
help guide future prevention and treatment strategies.

or local ischemia as causes. It has been suggested that
descent of the perineum and abnormal contraction of
the puborectalis muscle during straining on defecation
or defecation in the squatting position result in trauma
and compression of the anterior rectal wall on the upper anal canal, and internal intussusceptions or prolapsed
rectum[6,17]. Mucosal prolapse, overt or occult, is the
most common underlying pathogenetic mechanism in
SRUS. This may lead to venous congestion, poor blood
flow, and edema in the mucosal lining of the rectum and
ischemic changes with resultant ulceration. The cause
of ischemia may also be related to fibroblasts replacing blood vessels, and pressure by the anal sphincter.
Moreover, rectal mucosal blood flow has been found
to be reduced in SRUS to a level similar to that seen in
normal transit constipation, suggesting similar impaired
autonomic cholinergic gut-nerve activity[18]. Self-digitation
maneuver to reduce rectal prolapse or to evacuate an
impacted stool may also cause direct trauma of the mucosa and ulceration[19]. Although this hypothesis seems
plausible, it remains unproven because rectal mucosal
intussusception is common even in healthy subjects, but
rectal prolapse and SRUS are rare[20]. In addition, not all
patients with rectal prolapse have SRUS and vice versa[21].
Furthermore, ulcers usually occur in the mid rectum,
which can not be reached by digital examinations[22].
Hence, it has been suggested that rectal prolapse and
SRUS are two disparate conditions. In children, secondary to chronic mechanical and ischemic trauma, inflammation by hard stools, and intussusceptions of the rectal
mucosa, some histological features of SRUS can be seen,
such as fibromuscular obliteration of the lamina propria
and disorientation of muscle fibers[23].
Anorectal physiology studies have shown that
25%-82% of patients with SRUS may have dyssynergia
with paradoxical anal contraction[24]. Studies have confirmed that uncoordinated defecation with excessive
straining over time play a key role in SRUS[19]. Morio
and his colleagues found that SRUS patients compared
with three control groups (dyssynergic defecation alone,
rectal prolapse with or without mucosal changes) had
more frequent increase in anal pressure and paradoxical
puborectalis contraction during strain[25]. In addition, a
case-control study showed that up to 82% of subjects
exhibited dyssynergia along with prolonged balloon expulsion time[19]. Also, SRUS patients exhibited rectal hypersensitivity, raising the hypothesis that hypersensitivity
may lead to a persistent desire to defecate and/or feeling
of incomplete evacuation and excessive straining.

CLINICAL FEATURES AND
PATHOPHYSIOLOGY
SRUS is a chronic, benign, underdiagnosed disorder characterized by single or multiple ulcerations of the rectal
mucosa, with the passage of blood and mucus, associated
with straining or abnormal defecation[11]. The average
time from the onset of symptoms to diagnosis is 5 years,
ranging from 3 mo to 30 years in adults, which is longer
than in pediatric patients (1.2-5.5 years)[12]. Clinical features include rectal bleeding, copious mucus discharge,
prolonged excessive straining, perineal and abdominal
pain, feeling of incomplete defecation, constipation, and
rarely, rectal prolapse[13,14]. The amount of blood varies
from a little fresh blood to severe hemorrhage that requires blood transfusion[15]. Some children present with
apparent diarrhea (because of prolonged visits to the
bathroom), and associated bleeding, abdominal pain, and
tenesmus suggest to clinicians the presence of inflammatory bowel disease[16]. However, it is unusual that a child
may present with recurrent rectal bleeding and anemia
requiring blood transfusion[6]. Although the passage of
blood during defecation is the hallmark, up to 26% of
patients can be asymptomatic, discovered incidentally
when investigating other diseases[7].
The underlying etiology and pathogenesis are not
fully understood but multiple factors may be involved.
The most accepted theories are related to direct trauma
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DIAGNOSIS
The cause of SRUS is unknown. The clinical presentation
varies, therefore, early diagnosis requires a high index of
suspicion from both the surgeon and the pathologist[7,20],
especially because the term “solitary rectal ulcer” is a misnomer and only a quarter of the adults with SRUS have a
true rectal ulcer, and the lesion is not necessarily solitary

739

January 21, 2014|Volume 20|Issue 3|

Zhu QC et al . SRUS: Clinical characteristics and treatment

A

B

Figure 1 Endoscopic imaging and corresponding histological findings in solitary rectal ulcer syndrome patients. A: Colonoscopy revealed localized yellowish
slough, rectal edema, erythema, and superficial ulcerations; B: Histology (hematoxylin and eosin) shows smooth muscle hyperplasia in the lamina propria between
colonic glands, and surface ulceration with associated chronic inflammatory infiltrates. Magnification: × 40 (left), × 100 (right).

or ulcerated[26]. Diagnosis of SRUS is based on clinical
features, findings on proctosigmoidoscopy and histological examination, imaging investigations including defecating proctography, dynamic magnetic resonance imaging,
and anorectal functional studies including manometry
and electromyography[27]. A complete and thorough history is most important in the initial diagnosis of SRUS.
Differential diagnosis includes Crohn’s disease, ulcerative
colitis, ischemic colitis, and malignancy. Obstructive
symptoms in children may be interpreted by parents
as constipation. In a quarter of patients, a delay in diagnosis or misdiagnosis of SRUS might occur because
of inadequate rectal biopsy and failure to recognize the
histopathological features of the disease[27]. Concomitant
hematochezia may be misinterpreted as originating from
an anal fissure caused by constipation, or as other causes
of rectal bleeding such as a juvenile polyp[11,28].
Colonoscopy and biopsy of normal and abnormallooking rectal and colonic mucosa should be performed.
It has been reported that the ulcer is usually located on
the anterior wall of the rectum and the distance of the ulcer from the anal margin varies from 3 to 10 cm[3]. Ulcers
may range from 0.5 to 4 cm in diameter but are usually
1-1.5 cm[29]. The appearance of SRUS on endoscopy may
vary from preulcer hyperemic changes of rectal mucosa
to established ulcers covered by a white, grey or yellowish
slough[3,29] (Figure 1A). The ulceration is shallow and the
adjacent mucous membrane may appear nodular, lumpy
or granular[30]. Twenty-five percent of SRUSs may appear
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as a polypoid lesion; 18% may appear as patchy mucosal
erythema; and 30% as multiple lesions. As a result of the
wide endoscopic spectrum of SRUS and the fact that
the condition may go unrecognized or, more commonly,
misdiagnosed, it is crucial to collect biopsy specimens
from the involved area to confirm the diagnosis and to
exclude other diagnoses, including cancer[5]. Defecography is a useful method for determining the presence of
intussusception or internal or external mucosal prolapse
and can demonstrate a hidden prolapse, as well as a nonrelaxing puborectalis muscle and incomplete or delayed
rectal emptying[31]. However, because of the wide availability of endoscopy and biopsy, defecography usually is
reserved for the investigation of the underlying pathophysiology and possibly for preoperative assessment[32].
Barium enema shows granularity of the mucosa, polypoid lesion, rectal stricture and ulceration, and thickened
rectal folds; all of which are nonspecific findings[33]. It has
been recommended that defecography and anorectal manometry should be performed in all children with SRUS
to define the primary pathophysiological abnormality
and to select the most appropriate treatment protocol[34].
Anorectal manometry and electromyography provide
useful information about anorectal inhibitory reflex, pressure profiles, defecation dynamics, and rectal compliance
and sensory thresholds. On awake anorectal manometry,
42%-55% of children with chronic constipation show
dyssynergia and abnormal contraction of voluntary
muscles of the pelvic floor and external anal sphincters
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SRUS

Patient education
Avoid straining and/or anal digitations
Minimize time on commode
High-fiber diet and bulk laxatives
Improved
No symptomatic improvement

Biofeedback

Defecography
Transanal ultrasonography

External prolapse

No prolapse or significantly prolonged
evacuation time on proctography

Internal prolapse

Consider mucosal resection or
perineal proctectomy

Biofeedback

Consider resection and
rectopexy

Figure 2 Suggested algorithm for treatment strategies in patients with solitary rectal ulcer syndrome. SRUS: Solitary rectal ulcer syndrome.

(EASs) during an attempt to expel a rectal balloon[35]. In
adults, excessive straining and uncoordinated defecation,
caused by dyssynergia of pelvic floor muscles, are attributed to development of SRUS[36]. These all suggest a relationship between dyssynergia of the pelvic floor and the
EAS muscles, constipation, rectal prolapse, and SRUS.
Recent studies have shown the usefulness of anorectal
ultrasound in assessing internal anal sphincter thickness,
which is increased in patients with SRUS[37], and it has
been suggested that sonographic evidence of a thick
internal anal sphincter is highly predictive of high-grade
rectal prolapse and intussusceptions[38]. Routine laboratory tests including red and white blood cell counts, platelet
count, hemoglobin, liver function tests, coagulation tests,
C-reactive protein, and erythrocyte sedimentation rate are
usually normal. Features of microcytic anemia with low
values of hemoglobin, hematocrit and mean corpuscular
volume may, however, be seen in a child with a history of
recurrent bleeding per rectum[35].
Key histological features include fibromuscular obliteration of the lamina propria, hypertrophied muscularis
mucosa with extension of muscle fibers upwards between
the crypts, and glandular crypt abnormalities[39] (Figure
1B). Other minor microscopic changes, including surface
erosion (which is covered by mucus, pus and detached
epithelial cells, and may show reactive hyperplasia with
distortion of the crypt architecture), mild inflammation,
distorted crypts, and reactive epithelial atypia, may lead to
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erroneous diagnoses such as inflammatory bowel disease
(which may show chronic and acute inflammatory cells in
lamina propria, cryptitis, crypt abscesses and granuloma
formation, with distortion of epithelial and glandular
structures) and cancer[40]. Diffuse collagen deposition in
the lamina propria and abnormal smooth muscle fiber
extensions are sensitive markers for differentiating SRUS
from other conditions[41].

TREATMENT
Several treatment options have been used for SRUS,
ranging from conservative treatment (i.e., diet and bulking
agents), medical therapy, biofeedback and surgery (Figure
2). The choice of treatment depends upon the severity of
symptoms and whether there is a rectal prolapse.
Patient education and behavioral modification are the
first steps in the treatment of SRUS[9]. In particular, asymptomatic patients may not require any treatment other
than behavioral modifications. Other suggestions for the
treatment include reassurance of the patient that the lesion is benign, encouragement of a high-fiber diet, avoidance of straining, regulation of toilet habits, and attempt
to discuss any psychosocial factors[42]. The use of a highfiber diet, in combination with stool softeners and bulking laxatives, and avoidance of straining have had varying
responses[43]. These dietary and behavioral modifications
are especially effective in patients with mild to moder-
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ate symptoms and with absence of significant mucosal
prolapse. However, it would appear that conservative
approaches are less useful when SRUS is associated with
an advanced grade of rectal intussusception, extensive
inflammation, established fibrosis and/or reducible external prolapse[44]. Therefore, in patients whose symptoms
are resistant to those conservative measures, a more organized form of behavioral therapy such as biofeedback
appears promising. It has been suggested that, in selected
patients, biofeedback improves symptoms by altering
efferent autonomic pathways to the gut[45]. Biofeedback
includes reducing excessive straining with defecation by
correcting abnormal pelvic-floor behavior and by attempting to stop the aid of laxatives, suppositories, and
enemas[46]. In a case-control study, standard biofeedback
therapy improved both anorectal function and bowel
symptoms in most patients who exhibited dyssynergic
defecation[19]. Furthermore, the improvement in symptoms and manometric findings was associated with significant healing in 54% of patients. In another study, Jarrett
and his colleagues found that 12/16 (75%) patients with
SRUS had subjective improvement after biofeedback,
and this was associated with increased rectal mucosal
blood flow, suggesting that improved extrinsic innervation to the gut could be responsible for such a successful
response[36]. Some authors suggest that biofeedback helps
in the short term, but is less effective in the long term,
and further systematic studies in a large population are
required[42].
Topical treatments, including sucralfate, salicylate, corticosteroids, sulfasalazine, mesalazine and topical fibrin
sealant, have been reported to be effective with various
responses and improvement of symptoms[47]. Sucralfate
enema contains aluminum complex salts, which coat the
rectal ulcer and form a barrier against irritants, allowing
the ulcer to heal. Corticosteroids and sulfasalazine enemas may also help ulcer healing by reducing the inflammatory responses. However, these treatments are empirical and have been applied in uncontrolled studies, and
their long-term benefits deserve further investigation[48,49].
Surgery remains an option for patients not responsive
to conservative measures and biofeedback. Surgery is
warranted in almost one-third of adults with associated
rectal prolapse; in children this has only been described
in case reports[10]. Surgical treatments include excision
of the ulcer, treatment of internal or overt rectal prolapse, and defunctioning colostomy[47]. The indication for
surgery is failure of conservative treatment to control
severe symptoms, and the aim is to avoid formation of
colostomy as a primary operation. Sclerotherapy injection
into the submucosa or retrorectal space with 5% phenol,
30% hypertonic saline or 25% glucose and perianal cerclage is effective in treating rectal prolapse. A therapeutic
role of botulinum toxin injection into the external anal
sphincter for the treatment of SRUS, and constipation
associated with dyssynergia of defecation dynamics has
also been reported by Keshtgar et al[50]. The effect of
botulinum toxin lasts approximately 3 mo, which may be
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more beneficial than biofeedback therapy. In addition, in
children, laparoscopic rectopexy using a polypropylene
mesh on each side of the rectum, fixed to sacral promontory with a nonabsorbable structure, has been used successfully to treat SRUS[10]. Furthermore, for full-thickness
prolapse, mucosal resection (Delorme’s procedure) or
perineal proctectomy (Altemeier’s procedure) has been
advocated[51]. In a series of 66 adult patients with SRUS,
rectopexy was done in 49, Delorme’s operation in nine,
restorative anterior resection in two, postanal repair and
division of puborectalis in two, and primary colostomy
in four[52]. Local excision of polypoid rectal ulcer and rectopexy for overt rectal prolapse, however, have a higher
long-term cure rate[53]. Proctectomy may be required in
patients with intractable rectal pain and bleeding, who
have not responded to other surgical treatments[54]. Based
on postoperative evacuation defecography studies, it has
been shown that rectopexy alters rectal configuration
and successfully treats rectal prolapse in SRUS, and that
a prolonged preoperative evacuation time is predictive of
poor symptomatic outcome[32]. When the above measures
fail, mucosal-sleeve resection with coloanal pull-through
or a diverting colostomy should be considered. The evidence regarding which approach is first-line for SRUS is
unclear. However, open rectopexy and mucosal resection
seem popular with a success rate of 42%-100%[55].

CONCLUSION
SRUS is a chronic, benign disorder in young adults, often
related to straining or abnormal defecation. The pathogenesis of SRUS is not well understood, but may be
multifactorial. Usually, patients present with straining, altered bowel habits, anorectal pain, incomplete passage of
stools, and passage of mucus and blood. The diagnosis
can be made clinically, endoscopically, and histologically.
Symptoms may resolve spontaneously or may require
treatment. A variety of therapies have been tried. Several
therapies thought to be beneficial include topical medication, behavior modification supplemented by fiber and
biofeedback, and surgery. Patient education and a conservative, stepwise individualized approach are important in
the management of this syndrome.
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METHODS: Between January 2001 and September
2011, 129 patients with BCLC stage 0 and stage A HCC
who underwent TACE were retrospectively enrolled.
Patient characteristics, routine computed tomography
and TACE findings, survival time and 1-, 5-, and 10-year
survival rates, risk factors for mortality, and survival rates
according to the number of risk factors were assessed.
RESULTS: The mean size of HCC tumors was 2.4 ±
1.1 cm, and the mean number of TACE procedures
performed was 2.5 ± 2.1. The mean overall survival
time and 1-, 5-, and 10-year survival rates were 80.6 ±
4.9 mo and 91%, 63% and 49%, respectively. In the
Cox regression analysis, a Child-Pugh score > 5 (P =
0.005, OR = 3.86), presence of arterio-venous shunt (P
= 0.032, OR = 4.41), amount of lipiodol used (> 7 mL;
P = 0.013, OR = 3.51), and female gender (P = 0.008,
OR = 3.47) were risk factors for mortality. The 1-, 5-,
and 10-year survival rates according to the number of
risk factors present were 96%, 87% and 87% (no risk
factors), 89%, 65%, and 35% (1 risk factor), 96%,
48% and unavailable (2 risk factors), and 63%, 17%,
and 0% (3 risk factors), respectively (P < 0.001).
CONCLUSION: TACE may be used as curative-intent
therapy in patients with BCLC stage 0 and stage A HCC.
The Child-Pugh score, arterio-venous shunt, amount of
lipiodol used, and gender were related to mortality after TACE.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Abstract

Core tip: In this study, transarterial chemoembolization

AIM: To evaluate the clinical characteristics of patients
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(TACE) was associated with a relatively good survival
rate in patients with stage 0 and stage A Barcelona
Clinic Liver Cancer (BCLC). The Child-Pugh score, presence of arterio-venous shunt, amount of lipiodol used
during TACE, and female gender were correlated with
mortality in patients with BCLC stage 0 and stage A hepatocellular carcinoma who underwent TACE. Patients
with more than 2 risk factors should be treated by
other curative-intent treatments after the first TACE.

Between January 2001 and September 2011
total TACE case: 1271 in 556 patients

Exclusion
Follow-up loss: 78 patients
Op after TACE: 33 patients
Other: 22 patients

BCLC stage 0
83 in 40 patients

Kim HC, Suk KT, Kim DJ, Yoon JH, Kim YS, Baik GH, Kim
JB, Kim CH, Sung H, Choi JY, Han KH, Park SH. Transarterial chemoembolization in Barcelona Clinic Liver Cancer
Stage 0/A hepatocellular carcinoma. World J Gastroenterol
2014; 20(3): 745-754 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i3/745.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i3.745

BCLC stage B-D
742 in 294 patients

Figure 1 Study design. A total of 129 patients with Barcelona Clinic Liver
Cancer (BCLC) stage 0 (n = 40) and stage A hepatocellular carcinoma (HCC) (n
= 89) who underwent transarterial chemoembolization (TACE) were retrospectively enrolled. Op: Operation.

characteristics of patients with BCLC stage 0 and stage A
HCC after TACE.

INTRODUCTION
Hepatocellular carcinoma (HCC) is a major health problem and is the sixth most common neoplasm in the
world[1]. The incidence of HCC is increasing in Europe
and the United States, and it is currently the leading cause
of death among cirrhotic patients[2-4]. Eighty percent of
patients with HCC have cirrhosis. The annual incidence
of HCC in patients with cirrhosis is 3%-5%[2]. Hepatitis
B virus infection is the main risk factor in Asia and Africa[5]. In Western countries, hepatitis C virus infection
is the main risk factor[6,7]. The rising incidence of HCC
has sparked widespread interest in research regarding the
clinical management of HCC.
The Barcelona Clinic Liver Cancer (BCLC) staging
system was constructed based on the results obtained
in several randomized controlled and cohort studies[8-10].
The BCLC staging system has been validated by several
groups in Europe and the United States[11-13], and the
treatment of HCC has dramatically changed in the last
few years[14]. Patients with BCLC stage 0 and stage A
HCC are candidates for curative therapies such as resection, transplantation or radiofrequency ablation. The
survival rate of patients with BCLC stage 0 and stage
A HCC approaches 50%-70% at 5 years after curative
therapy[15]. Five-year recurrence rates vary according to
the therapeutic modality[16-18].
Transarterial chemoembolization (TACE) is the only
intervention recommended by current HCC treatment
guidelines for intermediate-stage patients[19]. In general,
TACE has not been recommended as a first-line therapy
for patients with BCLC stage 0 and stage A HCC, based
on the results of a single retrospective study[20]. However,
this study reported the results of transarterial embolization, not TACE, and little evidence comparing TACE with
other curative therapies in patients with early stage HCC is
available[21,22]. Thus, considerable controversy still remains
regarding appropriate patient selection for TACE. In
this 10-year retrospective study, we evaluated the clinical
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BCLC stage A
243 in 89 patients

MATERIALS AND METHODS
Between January 2001 and September 2011, a total of
129 patients with BCLC stage 0 (n = 40) and stage A
HCC (n = 89) who underwent TACE were retrospectively enrolled (Figure 1). All of these patients were either
unable to or refused to undergo resection, transplantation, or ablative therapy. Contraindications for these
modalities included an unacceptably high risk of surgery,
unacceptably high risk of ablation due to the location of
mass (close to the gallbladder, liver hilum, liver capsule,
diaphragm or pericardium), financial constraints, or patient refusal. Thirty-three patients who were treated with
surgery after TACE were excluded. Patient characteristics,
routine pre- and post-treatment computed tomography
(CT) findings, TACE findings, and 1, 5 and 10-year survival rates were reviewed and assessed. The study protocol conformed to the ethical guidelines established by
the 1975 Declaration of Helsinki and received a priori approval by the participating hospitals’ institutional review
boards for human research.
Baseline evaluations were conducted including family
and alcohol history, X-ray, electrocardiography, electrolyte
panels, liver function tests, and viral markers. The diagnosis of HCC was established by α-fetoprotein (AFP) >
200 ng/mL, liver biopsy, and imaging tests, which included magnetic resonance image or contrast-enhanced CT
scanning in the arterial and portal venous phases. Reviews
of CT and TACE imaging were performed by a single
radiologist (H.C.K.) who had over 15 years of experience
with the TACE procedure. The clinical characteristics and
medical reports were reviewed by 1 hepatologist (K.T.S.).
The diagnosis of liver cirrhosis was established by liver
biopsy and/or imaging tests such as ultrasound and/or
contrast-enhanced CT in conjunction with laboratory
data and by observing clinical complications of cirrhosis
(presence of ascites, hepatic encephalopathy, and esopha-
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geal varices). Kaplan-Meier survival analysis and Cox regression analysis were used to investigate risk factors for
mortality. Survival rates, as classified by the number of
risk factors, were also evaluated and compared.

sponse Evaluation Criteria in Solid Tumors (RECIST),
the European Association for the Study of the Liver
(EASL), and the Modified RECIST (mRECIST) criteria[24,25]. According to RECIST, a complete response
(CR) is defined as the disappearance of all target lesions.
A partial response (PR) is defined as a 30% minimum
decrease in the sum of the longest diameter of the target lesions, taking as reference the baseline sum of the
longest diameter. Progressive disease (PD) is designated
as a 20% minimum increase in the sum of the longest diameter of the target lesions, taking as reference either the
smallest sum of the longest diameter recorded since the
start of treatment or the appearance of one or more new
lesions. Stable disease (SD) is indicated by insufficient tumor shrinkage to qualify for PR. According to the EASL
guidelines, CR is defined as the absence of enhancing
tumor areas, reflecting complete tissue necrosis. PR is
defined as a > 50% decrease in the enhancing areas, reflecting partial tissue necrosis. PD is defined as a > 25%
increase in the size of a single, measurable lesion or the
appearance of new lesions, and SD is defined as a tumor
response between PR and PD. The response categories,
according to the criteria of mRECIST, are as follows: CR
is defined as a disappearance of any intra-tumoral arterial
enhancement in all target lesions; PR is defined as at least
a 30% decrease in the sum of the diameters of viable target lesions; SD is defined as any cases that do not qualify
for either CR or PD; and PD is defined as an increase of
at least 20% in the sum of the diameters of viable target
lesions.
Time to recurrence was defined as time from treatment to recurrence. Time to progression was defined
as the time between treatment and radiological progression. The definitions of recurrence and progression were
based on the mRECIST amendments. Patients alive and
free of recurrence or progression at the end of followup were censored. Progression-free survival time was
defined as the time between treatment and either radiological progression or death[24].

TACE procedure
All patients gave informed consent prior to the procedure. All TACE procedures were performed using the
Seldinger technique by a board-certified attending interventional radiologist who specialized in interventional
oncology (H.C.K.)[23]. After arterial access was obtained
via the common femoral artery, a 5-French catheter (RH,
ANA MD Company, Seoul, South Korea) was introduced, and diagnostic angiography was performed of the
celiac axis and superior mesenteric artery to assess arterial anatomy and to confirm patency of the portal vein.
After the tumor feeder vessel was identified, a 2.9-French
microcatheter (ASAHI Stride Microcatheter, Vascular
Perspectives Ltd, Manchester, United Kingdom) was coaxially inserted through a 5-French catheter and advanced
into the hepatic artery supplying the targeted tumor. Depending on the size, location, and blood supply, the tip
of the catheter was advanced into the hepatic artery and
the feeding branch.
After appropriate catheter placement, a chemotherapeutic emulsion of 2-10 mL of iodized oil (Lipiodol
Ultra-Fluide, Andre Guerbet Laboratories, Anlney-SousBois, France) and 10-50 mg of doxorubicin (Adriamycin,
Ildong pharmaceutical CO. LTD, Seoul, South Korea)
was injected. The doxorubicin-iodized oil emulsion was
prepared by dissolving doxorubicin into a solution of
nonionic water-soluble contrast medium and saline solution and mixed with lipiodol by shaking manually approximately 10 times. The dose of anticancer agent used
for the TACE procedure was determined by the radiologist based on the size, number, and blood supply of the
target tumors. The maximum dose of doxorubicin for a
single TACE session was 50 mg. The injection was performed under fluoroscopy. If the slowing of antegrade
blood flow was achieved, the chemotherapeutic infusion
was discontinued, and subsequent embolization was
performed using a gelatin sponge (Cutanplast, MasciaBrunelli, Spa, Italy). In patients with decompensated liver
function (classified as patients with Child-Pugh class C
disease), if a large amount of intratumoral liver tissue was
at risk for infarction due to reflux of emboli or segmental
TACE, gelatin sponge embolization was not performed.
TACE was terminated when the hepatic vein was visualized, the tumor vessels were completely filled with drug,
and the tumor blush disappeared on subsequent angiographic imaging.
After the initial TACE treatment, patients underwent
CT scans at 1, 3 and 6 mo after the procedure to evaluate the status of their tumors. In the case of an incomplete
TACE, as evidenced by tumor recurrence or progression, a
second TACE was performed after the follow-up CT scan.

Statistical analysis
Quantitative data were expressed as the mean ± SD, unless otherwise stated. Numerical differences between the
groups classified by categorical variables were assessed
using the Pearson χ 2 test. To evaluate differences between the continuous variables among the groups, the
independent t test was used. Survival was expressed as
the mean (SE). Mean survival times were obtained using
the Kaplan-Meier method and the Log-rank test. Cox
regression analysis was used to investigate independent
predictors of mortality. Age, gender and other plausible
risk factors from the results of the univariate analysis (P
< 0.500) were used in the Cox regression analysis. For
the Cox regression analysis of lipiodol and doxorubicin,
an area under the receiver operating characteristic was
used to select the appropriate amount (lipiodol 7 cc and
doxorubicin 27 cc). Subsequently, the Enter method was
used to determine the OR and the risk factors for the
Cox regression analysis. Risk factors are presented in

Response after TACE
Imaging response was classified according to the Re-
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Table 1 Clinical characteristics of patients n (%)
Variables
Age (yr)
Male
Etiology
HBV
HCV
Alcohol
Others
Child-Pugh score
Cirrhosis
Albumin (g/dL)
AST (IU/L)
ALT (IU/L)
TB (mg/dL)
GGT (IU/L)
N of TACE treatment
AFP (ng/mL)
Greatest diameter of mass (cm)

BCLC stage 0
(n = 40)

BCLC stage A
(n = 89)

59.5 ± 10.0
28 (73)

61.7 ± 11.0
64 (67)

18 (45)
5 (13)
10 (25)
7 (17)
5.4 ± 1.0
38 (95)
3.9 ± 0.7
67.7 ± 68.3
43.2 ± 40.1
1.2 ± 1.3
98.9 ± 98.9
2.1 ± 1.5
75.6 ± 159.6
1.4 ± 0.3

Table 2 Analysis for the risk factors of mortality n (%)
P value
0.208
0.836

40 (45)
0.822
9 (10)
21 (24)
19 (21)
5.9 ± 0.9
0.976
73 (85)
0.146
3.9 ± 2.2
0.904
91.4 ± 217.2
0.503
62.2 ± 133.1
0.378
1.2 ± 0.9
0.971
136.3 ± 244.9
0.398
2.7 ± 2.5
0.066
490.7 ± 1582.4
0.018
2.8 ± 1.0
< 0.001

BCLC: Barcelona Clinic Liver Cancer; HBV: Hepatitis B virus; HCV:
Hepatitis C virus; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; TB: Total bilirubin; GGT: Gamma glutamyl transferase; AFP:
α-fetoprotein.

Variables

Mortality
(n = 41)

Survival P value
(n = 88)

Male
Age (yr)
Alcohol history
Smoking history
Presence of cirrhosis
BCLC class (A0/A1)
Number of nodule
Number of feeding vessel (1/2/≥ 3)
Child-Pugh score
Greatest diameter of nodule (cm)
Number of TACE treatment
Amount of doxorubicin used (mg)
Amount of lipiodol used (mL)
Presence of arterio-venous shunt
Use of gelatin sponge
Complete lipiodol uptake
Sub-segmental approach of catheter
Extrahepatic collateral supply
Visible hepatic vein during TACE

27 (66)
60.9 ± 9.8
23 (56)
29 (71)
37 (90)
7/34
36/2/3
34/0/7
6.1 ± 1.0
2.5 ± 1.0
3.3 ± 2.5
29.4 ± 13.2
7.3 ± 3.7
9 (20)
21 (51)
31 (76)
32 (78)
1 (2)
34 (83)

65 (74)
60.9 ± 11.2
52 (59)
59 (67)
77 (88)
33/55
79/8/1
64/1/23
5.6 ± 0.9
2.3 ± 1.1
2.2 ± 2.0
25.9 ± 12.4
5.9 ± 3.4
9 (10)
35 (40)
63 (72)
66 (75)
2 (2)
73 (83)

0.405
0.956
0.846
0.835
0.772
0.024
0.129
0.471
0.013
0.383
0.010
0.156
0.041
0.284
0.239
0.492
0.624
1.000
0.711

BCLC: Barcelona Clinic Liver Cancer; TACE: Transarterial chemoembolization.

used were 26.2 ± 12.5 mg and 6.1 ± 3.5 mL, respectively.
Complete lipiodol uptake was observed in 101 patients,
and a gelatin sponge was used in 56 patients. Ninety-four
patients had 1 feeding vessel, 5 patients had 2 feeding
vessels, and 30 patients had more than 3 feeding vessels.
Eighteen patients had arterio-venous shunting, while 3
patients presented with an extra-hepatic collateral blood
supply.

terms of the OR and 95%CI. The times to recurrence
and progression, recurrence-free survival, and progression-free survival were estimated using the Kaplan-Meier
method. Data were analyzed using statistical software
(SPSS, version 13.0, SPSS Inc., Chicago, IL, United
States). A P value < 0.05 was considered significant for
all tests.

RESULTS
Patient characteristics
A total of 129 patients were enrolled in this study (40
with BCLC stage 0 and 89 with BCLC stage A). The
mean size of the HCC tumors was 2.4 ± 1.1 cm, and
the mean number of TACE procedures performed was
2.5 ± 2.1. There were no significant differences among
the continuous variables between the BCLC stage 0 and
BCLC stage A groups (P > 0.050), with the exception of
AFP (P = 0.018) and the greatest diameter of a nodule
(P < 0.001). There were no significant differences in the
distribution of etiology between the BCLC stage 0 and
BCLC stage A groups (P = 0.822). There were 111 patients (38 in the BCLC stage 0 group and 73 in the BCLC
stage A group) who showed evidence of cirrhosis in this
study (Table 1).

Risk factors of mortality
In the univariate analysis, the Child-Pugh score, BCLC
class, number of TACE procedures, and amount of lipiodol used were correlated with mortality in patients with
BCLC stage 0 and stage A HCC (P < 0.05). The other
variables were not associated with mortality, as shown in
Table 2.
In the Cox regression analysis, the Child-Pugh score
> 5 (n = 67, P = 0.005, and OR = 3.86), the presence of
an arterio-venous shunt (n = 18, P = 0.032, and OR =
4.41), the amount of lipiodol used (> 7 cc; n = 32, P =
0.013, and OR = 3.51) during TACE, and female gender
(n = 92, P = 0.008, and OR = 3.47) were risk factors for
mortality (Table 3). There was a positive correlation between nodule diameter and the amount of lipiodol used (r
= 0.343, P < 0.001).

Findings of CT and TACE
An analysis of CT and TACE imaging revealed that 115
patients had 1 nodule, 10 patients had 2 nodules and 4
patients had 3 nodules. Tumors were located in the left
lobe of the liver in 18 patients, in the right lobe in 103
patients, and in both the left and right lobes in 8 patients. The greatest tumor diameter was 2.4 ± 1.1 cm. In
4 patients, the nodule was associated with a capsule in
the CT scan. The amounts of doxorubicin and lipiodol

Survival of patients
The mean overall survival time and 1, 5, and 10-year survival rates were 80.6 ± 4.9 mo and 91%, 63% and 49%,
respectively (Figure 2). Of the risk factors studied, only a
Child-Pugh score of 5 was a statistically significant predictor of survival (P = 0.002). Other risk factors were not
associated with a survival difference between groups (P >
0.050; Figure 3).
The mean survival times of patients with 0, 1, 2 and
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Survival function
Censored

1.0

Table 3 Cox-regression analysis for risk factors of mortality
Variables

Cumulative survival

0.8

Age (yr)
Gender (female/male1)
Child-Pugh score (> 5/51)
Amount of lipiodol used (> 7 cc/≤ 7 cc1)
Arterio-venous shunt (yes/no1)
Number of nodules (> 1/11)
Amount of doxorubicin used (> 27 cc/≤ 27 cc1)
BCLC class (A1/A01)
Lipiodol uptake (complete/incomplete1)
Number of feeding vessel (≥ 2/11)
Gelfoam use (yes/no1)
Greatest diameter of nodule (cm)
AFP (ng/mL)

0.6

0.4

0.2

0.0
0

20

Mean survival (SE)
80.6 (4.9) mo

40

60
80
Survival (mo)
1-yr
91%

5-yr
63%

100

120
10-yr
49%

HR

95%CI

0.42
0.008
0.005
0.013
0.032
0.530
0.318
0.766
0.174
0.086
0.054
0.395
0.065

0.99
3.47
3.86
3.51
4.41
1.63
0.98
1.17
2.47
0.32
2.38
0.85
1.00

0.95-1.02
1.39-8.68
1.50-9.91
1.30-9.44
1.14-17.11
0.36-7.51
0.93-1.02
0.41-3.36
0.67-9.08
0.09-1.17
0.98-5.76
0.57-1.25
1.00-1.01

1

Reference category. BCLC: Barcelona Clinic Liver Cancer; AFP: α-fetoprotein.

Figure 2 Cumulative survival graph of patients.

DISCUSSION
TACE is a widely used primary treatment for unresectable HCC and significantly delays tumor progression
and vascular invasion[26]. For early-stage HCC, TACE is
not indicated as a first-line option. In this study, which
evaluated the efficacy of TACE as a first-line therapy for
patients with BCLC stage 0 and stage A HCC, TACE
had overall 1-, 5- and 10-year survival rates of 91%, 63%
and 49%, respectively; these results are comparable to
the results of other curative therapies (5-year survival of
50%-70%), including resection, transplantation, or percutaneous treatment[15,27,28]. Kinugasa et al[29] suggested that
palliative TACE could be effective for treating HCC with
3 tumors or fewer (each up to 3 cm in diameter). Other
data have also suggested that TACE provides a survival
benefit for patients with early stage HCC[21,22]. Therefore,
the efficacy of TACE in the treatment of BCLC stage 0
and stage A HCC might be comparable to that of other
curative treatments.
Our data also suggest that improvements in TACE
technique, early diagnosis using precise imaging modalities, and a regular follow-up schedule according to
standard guidelines could improve the survival rate of
patients with BCLC stage 0 and stage A HCC.
In general, resection, transplantation, and ablation
have been considered superior to TACE for very-earlystage or early-stage HCC. However, few studies comparing TACE and other curative therapies in patients with
early-stage HCC are available. Therefore, prospective
studies comparing the efficacy of TACE, surgery and ablation are needed in the future.
Although this study provides a rationale for the use
of TACE in the treatment of patients with BCLC stage
0 and stage A HCC (particularly in patients in whom surgery or ablation is risky due to tumor location), further
research comparing the efficacy of TACE with curative
therapies is needed because these retrospective data do
not provide enough evidence to fully support a potential
survival benefit.

3 risk factors were 107.1 ± 7.0, 78.0 ± 7.2, 61.1 ± 7.4
and 26.6 ± 10.3 mo, respectively. The 1, 5 and 10-year
survival rates according to the number of risk factors
were 96%, 87% and 87%, respectively, for patients with
no risk factors (n = 29). For patients with 1 risk factor (n
= 67), the corresponding rates were 89%, 65%, and 35%,
respectively; and for patients with 2 risk factors (n = 25),
the survival rates were 96%, 48%, and not available. For
patients with 3 risk factors (n = 8), the 1-, 5- and 10-year
survival rates were 63%, 17%, and 0%, respectively (P <
0.001; Figure 4).
The 1-year survival rates classified according to the
Child-Pugh score (5 or ≥ 6) were similar. Patients with
a Child-Pugh score of 5 had 1-year survival rates of
96%, 94%, and 67% for patients with no, 1, and 2 risk
factors, respectively; however, patients with a ChildPugh score ≥ 6 had 1-year survival rates of 92%, 94%
and 62% for patients with no, 1, and 2 risk factors, respectively (Figure 5).
Response after TACE in patients with BCLC stage 0 and
stage A HCC
Follow-up CT after the first TACE showed that the numbers of CR, PR, SD and PD were as follows: 4, 7, 107
and 0, respectively, according to the RECIST criteria; 99,
12, 4 and 3, respectively, according to the EASL criteria;
and 100, 14, 3, and 2, respectively, according to the mRECIST criteria. Follow-up CT after the last TACE showed
that the numbers of CR, PR, SD and PD were 16, 65, 16
and 10, respectively, according to the RECIST criteria;
40, 15, 17 and 40, respectively, according to the EASL
criteria; and 49, 7, 7 and 44, respectively, according to the
mRECIST criteria.
Forty-four patients (34.1%) had disease progression
at the time of the follow-up CT scan. The average time
to progression was 77.3 (5.1) mo, and the progressionfree survival time was 33.8 (30.6) mo (Tables 4 and 5).
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Male
Female
Male-censored
Female-censored

1.0

0.8

0.8

P = 0.147

Cumulative survival

Cumulative survival

Amount of used lipiodol ≤ 7 mL
Amount of used lipiodol > 7 mL
Censored

1.0

0.6

0.4

0.6

P = 0.074
0.4

0.2

0.2

0.0

0.0
0

20

40

60
80
Survival (mo)

100

0

120

20

40

60
80
Survival (mo)

100

120

Survival

Mean (SE)

1-yr

5-yr

10-yr

Survival

Mean (SE)

1-yr

5-yr

10-yr

Male

84.5 (5.6)

92%

66%

52%

Lipiodol ≤ 7 mL

89.2 (6.2)

94%

72%

63%

Female

59.3 (6.4)

89%

56%

-

Lipiodol > 7 mL

68.2 (9.2)

90%

50%

36%

Child-Pugh score = 5
Child-Pugh score > 5
Censored

1.0

0.8

0.6

Cumulative survival

0.8

Cumulative survival

No visible AV shunt
Visible AV shunt
Censored

1.0

P = 0.002

0.4

0.4

0.2

0.2

0.0

0.0
0

20

40

60
80
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Figure 3 Cumulative patient survival classified by each risk factor. CPS: Child-Pugh score; AV: Arterio-venous.

Previously reported risk factors for mortality following TACE in patients with intermediate or advanced
HCC include the extent of lipiodol uptake, tumor location, number, and size, tumor marker levels, viral marker
levels, patient age, and liver function[29-31]. The present
study examined risk factors for mortality in patients with
early-stage HCC and demonstrated that the Child-Pugh
score, presence of arterio-venous shunt, amount of lipiodol used during TACE, and female gender were correlated with mortality.
The present study is the first report that discusses the
outcome of TACE classified by the number of clinical
risk factors among patients with BCLC stage 0 and stage
A HCC. In the study, the number of risk factors was
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shown to be negatively correlated with survival. Overall,
it seems likely that TACE could be a curative therapy
for patients with fewer than 2 risk factors because our
data showed that the 5-year survival rate in such patients
was more than 50%. However, the results of this study
suggest that TACE should remain a palliative treatment
option for patients with ≥ 2 risk factors; these patients
should be treated with another curative-intent treatment
following the first TACE.
Child-Pugh scores were a major risk factor for mortality in this study. Survival in patients with a Child-Pugh
score of 5 was excellent (1, 5 and 10-year survival rates of
95%, 76% and 70%, respectively). Twenty-eight patients
(70%) who died had a Child-Pugh score > 5. Sala et al[32]
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Table 4 Response following transarterial chemoembolization
in patients with Barcelona Clinic Liver Cancer stage 0 and
stage A hepatocellular carcinoma
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11 patients were excluded because of missing value; 222 patients were excluded because of missing value. TACE: Transarterial chemoembolization;
RECIST: Response evaluation criteria in solid tumors; EASL: European Association for the Study of the Liver; m: Modified; CR: Complete response;
PR: Partial response; SD: Stable disease; PD: Progressive disease.

120

Mean (SE)

1-yr

5-yr

10-yr

0

107.1 (7.0)

96%

87%
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1
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89%

65%

35%

2

61.1 (7.4)

96%

48%

-

3

26.6 (10.3)

63%

17%

0%

Table 5 Recurrence, progression, and survival after transarterial
chemoembolization

Figure 4 Cumulative patient survival classified by the number of risk factors. Risk factors were Child-Pugh score > 5, presence of arterio-venous shunt,
amount of lipiodol used > 7 mL during transarterial chemoembolization (TACE),
and female gender.

Numbers of patients with recurrence
Numbers of patients with progression
Time to recurrence and progression1
1-yr recurrence and progression rate
2-yr recurrence and progression rate
3-yr recurrence and progression rate
Recurrence-free survival1
Progression-free survival1

reported that Child-Pugh class A was the strongest
prognostic variable in patients undergoing percutaneous treatments. Shi et al[33] showed that the Child-Pugh
class was significantly correlated with survival following
TACE in patients with unresectable HCC. In addition,
another study documented that the degree of Child-Pugh
class was a risk factor for mortality[34]. However, among
patients undergoing transplantation, the presence of a
single HCC ≤ 5 cm or up to 3 nodules < 3 cm is an important risk factor for mortality[28]. Taken together, it can
be concluded that the underlying Child-Pugh score is the
primary risk factor for mortality following treatment of
HCC, except in the case of transplantation.
TACE-related factors, including the presence of arterio-venous shunt and the amount of lipiodol used during
TACE, were also important in predicting patient survival
following the procedure. In early-stage HCC, the majority
of the tumors are likely to be well differentiated and less
invasive; as a result, such tumors can often be controlled
by the complete obstruction of their blood supply. In
theory, the presence of an arterio-venous shunt might
cause the premature wash-out of gelatin sponge or lipiodol, eventually interrupting the complete obstruction
of hepatic artery and the delivery of doxorubicin-based
intra-arterial chemotherapy. Conversely, the amount of
lipiodol used was positively correlated with tumor size,
which is the key variable in staging systems[35]. A previous
report demonstrated that heterogeneous lipiodol uptake
was significantly correlated with local recurrence[29]. In
addition, female gender was also a definite risk factor for
mortality after TACE. Various factors might contribute
to this result. By identifying these risk factors, an earlier
prediction of overall survival may be possible, thereby
improving the outcome of TACE by refining its delivery
and technique.
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77 (59.70%)
44 (34.10%)
47.0 (4.6) and 77.3 (5.1)
33% and 22%
55% and 33%
61% and 39%
27.8 (29.2)
33.8 (30.6)

1

months, mean (SD).

In this study, the RECIST criteria, in comparison with
the EASL or mRECIST criteria, appeared to overlook
many cases of complete response. Another study likewise
demonstrated that RECIST often overlooked complete
responses and mistakenly assessed the therapeutic efficacy of loco-regional therapies. Therefore, it is recommended that the response evaluation following TACE be
estimated by the EASL or mRECIST criteria instead of
the RECIST criteria.
A meta-analysis demonstrated that chemoembolization could improve the survival of carefully selected
patients with unresectable HCC[36]. However, the efficacy
of TACE for treating early stage HCC has not been
thoroughly studied. In this study, time to progression was
shown to be 77.3 ± 5.1 mo and progression-free survival
time was 33.8 ± 30.6 mo. Forty-four (34.1%) patients
in the study showed progression. The mean number
of TACE procedures was 2.5 ± 2.1. Therefore, repeat
TACE procedures based on surveillance imaging could
increase progression-free survival in patients with BCLC
stage 0 and BCLC stage A HCC.
The limitations of this study include the retrospective study design. Numerous other studies have reported
on the TACE technique, including its advantages, methods, drug dosing, therapy protocol, scoring system, and
cost[37-39]. Therefore, new approaches for reducing mortality in HCC should be available in the future.
In conclusion, TACE demonstrated a relatively good
survival rate in patients with BCLC stage 0 and stage A
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Figure 5 One, 5, and 10-year survival rates classified by Child-Pugh score. Risk factors were Child-Pugh score > 5, presence of arterio-venous shunt, amount of
lipiodol used > 7 mL during transarterial chemoembolization (TACE), and female gender.
25% increase in the size of a single, measurable lesion or as the appearance
of new lesions. SD is defined as a tumor response classified between PR and
PD. The response categories, according to the criteria of mRECIST, are defined
as follows. CR is defined as the disappearance of any intra-tumoral arterial enhancement in all target lesions; PR is defined as at least a 30% decrease in the
sum of the diameters of viable target lesions; SD is defined as any cases that do
not qualify for either PR or PD; and PD is defined as an increase of at least 20%
in the sum of the diameters of viable target lesions.

HCC in this study. The Child-Pugh score, presence of
arterio-venous shunt, amount of lipiodol used during
TACE, and female gender were correlated with mortality in patients with BCLC stage 0 and stage A HCC who
were treated with TACE. Patients with more than 2 risk
factors should be treated by other curative-intent treatments after the first TACE.

Peer review

In this paper, the authors retrospectively investigate the effect of TACE on early
stage HCC survival. Because the role of TACE in this setting is still under debate, this paper is of interest to the readers of the Journal. The sample size is
adequate, and the methods are appropriately chosen. A 10-year retrospective
study design was used. If promising results were obtained, the clinical importance is potentially significant.
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Epidermal growth factor upregulates Skp2/Cks1 and p27
in human extrahepatic cholangiocarcinoma cells

Ja-yeon Kim, Hong Joo Kim, Jung Ho Park, Dong Il Park, Yong Kyun Cho, Chong Il Sohn, Woo Kyu Jeon,
Byung Ik Kim, Dong Hoon Kim, Seoung Wan Chae, Jin Hee Sohn
METHODS: Seventy-six patients who underwent curative resection for histologically confirmed extrahepatic
cholangiocarcinoma at our institution from December
1994 to March 2008 were enrolled. Immunohistochemikip1
cal staining for Skp2, Cks1, p27 , and Ki67, along with
other relevant molecular biologic experiments, were
performed.
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RESULTS: By Cox regression analyses, advanced age
(> 65 years), advanced AJCC tumor stage, poorly
differentiated histology, and higher immunostaining
intensity of Skp2 were identified as independent prognostic factors in patients with extrahepatic cholangiocarcinoma. Exogenous epidermal growth factor (EGF,
especially 0.1-10 ng/mL) significantly increased the
proliferation indices by MTT assay and the mRNA levels
kip1
of Skp2/Cks1 and p27 in SNU-1196, SNU-1079, and
SNU-245 cells. The protein levels of Skp2/Cks1 (from
kip1
nuclear lysates) and p27 (from cytosolic lysate) were
also significantly increased in these cells. There were
significant reductions in the protein levels of Skp2/Cks1
kip1
and p27 (from nuclear lysate) after the treatment of
LY294002. By chromatin immunoprecipitation assay, we
found that E2F1 transcription factor directly binds to
the promoter site of Skp2 .
CONCLUSION: Higher immunostaining intensity of
Skp2/Cks1 was an independent prognostic factor for
patients with extrahepatic cholangiocarcinoma. EGF
upregulates the mRNA and protein levels of Skp2/Cks1
kip1
and p27 via the PI3K/Akt pathway and direct binding
of E2F1 transcription factor with the Skp2 promoter.

Abstract
AIM: To evaluate the expression status of S-phase
kinase-associated protein 2 (Skp2)/cyclin-dependent
kip1
kinases regulatory subunit 1 (Cks1) and p27 , and
assess the prognostic significance of Skp2/Cks1 expreskip1
sion with p27
in patients with extrahepatic cholangiocarcinoma.
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cdk2 and cdk1 activities that promote entry into DNA
synthesis and mitosis, respectively[8-10]. The important role
of Skp2 in promoting entry into the S phase, mainly by
promoting p27kip1 destruction, was observed in cell-free
systems, cell cultures, and in animal models[9-12]. Those
findings raised the question of whether the low levels of
p27kip1 in human cancers are caused by increased expression of Skp2.
Cyclin kinase subunit 1 (Cks1) is an additional protein that has a role in efficient interaction between the
Skp2 ubiquitin ligase complex and its substrate p27kip1.
The critical role of Cks1 in targeting p27kip1 was indicated
in the studies which demonstrated the lack of p27kip1
ubiquitylation and breakdown in the absence of Cks1 in
vitro in cell-free systems[13] and the slow cell proliferation
and accumulation of p27kip1 in Cks1 nullizygous mice in
vivo[14]. The expression of Cks1 mRNA and protein levels
is strongly correlated with the expression of Skp2 protein
levels and inversely with those of p27kip1 levels in colorectal, breast, gastric, prostate, oral epithelial, and non-small
cell lung cancers[15-21]. In some of these cancers, including
breast, colorectal, and gastric cancers, Skp2 and Cks1 expression were independent prognostic markers and provided additional prognostic information in these cancer
patients[22-25].
To our knowledge, there have been no reports concerning the expression status and the prognostic implication of Skp2 and Cks1 in extrahepatic cholangiocarcinoma. The overall objective of our study is to evaluate the
expression status of Skp2/Cks1 and p27kip1, and assess
the significance of Skp2/Cks1 expression with p27kip1 as
a predictive prognostic marker in patients with extrahepatic cholangiocarcinoma. Additionally, we explored the
molecular biologic mechanisms for the overexpression of
Skp2/Cks1 and down-regulation of p27kip1 using the intrahepatic and extrahepatic cholangiocarcinoma cell lines.

Core tip: Based on the idea that S-phase kinasekip1
associated protein 2 (Skp2) and p27 might play a
role in the pathogenesis and disease progression of
patients with extrahepatic cholangiocarcinoma, immunohistochemical staining for Skp2, cyclin-dependent
kip1
kinases regulatory subunit 1 (Cks1), p27 , and Ki67,
along with other relevant molecular biologic experiments, were performed in tissue samples and human
cholangiocarcinoma cell lines. Higher immunostaining
intensity of Skp2 was an independent prognostic factor in patients with extrahepatic cholangiocarcinoma,
and exogenous epidermal growth factor upregulates
kip1
mRNA and protein levels of Skp2/Cks1 and p27
in
SNU-1196, SNU-1079, and SNU-245 cells. By chromatin
immunoprecipitation assay, we found that E2F1 transcription factor directly binds to the promoter site of
Skp2 .
Kim J, Kim HJ, Park JH, Park DI, Cho YK, Sohn CI, Jeon WK,
Kim BI, Kim DH, Chae SW, Sohn JH. Epidermal growth factor
upregulates Skp2/Cks1 and p27kip1 in human extrahepatic cholangiocarcinoma cells. World J Gastroenterol 2014; 20(3): 755-773
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i3/755.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i3.755

INTRODUCTION
Human extrahepatic cholangiocarcinoma (CC) is a highly
malignant epithelial cancer of the biliary tract with high
morbidity and mortality. Although certain conditions are
associated with greater risk (i.e., sclerosing cholangitis[1]
and hepatolithiasis[2,3]), most cases are sporadic. Despite
the current knowledge of etiology and pathology of CC,
its cellular and molecular pathogenesis is still poorly understood.
Ubiquitin-directed protein degradation plays an important role in regulating a broad spectrum of biologic
processes, including transcription, signal transduction,
cell cycle progression, apoptosis, cell growth, differentiation, and development. Proteins that are targeted
for degradation by this mechanism undergo a series of
ubiquitin-modification steps carries out by the successive activity of E1 (activating), E2 (conjugating), and E3
(ligating) ubiquitin enzymes[4,5]. SCF (Skp, Cullin, F-box
containing complex) complexes belong to a large family of multi-subunit E3 ubiquitin ligases that select and
ubiquitinate specific proteins for targeted destruction by
the 26S proteasome.
S-phase kinase associated protein 2 (Skp2) is the substrate-recognition subunit of the SCFskp2 E3 ligase complex. Several lines of evidence from both biochemical
and genetic studies have shown that Skp2 is required for
cell cycle progression at multiple stages, including G1/S
transition, S phase progression, and S/G2 transition[6-8].
A principal substrate responsible for these activities of
Skp2 in the cell cycle phases is p27kip1, an inhibitor of
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MATERIALS AND METHODS
Patients
Archived paraffin embedded tissue blocks of 76 cases of
extrahepatic cholangiocarcinoma who underwent curative surgery at Kangbuk Samsung Hospital from January
1994 to March 2008 were included in our study. Medical
records and laboratory data of each patient were retrospectively reviewed. Survival data (including overall and
recurrence free survival) were collected by review of
medical records and contact with patients or their relatives by telephone interview. This study was conducted
in accordance with the principles of the Declaration of
Helsinki. Our study protocol was approved by the Ethics
Committee of Kangbuk Samsung Hospital (C0653, approved at 2009-4-23).
Materials
The following primary or secondary antibodies were
used: anti-Skp2 (Invitrogen, 32-3300), anti-p27kip1 (BD
Biosciences, 610241), anti-Cks1 (Invitrogen, 36-6800),
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anti-Ki-67 (Dako), monoclonal mouse anti-E2F1 (Abcam,
ab483), and monoclonal mouse anti-β-actin (Abcam,
ab8226). PI3K inhibitor LY294002 and mitogen activated
protein kinase (MAPK) inhibitor PD169316 were purchased from Calbiochem.

bile duct cancer cells SNU-245 (KCLB No. 00245) were
maintained in RPMI1640 medium supplemented with
L-glutamine (300 mg/L), 25 mmol/L HEPES, 25 mmol/
L NaHCO3 (90%), and 10 % heat inactivated fetal bovine
serum[26].

Immunohistochemistry
Immunohistochemical staining for Skp2, Cks1, p27kip1,
and Ki67 were performed using the relevant microarray
tissue blocks of cholangiocarcinoma. The tissue sections (4 µm) were cut, placed on silane-pretreated slides,
deparaffinized, and rehydrated through graded alcohols.
Antigen retrieval was performed by microwave heating at
high power (750 W) in 10 mmol/L sodium citrate buffer
(pH = 6) for 4 cycles of 5 min each. Slides were then allowed to cool for 30 min prior to incubation with either
the primary antibodies targeting Skp2 (2C8D9, 1:100,
Zymed), Cks1 (4G12G7, 1:250, Zymed), p27kip1 (1B4,
1:20, Zymed), or Ki-67 (MIB-1, 1:100, DAKO) for 1 h
at room temperature. Staining was performed with the
Envision Monoclonal System (Dako, Carpinteria, CA,
United Sates). The reaction was developed with DAB.
Slides were counterstained with Mayer’s hematoxylin and
mounted. Incubation without the primary antibody was
used as a negative control.
Two pathologists (Sohn JH and Chae SW) blinded to
the follow-up data independently evaluated the immunohistochemically stained slides. If there were discrepancies between them, the results were read again by both
pathologists together. The staining intensities of Skp2,
Cks1, and p27kip1 were semi-quantitatively measured at ×
400 magnification, and staining intensity of the nucleus
and cytoplasm was independently categorized as no staining (intensity = 0), weak (intensity = 1), moderate (intensity = 2), or strong (intensity = 3, Figure 1). The number
of staining positive cells was expressed as a percentage
of the total number of epithelial cells and assigned to the
one of five categories: score 0, < 5%; score 1, 5%-25%;
score 2, 26%-50%; score 3, 51%-75%; score 4, > 75%.
The percentage score of staining positive tumor cells and
the staining intensity were multiplied to produce an immunoreactive score (IS) for each tumor specimen. Ki-67
immunostaining results (Ki-67 LI) were recorded as the
percentage of immunoreactive cells over at least 2000 tumor cells randomly selected from the periphery of each
of the invasive carcinoma in the surgical specimens. The
slides were examined under a Leica DMR microscope
and images were captured using a Leica digital camera
(Leica Microsystems Inc., 1700 Leider Lane, Buffalo
Grove, IL, United States). Immunoreactive cells were
counted randomly with a minimum of 20 high-power
fields (× 400), with the help of an image computer analyzer (ImageJ, Image Processing and Analysis in Java).

Cell proliferation assay
A total of 3 × 103 cells were seeded into 96-well plates
and MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide, M5655, Sigma, St. Louis, MO, United
States] was added to each well every 24 h. The plates
were incubated at 37 ℃ for 4 h followed by addition of
100 μL lysate (10% SDS in 0.01 mol/L HCl). The absorbance was measured at 490 nm using an ELISA microplate reader.
Quantitative polymerase chain reaction
Total RNA was extracted from the cells using the TRIzol
Reagent (Invitrogen), and was reverse-transcribed into
complementary DNA with the Takara RNA PCR Kit
(TAKARA Bio Inc., Otsu, Shiga, Japan). Quantification
of the complementary DNA template was performed
with a quantitative polymerase chain reaction (qPCR,
T3000 thermocycler, Biometra GmbH, Goettingen, Germany) using Thermocycler Manager Software (V4.11,
Biometra GmbH, Goettingen, Germany). PCR primers
are as follows: Skp2: forward, 5’-CCAGCAAGACTTCTGAAC-3’, reverse, 5’-GGAGGCACAGACAGGAAA-3’;
p27kip1: forward, 5’-GCAACCGACGATTCTTCTAC-3’,
reverse, 5’-GTCCATTCCATGAAGTCAGC-3’; Cks1:
forward, 5’-CCCACTACCCAAGAAACCAA-3’, reverse, 5’-CCGCAAGTCACCACACATAC-3’; E2F1 forward: 5’-CGTGAGCGTCATGGCCTTGG-3’, reverse:
5’-GGCGTCCCTGGGGTCCGTAC-3’; β -actin forward: 5’-CAAGAGATGGCCACGGCTGCT-3’, reverse:
5’-TCCTTCTGCATCCTGTCGGCA-3’.
Immunoblot analysis
Various concentration of exogenous EGF (0.01-100
ng/mL) were added onto cultured tumor cell lines. Cells
were directly lysed for 30 min on ice with lysis buffer [50
mmol/L Tris-HCl (pH = 7.4), 1% Nonidet P-40, 0.25%
sodium deoxycholate, 150 mmol/L NaCl, 1 mmol/L
EDTA, 1 mmol/L PMSF, 1 µg/mL aprotinin, 1 µg/mL
leupeptin, 1 µg/mL pepstatin, 1 mmol/L Na3VO4, and
1 mmol/L NaF). After centrifugation at 13000 g for 15
min, protein concentrations were measured using Bradford’s reagent (Bio-Rad, Hercules, CA, United States),
and protein was denatured by boiling for 10 min. Protein
(25 µg) was loaded onto 10% SDS-PAGE and then transferred onto nitrocellulose membranes. After blocking
with 5% milk in TBST (137 mmol/L NaCl, 25 mmol/L
Tris and 1 mmol/L disodium ethylenediaminetetraacetate
containing 0.1% Tween-20), the membranes were incubated with appropriate primary antibodies at a dilution
of 1:1000 at 4 ℃ overnight. After washing with TBST
three times (each for 10 min), the membranes were incubated with their corresponding horseradish peroxidase-

Cell lines and culture
Human intrahepatic duct cancer cells SNU-1079 (KCLB
No. 01079), human hepatic duct bifurcation site cancer
cells SNU-1196 (KCLB No. 01196), and human common
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conjugated secondary antibodies at a dilution of 1:1000
at room temperature for 1 h. After washing with TBST
three times (each for 10 min), bound antibodies were
visualized using enhanced chemiluminescent substrates
(Amersham, Arlington Heights, IL, United States). For
nuclear and cytoplasmic extracts, cells were processed
using the Thermo Scientific NE-PER Nuclear and Cytoplasmic Extraction Kit (Thermo Fisher Scientific Inc.
Rockford, IL, United States), according to the manufacturer’s instructions.

amplified PCR products was quantitated using qPCR as
described in the qPCR section.
Statistical analysis
Continuous variables were compared by Student’s t test
and one-way ANOVA. Categorical variables were evaluated using the χ 2 or two-tailed Fisher exact test. For
comparison of overall survival between the patient group
with each immunohistochemical staining intensity and IS,
Kaplan-Meier analyses with Log-rank comparisons were
performed. Multivariate logistic regression analysis was
performed to identify independent prognostic factors.
All tests were 2-sided, and a P value of less than 0.05 was
considered statistically significant. Statistical analysis was
conducted using the PASW statistics package 18 (IBM,
Armonk, New York, NY, United States).

Chromatin immunoprecipitation assay
Chromatin immunoprecipitation assay was performed using a commercially available assay kit (#17-229, Upstate
Biotechnology, Lake Placid, NY, United States) according
to the manufacturer’s instructions. Cells were briefly incubated with 1% formaldehyde in media at 37 ℃ for 15
mitosis cross-link DNA and DNA-binding proteins. After washing in PBS, cells were collected and lysed within
the 200 µL sodium dodecyl sulfate lysis buffer supplied
by the kit. The cell extracts were sonicated with four sets
of 10-s pulses using a sonicator (Sonifier cell disruptor;
Heat Systems Ultrasonics, Plainview, NY, United States)
equipped with a 2-mm tip and set to 30% of maximum
power to shear the DNA into 200- to 1000-bp fragments,
and then centrifuged at 13000 g for 10 min. The DNA
concentration in the supernatant was quantitated by measuring absorbance at 260 nm. Samples containing 200 µg
DNA was diluted with the chromatin immunoprecipitation dilution buffer to a final volume of 2050 µL. Fifty
microliters from each sample was removed as a nonimmunoprecipitation input control. After preclearing
the sample with 75 µL salmon sperm DNA/protein A
agarose slurry at 4 ℃ for 30 min, the target protein E2F1
was immunoprecipitated with 2 µg anti-E2F1 monoclonal antibody at 4 ℃ overnight with rotation using a
multipurpose rotator (Model 151; Scientific Industries,
Bohemia, NY, United States). A mock immunoprecipitation without antibody was also performed. Next, 60 µL
of the salmon sperm DNA/protein A agarose slurry was
added and incubated at 4 ℃ for 60 min. After washing
the agarose beads, the protein A-agarose immune complexes were eluted, in two separate 250-µL aliquots, in
elution buffer (1% SDS, 0.1 mol/L NaHCO3) at room
temperature for 30 min. Twenty-five microliters of each
eluent was used for immunoblot analysis to determine the
immunoprecipitation efficiency. Following the addition
of 5 mol/L NaCl (20 µL), protein-DNA cross-linking
was reversed by heating at 65 ℃ for 5 h. After digestion
with 2 µL of 10 mg/mL proteinase K at 45 ℃ for 1 h,
DNA fragments were purified via phenol/chloroform
extraction and ethanol precipitation, and the DNA pellet
was dissolved in 20 µL water. The following PCR primers
were employed to amplify the 238-bp product spanning
the E2F1-specific binding site identified in the 5’-flanking
region of the human Skp2 gene: forward, 5’-GAGAGAGACAGGGCAATCATACAC-3’; reverse, 5’-ATCACCAGAAGGCCTGCGGGCT-3’. The copy number for
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RESULTS
Clinicopathologic characteristics and
immunohistochemical expressions of Skp2, Cks1, Ki-67,
and p27kip1
The baseline clinicopathologic characteristics of the 76
patients with extrahepatic cholangiocarcinoma enrolled
in the current study are listed in Table 1. Immunohistochemical staining showed that Skp2, Cks1, and Ki67
proteins were expressed in the nuclei of cancer cells (Figure 1A-C). The staining pattern of p27kip1 was somewhat
heterogeneous. The pattern of nuclear staining was most
noticeable, some of which were expressed as diffuse
cytoplasmic staining (Figure 1D). The results of the immunohistochemical staining for Skp2, Cks1, Ki67, and
p27kip1 were as follows. Skp2 intensity: 0, 32 (42.1%); 1,
21 (27.6%); 2, 16 (21.1%); 3, 7 (9.2%); Cks1 intensity: 0, 9
(11.8%); 1, 24 (31.6%); 2, 37 (48.7%); 3, 6 (7.9%); p27kip1
intensity: 0, 23 (30.3%); 1, 31 (40.8%); 2, 15 (19.7%); 3, 7
(9.2%); Ki67: negative, 33 (43.4%); positive, 43 (56.6%).
The staining intensity of Skp2 and Cks1 showed significant linear correlation (Pearson’s r = 0.427, P < 0.01).
The staining intensity of Skp2 and Cks1 also showed significant linear correlations with the staining intensity of
p27kip1 (Pearson’s r = 0.314, P < 0.01 for Skp2 and p27kip1;
Pearson’s r = 0.403, P < 0.01 for Cks1 and p27kip1). The
Ki-67 labeling index (LI) significantly increased as the
staining intensity of Skp2 and Cks1 increased (P < 0.01).
However, the staining intensity of p27kip1 did not correlate with the Ki-67 LI (Figure 2).
By Kaplan-Meier analyses, a tumor size larger than 2
cm (P < 0.01, Figure 3A), advanced AJCC stage (P < 0.01,
Figure 3B), moderately and poorly differentiated histology (P < 0.01, Figure 3C), R1 resection (P < 0.01, Figure
3D), presence of angiolymphatic tumor invasion (P =
0.036, Figure 3E), and stronger immunostaining intensity
of Skp2 (P < 0.01, Figure 3F) were significantly associated with shorter survival for patients with extrahepatic
cholangiocarcinoma.
To explore the independent and significant prognostic
factors for patients with extrahepatic cholangiocarcino-
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ma, we performed Cox regression analyses with the forward stepwise conditional method. As a result, advanced
age (> 65 years), advanced AJCC tumor stage, histologic
type of tumor, and immunostaining intensity of Skp2
were identified as independent and significant prognostic
factors for patients with extrahepatic cholangiocarcinoma
(Table 2).

Table 1 Clinicopathologic characteristics and immunohistochemical expressions in 76 patients with extrahepatic cholangiocarcinoma
n (%)

Parameters
Sex

Male
Female
Age
mean ± SD
Surgical resection
CBD segmental Resection
Whipple or PPPD
≥ 2 cm
Tumor size
< 2 cm
American Joint Commis- ⅠA
sion on Cancer stage
ⅠB
ⅡA
ⅡB
Ⅲ
Ⅳ
Histologic type
Well-differentiated
Moderately-differentiated
Poorly-differentiated
Resection margin
R0
R1
Angiolymphatic
Absent
Present
invasion
Perineural invasion
Absent
Present
Regional lymph nodes
Absent
Present
involvement
Skp2 immunostaining
Intensity
0
1
2
3
Immunoreactive score
0
1
2
3
6
Cyclin-dependent
Intensity
0
kinases regulatory
1
subunit 1
2
immunostaining
3
Immunoreactive score
0
1
2
3
4
6
9
p27kip1 immunostaining Intensity
0
1
2
3
Immunoreactive score
0
1
2
3
4
6
9
Ki-67 LI
mean ± SD

47 (61.8)
29 (38.2)
63.1 ± 9.3
32 (42.1)
44 (57.9)
48 (63.2)
28 (36.8)
10 (13.2)
18 (23.7)
20 (26.3)
26 (34.2)
1 (1.3)
1 (1.3)
19 (25.0)
46 (60.5)
11 (14.5)
57 (75.0)
19 (25.0)
31 (40.8)
45 (59.2)
36 (47.4)
40 (52.6)
49 (64.5)
27 (35.5)

Exogenous EGF increased the proliferation indices,
mRNA, and protein levels of SKP2/Cks1 and p27kip1 in
SNU-1196, SNU-1079, and SNU-245 cells
qPCR and western blotting for Skp2/Cks1 and p27kip1
after the exogenous treatment of variable concentrations
of EGF into the cell culture mediums were subsequently
performed. Exogenous EGF (especially 0.1-10 ng/mL)
significantly increased the proliferation indices of
SNU-1196, SNU-1079, and SNU-245 cells by MTT assay
(Figure 4).
Exogenous EGF (especially 0.1-10 ng/mL) significantly upregulated the mRNA levels of SKP2/Cks1 and
p27kip1 in SNU-1196 (Figure 5A), SNU-1079 (Figure 5B),
and SNU-245 cells (Figure 5C).
The protein levels of SKP2/Cks1 (from nuclear lysates) and p27kip1 (from cytosolic lysate) were significantly
increased in SNU-1196 (Figure 6A), SNU-1079 (Figure
6B), and SNU-245 cells (Figure 6C) after exogenous
treatment of variable concentrations of EGF into the
cell culture mediums.

32 (42.1)
21 (27.6)
16 (21.1)
7 (9.2)

Protein levels of SKP2/Cks1 were dependent upon PI3K/
Akt pathway
To explore the intracellular signal transduction pathways
responsible for the upregulation of the mRNA and
protein levels of Skp2/Cks1, we treated the 3 cholangiocarcinoma cell lines with LY294002 (PI3K inhibitor,
5 µmol/L) and PD0325901 (MEK1/2 inhibitor, 100
nmol/L). There were significant reductions in the protein
levels of SKP2/Cks1 and p27kip1 (from nuclear lysate) after the treatment of LY294002. However, there were no
significant changes in the protein levels of SKP2/Cks1
and p27kip1 (from nuclear lysate) after the treatment of
PD0325901 (Figure 7).

43 (56.6)
10 (13.2)
15 (19.7)
6 (7.9)
2 (2.6)
9 (11.8)
24 (31.6)
37 (48.7)
6 (7.9)
24 (31.6)
12 (15.8)
26 (34.2)
1 (1.3)
8 (10.5)
4 (5.3)
1 (1.3)

E2F1 transcription factor binds to the promoter region
of Skp2 gene
Because the PI3K signaling pathway regulates Skp2 transcription and the molecular mechanism linking PI3K signaling to the Skp2 gene is unclear, we investigated Skp2
regulation more precisely. To show transcriptional control
of Skp2 after the addition of 10 ng/mL of EGF, we did
chromatin immunoprecipitation (ChIP) assays. As shown
in Figure 8, E2F1 transcription factor directly binds to
the promoter site of Skp2.

23 (30.3)
31 (40.8)
15 (19.7)
7 (9.2)
29 (38.2)
22 (28.9)
6 (7.9)
2 (2.6)
8 (10.5)
7 (9.2)
2 (2.6)
4.0 ± 6.7

DISCUSSION
Skp2 and Cks1, the ubiquitin ligase subunits that target
p27kip1 for degradation, are commonly overexpressed in

CBD: Common bile duct; LI: Labeling index; PPPD: Pylorus preserving
pancreatoduodenectomy; Skp2: S-phase kinase-associated protein 2.
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C

× 400, Ki67 (-)

× 400, Ki67 (+)

Ki67

D

× 200, intensity 0

× 400, intensity 1

× 400, intensity 2

× 400, intensity 3

× 200, cytoplasmic staining

× 200, cytoplasmic staining
kip1

p27

Figure 1 Results of immunohistochemical staining. A-C: Immunohistochemistry for (A) Skp2, (B) Cks1, and (C) Ki67 proteins showed that stains were mainly expressed in the nuclei of cancer cells; D: The staining pattern of p27kip1 was somewhat heterogeneous. The pattern of nuclear staining was mainly noticed, and some of
them were expressed as diffuse cytoplasmic staining. The staining intensity of Skp2, Cks1, and p27kip1 was classified as follows: 0, no staining; 1, weak; 2, moderate;
3, strong. The staining pattern of Ki-67 was nuclear and classified as positive or negative. At least 20 high-power fields will be randomly chosen, and 2000 cells will be
always counted. Skp2: S-phase kinase-associated protein 2; Cks1: Cyclin-dependent kinases regulatory subunit 1.
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kip1
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Figure 2 Relationship among the immunostaining intensity for S-phase kinase-associated protein 2, Cyclin-dependent kinases regulatory subunit 1,
p27kip1, and Ki-67 LI. Ki-67 LI significantly increased as the staining intensity of Skp2 and Cks1 increased. Ki-67 LI showed no significant correlation with the staining
intensity of p27kip1. Statistical analyses were performed by one-way ANOVA. bP < 0.01 between groups. Skp2: S-phase kinase-associated protein 2; Cks1: Cyclindependent kinases regulatory subunit 1.
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Figure 3 Results of Kaplan-Meier survival analysis. By Kaplan-Meier survival analysis, tumor size larger than 2 cm (A), advanced American Joint Commission on
Cancer stage (B), tumor differentiation (C), R1 resection (D), angiolymphatic tumor invasion (E), and the intensity of Skp2 immunostaining (F) were significantly associated with overall survival in patients with extrahepatic cholangiocarcinoma. Skp2: S-phase kinase-associated protein 2.

human cancers[21-25]. p27kip1 is a negative regulator of the
cell cycle that plays an important role in tumor suppression. Loss of p27kip1 secondary to enhanced ubiquitinmediated degradation results in uncontrolled proliferation and promotes tumor progression. In the present
study, the positive immunoreactivity of Skp2 and Cks1
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were noted in a significant proportion of patients with
extrahepatic cholangiocarcinoma, and the positive immunoreactivity of Skp2 was a significant and independent
prognostic factor in these patients. The expression of
Skp2 was examined in a previous study by Sanada et al[27],
in which they found a significant association between in-

762

January 21, 2014|Volume 20|Issue 3|

kip1

Kim J et al . Skp2/Cks1 and p27
b

1.8
1.6

in cholangiocarcinoma

Elapsed time
0h
1h

1.4

6h

A490 value

1.2

12 h
24 h

1.0
0.8
0.6
0.4
0.2
0.0

Control 0.01

0.1

1

10

100

Control 0.01

SNU 1196

0.1

1

10

SNU 1079

100

Control 0.01

0.1

1

10

100

SNU 245

EGF concentration (ng/mL)

Figure 4 MTT assay after the addition of exogenous epidermal growth factor. Exogenous epidermal growth factor (EGF) (especially 0.1-10 ng/mL) significantly
increased the proliferation indices of SNU-1196, SNU-1079, and SNU-245 cells. Statistical analyses were performed by one-way ANOVA. bP < 0.01 vs control. Data
are representative of triplicate experiments.

0.01, Figure 2). However, Ki-67 LI showed no significant
correlations with the staining intensity of p27kip1.
The lack of an inverse correlation between Skp2 and
p27kip1 has been reported in several other types of solid
tumors[28-30], as well as in biliary tract cancer[27]. These
observations might be explained, at least partly, by additional oncogenic properties of Skp2 when it acts on
target molecules other than p27kip1 and/or by additional
molecular events involving p27kip1 proteolysis. Interestingly, the staining intensity of Ki67, a marker of cell
proliferation, was significantly associated with that of
nuclear p27kip1. Our results indicate that the observations
in which low levels of p27kip1 in aggressive human cancers may be caused by increased expression of Skp2 that
targets p27kip1 for ubiquitin-mediated degradation did not
apply to extrahepatic cholangiocarcinoma. The specific
findings in need of alternative explanatory hypotheses in
extrahepatic cholangiocarcinoma are the lack of an inverse correlation between p27kip1 and Skp2 levels and the
apparent paradox of both increased expression of Skp2
and p27kip1. Plausible explanations for these observations
need further experiments. However, an independent
mechanism of action for oncogenic Skp2 protein and
tumor-suppressive p27kip1 in extrahepatic cholangiocarcinoma may be involved.
Conversely, it seems evident that oncoprotein Skp2
is an independent prognostic marker in patients with
extrahepatic cholangiocarcinoma, like many other solid
tumors[16-24]. It was repeatedly shown that Skp2 is an accurate and independent prognostic marker for disease-free
and overall survival. Nevertheless, despite the increasing

Table 2 Independent and significant prognostic factors for
patients with extrahepatic cholangiocarcinoma
Parameters

Category

OR

95%CI

P value

Age
AJCC stage

> 65 yr
ⅠA
ⅠB
ⅡA
ⅡB
Ⅲ
Ⅳ
Welldifferentiated
Moderatelydifferentiated
Poorlydifferentiated
0
1
2
3

2.707

1.341-5.464

< 0.01

Histologic type

Immunostaining
intensity of Skp2

2.543
0.801
3.534
16.446
92.965

0.695-9.306
0.159
0.185-3.477
0.767
1.041-11.997
0.043
1.370-197.470
0.027
5.585-1547.531 < 0.010

6.041

2.146-17.006

< 0.010

5.620

1.586-19.917

< 0.010

1.308
3.782
2.312

0.571-2.994
1.581-9.051
1.127-6.941

0.526
< 0.010
0.048

AJCC: American Joint Commission on Cancer; Skp2: S-phase kinaseassociated protein 2.

creased levels of Skp2 protein and poor prognosis in patients with biliary tract carcinoma. However, in this study,
the enrolled number of patients was relatively small (n
= 33) and enrolled heterogeneous groups of patients,
including extrahepatic bile duct and gallbladder cancers.
In the current study, the staining intensity of Skp2 had
significant linear correlations with those of Cks1 and
nuclear p27kip1. Notably, Ki-67 LI significantly increased
as the staining intensity of Skp2 and Cks1 increased (P <
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Figure 5 Results of quantitative polymerase chain reaction for S-phase kinase-associated protein 2, Cyclin-dependent kinases regulatory subunit 1, and p27kip1
after the addition of exogenous epidermal growth factor in (A) SNU-1196, (B) SNU-1079, and (C) SNU-245 cells. Data are representative of triplicate experiments.
Statistical analyses were performed by one-way ANOVA. bP < 0.01 vs control. EGF: Exogenous epidermal growth factor; Skp2: S-phase kinase-associated protein 2; Cks1:
Cyclin-dependent kinases regulatory subunit 1.

WJG|www.wjgnet.com

766

January 21, 2014|Volume 20|Issue 3|

kip1

Kim J et al . Skp2/Cks1 and p27

A

in cholangiocarcinoma

SNU 1196 cells

EGF concentration (ng/mL)
0.1

Skp2

0.1

β-actin

1.0

Skp2

1.0

β-actin

10

Skp2

10

β-actin
0

1

6
12
Nucleus

24

48

0

1

6
12
Cytoplasm

24

48

t /h
SNU 1196 cells
EGF concentration (ng/mL)
0.1

Cks1

0.1

β-actin

1.0

Cks1

1.0

β-actin

10

Cks1

10

β-actin
0

1

6
12
Nucleus

24

48

0

1

6
12
Cytoplasm

24

48

t /h
SNU 1196 cells
EGF concentration (ng/mL)
0.1

p27

0.1

β-actin

1.0

p27

1.0

β-actin

10

p27

10

β-actin
0

1

6
12
Nucleus

24

48

0

1

6
12
Cytoplasm

24

48

t /h

WJG|www.wjgnet.com

767

January 21, 2014|Volume 20|Issue 3|

kip1

Kim J et al . Skp2/Cks1 and p27

B

in cholangiocarcinoma
SNU 1079 cells

EGF concentration (ng/mL)
0.1

Skp2

0.1

β-actin

1.0

Skp2

1.0

β-actin

10

Skp2

10

β-actin
0

1

6
12
Nucleus

24

48

0

1

6
12
Cytoplasm

24

48

t /h
SNU 1079 cells
EGF concentration (ng/mL)
0.1

Cks1

0.1

β-actin

1.0

Cks1

1.0

β-actin

10

Cks1

10

β-actin
0

1

6
12
Nucleus

24

48

0

1

6
12
Cytoplasm

24

48

t /h
SNU 1079 cells
EGF concentration (ng/mL)
0.1

p27

0.1

β-actin

1.0

p27

1.0

β-actin

10

p27

10

β-actin
0

1

6
12
Nucleus

24

48

0

1

6
12
Cytoplasm

24

48

t /h

WJG|www.wjgnet.com

768

January 21, 2014|Volume 20|Issue 3|

kip1

Kim J et al . Skp2/Cks1 and p27

C

in cholangiocarcinoma

SNU 245 cells

EGF concentration (ng/mL)
0.1

Skp2

0.1

β-actin

1.0

Skp2

1.0

β-actin

10

Skp2

10

β-actin
0

1

6
12
Nucleus

24

48

0

1

6
12
Cytoplasm

24

48

t /h
SNU 245 cells
EGF concentration (ng/mL)
0.1

Cks1

0.1

β-actin

1.0

Cks1

1.0

β-actin

10

Cks1

10

β-actin
0

1

6
12
Nucleus

24

48

0

1

6
12
Cytoplasm

24

48

t /h
SNU 245 cells
EGF concentration (ng/mL)
0.1

p27

0.1

β-actin

1.0

p27

1.0

β-actin

10

p27

10

β-actin
0

1

6
12
Nucleus

24

48

0

1

6
12
Cytoplasm

24

48

t /h

Figure 6 Results of western blotting for S-phase kinase-associated protein 2, Cyclin-dependent kinases regulatory subunit 1, and p27kip1 after the addition
of exogenous epidermal growth factor in (A) SNU-1196, (B) SNU-1079, and (C) SNU-245 cells. Data are representative of triplicate experiments. Skp2: S-phase
kinase-associated protein 2; Cks1: Cyclin-dependent kinases regulatory subunit 1.

evidence showing that Skp2 may more accurately stratify
and subgroup patients at risk, there are no studies at present that have clinically implicated its application in the
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clinical decision process, such as adding adjuvant chemotherapy in patients with extrahepatic cholangiocarcinoma
who underwent cure-intent surgical resection.
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Figure 7 Effect of LY294002 (PI3K inhibitor, 5 μmol/L), and PD0325901 (MEK1/2 inhibitor, 100 nmol/L) on the protein levels of S-phase kinase-associated
protein 2/Cyclin-dependent kinases regulatory subunit 1 and p27kip1 in SNU-1196, SNU-1079, and SNU-245 cells. Data are representative of triplicate experiments.
Skp2: S-phase kinase-associated protein 2; Cks1: Cyclin-dependent kinases regulatory subunit 1.
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gression, while other control mechanisms not involving
a gross genomic alteration are involved in the initial accumulation of Skp2 mRNA during oncogenesis. This
implies a change in the rate of either transcription or
mRNA degradation. Their analyses revealed no significant differences in the half-life of Skp2 mRNA between
non-transformed and transformed human cell lines.
Therefore, one plausible mechanism is a dysregulated
transcription of Skp2 mRNA and a resultant increased
level of Skp2 protein. The roles of EGF in human cholangiocarcinoma cells were reported to be sustained EGF
receptor (EGFR) activation, extended -42/44 MAPK activation, and increased cell proliferation[31]. EGFR kinase
inhibitors also effectively attenuated cellular growth of
human cholangiocarcinoma cells. In this study, we show
for the first time that transcription of Skp2 mRNA and
translation of Skp2 protein were significantly increased
after the exogenous addition of variable concentrations
of EGF in human cholangiocarcinoma cell lines. A
previous report[32] showed that Skp2 is a novel target of
E2F regulation and that the SKP2 gene contains a functional E2F response element. Moreover, an increase in
DP-1, a coactivator of the E2F family and E2F3, was reported to be involved in the proliferation-enhancing effect of EGF[33]. In order to elucidate the transcriptional
control of Skp2 in human cholangiocarcinoma cells, we
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Figure 8 Binding of E2F1 transcription factor to the promoter region of
Skp2 gene. Chromatin immunoprecipitation assay shows the direct binding of
E2F1 transcription factor to the promoter region of the Skp2 gene after the addition of 10 ng/mL of EGF in SNU-245, SUN-1196, SUN-1079, and NIH3T3 cells.

The precise mechanisms that regulate Skp2 expression in cancer are not fully understood at present.
Identification of the regulatory mechanism(s) leading
to increased Skp2 expression may offer new insight
into the control of tumor cell proliferation. A previous
report[29] showed that Skp2 gene amplification is likely
to be associated with an advanced stage of tumor pro-
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transcription of Skp2 mRNA and translation of Skp2 protein were significantly
increased after the exogenous addition of variable concentrations of EGF in
human cholangiocarcinoma cell lines. In order to elucidate the transcriptional
control of Skp2 in human cholangiocarcinoma cells, the authors performed
chromatin immunoprecipitation assays after the addition of 10 ng/mL EGF, and
the results showed that E2F1 transcription factor directly binds to the promoter
site of Skp2. The finding that E2F1 directly binds to the Skp2 promoter offers
a relevant mechanism for the upregulated Skp2 expression in human cholangiocarcinoma cells, and may be served as a possible therapeutic target in this
devastating malignancy.

performed ChIP assays after the addition of 10 ng/mL
EGF, with the results showing that the E2F1 transcription factor directly binds to the promoter site of Skp2
(Figure 5). E2F1 transcription factor is known to be a
downstream target of variable growth factors, such as
EGF and TGF-α. Disruption of the E2F/RB regulatory
pathway is known to be a major contributor to increased
E2F expression in many human tumors. Our finding
that E2F1 that directly binds to the SKP2 promoter offers a relevant mechanism for the upregulated Skp2 expression in human cholangiocarcinoma cells and may be
served as possible therapeutic targets in this devastating
malignancy.
The PI3K/AKT signaling pathway controls fundamental processes of cancer cell biology like proliferation
and cell survival[34]. The PI3K/AKT pathway is activated
in cholangiocarcinoma cells[35]. So far, the molecular
mechanisms linking PI3K/AKT signaling to the cell cycle
machinery in cholangiocarcinoma cells have not been investigated in detail. Using the PI3K inhibitor LY294002,
we show that Skp2 is regulated by the PI3K/AKT pathway in cholangiocarcinoma cells. At the molecular level,
the control of Skp2 protein expression is thought to be
due to the regulation of E2F1 binding to the Skp2 gene
promoter.
In summary, higher immunostaining intensity of Skp2
was an independent prognostic factor for patients with
extrahepatic cholangiocarcinoma. EGF upregulates the
mRNA and protein levels of Skp2/Cks1 and p27kip1 via
the PI3K/Akt pathway and direct binding of E2F1 transcription factor with the Skp2 promoter.

Applications

The study results suggest that EGFR, the PI3K-Akt pathway, SKP2, and E2F1
can be candidate therapeutic targets in patients with extrahepatic cholangiocarcinoma

Terminology

Skp2: S-phase kinase associated protein 2, the substrate-recognition subunit
of the SCFskp2 E3 ligase complex; Cks1: Cyclin kinase subunit 1, an additional
protein that has a role in efficient interaction between the Skp2 ubiquitin ligase
complex and its substrate p27kip1; p27kip1: Cyclin-dependent kinase inhibitor 1B,
a protein which belongs to the Cip/Kip family of cyclin dependent kinase inhibitor proteins; PI3K: Phosphoinositide 3-kinases, a family of related intracellular
signal transducer enzymes capable of phosphorylating the 3 position hydroxyl
group of the inositol ring of phosphatidylinositol.

Peer review

This study investigated the role of the Skp2 signaling pathway in the pathogenesis of human extrahepatic cholangiocarcinoma. The paper is well written and
results are interesting.
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Shunting branch of portal vein and stent position predict
survival after transjugular intrahepatic portosystemic shunt
Ming Bai, Chuang-Ye He, Xing-Shun Qi, Zhan-Xin Yin, Jian-Hong Wang, Wen-Gang Guo, Jing Niu, Jie-Lai Xia,
Zhuo-Li Zhang, Andrew C Larson, Kai-Chun Wu, Dai-Ming Fan, Guo-Hong Han
tive cirrhotic patients who underwent TIPS placement
for variceal bleeding from March 2001 to July 2010 at
our center. The left PV was used in 221 patients and
the right PV in the remaining 86 patients. And, 224 and
83 patients have optimal stent position and sub-optimal
stent positions, respectively. The patients were followed
until October 2011 or their death. Hepatic encephalopathy, shunt dysfunction, and survival were evaluated
as outcomes. The difference between the groups was
compared by Kaplan-Meier analysis. A Cox regression
model was employed to evaluate the predictors.
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RESULTS: Among the patients who underwent TIPS
to the left PV, the risk of hepatic encephalopathy (P
= 0.002) and mortality were lower (P < 0.001) compared to those to the right PV. Patients who underwent
TIPS with optimal initial stent position had a higher
primary patency (P < 0.001) and better survival (P =
0.006) than those with suboptimal initial stent position.
The shunting branch of the portal vein and the initial
stent position were independent predictors of hepatic
encephalopathy and shunt dysfunction after TIPS, respectively. And, both were independent predictors of
survival.
CONCLUSION: TIPS placed to the left portal vein with
optimal stent position may reduce the risk of hepatic
encephalopathy and improve the primary patency rates,
thereby prolonging survival.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Abstract

Key words: Transjugular intrahepatic portosystemic
shunt; Cirrhosis; Variceal bleeding; Portal vein; Stent
position

AIM: To evaluate the effect of the shunting branch of
the portal vein (PV) (left or right) and the initial stent
position (optimal or suboptimal) of a transjugular intrahepatic portosystemic shunt (TIPS).

Core tip: This study reported the long-term follow-up
results of a large cohort of cirrhotic patients who underwent transjugular intrahepatic portosystemic shunt

METHODS: We retrospectively reviewed 307 consecu-
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retrospectively analyzed in the present study (both in the
elective and emergency settings). The exclusion criteria
are as follows: (1) PV thrombosis; (2) hepatocellular carcinoma; (3) other malignant diseases; (4) sepsis; (5) renal
failure (serum creatinine > 265 μmol/L); (6) heart failure;
and (7) age < 18 years. Local ethical committee approved
the study protocol. Written informed consent for TIPS
procedure was obtained from every patient.

(TIPS) for variceal bleeding. The results demonstrated
that the use of the left portal vein (PV) during the TIPS
procedure could reduce post-TIPS hepatic encephalopathy risk and improve patient survival when compared
to the use of the right PV, and that the deployment of a
stent with optimal stent position could reduce the incidence of shunt dysfunction and benefit patient survival
when compared to the deployment of a stent with suboptimal stent position.

Definitions and endpoints
Liver cirrhosis was diagnosed according to a history of
liver disease, decreased liver function, portal hypertension
and characteristic imaging features suggesting cirrhosis.
A biopsy was performed when hepatocellular carcinoma
was suspected. The diagnosis of PV thrombosis was
established mainly based on color Doppler ultrasound
(CDUS) and computed tomography as our previous description[20]. The definition of technical success was successful creation of a TIPS between the HV and PV and
reduction of the portosystemic gradient (PSG) to < 12
mmHg or by > 25%[21].
HE was diagnosed and classified according to the
West Haven criteria[22]. Grade Ⅲ and Ⅳ were considered to represent severe HE. Recurrent (at least three
episodes of HE in the last 3 mo) and/or persistent HE
(continuously detectable altered mental state with further
episodic deteriorations) despite protein restriction and
active medical treatment were considered to be refractory HE[23].
Shunt dysfunction was suggested when any one of
the following events was observed: (1) variceal bleeding;
(2) occurrence of severe ascites; or (3) a maximum flow
velocity < 50 cm/s or the absence of flow within the
shunt as demonstrated by CDUS. Suspected shunt dysfunction was confirmed by portography and a pressure
measurement that showed a PSG > 15 mmHg[20]. The
duration of time from the TIPS procedure to the first
shunt dysfunction was defined as the primary patency.
Optimal initial stent position (O-SP) (Figure 1) was
defined as a stent position that satisfied the following
two criteria: (1) the cephalic end of the stent extended
to the hepato-caval junction[18]; and (2) the caudal end of
the stent was parallel to the vascular wall of the PV (the
angle between the tangent line of the caudal end of the
stent and the vascular wall of the PV was less than 20°).
Otherwise, the stent position was considered to be suboptimal. We reviewed the stent position by anteroposterior and lateral imaging. If the position was identified
as suboptimal by either imaging view, the stent was diagnosed as a suboptimal initial stent position (sub-O-SP).
The sub-O-SP diagnosis comprised of the following
three categories: (1) suboptimal in the HV; (2) suboptimal in the PV; and (3) suboptimal in both the HV and
PV. Based on the predefined criteria, the stent position
of each patient was classified by two interventional radiologists with ten (C. H) or nine (W. G) years of experience, who were blinded to each other's classifications
and to the patients’ outcomes.

Bai M, He CY, Qi XS, Yin ZX, Wang JH, Guo WG, Niu J, Xia
JL, Zhang ZL, Larson AC, Wu KC, Fan DM, Han GH. Shunting branch of portal vein and stent position predict survival after
transjugular intrahepatic portosystemic shunt. World J Gastroenterol 2014; 20(3): 774-785 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i3/774.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i3.774

INTRODUCTION
Transjugular intrahepatic portosystemic shunt (TIPS)
placement is accepted worldwide as a means to decompress portal hypertension and to alleviate variceal hemorrhage[1-6]. However, this procedure has two major risks,
which include hepatic encephalopathy (HE) (which is
seen in somewhere between 21%-77% of patients per
year)[1,2,7,8] and shunt dysfunction (which occurs in anywhere from 14%-82% of patients per year)[9-15].
Previous studies have reported that creation of a
TIPS to the left portal vein (PV) instead of the right PV
can decrease the risk of HE[16,17]. However, the sample
sizes of these studies were relevantly small (the largest
study included only 80 patients)[17]. One of these two
studies evaluated the survival of patients who underwent
left vs right PV TIPS and demonstrated that there was no
difference in the survival between these two groups of
patients[16].
In addition, several studies have implied that TIPS
stents, when extended to the hepato-caval junction [rather
than terminating in the hepatic vein (HV)], have a decreased incidence of shunt dysfunction[13,18,19]. However,
these studies have not addressed the effect of stent position upon patient survival. Furthermore, to our knowledge, no study has evaluated the effect of the shunting
branch of the PV and stent position concurrently.
This study aims to evaluate the effect of the shunting
branch of the PV and the initial stent position on patient
prognosis, particularly patient survival, in a large series
of cirrhotic patients who underwent TIPS for variceal
bleeding.

MATERIALS AND METHODS
Study population
Between March 2001 and July 2010, all consecutive patients with cirrhosis who underwent a TIPS procedure
for an indication of variceal bleeding at our center were
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A

B

C

a > 20°
a < 20°
a < 20°

Figure 1 Stent position classifications. The initial stent position was classified according to the angiography imaging as follows: A: Suboptimal in the hepatic vein (HV)
(arrow) and optimal in the portal vein (PV) (arrow head); B: Optimal in the HV (arrow) and suboptimal in the PV (arrow head); C: Optimal in the HV (arrow) and optimal
in the PV (arrow head).

TIPS procedure
The technique for creating a TIPS has been described
previously[13,24,25]. After indirect portography (mesenteric
artery angiography) was performed, the HV (commonly,
the right HV) was reached using a TIPS set (RUPS-100,
Cook, Cook Inc., Bloomington, IL, United States), and
the PV was punctured under the guiding of digital subtraction angiography. The following four steps were
employed to puncture the PV: (1) the anatomical position between HV and PV was estimated by CT imaging
and indirect portography; (2) the metal cannula of the
RUPS-100 was bended to an appropriate angle (usually
30o-70o for the left and 20o-50o for the right PV, respectively) according to the estimated anatomical position;
(3) the RUPS-100 was introduced into the right HV; and
(4) the end of the RUPS-100 was turned to a point at
the left/right PV and then the targeted PV could be successfully punctured. For an experienced expert, either the
left or right PV can be selected and successfully punctured, which have been proved in previous studies[16,17].
Which PV branch was punctured was determined by the
interventional radiologists and recorded at the time of
the TIPS procedure. A 10-mm stent was used for TIPS
creation before October 2006 and an 8-mm stent (BARD,
Luminexx, Voisins le Bretonneux, France) was used
thereafter to avoid excessive portosystemic shunting. Furthermore, additional dilations were performed whenever
the PSG was > 12 mmHg or the reduction in the PSG
was < 25%[21]. Markedly enlarged gastroesophageal collateral vessels observed during the TIPS procedure were
embolized with coils (Cook Incorporated, 750 Daniels
Way Bloomington, IN). For the patients included in this
study, covered stents could not be employed because the
State Food and Drug Administration had not approved
these stents at the time of the TIPS procedures.
After the TIPS procedure, intravenous heparin
(8000-12000 u/d) was given for 5-7 d and then warfarin
for 6 mo and lifelong aspirin were prescribed at dosages
to achieve an international normalized ratio (INR) of up
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to two times the upper limit of normal to prevent shunt
dysfunction[20]. The antithrombotic therapy strategy was
made according to the practice guidelines of American
College of Chest Physicians[26]. A TIPS revision was
planned whenever shunt dysfunction was recognized.
Follow-up
The patients were followed until October 2011 or their
death. Variceal bleeding, ascites, HE, and survival were
assessed at one, three, six and 12 mo and then yearly.
Blood tests, coagulation function tests (prothrombin
time, INR) and CDUS (diameter, flow velocity and direction of flow in the PV and shunt), if possible, were
obtained at the follow-up time points and any time when
symptoms recurred (hematemesis, melena or large volume ascites).
Statistical methods
Numerical variables are expressed as mean value ± standard deviation. Normal continuous variables were compared using the Student’s t test. Non-normal continuous
variables were compared using the Mann-Whitney ranksum test. Nominal variables are expressed as frequencies
and compared using the χ 2 test. Accumulated proportions were assessed using Kaplan-Meier curves and
compared using the log-rank test. The following items
were included in univariate analyses: age, gender, etiology, procedure type (elective/emergency), ascites, previous HE, splenectomy, platelet count, serum albumin,
bilirubin, creatinine, sodium concentrations, INR, ChildPugh score, MELD score, PSG, stent diameter, shunting
branch of the PV, initial stent position, HE within six
months, shunt dysfunction within six months, and TIPS
date. A Cox proportional regression hazards model was
used to assess the prognostic value of the significant
variables found in the univariate analyses. Patients who
were lost to follow-up or underwent liver transplantation
were censored at the last follow-up date and the date of
transplantation, respectively. All of the statistical analyses
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Patients underwent TIPS from March 2001 and July 2010 in our
center: n = 593

TIPS for refractory
ascites: n = 38

TIPS for variceal
bleeding: n = 555

Excluded patients: n = 248
Patients with portal vein thrombosis: n = 116
Patients with hepatocellular carcinoma: n = 115
Patients with other malignant diseases: n = 6
Colorectal carcinoma: n = 2
Carcinoma of bile duct: n = 2
Embryonic tumor: n = 1
Ureteral cancer: n = 1
Sepsis: n = 1
Renal failure: n = 3
Heart failure: n = 1
Age < 18 yr: n = 6

Included patients:
n = 307

Elective TIPS:
n = 258

Emergency TIPS:
n = 49

Figure 2 Selection flowchart for the consecutive patients who underwent transjugular intrahepatic portosystemic shunt between March 2001 and July 2010.
TIPS: Transjugular intrahepatic portosystemic shunt.

were performed with SPSS 17.0 (SPSS, Chicago, IL), and
a two-tailed P value < 0.05 was considered statistically
significant.

patients, sub-O-SP in 83 patients, including sub-O-SP in
the HV in 63 patients, PV in 17 patients and both HV
and PV in the remaining three patients. Table 1 demonstrates that patients with O-SP and those with sub-O-SP
also had comparable baseline characteristics. A high interobserver agreement was demonstrated between the two
interventional radiologists who classified the initial stent
position (κ = 0.98, P < 0.001). Disagreements for the
three patients in whom a consensus was not reached were
resolved through discussion.

RESULTS
Patient characteristics
Figure 2 presents the patient selection flowchart. The
median follow-up time was 2.5 years (range, 0.1-10.9
years). Patient demographics of our cohort of 307 patients prior to TIPS creation are presented in Table 1. Of
these patients, 258 underwent TIPS creation in elective
settings and 49 in emergency settings. TIPS creation was
technically successful in all of the included patients. The
left PV was used in 221 patients and the right PV in the
remaining 86 patients. For these two groups of patients,
no significant difference was observed in the baseline
clinical and laboratory characteristics (Table 1). In three
of the included patients, intra-abdominal bleeding caused
by an extrahepatic PV puncture was successfully treated
by rapid decompression of the portal system with stent
deployment. Other procedure-related complications included one patient with a bile duct injury and one patient
with a liver capsule hematoma, both of whom are alive at
the time of follow-up for this study.

HE
In total, 209 episodes of overt HE were observed in 128
patients. The majority (n = 71) of the first episodes of HE
were grade Ⅱ. During the follow-up, 72 patients had one
episodes of HE, and the rest had two or more episodes
HE. HE were successfully controlled by medical treatments in all patients except the three who showed refractory HE and required a reduction of the stent size three,
10, and 17 mo after TIPS implantation. The proportions
of patients remaining free of HE were 74.5% in three
months, 68.1% in one year, and 56.8% in three years.
The proportion of patients free of HE after one and
three years were 54.3% and 44.0% for the patients with a
right PV TIPS vs 73.4% and 61.3% for the patients with
a left PV TIPS (Figure 3A, log-rank test: P = 0.002). In
the 8-mm stent (Figure 3C, log-rank test: P = 0.030) and
10-mm stent subgroups (Figure 3E, log-rank test: P =

Classification of the stent position
The position of the stent was classified as O-SP in 224
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Table 1 Characteristics of patients before transjugular intrahepatic portosystemic shunt
Characteristic
Age (yr)
Gender (male/female)
TIPS procedure (elective/emergency)
Etiology (viral/not viral1)
Ascites (no/yes)
Previous HE (no/yes)
Previous splenectomy (no/yes)
Platelet count (109/L)
Albumin (g/L)
Total bilirubin (μmol/L)
INR
Serum creatinine (μmol/L)
Sodium (mmol/L)
Child-Pugh score
Child-Pugh classification (A/B/C)
MELD score
Pre-TIPS PSG (mmHg)
Reduction ratio of PSG (%)
Stent diameter (8-/10-mm)
Shunting branch of the PV (right/left)
Initial stent position (optimal/suboptimal)
TIPS date2 (before 2006/after 2006)
Lost to follow-up

Total

Shunting branch of the PV

Initial stent position

(n = 307)

Left (n = 221)

Right (n = 86)

Optimal (n = 224)

Sub-optimal (n = 83)

50.7 ± 12.8
209/98
258/49
275/32
94/213
298/9
252/55
82.3 ± 65.4
33.3 ± 5.2
24.7 ± 19.2
1.3 ± 0.3
82.4 ± 21.8
138.9 ± 4.7
7.1 ± 1.6
126/157/24
11.1 ± 3.3
22.3 ± 4.5
45.8 ± 17.4
206/101
86/221
224/83
118/189
19

50.0 ± 12.9
151/70
190/31
199/22
74/147
214/7
179/42
82.3 ± 68.9
33.4 ± 5.0
24.3 ± 18.1
1.3 ± 0.3
82.3 ± 21.9
139.0 ± 4.3
7.1 ± 1.6
94/110/17
11.1 ± 3.3
22.5 ± 4.3
46.3 ± 17.4
150/71
164/57
75/146
12

52.5 ± 12.3
58/28
68/18
76/10
20/66
84/2
73/13
82.6 ± 55.8
32.9 ± 5.9
25.7 ± 21.7
1.3 ± 0.3
82.6 ± 21.6
138.4 ± 5.6
7.3 ± 1.7
32/47/7
11.1 ± 3.5
21.7 ± 4.9
44.5 ± 17.3
56/30
60/26
43/433
7

50.8 ± 12.6
147/77
190/34
197/27
69/155
218/6
184/40
85.5 ± 68.4
33.1 ± 5.2
24.0 ± 17.8
1.3 ± 0.3
81.0 ± 21.2
138.6 ± 5.0
7.1 ± 1.7
93/111/20
11.2 ± 3.5
22.4 ± 4.6
45.7 ± 17.4
150/74
57/164
83/141
15

50.4 ± 13.3
62/21
68/15
78/5
25/58
80/3
68/15
73.9 ± 56.2
33.8 ± 5.2
26.4 ± 22.4
1.3 ± 0.3
86.2 ± 22.9
139.6 ± 3.6
7.1 ± 1.5
33/46/4
10.8 ± 2.7
22.0 ± 4.2
45.9 ± 17.5
56/27
26/60
35/48
4

1

Cirrhosis caused by autoimmune diseases (n = 11), cirrhosis caused by medications (n = 4), schistosome (n = 1) or nonalcoholic steatohepatitis (n = 2); 2The
date of TIPS procedure; 3The comparison between groups was significantly different. HE: Hepatic encephalopathy; PSG: Portosystemic pressure gradient;
INR: International normalized ratio; MELD: Model for end-stage liver diseases; PV: Portal vein.

4C, log-rank test: P = 0.019) and 10-mm stent subgroups
(Figure 4E, log-rank test: P < 0.001), the primary patency
rates in the patients with O-SP were significantly higher
compared to those with sub-O-SP.
Among patients with shunt dysfunction and portography, those with sub-O-SP in the HV usually had
stenosis or occlusion in the HV (86.2%), and those with
sub-O-SP in the PV had stenosis or occlusion in the PV
(83.3%). Patients with O-SP experienced stenosis or occlusion in the PV at a rate of 33.3% and in the HV at a
rate of 33.3%. The differences among the three groups
and between any two of these three groups were statistically significant (Figure 6).
Three variables were evaluated as potential risk factors for shunt dysfunction in univariate analyses (Table
2). The multivariate analysis revealed that previous splenectomy (P = 0.008) and initial stent position (P < 0.001)
were independent predictors of primary patency.

0.035), the patients with a left PV TIPS had a lower rate
of post-procedure HE. Severe HE was observed in 21
(9.5%) patients in the left PV group and in 13 (15.1%)
patients in the right PV group (P = 0.159). Of the three
patients who presented refractory HE, two underwent a
left and one underwent a right PV TIPS.
After univariate analysis (Table 2) and multivariate
analysis, age (P = 0.001), INR (P = 0.014), Child-Pugh
score (P = 0.004), MELD score (P = 0.021), reduction
ratio in PSG (P = 0.009) and shunting branch of PV (P =
0.014) were identified as independent predictors of HE
(Table 3).
Shunt dysfunction
During the follow-up, 118 patients had at least one episode of shunt dysfunction. Of these 118 patients, 80
underwent 108 TIPS revisions, 25 died due to the first
post-TIPS variceal bleeding, five underwent endoscopic
therapies and two underwent surgical therapies for variceal rebleeding. Six patients required large volume paracentesis due to severe ascites. The primary patency rates
of our cohort after one, three, and five years were 79.9%,
58.7%, and 46.0%, respectively.
The 1-, 3- and 5-year primary patency rates were
83.3%, 66.7% and 53.5% for patients with O-SP and
70.9%, 38.2% and 25.8% for patients with sub-O-SP,
respectively (Figure 4A, log-rank test: P < 0.001). Moreover, patients with each of the three types of sub-O-SP
had a significantly higher risk of shunt dysfunction than
patients with O-SP (Figure 5). In the 8-mm stent (Figure

WJG|www.wjgnet.com

Survival
Among the 110 deaths, underlying etiologies included
liver failure in 56, variceal rebleeding in 42, hepatocellular carcinoma in four, and other causes in eight (which
included cerebral hemorrhage, heart failure, myocardial
infarction, car accident, encephalitis, diabetes, esophageal
cancer and pancreatic cancer). The overt survival rates
for the included patients were 89.0% at one year, 71.4%
at three years, and 51.0% at five years with a median survival time of 5.6 years (95%CI: 4.3-6.9).
The median survival time was 8.4 years (95%CI:
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Figure 3 Hepatic encephalopathy results from the Kaplan-Meier analyses. Comparison of hepatic encephalopathy between the patients with a transjugular
intrahepatic portosystemic shunt (TIPS) to the left portal vein (PV) and those with a TIPS to the right PV in all patients (A), an 8-mm stent subgroup (C) and a 10-mm
stent subgroup (E). Comparisons of survival between the patients with a TIPS to the left PV and those with a TIPS to the right PV in all patients (B), an 8-mm stent
subgroup (D) and a 10-mm stent subgroup (F).

5.2-11.5) for patients with a left PV TIPS and 3.9 years
(95%CI: 3.3-4.7) for patients with a right PV TIPS (Figure
3B: log-rank test: P < 0.001). The patients with a left PV
TIPS had a significantly higher survival rate compared
to those with a right PV TIPS in both the 8-mm (Figure
3D, log-rank test: P = 0.022) and 10-mm stent subgroups
(Figure 3F, log-rank test: P = 0.001).
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For the patients with O-SP and those with sub-OSP, the survival rates after one, three and five years were
90.4%, 75.8% and 56.6%, and 85.3%, 60.7% and 38.9%,
respectively (Figure 4B: log-rank test: P = 0.006). In the
8-mm stent subgroup, the survival rate for the patients
with O-SP was significantly higher compared to that for
the patients with sub-O-SP (Figure 4D, log-rank test: P =
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Table 2 Results from the univariate analyses
Variable

Hepatic encephalopathy

Age (yr)
Gender (male/female)
TIPS procedure (elective/emergency)
Ascites (yes/no)
Previous splenectomy (yes/no)
Platelet count (109/L)
Albumin (g/L)
Total bilirubin (μmol/L)
INR
Child-Pugh score
MELD score
Reduction ratio of PSG (%)
Shunting branch of the PV (right /left)
Initial stent position (sub-optimal/optimal)
HE within 6 mo (yes/no)
Shunt dysfunction within 6 mo (yes/no)

Shunt dysfunction

Survival

HR

95%CI

P value

HR

95%CI

P value

HR

95%CI

P value

1.03
1.04
1.37
1.55
0.97
1.00
0.96
1.00
2.09
1.17
1.05
1.02
1.75
0.75
-

1.01-1.04
0.72-1.50
0.88-2.13
1.04-2.30
0.61-1.54
0.99-1.01
0.93-0.99
0.99-1.01
1.20-3.64
1.06-1.29
1.01-1.11
1.01-1.03
1.22-2.52
0.49-1.15
-

< 0.001
NS
NS
0.031
NS
NS
0.022
NS
0.009
0.003
0.032
0.004
0.003
NS
-

0.99
1.62
0.66
0.90
1.65
1.00
0.98
1.00
0.82
1.01
0.97
0.99
0.81
2.24
-

0.97-1.01
1.07-2.45
0.38-1.14
0.62-1.33
1.09-2.50
0.99-1.01
0.95-1.02
0.99-1.01
0.41-1.63
0.90-1.13
0.91-1.03
0.98-1.01
0.53-1.23
1.54-3.25
-

NS
0.023
NS
NS
0.018
NS
NS
NS
NS
NS
NS
NS
NS
< 0.001
-

1.01
1.41
1.57
2.22
0.61
0.99
0.96
1.01
3.12
1.29
1.09
1.01
2.10
1.88
1.60
1.87

0.99-1.03
0.92-2.16
1.02-2.41
1.38-3.57
0.36-1.02
0.99-1.00
0.92-0.99
1.00-1.02
1.86-5.23
1.15-1.44
1.04-1.14
0.99-1.02
1.43-3.07
1.44-2.47
1.07-2.38
1.15-3.04

NS
NS
0.041
0.001
NS
0.021
0.035
0.002
< 0.001
< 0.001
< 0.001
NS
< 0.001
< 0.001
0.021
0.011

HE: Hepatic encephalopathy; PSG: Portosystemic pressure gradient; INR: International normalized ratio; MELD: Model for end-stage liver diseases; PV:
Portal vein; NS: Non-significant; TIPS: Transjugular intrahepatic portosystemic shunt.

DISCUSSION

Table 3 Risk factors from the multivariate analyses
Variable

This study of TIPS creation for variceal bleeding in a
large cohort of cirrhotic patients verified that shunting the left PV may decrease the risk of HE and that
the deployment of a stent with O-SP could reduce the
incidence of shunt dysfunction. Most importantly, we revealed that the shunting branch of the PV and the initial
stent position were independent prognostic factors of
patient survival.
Recently, a decreased risk of HE after left PV TIPS
creation was observed in a study of 72 patients[16] and
consequently confirmed by a study with 80 patients[17].
However, the former study found no significant difference in the overall survival of patients with a TIPS placed
in the left vs right PV[16], and the latter study did not address the survival of these two groups of patients[17].
The authors of the former study considered that the
negative results were attributed to the short observation
periods and the relatively small sample size of the study,
as that they did not employ survival as the primary endpoint[16]. We confirmed that patients with a TIPS placed
through the left PV have a lower risk of HE in a large
cohort of patients. In our multivariate analysis, patients
with HE within six months and the use of the right PV
were found to be two of the independent risk factors for
mortality. These results suggest that TIPS to the left PV
may improve patient survival by lowering the risk of HE
to a great degree. Survival is usually considered to be the
strongest endpoint for evaluating the effectiveness of a
therapy. Thus, our study presents important evidence for
using the left PV in cirrhotic patients who underwent
TIPS creation for variceal bleeding.
It is reported that most HE neurotoxins, such as ammonia, are derived from the intestine[27], which may be
directed predominantly to the right PV[28,29]. Thus, TIPS
placement through the right PV may theoretically lead

Multivariate analysis

Hepatic encephalopathy
Age
INR
Child-Pugh score
MELD
Shunting branch of the PV (right/left)
Reduction ratio of PSG (%)
Shunt dysfunction
Previous splenectomy (yes/no)
Initial stent position (sub-optimal/optimal)
Survival
Ascites (yes/no)
INR
Shunting branch of the PV (right/left)
Initial stent position (sub-optimal/optimal)
Child-Pugh score
MELD
HE within six months (yes/no)
Shunt dysfunction within 6 mo (yes/no)

HR

95%CI P value

1.02
2.01
1.17
1.06
1.59
1.01

1.01-1.04
1.15-3.50
1.05-1.31
1.01-1.11
1.10-2.30
1.00-1.03

0.001
0.014
0.004
0.021
0.014
0.009

1.76 1.16-2.67 0.008
2.30 1.57-3.35 < 0.001
1.87
2.31
1.92
1.68
1.27
1.09
1.54
2.48

1.13-3.08 0.014
1.34-3.98 0.003
1.30-2.84 0.001
1.12-2.50 0.011
1.13-1.43 < 0.001
1.03-1.14 0.003
1.02-2.35 0.043
1.47-4.19 0.001

INR: International normalized ratio; PV: Portal vein; MELD: Model for
end-stage liver diseases; HE: Hepatic encephalopathy; PSG: Portosystemic
pressure gradient.

0.029). In the 10-mm stent subgroup, the 3-year survival
rates were 78.2% and 60.6% for the patients with O-SP
and those with sub-O-SP, respectively (Figure 4F, logrank test: P = 0.164).
Thirteen variables were identified as potential prognostic factors of survival in the univariate analyses (Table
2). A multivariate analysis showed that ascites (P < 0.015),
INR (P = 0.002), Child-Pugh score (P < 0.001), MELD
score (P = 0.002), the shunting branch of the PV (P =
0.001), the initial stent position (P = 0.010), HE within 6
mo (P = 0.043) and shunt dysfunction within 6 mo (P =
0.001) were independent predictors (Table 3).
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Figure 4 Patency results from the Kaplan-Meier analyses. Comparison of primary patency between patients with optimal initial stent position (O-SP) and those
with sub-O-SP in all patients (A), an 8-mm stent subgroup (C) and a 10-mm stent subgroup (E). Comparisons of survival between the patients with O-SP and those
with sub-O-SP in all patients (B), an 8-mm stent subgroup (D) and a 10-mm stent subgroup (F).

to increased neurotoxins in the systemic circulation, in
which the effect will result in an increased incidence of
HE and decreased survival[16,17].
One previous study demonstrated that patients with
the cephalic end of the stent extended to the hepatocaval junction had a longer patency lifespan compared to
those with a stent terminating in the HV; however, the authors did not assess the effect of the spatial relationship

WJG|www.wjgnet.com

between the caudal end of the stent and the vascular wall
of the PV on shunt patency[18]. Stenosis in the PV was
also reported as an important cause of shunt dysfunction, especially in patients with covered stents[13,19,30-32].
In our 13 years’ experience, we have the impression that
failure of the caudal end of the stent to be parallel to the
vascular wall of the PV probably increases the risk of
stenosis in the PV. In order to validate our impression,
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initial stent position (O-SP) in the hepatic vein(HV) and portal vein (PV), patients with sub-O-SP in the HV and patients with sub-O-SP in the PV are significantly different.

this suboptimal spatial relationship (the caudal end of the
stent is unparallel to the vascular wall of the PV, Figure
1B) was defined as sub-O-SP in the PV and its effect on
shunt dysfunction was studied in this study.
The high inter-observer agreement on the stent position classifications indicated that our classification criteria
were reliable and valid. In this study, the patients with
sub-O-SP in the HV and those with sub-O-SP in the PV
had significantly lower primary patency rates compared
to those with O-SP, and the outcomes of the three patients with sub-O-SP in both the HV and PV were notably worse. These results suggest that the deployment of a
stent with the cephalic end extending to the hepato-caval
junction and the caudal end parallel to the vascular wall
of the PV is favorable in a TIPS procedure to decrease
the risk of shunt dysfunction.
Additionally, the stenosis or occlusion sites in the
patients with shunt dysfunction correlated well with their
initial suboptimal stent sites. It has been reported that
an uncovered HV is more susceptible to pseudointimal
hyperplasia and more predisposed to shunt thrombosis
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caused by turbulence and the shear stress of high-velocity
blood flow[33]. Moreover, in the patients with a stent terminating in the HV, uncovered outflow segments of the
parenchymal tract are more likely to be formed by stent
migration caused by organ movement[34]. For the patients
with the caudal end of the stent failing to be parallel to
the vascular wall of the PV, the chronic trauma to the PV
intima caused by the end of the stent was reported to be
responsible for the stenosis or occlusion in the PV[13,30].
Furthermore, our data demonstrate that patients with
sub-O-SP had a significantly lower survival rate than
those with O-SP. Moreover, the O-SP was revealed as an
independent predictor of improved survival in the multivariate analysis. These results indicate that initial stent
position plays an role in patient survival[13,18,19]. Subsequently, shunt dysfunction within six months was identified as one of the independent risk factors for survival,
which suggests that the increased incidence of shunt
dysfunction in patients with sub-O-SP may be partially
responsible for the decreased survival rates. The higher
shunt dysfunction rate determines many of the relevant
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outcome parameters such as rebleeding, recurrence of
ascites, hepatorenal syndrome, spontaneous bacterial
peritonitis, hospitalization, and cost, most of which are
also closely related to survival[35].
Compared to historical data in randomized studies,
our patients demonstrated higher patency rates. This
was also observed in our previous study on TIPS for PV
thrombosis in cirrhosis[20]. It was reported in a randomized controlled trial that the routine administration of
anticoagulants has a considerable effect on the improved
patency rate[36]. Thus, the higher patency rate of our
patients was partially attributed to the routine use of anticoagulants. To some degree, our study validated the effectiveness of anticoagulation on the prevention of shunt
dysfunction. Another possible reason for our higher
patency rate is that patients included in a randomized trial
are more closely followed than in a retrospective study.
The retrospective design and long study duration are
some of the limitations of this study. Modifications in the
technical aspects of the TIPS procedure and improvements in the supportive care most likely occurred during
a long-term study. However, in our study, the TIPS date
was not identified as a risk factor for HE, shunt dysfunction, and mortality (Table 2), which means the patient
outcome was relatively stable during the study period.
Another limitation is the use of two different sized stents,
which adds another confounding variable. However, the
results of the subgroup analyses according to the diameter of the stent are consistent with the results of the
analyses in the total patient population. These results suggest that the shunting branch of PV and the initial stent
position are important when stent in either diameter is
used. The use of an uncovered stent is also a limitation
of this study because of the worldwide popularity of
covered stents. Certainly, TIPS with a covered stent faces
challenge of shunting either the left or right PV, and with
the risk of having a sub-O-SP as well. To our knowledge,
the effectiveness of the shunting branch of the PV and
initial stent position on survival has yet not been studied
in covered stents. Thus, the results of uncovered stents
for TIPS creation will most likely have important reference value for the clinical practice and research of TIPS
with covered stents.
In conclusion, this study of TIPS for variceal bleeding in cirrhotic patients found the following: (1) placement of a left PV TIPS decreases the risk of HE; (2) deployment of a stent with O-SP reduces the risk of shunt
dysfunction; and (3) both of these factors may improve
patient survival. The shunting of the left PV and the deployment of a stent with O-SP should be recommended
for TIPS creation. Further prospective studies are needed
to confirm these results.

Liu for their contributions to the data collection.
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Background

Transjugular intrahepatic portosystemic shunt (TIPS) is used worldwide for
the prevention of variceal bleeding. Hepatic encephalopathy (HE) and shunt
dysfunction are the major drawbacks of this procedure. Previous studies demonstrated that creation of a TIPS to the left portal vein (PV) instead of the right
PV could decrease the risk of HE and that stent position is related to the occurrence of shunt dysfunction. However, the effects of the shunting branch of the
portal vein and the initial stent position on patient survival were confused.

Research frontiers

More and more patients underwent the TIPS procedure for the complications of
portal hypertension. For the use of TIPS procedure, the research hotspot is how
to reduce the procedure-related complications and improve the patient survival
by devising new devices, polishing the procedure technique, and bettering the
patient selection.

Innovations and breakthroughs

Previous studies have found that patients with a TIPS placed to the left PV had
lower risk of HE than those with a TIPS placed to the right PV. However, it is
unclear whether the use of the left PV could improve patient survival. The results of our study validated the effect of creation of a TIPS to the left PV on the
reduction of HE risk. Furthermore, we found that patients with a TIPS placed
to the left PV had significantly better survival. Previously, several studies have
assessed the effect of stent position on shunt patency rate. They demonstrated
that patients with the cephalic end of the stent extended to the hepato-caval
junction had a longer patency lifespan. All of these studies did not consider the
positions of cephalic and caudal ends of the stent at the same time. In the present study, we defined the stent position as optimal initial stent position (O-SP) or
non-O-SP by considering the positions of both the cephalic and caudal ends of
the stent. The results demonstrated that patients with O-SP had better patency
rate and long term survival.

Applications

The results of the present study suggest that further TIPS creation should be
placed to the left PV with O-SP in both the cephalic and caudal ends.

Terminology

TIPS is an interventional procedure which created a shunt (the shunt is maintained with a metal stent) within the liver between the portal vein and hepatic
vein to decompress the portal pressure. O-SP is a stent position that satisfied
the following two criteria: (1) the cephalic end of the stent extended to the
hepato-caval junction; and (2) the caudal end of the stent was parallel to the
vascular wall of the PV (the angle between the tangent line of the caudal end of
the stent and the vascular wall of the PV was less than 20°).

Peer review

This is an interesting study which retrospectively analyzed more than 300
patients who underwent TIPS procedure for variceal bleeding. The results are
useful and suggest that further TIPS should be placed to the left PV with O-SP
to improve the patient outcome.
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with an established diagnosis of cirrhosis and HCC
treated with sorafenib were consecutively enrolled.
According to the Barcelona Clinic Liver Cancer (BCLC)
classification, patients were in the advanced stage
(BCLC-C) or in the intermediate stage (BCLC-B) but
unfit or unresponsive to other therapeutic strategies.
Treatment was evaluated performing a 4-phase computed tomography or magnetic resonance imaging
scan every 2-3 mo, and analyzed according to the
modified Response Evaluation Criteria in Solid Tumors.
Sorafenib was administered at 800 mg/d, until radiological progression or occurrence of unacceptable adverse events (AEs). Univariate and multivariate analyses identified predictors of 16-wk clinical benefit and
overall survival.
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RESULTS: Forty-four patients were enrolled, 15 had
intermediate HCC and 14 a Child-Pugh score of B7. AEs
caused treatment interruption in 19 patients (43%),
and median treatment duration was shorter in this
subset (5 wk vs 19 wk, P < 0.001) and in the BCLC-C
subgroup (13 wk vs 40 wk, P = 0.015). No significant
differences in the reason for treatment interruption or
in treatment duration were found comparing patients in
Child-Pugh class A vs B or in patients older or younger
than 70 years. After 16 wk of treatment, 18 patients
(41%) had stable disease or partial response. Patients
with viral infection or BCLC-C were at higher risk of
disease progression. ECOG, extrahepatic spread, macrovascular invasion, alpha-fetoprotein or alkaline phosphatase levels at admission were independent predictors of overall survival.

Abstract

CONCLUSION: In patients with cirrhosis and HCC
treated with sorafenib, AEs are a common cause of
early treatment withdrawal. Vascular invasion and extrahepatic spread condition early response to treatment
and survival. Baseline biochemical parameters may
be helpful to identify patients at higher risk of shorter

AIM: To investigate in greater detail the efficacy and
safety of sorafenib for the treatment of hepatocellular
carcinoma (HCC) in patients with established cirrhosis.
METHODS: From October 2009 to July 2012 patients
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therapies may be particularly heavy in patients with cirrhosis, who are prone to decompensation of the underlying disorder[6].
Although the safety of sorafenib has been the focus
of some post-marketing studies, few have analyzed its effects in patients with a clear diagnosis of cirrhosis. Aim
of this study was to evaluate the safety of sorafenib in
patients with HCC and established cirrhosis, consecutively recruited in a single tertiary referral center, and to
carefully analyze the variables that could be predictive of
response to treatment or survival.

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

Key words: Hepatocellular carcinoma; Sorafenib; Cirrhosis; Adverse events; Barcelona Clinic Liver Cancer
Core tip: The study provides information on the clinical characteristics and laboratory findings that predict
survival in patients with hepatocellular carcinoma and
established cirrhosis treated with sorafenib. This group
of patients is particularly fragile and difficult to treat,
and therapy with systemic agents, including sorafenib,
requires careful monitoring. We report that parameters
related to the tumor (extrahepatic spread, vascular invasion), common laboratory tests (alpha-fetoprotein or
alkaline phosphatase) and patients characteristics (performance status) are significant predictors of overall survival in this group. These data provide important clinical
information for the management of this type of patients.

MATERIALS AND METHODS
Patients
From October 2009 to July 2012 all patients with hepatocellular carcinoma and an established diagnosis of
cirrhosis undergoing treatment with sorafenib at one of
the prescribing Centers at the Careggi Hospital, Florence,
were enrolled. These included patients with advanced
(stage C) HCC, according to BCLC classification[7] or
with intermediate stage (BCLC-B) who were unfit or
failed to respond to other approved therapeutic strategies. Patients were either referred to a group of gastroenterologists and hepatologists specifically dealing with the
management of HCC (collectively defined as “Hepatology Unit”) or to the Medical Oncology Unit of Careggi
Hospital.
HCC was diagnosed by radiologic criteria according to
American Association for the Study of Liver Diseases[8] or
EASL guidelines[2] and/or by biopsy when required. In
this study only patients with an established diagnosis of
cirrhosis were included. Cirrhosis was diagnosed on the
basis of a history of chronic liver disease, and clinical
(presence of signs of portal hypertension, previous episodes of decompensation), imaging (liver nodular surface
or splenomegaly), elastographic (stiffness ≥ 18 kPa)
and/or hematological and biochemical findings (thrombocytopenia, hyperbilirubinemia, high International Normalized Ratio). Patients were sub-classified according to
the Child-Pugh score[9]. All patients in whom a score of
7, but not higher, was calculated at least once in the two
months preceding enrollment were considered as ChildPugh class B, regardless of the actual score at the time
of sorafenib initiation. Concomitant antiviral therapy for
hepatitis B was allowed. Performance status was evaluated according to the Eastern Cooperative Oncology
Group (ECOG)[10].

Inghilesi AL, Gallori D, Antonuzzo L, Forte P, Tomcikova D,
Arena U, Colagrande S, Pradella S, Fani B, Gianni E, Boni L,
Laffi G, Di Costanzo F, Marra F. Predictors of survival in patients
with established cirrhosis and hepatocellular carcinoma treated
with sorafenib. World J Gastroenterol 2014; 20(3): 786-794
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i3/786.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i3.786

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
deadly cancers worldwide, and its incidence has increased
steadily over the last 20 years in Western Europe and
North America[1]. One of the hallmarks of HCC is its
strict association with chronic liver disease and in particular cirrhosis, which represents the major risk factor for
this type of cancer. The presence of cirrhosis makes the
treatment of HCC particularly challenging, as tumor destruction must maximally preserve the amount of functioning liver tissue to prevent hepatic failure[1].
According to the Barcelona Clinic Liver Cancer
(BCLC) classification, advanced HCC is identified as an
unresectable HCC associated with symptoms, and/or
macrovascular invasion, and/or extrahepatic spread[2].
While advanced HCC has long been considered untreatable, recent controlled trials have shown that sorafenib,
a multi-kinase inhibitor, prolongs survival of these patients[3,4]. However, the survival benefit afforded by this
drug is limited to a median of 8-10 wk over placebo, and
information indicating which patients are more likely to
take advantage from treatment with sorafenib is still very
limited. Better patient selection would also be associated
with rationalization of health care costs, given the high
reimbursement price of sorafenib treatment[5]. Additionally, the burden of side effects associated with systemic
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Treatment schedule and interruption, and dose
modification
Sorafenib was administered at 800 mg/d. Adverse events
(AEs) were graded according to the Common Terminology Criteria for Adverse Events (CTCAE) version 3.0[11].
Elevation of aminotransferases and/or bilirubin were
collectively considered as “hepatic” AEs and graded according to CTCAE of the individual component. Appearance of AEs with a grade ≥ 2 resulted in dose re-
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mo until progression or treatment interruption for AEs.
Patients were followed after treatment suspension and overall survival was evaluated.

Table 1 Clinical characteristics of the patients with cirrhosis
and hepatocellular carcinoma enrolled in the study n (%)
Characteristics
Age (yr)
mean (SD)
median (min-max)
Males
Recruiting unit
Hepatology
Medical Oncology
Etiology of cirrhosis
HCV
HBV
Alcohol
Multifactorial
Cryptogenic
Primary biliary cirrhosis
ECOG performance status
0
1
2
BCLC
B
C
Child-Pugh class
A
B
Extrahepatic spread
Portal vein thrombosis
Varices
Macroscopic category
Extrahepatic only
Uninodular
≤ 3 nodules
> 3 nodules
Previous therapies
TACE1
Locoregional ablation
Surgical resection
None

n = 44

Statistical analysis
In descriptive statistics χ 2 test and Fisher’s exact test were
used for testing differences for categorical variables and
Mann-Whitney U test for continuous variables between
patient groups. A P value < 0.05 was considered statistically significant. Further analyses were targeted on: (1)
16-wk clinical benefit (i.e., presence/absence of partial response or stable disease at imaging) using logistic regression; and (2) overall survival (end-point was death during
follow-up, other patients were censored up to the date of
the last contact) using Kaplan-Meier method, log-rank
test and Cox PH modeling.
In both types of analyses all clinical variables collected
at enrolling were considered. The frequency of missing
values ranged from 0% to 13.6%, mostly present in laboratory parameters. Due to the small number of patients
in the sample, missing values were handled by single
imputation technique. The results coming from univariate analyses before and after data imputation were compared. Parameters resulting statistically significant with P
< 0.20 in univariate analyses were further included into
multivariate analyses. Then, starting from the full model
with all variables included, the models were built applying
backwards stepwise selection procedure with P > 0.10 as
remove and P < 0.10 re-entry criteria. As a strength of
association between each predictor and outcome the OR
and 95%CI for logistic regression and HR, and 95%CI
for survival analysis were calculated. Statistical analysis
was performed with SAS 9.2 software (SAS Institute Inc.,
Cary, NC, United States).

67.7 (10.1)
70 (44-83)
38 (86.4)
29 (65.9)
15 (34.1)
19 (43.2)
9 (20.5)
7 (15.9)
4 (9.1)
4 (9.1)
1 (2.3)
24 (54.5)
18 (40.9)
2 (4.5)
15 (34.1)
29 (65.9)
29 (65.9)
15 (34.1)
9 (20.5)
8 (18.2)
15 (34.1)
1 (2.3)
3 (6.8)
34 (77.3)
6 (13.6)
20 (45.5)
3 (6.8)
2 (4.5)
19 (43.2)

1

Includes 7 patients in whom trans arterial chemio-embolization (TACE)
was performed in combination with other treatment modalities, and 2 patients treated with 90Y radio-embolization. HCV: Hepatitis C virus; HBV:
Hepatitis B virus; ECOG: Eastern Cooperative Oncology Group; BCLC:
Barcelona clinic liver cancer.

RESULTS
The clinical characteristics of the 44 patients enrolled
in the study are shown in Table 1. Patients were mostly
males and their age concentrated in the 7th-8th decade.
Viral etiology, alone or in combination with other factors,
was present in more than two-thirds of patients. Nine
patients had extrahepatic spread (4 lungs, 3 lymph nodes
and 2 skeleton). The majority of patients (84%) had a
tumor burden ≤ 3 nodules. Approximately half of the
patients (56.8%) had been previously treated with other
modalities, chemoembolization being the most frequent.
No patient had undergone liver transplantation. No patient was lost to follow up during treatment, while 2 patients were lost to follow up after sorafenib withdrawal.
Median treatment duration was 15 wk (range 1-81). At
the time of analysis no patients were still under treatment.
The reason for stopping treatment was disease progression in 25 patients (56.8%) and unacceptable AEs in 19
(43.2%). Median treatment duration was significantly
shorter in patients who stopped treatment because of
AEs [5 (range 1-57) vs 19 (5-81) wk, P < 0.001]. No significant differences in the reason for treatment interruption
or in treatment duration were found comparing patients

duction, temporary withdrawal or permanent interruption
according to the physician’s decision. Dose reduction or
temporary interruption were maintained until AE resolution or grade regression, and was based on the physician’
s judgment. Therapy was continued until progression,
death, or appearance of unacceptable AEs. Treatment
was also stopped upon withdrawal of patient’s consent.
Patient follow-up
Patients underwent evaluation at baseline and at weekly
to monthly intervals, according to the physician’s judgment. Blood tests were obtained at intervals not greater
than 4 wk and included a complete blood count and
serum chemistries. Treatment was evaluated performing
a 4-phase computed tomography (CT) or magnetic resonance (MR) scan, and analyzed according to the modified
Response Evaluation Criteria in Solid Tumors (mRECIST)[12]. Radiologic evaluation was repeated every 2-3

WJG|www.wjgnet.com

788

January 21, 2014|Volume 20|Issue 3|

Inghilesi AL et al . Cirrhosis and hepatocellular carcinoma with sorafenib

statistical significance (33.3% vs 10.3%, P = 0.099). AEs
occurred at a similar frequency comparing patients older
or younger than 70 years or those in BCLC-C vs B stage.
Biochemical parameters at the start and at the end of
sorafenib therapy are shown in Table 3, subdivided according to the reason for interruption.
To identify possible predictors of the clinical response
to sorafenib, we analyzed our series of patients after 16
wk of sorafenib treatment, defining a group with “clinical benefit”, as the composite of stable disease or partial
response by CT/MR dynamic imaging. This group was
compared to patients who showed progressive disease at
this or earlier time points, or who interrupted treatment
because of AEs. At the time of this evaluation, no complete responses were recorded, and no patients had died.
Eighteen out of 44 patients (40.9%) had a clinical benefit at week 16, with 14 (31.8%) showing stable disease
and 4 (9.1%) a partial response. Eleven patients (25%)
had stopped because of a radiological progression and
15 (34.1%) due to the appearance of unacceptable AEs.
Univariate analysis of the parameters associated with
clinical benefit demonstrated that ECOG performance
status 0, cirrhosis of non-viral etiology and BCLC-B
stage of disease were significantly associated with a clinical benefit at week 16 (Table 4). In a multivariate model,
only BCLC-B and the presence of non-viral cirrhosis
emerged as independent predictors of clinical benefit
after 16 wk of treatment (Table 4).When a sub-analysis
comparing patients infected with Hepatitis C virus (HCV)
or Hepatitis B virus (HBV) was performed, no significant differences in survival were observed.
Median overall survival was 11.4 mo (range 7.1-15.7)
(Figure 1A). At the time of analysis, 8 patients were still
alive, none of them continuing sorafenib. In univariate
analysis we found that ECOG performance status ≥
1, presence of metastases or macrovascular invasion,
BCLC-C stage, and elevated baseline levels of alphafetoprotein (AFP) or alkaline phosphatase (ALP) were
significantly related to a shorter overall survival (Table
5). The multivariate model (Table 6) indicated that the
presence of symptoms (ECOG performance status ≥
1), macrovascular invasion, high levels of ALP or AFP
at admission were independent predictors of mortality.
Figure 1B and C show Kaplan-Meier curves for the series
of patients stratified according to AFP or ALP levels, respectively.

Table 2 Incidence of adverse events in 44 patients with cirrhosis and hepatocellular carcinoma undergoing treatment
with sorafenib n (%)
Adverse events

Statistics

Fatigue
Grade 1
Grade 2
Grade 3
Bleeding
Grade 1
Grade 2
Grade 3
Hand-foot syndrome
Grade 1
Grade 2
Grade 3
Diarrhea
Grade 1
Grade 2
Grade 3
Hepatic grade 31AEs
Other AEs2

29 (65.9)
11 (25.0)
11 (25.0)
7 (15.9)
7 (15.9)
3 (6.8)
1 (2.3)
3 (6.8)
14 (31.8)
7 (15.9)
7 (15.9)
0 (0.0)
15 (34.1)
6 (13.6)
8 (18.2)
1 (2.3)
8 (18.2)
20 (45.5)

1

An increase in aminotranspherase and bilirubin after starting sorafenib
was observed in all patients; 2Including rash, hypertension, alopecia, diabetes, mucositis, abdominal pain, voice changes. All grades were evaluated according to Common Terminology Criteria for Adverse Event version
3.0. AEs: Adverse events.

in Child Pugh A vs B class or patients older or younger
than 70 years. Patients in the BCLC-C stage had a significantly shorter median duration of treatment compared to
BCLC-B patients [13 (2-73) vs 40 (1-81) wk, P = 0.015).
However, these two latter groups did not differ considering the causes of treatment interruption. Interestingly,
patients enrolled in the Oncology Unit were more likely to
interrupt treatment due to AEs than patients enrolled in
the Hepatology Unit (73.3% vs 27.6%, P = 0.01).
The overall incidence of AEs during the treatment
period was 93.2%. As shown in Table 2, fatigue was the
most frequently observed AE, and occurred in 2 out of
3 patients. Twenty-eight patients (63.7%) presented 2 or
more AEs during treatment, irrespective of the grade.
Remarkably, 25% and 11% of the whole series presented
3 or 4 AEs, respectively, and in one case (2.3%) 5 AEs
were recorded. Grade 3 AEs were observed in 19/44
patients (43.2%), but no more than one grade 3 AE was
observed in the same patient. In the 19 patients who
stopped treatment because of AEs, grade 3 fatigue (7
patients) or hepatic AEs (8 patients) were those most frequently involved. Twenty-one patients (47.7%) required
dose reduction or temporary interruption of sorafenib
treatment. Considering the whole series, 28 patients
(63.6%) received a mean daily dose of sorafenib greater
than 400 mg. After excluding those patients whose treatment duration was lower than 4 wk, 24 out of 37 patients
(64.9%) received more than 400 mg/d sorafenib. No
significant differences in the overall occurrence of AEs
was found comparing patients in Child A vs B classes.
Grade 3 hepatic AEs tended to be more common in
Child B patients, although this difference did not reach
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DISCUSSION
Sorafenib is the only systemic therapy approved for HCC
in its advanced stage and has also been proposed for
patients with otherwise untreatable, intermediate stage
HCC[13]. In this study, we report data from a group of
patients with HCC and a definite diagnosis of cirrhosis,
consecutively recruited in single, tertiary referral center.
Tolerability of sorafenib treatment was slightly lower than
the one reported in the registration studies, in particular
the SHARP trial (93% vs 80% incidence of AEs)[3], and
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Table 3 Changes in laboratory parameters at the beginning and the end of sorafenib treatment according to the reason of treatment
interruption
Bilirubin
(mg/dL)
Patients with
treatment
suspension due
to progressive
disease (n = 25;
median
treatment
duration 19 wk)
Patients with
treatment
suspension due
to AEs (n = 19;
median
treatment
duration 5 wk)

Baseline

mean (SD)
1.3 (0.8)
med (min-max) 1.2 (0.2-3.5)
End of
mean (SD)
2.3 (1.7)
1.6
treatment median
(0.3-6.4)
(min-max)
MannP value
0.003
Whitney
test
Baseline mean (SD)
1.6 (0.7)
med (min-max) 1.4 (0.6-3.1)
End of
mean (SD)
2.9 (2.8)
2.3
treatment median
(0.7-12.2)
(min-max)
MannP value
0.029
Whitney
test

3

gGT (U/L)

ALP (U/L)

Platelets/mm

INR

AST (U/L)

AFP (ng/mL)

192.5 (187.5)
114 (41-648)
256.4 (276.8)
165
(20-1249)
0.008

173.8 (92.5)
143160 (83075.6)
1.18 (0.25)
66.5 (35.7) 3668.6 (8533.3)
142 (64-436) 125000 (50000-337000) 1.10 (0.9-2.2) 66 (3.6-191) 18.8 (2.7-28136)
225.4 (196.3)
151360 (93196.4)
1.17 (0.26) 106.4 (97.8) 11060.4 (21903)
182
114000
1.1
71
83.4
(75-1048)
(42000-426000)
(0.9-2.2)
(2-472)
(3.0-73434.5)
0.163
0.391
0.724
0.012
0.013

144.4 (107.4)
170 (83)
122125 (67280.4)
1.14 (0.92)
76.0 (38.6) 1739.0 (2841.1)
123 (40-416) 159.5 (65-345) 102000 (35000-254000) 1.1 (1.0-1.3) 66.5 (27-188) 70.6 (1.6-6836.9)
168.3 (147.1) 218.8 (142.8)
135500 (75371.1)
1.14 (0.17)
91.1 (41.5) 2204.4 (4406.1)
121.5
183
123000
1.05
83.5
124.1
(40-525)
(75-515)
(37000-277000)
(1.0-1.4)
(27-153)
(2.1-14000)
0.441
0.051
0.147
0.891
0.125
0.333

gGT: Gamma-glutamyltranspeptidase; ALP: Alkaline phosphatase; AST: Aspartate transaminase; AFP: Alpha-fetoprotein; INR: International normalized ratio.

who complained of fatigue, this symptom had a major
influence on the quality of life, and was the cause of dose
reduction in several cases. We also observed a higher
incidence of grade 3 hepatic AEs, which are particularly
worrisome in patients with cirrhosis such as the ones
investigated in this study. It is important to emphasize
that almost half of the whole group of patients (19/44)
could not continue therapy due to intolerable AEs, and
in 15 out of these 19 patients (78.9%) treatment interruption was related to grade 3 fatigue or hepatic AEs. Of
note, we observed a significantly shorter median duration of treatment in patients who interrupted treatment
due to AEs. This may reflect on patient management, as
close follow-up with office visits together with early and
aggressive symptomatic therapy may maximize the possibility to drive the patient through this initial critical phase
of the therapy. On the other hand, a prompt recognition
of initial signs of hepatic AEs may avoid an eventual and
possibly fatal deterioration of liver function.
A somehow surprising finding of this study is the lack
of difference in terms of AEs incidence or AE-related
treatment interruption comparing Child A vs Child B
patients. These results may be at least partially dependent
on the low number of patients and on the fact that all
Child-Pugh B patients were extremely well compensated. Nonetheless, Child-Pugh B patients may still have
a higher propensity to deteriorate hepatic function, as a
trend towards a higher frequency of severe hepatic AEs
was observed. Together with data available in the literature[15-20], the results of the present study indicate that
sorafenib therapy could be reasonably proposed to ‘borderline’ Child Pugh B patients, such as the ones described
herein. However, close monitoring by a multidisciplinary
group involving a Hepatologist is critical, as suggested by
the observation that cirrhotic patients enrolled in an Oncology Unit were more likely to interrupt treatment due
to AEs, although this did not translate into any differ-

Table 4 Univariate and multivariate analysis of the factors associated with a 16-week “clinical benefit” as defined by the
presence of partial response or stable disease at imaging, according to modified Response Evaluation Criteria in Solid Tumors criteria
Variable

Univariate analysis

ECOG
0
1-2
Cirrhosis etiology
Non-viral
HCV or HBV1
HCV infection
Absent
Present
BCLC class
B
C
Previous therapy
No
Yes
AFP (ng/mL)
≤ 400
> 400

Multivariate analysis

OR (95%CI)

P value

OR (95%CI)

P value

1 (ref.)
0.18 (0.05-0.70)

0.013

2

2

1 (ref.)
0.23 (0.06-0.94)

0.040

1 (ref.)
0.21 (0.05-0.95)

0.043

1 (ref.)
0.24 (0.07-0.88)

0.032

2

2

1 (ref.)
0.12 (0.03-0.48)

0.003

1 (ref.)
0.10 (0.02-0.49)

0.004

1 (ref.)
0.42 (0.12-1.45)

0.172

2

2

1 (ref.)
0.28 (0.07-1.10)

0.069

2

2

1

Including patients with other concurrent etiologies; 2Removed during the
stepwise variable selection, not included in the final multivariate model.
AFP: Alpha-fetoprotein; HCV: Hepatitis C virus; HBV: Hepatitis B virus;
ECOG: Eastern Cooperative Oncology Group; BCLC: Barcelona clinic liver
cancer.

was similar to other field practice studies[13]. It should be
kept in mind that sorafenib is a non-curative treatment,
and therefore maintenance of the best possible quality of
life should always be considered as an essential target in
these patients[5,14]. We found that the impact of AEs was
more marked than in the SHARP trial, because fatigue
was complained by two thirds of our patients, and in one
fourth of these it reached grade 3 severity. In all patients
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A

Table 5 Univariate analysis of factors associated with overall
survival in 44 patients with hepatocellular carcinoma and cirrhosis treated with sorafenib

Cumulative proportion
of surviving patients

n

0.9

Overall survival

Gender
Male
38
1 (ref.)
Female
6
1.52(0.53-4.38)
ECOG
0
24
1 (ref.)
1-2
20
2.01(1.01-4.05)
Age, yr
< 70
22
1 (ref.)
≥ 70
22
1.43 (0.73-2.78)
Cirrhosis etiology
Non-viral
12
1 (ref.)
HCV or HBV1
32
1.09 (0.51-2.34)
Extrahepatic spread
Absent
35
1 (ref.)
Present
9
2.26 (1.01-5.10)
Portal thrombosis
Absent
36
1 (ref.)
Present
8
2.52 (1.03-6.16)
HBV infection
Absent
32
1 (ref.)
Present
12
0.64 (0.29-1.43)
HCV infection
Absent
23
1 (ref.)
Present
21
1.32 (0.67-2.57)
Esophageal varices
Absent
28
1 (ref.)
Present
16
1.06 (0.52-2.14)
Child Pugh score
A
29
1 (ref.)
B
15
1.98 (0.91-4.29)
BCLC class
B
15
1 (ref.)
C
29
2.89 (1.34-6.25)
Previous therapy
No
19
1 (ref.)
Yes
25
1.25 (0.63-2.49)
Bilirubin (mg/dL)
≤ 1.5
27
1 (ref.)
>1.5
17
1.76 (0.86-3.60)
gGT (U/L)
≤ 48
5
1 (ref.)
> 48
39
1.54 (0.46-5.14)
ALP (U/L)
≤ 120
13
1 (ref.)
>120
31
3.20 (1.28-7.98)
Platelets/mm3
≤ 150000
28
1 (ref.)
> 150000
16
0.69 (0.33-1.43)
AST (U/L)
≤ 40
9
1 (ref.)
> 40
35
1.52 (0.59-3.94)
AFP (ng/mL)
≤ 40
22
1 (ref.)
> 40
22
2.38 (1.18-4.80)
AFP (ng/mL)
≤ 400
27
1 (ref.)
> 400
17
2.38 (1.17-4.86)
Interruption due to disease progression
No
19
1 (ref.)
Yes
25
0.67 (0.34 - 1.31)

P value
0.437

0.049

0.7
0.6
0.5
0.4
0.3
0.2
0.0

0.297

B

0.832

0

6

12
18
24
Follow-up time (mo)

30

36

AFP > 40 ng/mL
AFP ≤ 40 ng/mL

1.0
0.9
0.8

0.049

0.043

0.279

0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

0.423

0.883

C

0

6

12
18
24
Follow-up time (mo)

1.0

0.085

0.007

0.526

0.124

30

36

ALP > 120 UI/L
ALP ≤ 120 UI/L

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

0.483

0

6

12
18
24
Follow-up time (mo)

30

36

Figure 1 Kaplan-Meier survival curves of patients enrolled in this study.
Forty-four patients with hepatocellular carcinoma and established cirrhosis were
enrolled and treated with sorafenib. A: Overall survival; B: Survival of patients
stratified according to their baseline alpha-fetoprotein (AFP) levels (P = 0.021);
C: Survival of patients stratified according to their baseline alkaline phosphatase (ALP) levels (P = 0.017).

0.013

0.317

0.388

ences in survival. Interestingly, we did not find any differences in the overall appearance of AEs in a sub-analysis
performed according to the age of the patients (below or
above 70 years), in agreement with data from a Korean
study[21]. This is particularly relevant, as in Western countries HCC is increasingly observed in the elderly[22].
A common clinical problem is the need to inform
patients on the possible outcomes of sorafenib therapy
in the medium term. For this reason, we analyzed the
“clinical benefit” afforded by sorafenib treatment at 16
wk as a composite of radiological stable disease or partial
response, versus treatment interruption regardless of its

0.016

0.017

0.238

1

Including patients with other concurrent etiologies. gGT: Gamma-glutamyltranspeptidase; ALP: Alkaline phosphatase; AST: Aspartate transaminase; AFP:
Alpha-fetoprotein; HCV: Hepatitis C virus; HBV: Hepatitis B virus; ECOG:
Eastern Cooperative Oncology Group; BCLC: Barcelona clinic liver cancer.
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C. Moreover, a performance status greater than 0 was
associated with a 2-fold greater risk of shorter overall
survival, in agreement with data reported by the SOFIA
group[13]. However, when evaluating the significance of
performance status in HCC, the presence of cirrhosis
should be considered, which by itself has an impact on
the quality of life of the patient[29].
Increased AFP baseline levels were found to confer
a risk of mortality 2.33 times higher than patients below
that limit. A possible role of AFP as a predictor of mortality in HCC has been reported in other field practice
studies[3,15,18,21], but the observed cut-off values were usually in a higher range. AFP levels have been shown to be
associated with activation of the progenitor cell compartment and to correlate with a ‘hepatoblastoma’ signature
in transcriptomic studies[30]. Similar considerations may
be made for the role of ALP, because patients with abnormal levels had a more than three times higher risk of
shorter survival at multivariate analysis. ALP levels have
been reported to predict survival in patients treated with
different modalities[31-33], although its role during systemic
therapy has not been completely established. The pathophysiologic significance of this parameter remains uncertain, although it may be related to invasion of the smaller
bile ducts as expression of the tendency of HCC to infiltrate adjoining structures. Taken together, data related to
AFP and ALP indicate that simple baseline biochemical
parameters may help to frame the patient in the most appropriate prognostic group.
Several limitations of the present study should be
acknowledged, particularly the relatively small number
of patients enrolled. On the other hand, although other
studies have been published since sorafenib approval in
2008, in few cases a detailed analysis of patients with
established cirrhosis associated with HCC has been
conducted. Another limitation is related to the lack of
histologic biomarkers to be possibly correlated with clinical outcomes. The fact that in cirrhotic patients imaging studies are usually sufficient to make a diagnosis of
HCC[2] has considerably limited the use of biopsy, an
invasive procedure, but has hindered the discovery of
molecular factors associated with prognosis. Although no
molecular predictors of the response to sorafenib have
yet been identified, additional investigation is warranted
to try to select those patients who are more likely to benefit from a therapy which is expensive and sometimes
difficult to tolerate.
In conclusion, in patients with cirrhosis and HCC
treated with sorafenib, early management of AEs is critical, as they present in the large majority of patients and
are a common cause of early withdrawal of the treatment. Tumor vascular invasion and extrahepatic spread
are the most relevant factors conditioning early response
to treatment and survival. Moreover, tumor burden rather
than parameters of liver function is critically relevant in
the prognosis of these patients. Finally, common baseline
biochemical parameters, such as AFP and ALP allow to
identify patients at higher risk of a shorter overall survival.

Table 6 Multivariate analysis of overall survival in 44 patients with hepatocellular carcinoma and cirrhosis treated with
sorafenib
Variable

OS
HR (95%CI)

ECOG
0
1-2
Extrahepatic spread
Absent
Present
Portal thrombosis
Absent
Present
ALP (U/L)
≤ 120
> 120
AFP (ng/mL)
≤ 40
> 40

Median OS in weeks
(range)

P value

1 (ref.)
2.36 (1.08-5.16)

50.2 (9.3-153.1)
29.0 (2.9-92.6)

0.031

1 (ref.)
2.41 (0.97-6.01)

45.9 (8.1-153.1)
19.1 (2.9-83)

0.059

1 (ref.)
3.33 (1.27-8.72)

45.8 (2.9-153.1)
29.9 (8.1-50)

0.015

1 (ref.)
3.13 (1.23-8.00)

45.9 (16.6-153.1)
33.2 (2.9-115.4)

0.017

1 (ref.)
2.33 (1.13-4.78)

52.5 (10.7-153.1)
31.0 (2.9-87.4)

0.021

OS: Overall survival; ECOG: Eastern Cooperative Oncology Grou; ALP: Alkaline phosphatase; AFP: Alpha-fetoprotein.

reason. This provides an indication of sorafenib efficacy
at a time when the impact of early withdrawal due to
AEs could be outbalanced by benefit in the subsequent
weeks. Intermediate stage, and non-viral etiology of cirrhosis were independent predictors of clinical benefit at
week 16 of treatment. These data support the potential
usefulness of sorafenib in selected BCLC-B patients, in
line with recent evidence reported in a sub-analysis of the
SHARP trial or in field-practice studies[13,23]. The possible
significance of the predictive role of a non-viral etiology
remains speculative, although in another, larger study
the time to progression in HBV infected patients was
not affected by sorafenib treatment[23]. Both HBV and
HCV have been shown to interact with the Raf pathway
and/or to modulate angiogenesis[24-27]. As these biologic
actions are two of the major targets of sorafenib, viral
infection may translate in a lower sensitivity to treatment. Although cirrhosis caused by HBV or HCV has
generally different outcomes and prognosis, we found no
significant differences in clinical benefit and overall survival comparing these two groups of patients. This result
could be related to the small number of patients enrolled,
although at this time no clear associations between the
type of viral infection and the outcome of HCC patients
treated with sorafenib have been reported.
Median overall survival of the patients included in the
present study was comparable to the one of the SHARP
study and of the largest field-practice studies published
so far[3,13,15], indicating that selection of the patients was
similar to what reported by other groups treating patients with advanced HCC. Macrovascular invasion and
extrahepatic spread were strong predictors of survival,
as reported in other studies[13,17,28], confirming the prognostic significance of the BCLC classification, where
these parameters characterize transition from stage B to
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Sorafenib has been recently approved for the treatment of hepatocellular carcinoma, but only limited information is available on its effects in conditions of
everyday practice. This is particularly true when patients with a clear diagnosis
of cirrhosis are considered. Due to the high costs of sorafenib therapy and the
burden of side effects, it is very important to obtain information on the predictors
of survival and of clinical response in patients treated with this drug, especially
in the presence of established cirrhosis.
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Research frontiers

The registration studies showing the efficacy of sorafenib in prolonging survival
of patients with advanced hepatocellular carcinoma have given a great impulse
to further research trying to better define which patients have a higher likelihood
to benefit from treatment with this drug. This topic has a high clinical relevance
and generates major efforts.
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Identification of the predictive parameters of the response to sorafenib has been
the focus of several studies after approval of this drug. Cirrhotic patients are
extremely fragile and difficult to treat, and therapy with systemic agents should
be conducted with great care. The authors found that parameters related to the
tumor (extrahepatic spread, vascular invasion), and the patient (e.g., laboratory
tests including alpha-fetoprotein or alkaline phosphatase, or the patient’s performance status) are predictors of overall survival in this group.
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Terminology
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Data presented in this study provide useful clinical information for the management of cirrhotic patients with advanced hepatocellular carcinoma.
Hepatocellular carcinoma is the most prevalent primary liver tumor and is
notoriously difficult to treat. It is associated in the great majority of cases with
chronic liver injury or cirrhosis. Sorafenib is a multi-kinase inhibitor approved for
the treatment of advanced hepatocellular carcinoma. It acts both limiting tumorassociated angiogenesis and tumor cell proliferation.
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In this manuscript, the Authors reported the efficacy and safety of sorafenib for
hepatocellular carcinoma in patients with cirrhosis, and analyzed biomarker as
predictors of outcomes. The results obtained seem to be reasonable and have
some new information. The paper is well written, although there are some drawbacks, particularly the fact that the size of study is small.

15

REFERENCES
1
2

3

4

5

El-Serag HB. Hepatocellular carcinoma. N Engl J Med 2011;
365: 1118-1127 [PMID: 21992124]
European Association For The Study Of The Liver, European Organisation For Research And Treatment Of Cancer.
EASL-EORTC clinical practice guidelines: management of
hepatocellular carcinoma. J Hepatol 2012; 56: 908-943 [PMID:
22424438 DOI: 10.1016/j.jhep.2011.12.001]
Llovet JM, Ricci S, Mazzaferro V, Hilgard P, Gane E, Blanc
JF, de Oliveira AC, Santoro A, Raoul JL, Forner A, Schwartz
M, Porta C, Zeuzem S, Bolondi L, Greten TF, Galle PR, Seitz
JF, Borbath I, Häussinger D, Giannaris T, Shan M, Moscovici
M, Voliotis D, Bruix J. Sorafenib in advanced hepatocellular
carcinoma. N Engl J Med 2008; 359: 378-390 [PMID: 18650514
DOI: 10.1056/NEJMoa0708857]
Cheng AL, Kang YK, Chen Z, Tsao CJ, Qin S, Kim JS, Luo
R, Feng J, Ye S, Yang TS, Xu J, Sun Y, Liang H, Liu J, Wang
J, Tak WY, Pan H, Burock K, Zou J, Voliotis D, Guan Z. Efficacy and safety of sorafenib in patients in the Asia-Pacific
region with advanced hepatocellular carcinoma: a phase
III randomised, double-blind, placebo-controlled trial.
Lancet Oncol 2009; 10: 25-34 [PMID: 19095497 DOI: 10.1016/
S1470-2045(08)70285-7]
Cammà C, Cabibbo G, Petta S, Enea M, Iavarone M, Grieco A,
Gasbarrini A, Villa E, Zavaglia C, Bruno R, Colombo M, Craxì
A. Cost-effectiveness of sorafenib treatment in field practice
for patients with hepatocellular carcinoma. Hepatology 2013; 57:

WJG|www.wjgnet.com

16

17

18

19

793

1046-1054 [PMID: 23299720 DOI: 10.1002/hep.26221]
Moreau R, Jalan R, Gines P, Pavesi M, Angeli P, Cordoba
J, Durand F, Gustot T, Saliba F, Domenicali M, Gerbes A,
Wendon J, Alessandria C, Laleman W, Zeuzem S, Trebicka
J, Bernardi M, Arroyo V. Acute-on-chronic liver failure is
a distinct syndrome that develops in patients with acute
decompensation of cirrhosis. Gastroenterology 2013; 144:
1426-1437, 1437e1-e9 [PMID: 23474284 DOI: 10.1053/
j.gastro.2013.02.042]
Llovet JM, Brú C, Bruix J. Prognosis of hepatocellular carcinoma: the BCLC staging classification. Semin Liver Dis 1999;
19: 329-338 [PMID: 10518312 DOI: 10.1055/s-2007-1007122]
Bruix J, Sherman M. Management of hepatocellular carcinoma. Hepatology 2005; 42: 1208-1236 [PMID: 16250051 DOI:
10.1002/hep.20933]
Pugh RN, Murray-Lyon IM, Dawson JL, Pietroni MC, Williams R. Transection of the oesophagus for bleeding oesophageal varices. Br J Surg 1973; 60: 646-649 [PMID: 4541913]
Oken MM, Creech RH, Tormey DC, Horton J, Davis TE, McFadden ET, Carbone PP. Toxicity and response criteria of the
Eastern Cooperative Oncology Group. Am J Clin Oncol 1982;
5: 649-655 [PMID: 7165009]
Cancer Therapy Evaluation Program. Common terminology
criteria for adverse events, version 3.0. Available from: URL:
http://ctep.cancer.gov
Lencioni R, Llovet JM. Modified RECIST (mRECIST) assessment for hepatocellular carcinoma. Semin Liver Dis 2010; 30:
52-60 [PMID: 20175033 DOI: 10.1055/s-0030-1247132]
Iavarone M, Cabibbo G, Piscaglia F, Zavaglia C, Grieco
A, Villa E, Cammà C, Colombo M. Field-practice study of
sorafenib therapy for hepatocellular carcinoma: a prospective multicenter study in Italy. Hepatology 2011; 54: 2055-2063
[PMID: 21898496 DOI: 10.1002/hep.24644]
Brunocilla PR, Brunello F, Carucci P, Gaia S, Rolle E, Cantamessa A, Castiglione A, Ciccone G, Rizzetto M. Sorafenib
in hepatocellular carcinoma: prospective study on adverse events, quality of life, and related feasibility under
daily conditions. Med Oncol 2013; 30: 345 [DOI: 10.1007/
s12032-012-0345-2]
Hollebecque A, Cattan S, Romano O, Sergent G, Mourad
A, Louvet A, Dharancy S, Boleslawski E, Truant S, Pruvot
FR, Hebbar M, Ernst O, Mathurin P. Safety and efficacy of
sorafenib in hepatocellular carcinoma: the impact of the
Child-Pugh score. Aliment Pharmacol Ther 2011; 34: 1193-1201
[PMID: 21958438 DOI: 10.1111/j.1365-2036.2011.04860.x]
Zugazagoitia J, Manzano A, Sastre J, Ladero JM, Puente J,
Díaz-Rubio E. Sorafenib for non-selected patient population
with advanced hepatocellular carcinoma: efficacy and safety
data according to liver function. Clin Transl Oncol 2013; 15:
146-153 [PMID: 22875650 DOI: 10.1007/s12094-012-0902-3]
Pressiani T, Boni C, Rimassa L, Labianca R, Fagiuoli S, Salvagni S, Ferrari D, Cortesi E, Porta C, Mucciarini C, Latini L,
Carnaghi C, Banzi M, Fanello S, De Giorgio M, Lutman FR,
Torzilli G, Tommasini MA, Ceriani R, Covini G, Tronconi MC,
Giordano L, Locopo N, Naimo S, Santoro A. Sorafenib in patients with Child-Pugh class A and B advanced hepatocellular
carcinoma: a prospective feasibility analysis. Ann Oncol 2013;
24: 406-411 [PMID: 23041587 DOI: 10.1093/annonc/mds343]
Chiu J, Tang YF, Yao TJ, Wong A, Wong H, Leung R, Chan
P, Cheung TT, Chan AC, Pang R, Fan ST, Poon R, Yau T. The
use of single-agent sorafenib in the treatment of advanced
hepatocellular carcinoma patients with underlying ChildPugh B liver cirrhosis: a retrospective analysis of efficacy,
safety, and survival benefits. Cancer 2012; 118: 5293-5301
[PMID: 22517493 DOI: 10.1002/cncr.27543]
Pinter M, Sieghart W, Graziadei I, Vogel W, Maieron A,
Königsberg R, Weissmann A, Kornek G, Plank C, PeckRadosavljevic M. Sorafenib in unresectable hepatocellular
carcinoma from mild to advanced stage liver cirrhosis. Oncologist 2009; 14: 70-76 [PMID: 19144684 DOI: 10.1634/theon-

January 21, 2014|Volume 20|Issue 3|

Inghilesi AL et al . Cirrhosis and hepatocellular carcinoma with sorafenib

20

21

22

23

24
25

26

27

cologist.2008-0191]
Kim JE, Ryoo BY, Ryu MH, Chang HM, Suh DJ, Lee HC,
Lim YS, Kim KM, Kang YK. Sorafenib for hepatocellular carcinoma according to Child-Pugh class of liver function. Cancer Chemother Pharmacol 2011; 68: 1285-1290 [PMID: 21445543
DOI: 10.1007/s00280-011-1616-x]
Wong H, Tang YF, Yao TJ, Chiu J, Leung R, Chan P, Cheung
TT, Chan AC, Pang RW, Poon R, Fan ST, Yau T. The outcomes and safety of single-agent sorafenib in the treatment
of elderly patients with advanced hepatocellular carcinoma
(HCC). Oncologist 2011; 16: 1721-1728 [PMID: 22135121 DOI:
10.1634/theoncologist.2011-0192]
Santi V, Buccione D, Di Micoli A, Fatti G, Frigerio M, Farinati F, Del Poggio P, Rapaccini G, Di Nolfo MA, Benvegnù
L, Zoli M, Borzio F, Giannini EG, Caturelli E, Chiaramonte
M, Bernardi M, Trevisani F. The changing scenario of hepatocellular carcinoma over the last two decades in Italy.
J Hepatol 2012; 56: 397-405 [PMID: 21756850 DOI: 10.1016/
j.jhep.2011.05.026]
Bruix J, Raoul JL, Sherman M, Mazzaferro V, Bolondi L,
Craxi A, Galle PR, Santoro A, Beaugrand M, Sangiovanni A,
Porta C, Gerken G, Marrero JA, Nadel A, Shan M, Moscovici
M, Voliotis D, Llovet JM. Efficacy and safety of sorafenib in
patients with advanced hepatocellular carcinoma: subanalyses of a phase III trial. J Hepatol 2012; 57: 821-829 [PMID:
22727733 DOI: 10.1016/j.jhep.2012.06.014]
Vrancken K, Paeshuyse J, Liekens S. Angiogenic activity of
hepatitis B and C viruses. Antivir Chem Chemother 2012; 22:
159-170 [PMID: 22182803 DOI: 10.3851/IMP1987]
Chen J, Siddiqui A. Hepatitis B virus X protein stimulates
the mitochondrial translocation of Raf-1 via oxidative stress.
J Virol 2007; 81: 6757-6760 [PMID: 17428866 DOI: 10.1128/
JVI.00172-07]
Giambartolomei S, Covone F, Levrero M, Balsano C. Sustained activation of the Raf/MEK/Erk pathway in response
to EGF in stable cell lines expressing the Hepatitis C Virus
(HCV) core protein. Oncogene 2001; 20: 2606-2610 [PMID:
11420671 DOI: 10.1038/sj.onc.1204372]
Aoki H, Hayashi J, Moriyama M, Arakawa Y, Hino O. Hepa-

28

29

30

31

32

33

titis C virus core protein interacts with 14-3-3 protein and
activates the kinase Raf-1. J Virol 2000; 74: 1736-1741 [PMID:
10644344]
Wörns MA, Koch S, Niederle IM, Marquardt JU, NguyenTat M, Gamstätter T, Schuchmann M, Schulze-Bergkamen H,
Galle PR, Weinmann A. The impact of patient and tumour
baseline characteristics on the overall survival of patients
with advanced hepatocellular carcinoma treated with
sorafenib. Dig Liver Dis 2013; 45: 408-413 [PMID: 23182599
DOI: 10.1016/j.dld.2012.10.010]
Marchesini G, Bianchi G, Amodio P, Salerno F, Merli M,
Panella C, Loguercio C, Apolone G, Niero M, Abbiati R.
Factors associated with poor health-related quality of life of
patients with cirrhosis. Gastroenterology 2001; 120: 170-178
[PMID: 11208726]
Hoshida Y, Nijman SM, Kobayashi M, Chan JA, Brunet JP,
Chiang DY, Villanueva A, Newell P, Ikeda K, Hashimoto M,
Watanabe G, Gabriel S, Friedman SL, Kumada H, Llovet JM,
Golub TR. Integrative transcriptome analysis reveals common molecular subclasses of human hepatocellular carcinoma. Cancer Res 2009; 69: 7385-7392 [PMID: 19723656 DOI:
10.1158/0008-5472.CAN-09-1089]
Llovet JM, Peña CE, Lathia CD, Shan M, Meinhardt G, Bruix
J. Plasma biomarkers as predictors of outcome in patients
with advanced hepatocellular carcinoma. Clin Cancer Res
2012; 18: 2290-2300 [PMID: 22374331 DOI: 10.1158/1078-0432.
CCR-11-2175]
Zhao WC, Zhang HB, Yang N, Fu Y, Qian W, Chen BD,
Fan LF, Yang GS. Preoperative predictors of short-term
survival after hepatectomy for multinodular hepatocellular
carcinoma. World J Gastroenterol 2012; 18: 3272-3281 [PMID:
22783052 DOI: 10.3748/wjg.v18.i25.3272]
op den Winkel M, Nagel D, Sappl J, op den Winkel P,
Lamerz R, Zech CJ, Straub G, Nickel T, Rentsch M, Stieber
P, Göke B, Kolligs FT. Prognosis of patients with hepatocellular carcinoma. Validation and ranking of established
staging-systems in a large western HCC-cohort. PLoS One
2012; 7: e45066 [PMID: 23071507 DOI: 10.1371/journal.
pone.0045066]
P- Reviewer: Tashiro H S- Editor: Wen LL L- Editor: A
E- Editor: Wu HL

WJG|www.wjgnet.com

794

January 21, 2014|Volume 20|Issue 3|

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748/wjg.v20.i3.795

World J Gastroenterol 2014 January 21; 20(3): 795-803
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

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

BRIEF ARTICLE

Bortezomib effect on E2F and cyclin family members in
human hepatocellular carcinoma cell lines
Daniele Baiz, Barbara Dapas, Rossella Farra, Bruna Scaggiante, Gabriele Pozzato, Fabrizio Zanconati,
Nicola Fiotti, Lara Consoloni, Sara Chiaretti, Gabriele Grassi
genes were also measured in both cell lines after BZB
treatment. The BZB concentration (40 nmol/L) used
2
was chosen to stay well below the maximal amount/cm
recommended for in vivo application, and 2 d incubation was chosen as this time point has been found optimal to detect BZB effects in our previous studies. The
HCC cell lines, HepG2 and JHH6, were chosen as they
display different phenotypes, hepatocyte-like for HepG2
and undifferentiated for JHH6, thus representing an in
vitro model of low and high aggressive forms of HCC,
respectively. The mRNA levels of the target genes were
measured by two-color microarray-based gene expression analysis, performed according to Agilent Technologies protocol and using an Agilent Scan B. For the E2F
family members, mRNA levels were quantified by realtime reverse transcription polymerase chain reaction
(RT-PCR). Using small interfering RNA’s, the effects of
E2F8 depletion on cell number was also evaluated.
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RESULTS: After BZB treatment, microarray analysis
of the undifferentiated JHH6 revealed a significant decrease in the expression of the pro-proliferative E2F
member E2F2. Quantitative RT-PCR data were in keeping with the microarray analysis, and showed a significant increase and decrease in E2F8 and E2F2 mRNA
levels, respectively. In contrast, BZB treatment of the
hepatocyte-like HCC cell line HepG2 had a significant
impact on mRNA levels of 5 of the 8 E2F members.
In particular, mRNA levels of the pro-proliferative E2F
members E2F1, E2F2, and of the anti-proliferative
member E2F8, decreased over 80%. Notably, a reduction in E2F8 expression in HepG2 and JHH6 cells following siRNA treatment had no impact on cell proliferation. As observed with JHH6, BZB treatment of HepG2
cells induced a significant increase in mRNA levels of
an anti-proliferative E2F member, E2F6 in this case. As
was observed with E2F’s, more dramatic changes in
mRNA levels of the E2F related genes cyclins and Cdks
and EMT genes were observed after BZB treatment of
HepG2 compared to JHH6.

Abstract
AIM: To evaluate the effects of the proteasome inhibitor bortezomib (BZB) on E2Fs and related genes in hepatocellular carcinoma (HCC) cells.
METHODS: The mRNA levels of the E2F family members (pro-proliferative: E2F1-3 and anti-proliferative:
E2F4-8) and of their related genes cyclins and cyclindependent kinases (cdks ) were evaluated in two HCC
cell lines following a single BZB administration. mRNA
levels of the epithelial-mesenchymal transition (EMT)
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CONCLUSION: The differential expression of E2Fs
and related genes induced by BZB in diverse HCC cell
phenotypes contribute to bortezomib’s mechanism of
action in hepatocellular carcinoma.

tient survival is based on the use of sorafenib. This drug
is able to inhibit a number of kinases including Raf-1,
c-Kit, and the pro-angiogenic receptor tyrosine kinases
vascular endothelial growth factor receptor, platelet derived growth factor receptor and fibroblast growth factor
receptor 1, all involved in HCC progression and overall
prognosis[6]. However, sorafenib only modestly improves
patient survival prolonging life span approximately of three
months[7]. Thus, the development of novel therapeutic approaches to treat HCC-affected patients is urgently required.
In the last decade the drug bortezomib (BZB) has
been studied as a possible novel therapeutic treatment
for HCC. BZB is a boronic acid dipeptide derivative able
to inhibit the 26S proteasome[8]. In particular, the boron
atom present in BZB is responsible for the specific and
efficient binding to the catalytic site of the 26S proteasome. This molecular machine is responsible for the
degradation, via the ubiquitin proteasome pathway, of
proteins involved in cell differentiation, apoptosis and
cell cycle regulation including cyclins, cyclin-dependent
kinase inhibitors and tumor suppressor proteins. BZB induces the inhibition of the 26S proteasome leading to the
increase in levels of various proteins which lead to the
generation of confounding signals that promote cell cycle
arrest and the activation of the apoptotic program. So far
the use of BZB is indicated for the treatment of multiple
myeloma and relapsed mantle cell lymphoma[8].
BZB use in HCC is under evaluation as shown by a
recent phase Ⅱ clinical trial[9]. Interestingly, normal hepatocyte function is largely unaffected by BZB treatment,
opening the possibility that this drug may not have important side effects in patients, at least when administered
locally[10,11]. The mechanisms underlying BZB’s actions
are complex and not completely understood. BZB is able
to down-regulate HCC cell migration and invasion[12] by
suppressing focal adhesion kinase expression[13]. It also
promotes apoptosis[10,14] by reducing p-Akt levels[15-17]
and it can induce autophagy via proteasome independent
mechanisms[18]. With regard to the cell cycle, BZB has
been shown to down-regulate HCC cell proliferation
by increasing the levels of the cell cycle inhibitors p27/
p21[12,19,20], and reducing the levels of cyclin D1[11,20], the
phosphorylated form of the retinoblastoma protein pRB,
and the transcription factor E2F1[11,20].
E2F1 belongs to a family of transcription factors
(reviewed in[21]). The E2F family is currently divided into
pro-proliferative (E2F1-E2F3) and anti-proliferative
(E2F4-E2F8) members. In quiescent cells, the binding of
E2F1-3 to the pocket protein pRb blocks the cell proliferation effects. In the presence of proliferative stimuli,
pRB undergoes phosphorylation by cyclin-dependent
kinases in complex with their cyclin partners, which in
turn allows the release of E2Fs from pRB. Free E2Fs can
induce the transcription of many cell cycle-related proteins including cyclin E, which when bound to its cyclindependent kinase (cdk) further phosphorylates pRB. This
last event increases the amount of free E2Fs which can
promote cell cycle progress by inducing the transcription

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

Key words: Bortezomib; Cyclins; E2F family; Hepatocellular carcinoma; Liver; Microarray; 26S proteasome
Core tip: The 26S proteasome inhibitor bortezomib
has been proposed as a novel therapeutic molecule for
hepatocellular carcinoma (HCC), being able to reduce
cell growth. Little information is available on the effect
of bortezomib (BZB) on many of E2Fs, a family of transcription factors regulating normal and tumor cell proliferation. Our data show, for the first time, the BZB effect
on expression of E2F family members in HCC cell lines
is not limited to the most studied E2F1, but, it extends
also to other E2F members, in particular E2F2, E2F8
and E2F6, and the effect is phenotypic dependent.
Baiz D, Dapas B, Farra R, Scaggiante B, Pozzato G, Zanconati
F, Fiotti N, Consoloni L, Chiaretti S, Grassi G. Bortezomib effect on E2F and cyclin family members in human hepatocellular
carcinoma cell lines. World J Gastroenterol 2014; 20(3): 795-803
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i3/795.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i3.795

INTRODUCTION
Hepatocellular carcinoma (HCC), accounting for more
than 90% of primary liver cancers, is a global health
problem[1-4] as it represents the sixth most common cancer and the third cause of cancer related death worldwide.
The HCC incidence is age-related with a peak at 70 years.
However, variation in different populations has been
observed. For example, in Japan the highest incidence
is between 70-79 years, whereas in Chinese and black
African populations the age of appearance is younger.
Males are more often affected than women with an estimated ratio of 2.4. HCC occurrence is highest in East
Asia, sub-Saharan Africa, and Melanesia (85% of cases);
in developed countries the frequency is lower with the
exception of Southern Europe which has a significantly
higher frequency compared to other developed countries.
The most common risk factors for HCC development
are represented by chronic viral hepatitis (types B and C),
alcohol intake and aflatoxins exposure.
HCC is usually diagnosed at an advanced stage when
the affected patients are often no longer eligible for curative treatments, such as liver resection, liver transplant, or
local radiofrequency ablation. The efficacy of systemic
chemotherapy is also limited due to the resistance of this
disease to anticancer agents[5]. At the moment, the only
systemic therapy showing a significant prolonged pa-
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of many S-phase genes, such as cyclin A and cdk 2.
With regard to the anti-proliferative E2Fs, E2F4 exerts its effect when bound to pRb or one of the other two
pocket protein members p107 and p130. In contrast, E2F5
associates preferentially with p130. E2F6-8 seem to downmodulate the expression of E2F-responsive genes, and thus
cell proliferation, independently of pocket protein binding.
E2F1 has been implicated in HCC cell growth[22-24]
and we have observed that it is also involved in the BZBinduced down-modulation of cell growth in HCC cell
lines[20]. With regard to the other E2F members, E2F3E2F5-E2F8 have been shown to be up-regulated in HCC
samples and to play a role in HCC cell growth[25-28].
With the exception of E2F1, little information is
available with regard to the possible role of the other
E2F family members in the BZB-induced inhibition of
proliferation in HCC cell lines. This study investigated
the effects of BZB treatment on E2F family members in
the HCC cell lines HepG2 and JHH6.

was cyanine 3-CTP, (fluorescence emission wavelength of
570 nm) while for BZB-treated cells it was cyanine 5-CTP
(fluorescence emission wavelength of 670 nm).
Complementary RNAs were then purified by RNeasy
Mini kit (Qiagen S p A., Italy) and quantified using a
NanoDrop ND-1000. According to Agilent protocol,
for a 4 × 44 K microarray, 825 ng of each cRNAs were
used. The Cy-labelled cRNA samples (CY-3 and CY-5
for NT and 40 nmol/L-BZB treated cells, respectively)
were mixed and hybridized to a single microarray that
was then scanned in a microarray scanner to visualize
fluorescence of the two fluorophores. Relative intensities
of each fluorophore were used in ratio-based analysis to
identify up-regulated and down-regulated genes. Normalization of the data was conducted with RNA-spike ins; i.e.,
calibrating RNA transcripts. For each mRNA quantified,
the Agilent microarray provides a minimum of three
and up to ten hybridization oligonucletide probes which
matches with different regions of the target mRNA. This
means that for any given target mRNA, multiple evaluations were obtained in each of the two independent
experiments performed. Microarray analysis were performed 48 h after BZB administration as our previous
data[20] indicated this time point to be optimal for BZB
effect evaluation.

MATERIALS AND METHODS
Cell lines and BZB treatment
The HCC cell lines JHH6 and HepG2 were cultured
as reported in[20,24,29]. These cell lines were chosen as
they display a different phenotype, hepatocyte-like for
HepG2[30] (see also ATCC, catalogue No. HB-8065) and
undifferentiated for JHH6[31] (see also Japanese Collection of Research Bioresources (JCRB), catalogue No.:
JCRB1030), thus representing suitable in vitro models of
low and high aggressive forms of HCC, respectively.
BZB was administered as described in[20]; briefly cells
were seeded at 3.8 × 103 cells/cm2 in 6-wells plate, allowed
adhering 24 h, cultured for two days in the presence of
complete medium and 40 nmol/L BZB. The BZB concentration used was chosen to stay well below the maximal amount/cm2 recommended dose for in vivo application[32]. Moreover, two days of incubation was found to be
optimal to study BZB effects on HepG2 and JHH6[20].

Quantitative real-time reverse transcription polymerase
chain reaction
Part of the total RNAs used for two-color microarray
analysis and total RNAs obtained from independent experiments were used to perform quantitative real-time reverse transcription polymerase chain reaction validation.
E2F1-8 RT conditions were previously described in[20];
PCR cycles were conducted as follows: pre-denaturation
at 95 ℃ for 10 min, 40 cycles of amplification with denaturation at 95 ℃ for 15 s, annealing at proper temperature
(Table 1) for 60 s and extension at 72 ℃ for 30 s. A final
extension at 72 ℃ for 10-min and a dissociation stage (95
℃/60 ℃/95 ℃ for 15 s each) was then added. GAPDH
house-keeping gene was used to normalize data[20].

Two-color microarray-based gene expression analysis
Two-color microarray-based gene expression analysis was
performed according to Agilent Technologies protocol,
using an Agilent Scan B (supported with GenePix 4000B
scanner and Feature Extraction software, version 9.5.3. –
Agilent Technologies, United States).
Briefly, total RNA was extracted using the RNeasy
Mini kit (Qiagen GmbH, Germany). The quality, integrity and quantification of total RNA was evaluated by
spectrophotometric determination using a Lab-on-ChipSystem Bioanalyzer 2100 (Applera Corporation, United
States) and a NanoDrop ND-1000 (CelBio, Euroclone,
Italy). Fluorescent cRNA (complementary RNA) was
created using Agilent’s Quick Amp Labeling Kit (Agilent
Technologies, United States) with a RNA sample input
of 200 ng. For both JHH6 and HepG2, cRNAs were
prepared from total RNAs obtained from non BZBtreated cells (NT) and BZB-treated cells (40 nmol/L).
The fluorescent dye used for the labelling of NT cRNA
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E2F8 depletion by siRNA
The sequence of the anti E2F8 siRNA (siE2F8, Eurogentec S.A., Belgium) was previously described in[26]. As
control (sense 5’-CGUACGCGGAAUACUUCGA-3’,
antisense: 5’-UCGAAGUAUUCCGCGUACG-3’) a
siRNA directed against the luciferase gene (siGL2) was
analyzed in parallel. Transfections were performed as
described in[24] using a weight ratio liposome (Lipofectamin2000 - 1 mg/mL, Invitrogen)/siRNA of 3:1 for three
hours at a final siRNA concentration of 220 nmol/L.
E2F8 mRNA levels were measured 2 and 4 d after transfection in HepG2 and JHH6, respectively.
Statistical analysis
P values were calculated by the GraphPad InStat tools
(GraphPad Software, Inc., La Jolla, CA, United States) using the unpaired t test with or without Welch correction
and the Mann-Whitney Test, as appropriate. P values <
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Table 1 Primer sequences performed quantitative real-time reverse transcription polymerase chain reaction
GenBank
Number

Protein

Primer pair

TA(℃)

Amplif.
Region

Length
(bp)

62
65
62
62
62
62
65
65
62

466-539
645-714
1307-1392
1081-1162
577-659
818-902
233-318
399-492
319-423

74
80
86
82
83
85
86
94
105

NM_005225
E2F1
(F) 5’-CCAGGAAAAGGTGTGAAATC-3’ (R) 5’-AAGCGCTTGGTGGTCAGATT-3’
NM_004091
E2F2
(F) 5’-CAAGTTGTGCGATGCCTGC-3’ (R) 5’-TCCCAATCCCCTCCAGATC-3’
NM_001949
E2F3
(F) 5’-AAGTGCCTGACTCAATAGAGAGCC-3’ (R) 5’-AGTCTCTTCTGGACATAAGTAAACCTCA-3’
NM_001950
E2F4
(F) 5’-GCAGACCCCACAGGTGTTTT-3’ (R) 5’-GCTCCGAGCTCATGCACTCT-3’
NM_001951
E2F5
(F) 5’-TTGCTTTAATGGTGATACACTTTTGG-3’ (R) 5’-TCTGACCCATTTCTGGAATGG-3’
NM_198256
E2F6 (F) 5’-GAAAATGAAAGACTAGCATATGTGACCT-3’ (R) 5’-CTTTAACTGCAATGACGATCTGTTC-3’
NM_203394
E2F7
(F) 5’-AGGGATGGAGGTAAATTGTTTAACACT-3’ (R) 5’-TTTCCCCATCTTCAACTGCAA-3’
NM_024680
E2F8
(F) 5’-CTGATCTGCGAACAGGATATTAAAAC-3’ (R) 5’-AAAATGAAAAATCTGGAGTTCCTCC-3’
NM_002046 GAPDH
(F) 5’-CCCATCACCATCTTCCAGGAG-3’ (R) 5’-CTTCTCCATGGTGGTGAAGACG-3’

A

A

A-JHH6-microarray

1.4
1.2
a

T/NT

T/NT

1.0
0.8
0.6
0.4
0.2

E2F1

E2F2

B 3.0

E2F3

E2F4

E2F5

E2F6

E2F7

B-JHH6-quantitative RT-PCR

E2F8

B

a

2.5
T/NT

T/NT

2.0
1.5
1.0

a

0.5
0.0

E2F1

E2F2

E2F3

E2F4

E2F5

E2F6

E2F7

E2F8

1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

A-HepG2-microarray

a
E2F1

a
E2F2

E2F3

E2F4

E2F5

E2F6

B-HepG2-quantitative RT-PCR

a

a

E2F1

E2F2

E2F3

a

a

E2F4

E2F5

E2F7

E2F8

a

E2F6

E2F7 E2F8

Figure 1 Microarray and quantitative real-time reverse transcription polymerase chain reaction assays in JHH6 following bortezomib treatment. A:
The mRNA levels of the indicated E2Fs were evaluated by microarray analysis
two days after JHH6 treatment with 40 nmol/L bortezomib. Data are reported
as ratio between treated cells (T) and non-treated cells (NT); data are shown
as means ± SEM; aP < 0.05 vs controls; depending on the E2F member the
number of evaluation ranged from three up to ten; B: The mRNA levels of the
indicated E2Fs were evaluated by quantitative real-time reverse transcription
polymerase chain reaction assay; data, normalized to GAPDH mRNA, are reported as ratio between T and NT; data are reported as means ± SEM; aP < 0.05
vs controls, n = 5. RT-PCR: Reverse transcription polymerase chain reaction.

Figure 2 Microarray and quantitative real-time reverse transcription polymerase chain reaction assays in HepG2 following bortezomib treatment. A:
The mRNA levels of the indicated E2Fs were evaluated by microarray analysis
two days after JHH6 treatment with 40 nmol/L bortezomib. Data are reported
as ratio between treated cells (T) and non-treated cells (NT); data are shown
as means ± SEM aP < 0.05 vs controls; depending on the E2F member the
number of evaluation ranged from three up to ten. B: The mRNA levels of the
indicated E2Fs were evaluated by quantitative real-time reverse transcription
polymerase chain assay; data, normalized to GAPDH mRNA, are shown as
ratio between T and NT; data are reported as means ± SEM; aP < 0.05 vs controls, n = 5. RT-PCR: Reverse transcription polymerase chain reaction.

0.05 were considered to be statistically significant.

confirmed the modest decrease of E2F1 we previously
observed[20]. With regard to the anti-proliferative E2F
members, we observed a tendency of BTZ treatment to
increase mRNA levels of most E2F members. Quantitative reverse transcription polymerase chain reaction (RTPCR) data (Figure 1B) confirmed a significant decrease
and increase in E2F2 and E2F8 expression.
Compared to the undifferentiated JHH6, the hepatocyte-like HCC cell line HepG2, displayed a more marked
effect of BZB on the differential expression of E2F
members, as shown by microarray analysis and confirmed
by quantitative RT-PCR (Figure 2). In the HepG2 cell line
we detected a stronger down-regulation of the expression
of the pro-proliferative E2F members E2F1 and E2F2
(Figure 2B) and of the anti-proliferative member E2F8,

RESULTS
Effects of BZB on E2F family members
We have evidence that E2F1 is dramatically downregulated upon BZB treatment in the differentiated HCC
cell line HepG2[20]. In contrast, in the undifferentiated
HCC cell line JHH6 E2F1 down-regulation is only modest. This observation prompted us to verify whether
other E2F members are involved in the BZB induced
inhibition of proliferation in JHH6. Microarray analysis
performed in JHH6 (Figure 1A) following 48 h treatment
by BZB at 40 nmol/L, revealed a decrease in the expression of the pro-proliferative E2F member E2F2 and
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pared to JHH6 prompted us to verify whether this behaviour was restricted to the E2F family or it was a more
general feature. For this reason we compared, by microarray analysis, the effects on the differential expression of
cyclins (Figure 4) and cdks (data not shown). In the case
of cyclin E, cyclin D, cyclin A and cdk2 the microarray
data have been previously validated by quantitative RTPCR[20]. From the analysis of BZB effects on the expression levels of cyclin and cdk gene products, little change
was observed with the undifferentiated JHH6 compared
to the more differentiated HepG2 cell line. Notably, this
behaviour was not restricted to cell cycle genes, and was
also seen with the expression of epithelial-mesenchymal
transition (EMT) genes; these genes allow the cancer cells
to gain migratory and invasive properties, thus resulting in the possibility of metastasis. In JHH6, the impact
of BZB on EMT gene expression was definitively less
pronounced than in the HepG2 cell line (Figure 5). The
reduced BZB impact on gene expression in JHH6 compared to HepG2 cells is also shown by the fact that BZB
treatment of HepG2 cells modified the signal coming
from about 12000 gene probes, whereas in JHH6 this
number was of about 2000.

A-E2F8 mRNA levels

130

siG2L2

siE2F8

siG2L2

B-cell count
120
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Figure 3 Effects of E2F8 depletion by siRNA in HepG2 and JHH6. A: Four
and 2 d after siRNA administration, the reductions of E2F8 mRNA in JHH6 and
HepG2, respectively, are reported; the data, normalized to GAPDH levels, are
shown as mean ± SEM; aP < 0.05 vs controls, n = 6; B: the effects of siE2F8 on
cell number 4 and 2 d after siRNA administration in JHH6 and HepG2, respectively, are reported; the data, normalized to siGL2 treated cells, are shown as
mean ± SEM, n = 6. siE2F8: siRNA against E2F8 mRNA; siGL2: Control siRNA
against the luciferase mRNA.

DISCUSSION
Several studies suggest that BZB is a potent 26S proteasome inhibitor with the potential to be of therapeutic
value for HCC treatment. We have previously observed[20]
that BZB can effectively inhibit the growth of the differentiated HCC cell line HepG2 and, to a lesser extent, also
that of the undifferentiated HCC cell line JHH6. We can
exclude that this difference arises from a reduced BZBmediated inhibition of the 26S proteasome in JHH6 cells
compared to HepG2 as a similar reduction of proteasome activity was previously shown in these two cell
lines[20]. It follows that also the effects on gene expression
reported in this work unlikely depend on a differential
inhibition of the 26S proteasome by BZB in the two cell
lines.
The role of E2F family members in HCC has been
mainly demonstrated for E2F1[20,22] whose up-regulation,
considered an unfavorable prognostic factor[23], has been
shown in HCC[33]. The other E2F members studied in the
literature are E2F3, E2F5 and E2F8 for which indication
of the up-regulation in HCC samples and implication in
HCC cell growth were reported[25-28]. The lack of information about the other E2F family members in HCC
development in general and in relation to BZB effects,
prompted us to start a novel investigation in this field.
In addition to confirming in JHH6 our previous data
of a modest effect on E2F1 mRNA by BZB[20], this study
suggests that the differential expression of other E2Fs
contributes to BZB’s action in JHH6. Interestingly, the
down-regulation of the pro-proliferative E2F2 (Figure
1B) and the up-regulation of the anti-proliferative E2F8
suggest a net anti-proliferative effect of BZB. The differential expression of these two E2Fs is not dramatic. It

with E2F4 and E2F5 being less affected. As with JHH6,
BZB treatment of HepG2 cells induced the significant
up-regulation of the expression of an anti-proliferative
E2F member which, in this case, it was E2F6.
The marked down-regulation of the expression of
the anti-proliferative E2F8 transcription factor in the
HepG2 cell line would suggest a pro-proliferative effect
of BZB rather than an anti-proliferative effect. However,
recently[26] it has been observed that E2F8 depletion by
siRNA resulted in the down-regulation of cell proliferation in HCC cell lines. Thus, we verified whether this
could have been the case in the HepG2 cell line. Using
the siRNA previously proposed[26], we observed that
whereas E2F8 siRNA targeting could significantly reduce
E2F8 mRNA levels (Figure 3A), no major effects on
cell number (Figure 3B) were detected 2 d after a single
siRNA transfection. Notably, the siRNA mediated depletion of E2F8 in JHH6 also did not result in a significant
decrease in cell number (Figure 3AⅠ and BⅠ). In this
last case cell counting was performed four days after
siRNA transfection as at this time point the siRNA effect
on E2F8 mRNA level was maximum.
Effects of BZB on other cell cycle gene products
The more marked effect of BZB on the differential expression of E2F members in the HepG2 cell line com-
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Figure 4 Microarray assay in HepG2 and JHH6 following Bortezomib treatment. The mRNA levels of the indicated cyclins were evaluated by microarray analysis
two days after HepG2 (A) or JHH6 (B) treatment by 40 nmol/L Bortezomib. Data are reported as ratio between treated cells (T) and non-treated cells (NT); data are
shown as means ± SEM; aP < 0.05 vs controls; depending on the cyclin member, the number of microarray evaluation ranged from three up to ten.

is thus possible that BZB’s anti-proliferative effect stems
from the sum of multiple “minor” anti-proliferative signals. In this sense the slight increase of the other antiproliferative E2F members E2F5, E2F6 and E2F7 may
contribute to the global anti-proliferative effect. Future
functional investigations will further clarify the contribution of each of the differentially expressed E2F members
in the down-regulation of JHH6 proliferation.
In the differentiated HCC cell line HepG2, BZB effects on the expression of the pro-proliferative E2Fs,
although qualitatively similar to JHH6 (E2F1 and E2F2
down-regulation with E2F3 substantially unaffected; Figure 2B), are quantitatively more pronounced. The reasons
for this quantitative difference deserve additional investigation. These observations are in line with preliminary
studies conducted in another HCC cell line HuH7 (Dapas
et al, unpublished results), which display an intermediate
differentiation grade, showing an effect on E2Fs intermediate between JHH6 and HepG2.
In the HepG2 cell line, BZB effects on the anti-proliferative E2Fs is, in contrast, substantially different from
that observed in JHH6 (compare Figure 2B with 1B),
characterized by the up-regulation of E2F6 and by the
marked down-regulation of E2F8. Particularly intriguing
is the dramatic down-regulation of E2F8. Despite being
known as an anti-proliferative E2F[21], E2F8 has been
recently suggested by Deng et al[26] to promote HCC cell
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proliferation. Our data (Figure 3) indicate that E2F8 depletion does not seem to have a major effect on HepG2
growth; this event is not limited to HepG2 cells as the
same occurs with JHH6 (Figure 3). These contrasting
data with Deng et al[26] may firstly depend on the fact that
we have used different HCC cell lines (HepG2/JHH6 vs
YY-8103/Focus cells). In addition, we measured cell growth
at day two and four in HepG2 and JHH6, respectively, following E2F8 depletion; in contrast, Deng et al[26] prolonged
the analysis up to day 6, a time point at which the antiproliferative effect was most evident. We limited the analysis at day two/four in HepG2 and JHH6, respectively, as
at these time points the effect was maximal with a single
siE2F8 administration. Additionally, the overgrowth of
control cells (non-treated cells and control siRNA-treated
cells) at longer time points made cell growth evaluation (by
cell counting) cumbersome. Together, our observations
suggest that, at least in the HCC cell lines considered and
under our experimental conditions, E2F8 does not seem
to be a major promoter of cell proliferation.
The decrease of most of the anti-proliferative E2F
members in the HepG2 cell line treated by BZB would
favor the concept of a pro-proliferative effect. However,
it should be considered that the prediction of the net effect of the E2Fs deregulation is not so straightforward.
This is due to the redundancies of E2F functions [21]
which allow one member to take the part of another one.
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Figure 5 Microarray assays in HepG2 and JHH6 following bortezomib treatment. The mRNA levels of the indicated epithelial-mesenchymal transition (EMT)
genes were evaluated by microarray analysis two days after HepG2 (A) or JHH6 (B) treatment by 40 nmol/L Bortezomib. Data are reported as ratio between treated
cells (T) and non-treated cells (NT); data are shown as means ± SEM; aP < 0.05 vs controls; depending on the EMT member, the number of microarray evaluation
ranged from three up to ten.

It is thus possible that E2F6 takes the place of the downregulated E2F4, E2F5 and E2F8, favoring the anti-proliferative effect. This, together with the down-regulation
of E2F1 and E2F2, may explain the net anti-proliferative
effect.
The substantial reduced quantitative impact of BZB
on the expression of E2F family members in JHH6 when
compared to HepG2 occurs also for gene products related and unrelated to E2Fs, such as cyclins/cdks and EMT
genes, respectively. As remarked above, the differences in
BZB effects in JHH6 and HepG2 cells do not seem to be
related to proteasome-dependent mechanisms, but possibly to proteasome-independent mechanisms. Despite
the reasons for this behavior, these findings are in line
with the more contained impact of BZB in the undifferentiated JHH6 when compared to the more differentiated HepG2 cell line. This observation, together with our
previous data[20], strongly suggests that not all the HCC
types may respond, from the quantitative point of view,
in a similar manner to BZB treatment. In this regard, it is
interesting to note the negligible effects of BZB on the
expression of EMT genes in JHH6. As these genes are
involved with metastasis, it is possible that BZB treatment does not effectively prevent metastasis, at least in
some HCC cell phenotypes.
In summary, we reported for the first time data indicating that in the HCC cell lines tested, BZB effects on
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the expression of E2F family members are not limited to
E2F1 but are extended to other members. In particular,
in both JHH6 and HepG2 the expression of the pro-proliferative E2F2 is down-regulated. Specific to JHH6 is the
up-regulation of the expression of the anti-proliferative
E2F8, while in the HepG2 cell line it is the up-regulation
of the anti-proliferative E2F6 and the marked repression
of E2F8 expression. Together these data expand our
knowledge on the molecular basis of BZB action in inhibiting the proliferation of HCC cells, strengthening the
rationale for its future use in HCC-affected patients.
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proton pump inhibitors
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sible. After LF, the proportion of partial responders with
heartburn was reduced from 93.1% (5 studies) to 3.8%
(5 studies), with similar results observed for regurgitation [from 78.4% (4 studies) to 1.9% (4 studies)].
However, 10 years after LF, 35.8% (2 studies) of partial
responders reported heartburn and 29.1% (1 study)
reported regurgitation. The proportion using acidsuppressive medication also increased, from 8.8% (4
studies) in the year after LF to 18.2% (2 studies) at 10
years. In the only study comparing partial responders
to PPI therapy with complete responders, higher symptom scores and more frequent acid-suppressive medication use were seen in partial responders after LF.
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CONCLUSION: GERD symptoms improve after LF,
but subsequently recur, and acid-suppressive medication use increases. LF may be less effective in partial
responders than in complete responders.

Abstract

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

AIM: To assess laparoscopic fundoplication (LF) in
partial responders to proton pump inhibitors (PPIs) for
gastroesophageal reflux disease (GERD).

Key words: Laparoscopic fundoplication; Gastroesophageal reflux disease; Partial response, Proton pump inhibitors; Systematic review

METHODS: We systematically searched PubMed and
Embase (1966-Dec 2011) for articles reporting data on
LF efficacy in partial responders. Due to a lack of randomized controlled trials, observational studies were
included. Of 558 articles screened, 17 were eligible
for inclusion. Prevalence data for individual symptoms
were collated across studies according to mutually
compatible time points (before and/or after LF). Where
suitable, prevalence data were presented as percentage of patients reporting symptoms of any frequency
or severity.

Core tip: There are no high-level evidence to support
the use of laparoscopic fundoplication (LF) in partial
responders to proton pump inhibitor (PPI) therapy. The
evidence that does exist suggests LF improves symptom control in these patients, but symptoms recur over
time. There are limited data to suggest that LF is not
as efficacious in partial responders as in those with an
adequate response to PPI therapy.

RESULTS: Due to a lack of standardized reporting
of symptoms, the proportion of patients experiencing
symptoms was recorded across studies where pos-
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primary targets were randomized controlled trials (RCTs)
comparing LF with PPI maintenance therapy in partial
responders. However, no such trials were identified and
the selection criteria were therefore expanded to include
any prospective studies assessing LF in partial responders, preferably including baseline data obtained before LF
while patients were on PPI therapy. The search methodology used to identify relevant articles is summarized in
Figure 1.

2014; 20(3): 804-813 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i3/804.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i3.804

INTRODUCTION
Gastroesophageal reflux disease (GERD) affects approximately 10%-20% of adults in Western countries,
with cardinal symptoms of heartburn and regurgitation[1].
Current treatment options include pharmacological and
surgical approaches. The most common pharmacological
therapy is acid-suppression with proton pump inhibitors
(PPIs) (or, less commonly, histamine-2 receptor antagonists)[2]. GERD symptoms can also be treated surgically
by the fundoplication technique, which involves wrapping
the gastric fundus partly or completely around the lower
end of the esophagus. More recently, the introduction of
laparoscopic techniques has reduced perioperative complications and facilitated postoperative recovery, without
compromising the level of GERD control. These improvements could increase the likelihood of patients being referred for this procedure.
The clinical effectiveness of laparoscopic fundoplication (LF) has been extensively validated[3], but the critical
question remains of how to select those patients with
chronic GERD who will benefit most from such procedures. Most studies in the surgical literature have included
only patients who respond adequately to PPIs (referred
to as “complete responders” from this point onwards),
but it is increasingly evident that a substantial proportion of patients experience only partial or no relief from
reflux symptoms, even after optimized PPI treatment[4,5].
These patients are often referred to as “partial responders” or “non-responders”, depending on the degree of
symptom alleviation[6].
Partial responders to PPI treatment are commonly
referred for LF, even though evidence for the effectiveness of the procedure in these patients has not been systematically assessed. The aim of this study was therefore
to systematically review data on the effectiveness of LF
in partial responders to PPI treatment and thereby offer a
scientific platform for clinical decision-making in patients
with complex GERD.

Data abstraction
Data were abstracted by a single author (Bell M) and reviewed by the co-authors (Lundell L and Ruth M). Multiple methods of reporting symptoms obscure comparisons
among studies. To minimize the impact of this variation,
the authors focused (where possible) on collecting data on
the prevalence of individual symptoms of any frequency
and/or severity. These data were collated across studies
according to mutually compatible time points (before
and/or after LF). Where suitable, prevalence data were
presented as percentage of patients reporting symptoms
of any frequency or severity. Any other data providing insight into the effectiveness of LF, such as physiological or
quality of life (QoL) measurements, were also collected.
Nissen, Nissen-Rossetti, robot-assisted Nissen and Toupet, as well as other partial fundoplications, were all included under the broader definition of LF. Resting lower
esophageal sphincter pressure (LESP) values reported in
kPa were converted to mmHg, using standard conversion
criteria stated by the International Bureau of Weights and
Measures (1 mmHg = 0.133322 Pa).

RESULTS
Study characteristics
Of 558 articles screened, 17 (reporting data from 13 trials) were deemed eligible for inclusion, with sample sizes
of partial responders undergoing LF ranging from 10
to 1340; study characteristics are summarized in Table
1[7-23]. A PRISMA diagram outlining search strategy, study
elimination and study selection is presented in Figure 1.
Of the 17 articles, five (three trials) were conducted in the
Netherlands, three (two trials) in the United Kingdom,
two each in Austria and Italy, and one each in Canada,
France, Belgium, Switzerland and Greece. The prevalence
of individual symptoms (any frequency or severity) was
reported by eleven studies (heartburn[7-10,16,17,19-21], regurgitation[7-10,16,17,20,21] and dysphagia[7-10,15-17,19-21,23]). Physiological reflux measures were presented by thirteen studies
(LESP[7-10,16,18,20-23], esophageal acid exposure[7-9,11,12,18,19,21-23]
and endoscopic evaluation of reflux esophagitis[7-10,18,21,22]).
QoL measures were reported by nine studies [Gastrointestinal Quality of Life Index (GIQLI)[10,16,17], GERD
Health-Related Quality of Life (GERD-HRQL)[16,21,22] or
general QoL visual analogue scales(VASs)[7-9,18,22]]. Other
measures indicative of surgical effectiveness were provided by eleven studies (patient satisfaction with the outcome
of LF[7-10,15,18-20], postoperative use of acid-suppressive

MATERIALS AND METHODS
Search strategy
Targeted literature searches were conducted in PubMed
and Embase from 1966 until December 2011. Reviews,
studies not conducted in adult humans and studies not
published in English were excluded using search engine
filters. The remaining studies were screened based on
titles and abstracts, and full articles were reviewed when
their relevance was unclear from the abstract.
Study selection
Study eligibility was assessed by all three authors. The
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PubMed search
(n = 372)

Embase search
(n = 362)

558 records from PubMed and
Embase combined

481 records after duplicates removed

Eligibility

47 full articles obtained and
assessed for eligibility

Screened by title/abstract:
434 records excluded
35 records excluded:
Insufficient information to confirm patients
as partial responders (19)
Complete/good responders (9)
Meta-analyses or guidelines (5)
Inappropriate subgroup/surgery (2)

12 articles retained

Included

5 records added from review of
reference lists
17 articles included in final review

Figure 1 Search strategy.

medication[7-9,11,15-20], intraoperative conversion to open
fundoplication[10,15,17,18,20] and surgical reintervention rates
after LF[7-10,15-20]). The definitions of partial response varied substantially across studies (Table 1).

trials[7-10, 16,17,20,21]. Pooled data from these studies, some of
which did not report baseline data (regurgitation prevalence before LF in patients taking a PPI)[7,16], indicate that
the proportion of patients experiencing regurgitation
decreased substantially in the year after LF but recurred
over time, with 29.1% (23/79) of patients reporting regurgitation 10 years after LF in the only study reporting
data over this period (Figure 2B)[9].
Of the four trials reporting prevalence data before
(during PPI treatment) and after LF, two reported a decrease 1 year after LF, from 71.4% (25/35) and 93.3%
(28/30) before LF to 3.6% (1/28) and 13.3% (4/30) after,
respectively[20,21]. In the two trials reporting the longest
follow-up, one reported that regurgitation prevalence was
reduced from 54% (54/100) before LF to 17.4% (15/86) 5
years after, and the other reported that regurgitation prevalence was reduced from 92.9% (144/155) before LF to 0%
(0/155) 1 year after and 5.1% (2/39) 5 years after[10,17].

Impact of laparoscopic fundoplication on symptoms of
GERD in partial responders
Heartburn: Data on the prevalence of heartburn (any
frequency or severity) after LF were reported in seven
trials[7-10,16,17,19-21]. Pooled data from these studies, some of
which did not report baseline data (heartburn prevalence
before LF in patients taking a PPI)[16,19], indicate that the
proportion of patients experiencing heartburn decreased
substantially in the year after LF but recurred over time,
with 35.8% (53/148) of patients across two studies reporting heartburn after 10 years (Figure 2A)[9,17].
Of the five trials reporting prevalence data before
(during PPI treatment) and after LF, two reported complete remission of heartburn at 1 year after LF, from 60%
(18/30) and 91.4% (32/35) before LF to 0% (0/30 and
0/28, respectively) after[20,21]. Another study reported that
heartburn prevalence decreased from 95.5% (148/155)
before LF to 0% (0/155) 1 year after and 2.6% (1/39)
5 years after[10]. In the two trials reporting the longest
follow-up, heartburn prevalence was reduced from 93%
(53/57) and 100% (100/100) before LF to 40.5% (32/79)
and 30.4% (21/69) 10 years after, respectively[7,9,17].

Dysphagia: Data on the prevalence of dysphagia (any
frequency or severity) after LF were reported in nine trials[7-10,15-17,19-21,23]. Pooled data from these studies, some of
which did not report baseline data (dysphagia prevalence
before LF in patients taking a PPI)[7,15,16,19,23], indicate
that the proportion of patients experiencing dysphagia
increased slightly in the 6 mo after LF, before decreasing
substantially after 1 year (Figure 2C). The response appears to be biphasic, with the prevalence remaining low
at 5 years[10,15,17,19], but increasing in the two trials with a
10-year follow-up period[9,17].

Regurgitation: Data on the prevalence of regurgitation
(any frequency or severity) after LF were reported in six
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Table 1 Details of selected studies
Study design

Country

Bais et al[7]
Draaisma et al[8]
Broeders et al[9]

Ref.

RCT 10-yr follow-up of
LNF vs CNF

Netherlands

Granderath et al[10]

Prospective 5-yr followup of LTF

Anvari et al[11]

Prospective 5-yr followup of LF (one cohort of
“poor responders”)
Prospective 6-8-wk
follow-up after LF

Jenkinson et al[12]

Mahon et al[13]
Mehta et al[14]

RCT 7-yr follow-up of
LF vs PPI in GERD (PR
subset)

Pessaux et al[15]

Retrospective 5-yr
follow-up of LF

Ciovica et al[16]

Prospective 12-mo
follow-up of LF

Dallemagne et al[17]

Draaisma et al[18]

Zehetner et al[19]

Antoniou et al[20]

Brillantino et al[21]

Broeders et al[22]
Frazzoni et al[23]

Prospective 5- and
10-yr follow-up of LF
questionnaires

Definition of partial response

Bais et al: "…in patients with symptoms of GORD, insufficiently
reacting to at least 40 mg of omeprazole daily, persisting
oesophagitis, and pathological acid exposure, surgical treatment
was proposed"… Broeders et al: "177 patients were included in
a multi-center RCT to undergo Nissen fundoplication for PPIrefractory GERD"
Austria
"All patients had a long history of GERD symptoms (mean 7.1
years; range 6 mo to more than 10 yr) and had been receiving
medical treatment with PPI for a mean period of 18.4 ± 6.8 mo (20-60
mg omeprazole daily)"
Canada
"Inadequate response (< 70% relief on a visual analogue scale,
defined by the patient's subjective impression) to PPIs titrated to a
dose of 120 mg/d in 445 patients"
United
"All patients were on long term acid-suppression therapy (at least 4
Kingdom
mo) with PPIs and were either symptomatic or dissatisfied with the
treatment"
United
Mehta et al: "patients with symptoms of GERD for at least 6 mo"
Kingdom
with "3 mo minimum of PPI maintenance therapy"..."After 12
mo, those who had been randomized to PPI were offered the
opportunity to have surgery"
France
"The indications for surgery were intractable or recurrent
symptoms due to GERD after an adequate trial (minimum of 3 mo)
of conservative treatment that consisted of proton pump inhibitors
(n = 1234; 92.1%)"
Austria
"Antireflux surgery was indicated and performed in patients with
persistent or recurrent GERD symptoms and/or complications
despite maximal conservative treatment, and in patients preferring
surgery to medical treatment"
Belgium
"All patients were taking PPIs for acid suppression" … "For all
patients, the primary symptoms indicating surgery were heartburn,
associated with regurgitation in 54% and dysphagia in 8% of the
patients"
Netherlands
"Surgical treatment was proposed for patients with GORD
insufficiently reacting to proton pump inhibitors..."

RCT 6-mo follow-up
of robot-assisted vs
standard laparoscopy LF
Prospective 5-yr follow- Switzerland
up of LTF

All patients diagnosed with GERD according to SAGES criteria;
"98% received a pre-operative medical treatment for > 3 mo with
PPI/H2-blockers and/or prokinetic"
Prospective 1-yr followGreece
“Continuous doses of PPIs for a minimum period of 6 mo incurred
up of LNF
no or only partial relief of their symptoms. More specifically,
refractory GERD symptoms to a standard dose of PPIs (omeprazole
20 mg/d) for at least 4 mo were followed by a therapeutic trial with
a double dose of PPIs (omeprazole 40 mg/d) for 8-10 wk. Patients
not responding to the high-dose PPI treatment were included in the
study"
Prospective 1-yr followItaly
"…patients referred for symptomatic gastroesophageal reflux
up of LNF
poorly responsive to standard dose PPI therapy…" "...persisting
heartburn or regurgitation during treatment for at least 3 mo with
omeprazole at 40 mg or lansoprazole at 30 mg/d…"
Prospective 1-yr follow- Netherlands "Thirty-one patients with PPI-refractory GORD with pathological
up of LNF
acid exposure on pH monitoring…"
Prospective 3-mo followItaly
"...adult patients referred to our centre because of troublesome
up of EsophyX vs LNF
heartburn/regurgitation persisting despite at least 4-wk high-dose
PPI therapy"

Age range (yr)

n

17-79

79

29-74

155

Not
specified

445

20-78

70

26-69

54

18-86

1340

16-81

351

10-78

100

20-74

50

27-81

100

17-65

32

18-70

35

26-67

31

“Adults”

10

Total:

2852

CNF: Conventional Nissen fundoplication; GERD: Gastroesophageal reflux disease; GORD: Gastro-oesophageal reflux disease; H2: Histamine-2 receptor;
LF: Laparoscopic fundoplication; LNF: Laparoscopic Nissen fundoplication; LTF: Laparoscopic Toupet fundoplication; NA: Not available; PPI: Proton
pump inhibitor; PR: Partial responder; RCT: Randomized controlled trial; SAGES: Society of American Gastrointestinal and Endoscopic Surgeons.

Of the three studies reporting prevalence data before (during PPI treatment) and after LF, two showed
an improvement in symptoms 1 year after LF[10,20], from
43.9% (68/155) and 26.7% (8/30) before LF, to 2.6%
(4/155) and 6.7% (2/30) after, respectively; in the former
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study, the decrease in dysphagia prevalence after LF was
well maintained at 5-year follow-up with 5.1% (2/39) of
patients reporting dysphagia[18]. However, the remaining study, with the longest follow-up period, showed an
increase in the number of patients reporting dysphagia,
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100

93.1

80
60

[9,17]

35.8

40

[10,17,19]

20
0

Pre-LF (on PPI)
(n = 377)

[10,16,19,20,21]

3.4

3.8

≤ 6 mo
(n = 497)

1 yr
(n = 639)

17.9

5 yr
(n = 212)

10 yr
(n = 148)

[10,17,20,21]

78.4
80
60
[9]

29.1

40
[10,17]

20
0

Pre-operative
PPI treatment (n = 320)

[10,16]

[10,16,19,20,21]

2.4

1.9

≤ 6 mo
(n = 497)

1 yr
(n = 539)

13.6

5 yr
(n = 125)

10 yr
(n = 79)

Dysphagia
100

Proportion of patients reporting
heartburn symptoms (%)

C

[10,16]

Regurgitation
100

Proportion of patients reporting
heartburn symptoms (%)

B

Heartburn

[7,10,17,20,21]

Proportion of patients reporting
heartburn symptoms (%)

A

80
60

[9,17]

39.9

[7,10,15,16,23]

40

[10,17,20,21]

26.3

32.2

20
0

[10,15,17,19]

[10,16,19,20]

6.7

2.9

Pre-operative
PPI treatment (n = 320)

≤ 6 mo
(n = 1898)

1 yr
(n = 611)

5 yr
(n = 1552)

10 yr
(n = 148)

Figure 2 Proportion of patients reporting heartburn, regurgitation and dysphagia symptoms during preoperative proton pump inhibitor treatment and at
follow-up after laparoscopic fundoplication. Superscript numbers indicate individual studies. A: Heartburn; B: Regurgitation; C: Dysphagia.

from 8% (8/100) before LF to 37.2% (32/86) 5 years after and 23.2% (16/69) 10 years after[17].

posure was reduced by 85.5%-97.0%, from 8.5%-17.8%
(n = 753) before LF to 0.3%-1.8% (n = 242) after. In the
only one of these trials reporting such data 5 years after
LF[7,8], the 85.5% (n = 57) reduction in esophageal acid
exposure observed 1 year after LF was largely maintained
[82.3% (n = 48)].
In three studies, esophageal acid exposure was measured before LF in patients who were still taking a PPI,
and repeated 0.25-1 year after LF (n = 115)[12,21,23]. Across
these studies, esophageal acid exposure was reduced by
58.6%-100.0%, from 0.5%-4.9% (n = 115) before LF to
0.5%-2.0% (n = 108) after. Of these, one study reported

Impact of laparoscopic fundoplication on acid reflux,
lower esophageal sphincter pressure and reflux
esophagitis in partial responders
Ambulatory 24-h pH measurements: In five trials, esophageal acid exposure (proportion of time with
esophageal pH < 4 during ambulatory 24-h pH measurements) was assessed before LF in patients who had not
taken a PPI for at least 3 d, and again 0.25-1 years after
LF[7-9,12,18,19,22]. Across these studies, esophageal acid ex-
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Proportion of time with
esophageal pH < 4 (%)

5

B 25

Esophageal acid exposure
(baseline taken during PPI treatment)

6
[21]

LESP (baseline taken during PPI abstinence)
[21]

20

[12]

Resting LESP (mmHg)

A

4
3
2
1

15

[22]
[7]

10
[18]

5

[23]

0

Pre-LF
(on PPI)

Up to 1 yr
post-LF

0

Pre-LF
(on PPI)

Up to 1 yr
post-LF

Figure 3 Effects of laparoscopic fundoplication on esophageal acid exposure (assessed by ambulatory 24-h H measurement) and resting lower esophageal sphincter pressure (assessed by esophageal manometry). Data are shown for before and after laparoscopic fundoplication (LF) (follow-up period: 0.25-1
year). A: Esophageal acid exposure [baseline taken during proton pump inhibitors (PPIs) treatment]; B: Lower esophageal sphincter pressure (LESP) (baseline taken
during PPI abstinence).

[24]

Table 2 Endoscopy-proven esophagitis scores (Los Angeles classification

)

Pre-LF
Bais et al[7]
Granderath et al[10]
Draaisma et al[18]
Brillantino et al[21]
Broeders et al[22]

None
29
12
14
10
16

A
B
17
7
41
55
11
13
21 (A or B)
8
4

Follow-up
C
D
1
1
24
28
3
3
4 (C or D)
2
1

n

None

571
160
44
35
31

6 mo
12 mo
6 mo

43
34
25

A
B
C
D
No follow-up data presented
No follow-up data presented
1
2
1
0
0
0
3
2
0
0

n

46
35
30

1

Endoscopy results could not be determined in two patients. LF: Laparoscopic fundoplication.

10 patients[23].

reductions in esophageal acid exposure of 100%, but
data were available for only 10 patients[23]. In the other
two studies, esophageal acid exposure was reduced by
58.6% (n = 35)[21] and 88.4% (n = 70)[12] after LF. These
changes are summarized in Figure 3A.
In the only study to compare esophageal acid exposure after LF with pre-LF measurements obtained on and
off PPI therapy, esophageal acid exposure was lower in
patients after LF (median: 0.5%) than in patients before
LF, whether they were on or off PPIs [4.3% and 9.5%,
respectively (n = 70)] [12].

Endoscopic evaluation of reflux esophagitis: Across
the five trials presenting LA classification data (Table
2)[24], 74.6% (244/327) of participants were found to
have some degree of reflux esophagitis before LF, although no study clarified whether pre-LF endoscopic
assessments were taken during PPI treatment[7-10,18,21,22].
Grade C or D reflux esophagitis was found in 20.5%
(67/327) of patients. Of the three studies reporting LA
classification data both before and 6-12 mo after LF, all
revealed substantial reductions in the proportion of patients with endoscopy-proven reflux esophagitis (range
across studies at baseline: 48.4%-71.4%; range after
LF: 2.9%-16.7%)[18,21,22]. Collectively, the proportion of
patients presenting with reflux esophagitis was reduced
from 63.6% (70/110) before LF to 8.1% (9/111) after;
no patients were reported to have grade C or D reflux
esophagitis after LF.

Lower esophageal sphincter pressure: In four trials,
resting LESP was assessed before LF in patients who had
not taken a PPI for at least 3 d, and again 0.25-1 years
after LF. Across these studies, resting LESP increased by
62.7%-164.4%, from 7.5-9.0 mmHg (n = 164) before LF
to 13.5-23.0 mmHg (n = 157) after[7-9,18,21,22]. These changes are summarized in Figure 3B. In one of these trials,
the follow-up period was extended to 5 years (n = 48)[7,8].
The 62.7% increase in LESP seen in this trial between
baseline (8.3 mmHg) and 3 mo after LF (13.5 mmHg)
was largely maintained after 5 years (12.8 mmHg, or a
54.2% increase relative to baseline). Only one study presented baseline data during PPI therapy compared with
after LF; however, the values presented in this study (median value of 18 mmHg during PPI therapy before LF vs
21 mmHg after) are much higher than those reported by
other studies, and furthermore, this study only included

WJG|www.wjgnet.com

Impact of laparoscopic fundoplication on quality of life
measurements in partial responders
Only four trials compared QoL before LF while patients
were taking a PPI with that after LF[7-9,16,21,22]. Of these, three
found that GERD-HRQL scores improved (decreased) 1
year after LF [12-20.1 to 1-3.5 (n = 417)][16,21,22], two reported improvements (increases) in VAS scores[7-9], including a
substantial increase at 1 year [50.2 to 71.5 (n = 31)][22] and at
10 years after LF [52.7 to 65.3 (n = 79)][7-9]. Only one study

809

January 21, 2014|Volume 20|Issue 3|

Lundell L et al . Laparoscopic fundoplication in partial responders

Proportion of patients using
acid-suppressive medication

A

[9,17]

20

18.2

16
[8,11,15,17,19]

12

[11,16,18,20]

9.8

8.8

8
4

B

12

Proportion of patients requiring
surgical reintervention (%)

0

10

≤ 1 yr
(n = 773)

5 yr
(n = 1706)

10 yr
(n = 148)

[9,17]

9.6

8
[8,10,15,17]

6
4
2
0

4.9

[10,15,16,19]

3.5
[7,10,15,18-20]

1.6

≤ 6 mo
(n = 1709)

1 yr
(n = 1946)

5 yr
(n = 1669)

10 yr
(n = 166)

Figure 4 Proportion of patients using acid-suppressive medication (A) and requiring surgical reintervention (B) after laparoscopic fundoplication.

used the GIQLI scores and reported improved (increased)
values at 1 year after LF [104 to 119 (n = 351)][16].

who during the actual operation had to be converted to
open fundoplication was 7.0% (115/1652)[10,15,17,18,20]. The
number of patients who had undergone LF and required
subsequent surgical reintervention (to repeat LF, to perform repetitive dilatation, or to repair an intrathoracic
herniation), at some point during the follow-up period,
was reported by eight trials (Figure 4B)[7-10,15-20]. Across
the two studies with the longest follow-up, 9.6% (16/166)
of patients required surgical reintervention during the
decade following the initial LF[9,17].

Other indicators of the effectiveness of laparoscopic
fundoplication in partial responders
Patient satisfaction: The number of patients satisfied with the outcome of LF was reported by six trials [7-10,15,18-20]. In the year after LF, 88.8% (71/80) of
patients expressed satisfaction with the procedure across
two trials[18,20]; at follow-ups ranging from 3 to 5 years,
93.2% (1489/1598) of patients were satisfied across four
trials[7,8,15,19]. In the only trial reporting patient satisfaction
10 years after LF, 78.5% (62/79) of patients were satisfied with the outcome of the operation[9].

Impact of laparoscopic fundoplication on reflux
measures in partial responders compared with complete
responders
Only one trial compared partial and complete responders (classified by patient-reported symptom relief on a
VAS before and after LF[11]. Symptom scores were assessed by patients rating five GERD symptoms, with
each symptom scored as a product of severity and frequency. Despite similar baseline symptom scores during
PPI abstinence [complete responders: 33.7 (n = 274);
partial responders: 34.3 (n = 445)], the partial responders
experienced significantly less symptom relief during PPI
treatment before LF than complete responders (13.2 and
22.6, respectively), and also 6 mo, 2 years and 5 years
after LF (values not shown). This study also reported a
higher rate of postoperative PPI use in partial responders than in complete responders (16.0% and 11.0%,

Postoperative acid-suppressive medication use: Use
of acid-suppressive medication after LF was reported by
eight trials for up to 10 years (Figure 4A)[7-9,11,15-20]. Across
four trials reporting data for the year immediately after
LF, 8.8% (68/773) of patients were using acid-suppressive medication[11,16,18,20]. Across five trials reporting 5-year
outcomes of LF, 9.8% (167/1706) of patients were using acid-suppressive medication[7-9,11,15,17,19]. In two trials
reporting results at 10 years, 18.2% (27/148) of patients
were using acid-suppressive medication[7-9,17].
Intraoperative and postoperative complications:
The proportion of patients scheduled for LF surgery
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patients who respond well to PPI treatment[3]. However,
patients for whom PPI treatment does not provide adequate symptom relief are also commonly referred for
surgical therapy[27]. To our knowledge, this is the first systematic review to assess the short- and long-term effects
of LF in patients with GERD whose symptoms respond
poorly to PPI therapy, offering the most comprehensive
assessment of this important clinical question to date.
Our systematic searches did not identify any “ideal”
studies (i.e., RCTs comparing the results of LF in partial responders and complete responders with those of
optimized PPI maintenance therapy). As such, we were
forced to reduce the stringency of our study selection criteria. Another limitation of this review is the large variation in the design of the selected studies. For example,
the definition of a partial response to PPI treatment in
patients with GERD was often unclear and inconsistent
across studies, although this is not surprising given that
no consensus definition exists[6]. There was also substantial variation in the symptom definitions used and in the
use of objective measures of reflux. Another weakness
of the current review is that few of the studies reporting long-term follow-up data also presented baseline
data. Data were therefore collated at each time point
and this approach may mean that differences in trends
among studies are missed. We cannot exclude the possibility that some degree of reporting bias contributes
to the high prevalence of symptom recurrence after LF;
patients with adequate symptom relief over time may be
less likely to report for follow-up, meaning that recurrent
symptoms may be relatively over-reported. Regardless, it
is clear that a substantial proportion of partial responders exhibit GERD symptoms 10 years after LF. Despite
the limitations of the included studies, useful inferences
can be drawn about the effectiveness of LF in partial responders, and about recommendations for future studies
in this area.

respectively, at 5 years), although this difference was not
statistically significant.

DISCUSSION
Across the selected studies, substantial reductions in
the prevalence of heartburn and regurgitation in partial
responders were observed immediately after LF compared with PPI therapy before LF. However, symptoms
recurred in around 30%-35% of patients a decade after
LF in those studies reporting long-term follow-up data.
This coincided with an increase in the prevalence of acidsuppressive medication use from 9% to 18% over the
same period. The impact of LF on the prevalence of
dysphagia after LF is less clear. As expected, dysphagia
may remain an issue for many patients during the first
6 mo after LF[25]. However, the prevalence of dysphagia
also appeared to decrease 1 year and 5 years after LF
but increased again after 10 years, suggesting a biphasic
response. It seems possible that this late recrudescence
of dysphagia coincides with the recurrence of heartburn
and regurgitation symptoms observed over time after the
operation.
Large reductions in esophageal acid exposure in partial responders were also seen after LF compared with
PPI therapy alone before LF. A corresponding superiority of surgical repair in the reductions in esophageal acid
exposure compared with PPI therapy alone has also been
reported in complete responders 5 years after LF, in a
recent study comparing long-term use of esomeprazole
with surgery for treatment of chronic GERD (the LOTUS trial)[26]. The presented review suggests that surgery
can elicit a further normalization of acid exposure in PPI
partial responders, with a corresponding clinical improvement. These data would therefore suggest that in these
patients it may be important to further minimize acid exposure in order to attain symptom control.
Additionally, increases in resting LESP of 60%-160%
were observed 6 mo after LF. Furthermore, the durability of the hiatal repair appears robust in the years after
LF. Some post-fundoplication problems may be a consequence of over-tightening of the sphincter by LF, but the
optimal level of sphincter pressure following this procedure remains unclear. LF was found by several studies to
also improve QoL according to various instruments.
Only one trial was identified that compared the effects of LF in partial responders with those in complete
responders. This study clearly showed a greater benefit
for LF in terms of reflux symptom scores at 5 years in
the latter group[11]. This study also reported a higher rate
of postoperative PPI use in partial responders than in
complete responders. This albeit limited evidence lends
support to the assertion that partial responders do not respond as favourably to LF as complete responders; therefore, appropriate patient selection for surgery is crucial.

Clinical implications
The data presented provide strong evidence that LF is
superior to acid-suppressive medication at reducing reflux symptoms in partial responders to PPI therapy, but
that these symptoms may recur and acid-suppressive
medication use may increase in a substantial proportion
of patients over time. Furthermore, although data are
limited, LF appears to be less effective in patients with
GERD whose symptoms only partially respond to PPI
therapy than in complete responders to PPI therapy. Indeed, these results support the findings of a recent study
that concluded that the response of symptoms to preoperative PPI treatment is an excellent predictor of the response of symptoms to fundoplication[28]. This may have
implications for recent recommendations for LF as an
alternative to the high costs of continuous acid-suppressive medication[29], because they are based mainly on data
from complete responders and may thus overestimate the
effectiveness of LF in partial responders. These factors
must be carefully considered, especially in light of recent

Strengths and limitations
Most studies reporting the efficacy of LF include only
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improvements in drug pharmacokinetics that may shift
the balance towards pharmacological therapy, depending
on the age and health status of the patients, and the pathology of GERD.
In a limited time horizon, LF offers a substantial and
clinically relevant improvement in GERD symptoms,
physiological measures of GERD and QoL parameters in
partial responders beyond that provided by PPI treatment
alone. However, in the long term a substantial proportion of these patients experience a recurrence of GERD
symptoms. Limited data also suggest that LF is less effective at reducing symptoms in partial responders than
in complete responders. This may affect cost arguments
for using LF rather than acid-suppressive medications
because data are based largely on complete responders.
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RESULTS: A total of 157 patients with established
IBD were included in this study. Of these, 135 patients
were diagnosed with UC (86% of the total), and 22
patients, with CD (14% of the total). The mean ages at
diagnosis were 27.3 and 29.7, respectively. Strikingly,
we noticed a marked increase in the frequency of both
UC and CD diagnoses during the most recent 10 years
of the 15 year period studied. Regarding the gender
distribution, the male:female ratio was 1:1.15 for UC
and 2.6:1 for CD. The mean duration of follow up for
patients with UC was 6.2 ± 5.18 years, while the mean
duration of follow up for patients with CD was 5.52 ±
2.83 years. For patients with UC we found no correlation between the severity of the disease and the presence of extraintestinal manifestations. Eleven patients
had surgical interventions during the studied years: 4
cases of total colectomy and 7 cases of anal surgery.
CONCLUSION: We observed a ratio of 6:1 for UC to CD
in our series. The incidence of IBD seems to be rising in
Egypt.

Abstract
AIM: To study the natural history, patterns and clinical
characteristics of inflammatory bowel diseases (IBD) in
Egypt.

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

Key words: Natural history of Inflammatory bowel
diseases; Epidemiology of Ulcerative colitis; Epidemiology of Crohn’s disease; Epidemiology of inflammatory
bowel diseases in Egypt; inflammatory bowel diseases
Prevalence; Incidence of ulcerative colitis; Incidence of
Crohn’s disease

METHODS: We designed a case-series study in the
gastroenterology centre of the Internal Medicine department of Cairo University, which is a tertiary care referral
centre in Egypt. We included all patients in whom the
diagnosis of ulcerative colitis (UC) or Crohn’s disease
(CD) was confirmed by clinical, laboratory, endoscopic,
histological and/or radiological criteria over the 15 year
period from 1995 to 2009, and we studied their sociodemographic and clinical characteristics. Endoscopic
examinations were performed by 2 senior experts.
This hospital centre serves patients from Cairo, as well
as patients referred from all other parts of Egypt. Our
centre received 24156 patients over the described time
period for gastro-intestinal consultations and/or inter-
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Core tip: The precise aetiology of inflammatory bowel
disease (IBD) remains obscure. In our study, the ratio
of patients diagnosed with ulcerative colitis (UC) to
those diagnosed with Crohn’s disease (CD) was approximately 6:1. The total colectomy rate in our study was
2.9%, after a follow up period of 5-15 years, which is
far lower than the rates of Western countries. We found
that the characteristics of IBD in the Egyptian popula-
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increase in UC, while the CD incidence remains low; and
finally, a CD incidence that approaches UC levels.
In this study, we studied the sociodemographic and
clinical characteristics of patients diagnosed with CD and
UC in the gastroenterology centre of the Internal Medicine department of Cairo University, which is a tertiary
care referral centre in Cairo. To the best of our knowledge, this is the first trial establishing a cohort of IBD
patients and starting a registry for data collection and
analysis in Egypt.

tion were more similar to Asian and African IBD patterns. We noticed a marked increase in the frequency
of UC and CD diagnoses over the past 10 years, which
indicates an increasing incidence of IBD in Egypt.
Esmat S, El Nady M, Elfekki M, Elsherif Y, Naga M. Epidemiological and clinical characteristics of inflammatory bowel diseases in Cairo, Egypt. World J Gastroenterol 2014; 20(3): 814-821
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i3/814.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i3.814

MATERIALS AND METHODS
The study aimed to identify the socio-demographic and
clinical characteristics of IBD patients in a very diverse
population (Cairo agglomeration).
In the Middle East, as well as in most of the African
countries, data on IBD patients are lacking, and there are
no solid databases or registries to follow up the pattern
of the disease.
We included all patients in whom the diagnosis of UC
or CD was confirmed by clinical, laboratory, endoscopic
and histological examination over the 15 year period
from 1995 to 2009.
Our hospital gastroenterology centre serves patients
from Cairo and also patients referred from all other parts
of Egypt. Our centre received 24156 patients over the
same duration of time who were referred for gastrointestinal consultations and/or interventions.
First, we identified the presenting complaint of the
patients who consulted our centre and the reason for
which the endoscopic exploration was ordered. We considered patients presenting with chronic diarrhoea, rectal
bleeding, recurrent abdominal pains or discomfort, melena, weight loss, and/or perianal fistula or abscess. The
diagnosis of IBD was established by clinical, endoscopic,
histological, and/or radiological criteria.
CD was diagnosed if skip lesions were found at endoscopy; a cobblestone appearance was evident; mucosal
ulceration was found upon colonoscopy; or aphthous
lesions were found at endoscopy. Deep inflammation
or chronic terminal ileal inflammation, with or without
radiologic evidence of skip lesions, stricturing disease,
fistulising disease, existence of perianal disease (skin tags,
abscess, fistula), small intestinal involvement or noncaseating granulomas, was also included in the diagnosis.
Endoscopic examinations were performed by 2 senior
experts.
Extraintestinal manifestations included musculoskeletal, mucocutaneous, hepatic, ophthalmic, and urinary
tract involvements.
UC was diagnosed when there was evidence of a diffuse mucosal disease of colon with different proximal extensions from the rectum, superficial inflammation, crypt
abscess, cryptitis, and rectal involvement without any evidence of small bowel involvement other than backwash
ileitis.
We included patients who had an established diag-

INTRODUCTION
Ulcerative colitis (UC) and Crohn’s disease (CD) are
collectively referred to as inflammatory bowel diseases
(IBD)[1]. They mainly affect young populations, majorly
altering their quality of life and increasing morbidity,
compared to the general population. Although the exact
aetiology of IBD has still not been exactly identified[2-5],
it is believed that the pathogenesis of IBD includes immune deregulation secondary to environmental factors
in genetically susceptible individuals. This results in a
mounted immune response to the normally existing intestinal flora or epithelial antigens[2,6-8].
IBD occur with different frequencies around the
world. The countries reporting for the highest incidence
of UC are the United States, the United Kingdom and
Sweden[9-11].
IBD have always seemed to be rare in the Middle East
and Northern Africa. No accurate registry or cohort of patients had ever studied the exact prevalence of CD and UC
in these populations. In Mediterranean countries, the prevalence of UC was estimated at 5/100000 in urban areas[12].
Recent data from a few single-centre studies have
pointed to a change in the disease incidence that is usually
explained by lifestyle changes, such as urbanisation, and
changes in alimentary habits, such as greater consumption of fast food, greater consumption of carbohydrates,
and a lower daily intake of alimentary fibres.
In a recent review of the natural history of IBD, it was
noted that as countries become Westernised, the incidence
of UC increases first and is later followed by CD[13-15]. Asia
had a high ratio of UC/CD incidence in the 1980s and
1990s, but in 2000, the incidence of CD increased. Both
diseases have emerged in countries in which they had
rarely been previously reported, including Japan, South
Korea, India, Iran, Lebanon, Thailand, the French West
Indies, and North Africa[16-18]. In these countries, the occurrence of UC preceded that of CD by approximately 10
years. The overall incidence of IBD can be broken down
into several geographic zones: those with a high incidence,
those with a moderate incidence, those with low incidence
15 years ago but with a consistently increasing incidence,
and those with an unknown incidence[13].
Overall, a pattern can be drawn for IBD frequency in
the developing world: first, a low UC incidence; then, an
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Table 1 Demographic characteristics of ulcerative colitis
patients in Cairo
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Ulcerative colitis cases

70
60

Ulcerative colitis patients
Mean age at presentation (yr)
Mean age at presentation (yr)
(male:female)
Mean age at presentation (yr)
(urban:rural)

50

27.3 (± 12)
29.2 (± 13.4):25.7 (± 10.6)
P = 0.093
25.9 (± 9.7):27.9 (± 12.7)
P = 0.394

30
17
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0

nosis of IBD over the 15 years from 1995 to 2009 and
who were referred to our centre. The following data were
gathered for assessment: demographics, clinical features,
area of residency, living conditions (city or countryside),
smoking, family history of IBD, disease characteristics,
extraintestinal manifestations, medical treatment used,
and surgical interventions. Clinical information was obtained from medical records and patient interviews.
A diagnosis of IBD was established according to the
corresponding criteria. For cases of UC, the true love
classification was used to assess severity, and the Montreal classification was used to assess the extent of the
disease[19]. Endoscopic grades were assigned in the form
of mild (erythematous oedematous rectal mucosa, absent
or distorted vascular pattern), moderate (marked oedema,
spontaneously bleeding mucosa, purulent exudates) and
severe (frank ulcerations) degrees. The histopathological findings included the following: vascular congestion,
crypt abscesses, mucin depletion, cellular infiltrate, cryptitis, and crypt branching.
For the CD cases, the Crohn’s disease activity index
was used to assess the disease activity. The Montreal classifications and endoscopic grades assessed the activity as
follows: (1) inactive (the vascular pattern is only slightly
distorted and there is, fine granularity without friability or
epithelial defects); (2) mildly active (there is unequivocal
erythema, either focal or confluent, and some friability
without epithelial necrosis); (3) moderately active (a few
aphthoid erosions or small ulcers are noted); or (4) severe
(ulcers are larger and more numerous). The histopathological findings included the following: cellular infiltrate,
focal inflammation, microfistulisation, non-caseating
granulomas, cobblestoning, and lymphoid hyperplasia.
Finally, as Egypt is currently in an endemic for parasitic infestations, a stool analysis was performed for all
patients; we only included patients with non-complicated
or evolving parasitic infections.

8

12

2
1995-1999

2000-2004

2005-2009

Figure 1 Number of ulcerative colitis and Crohn’s disease cases over the
first, second and last five years of the 15 years duration.

ed in this study. From those, 135 patients were diagnosed
with UC (86% of the total), and 22 patients, with CD
(14% of the total). The mean ages at diagnosis were, respectively, 27.3 and 29.7. The mean age of diagnosis for
UC patients residing in Cairo was 27.9, while it was 25.9
years for those living outside of Cairo, with no statistically significant difference (Table 1).
As for gender distribution, the male: female ratio was
1:1.15 for UC and 2.6:1 for CD. Among UC patients,
only 38 patients (27.9% of the total) were not residents
of Cairo (rural area of residency). As for CD, they were
almost all residents of Cairo (except for one patient). Being a resident of Cairo or not was not correlated with the
type of disease (UC or CD).
Strikingly, we noticed a marked increase in the frequency of both CD and UC diagnoses in the last 5 years,
stronger than had occurred in the middle five years and
much stronger than in the first 5 years, as shown in Figure 1. We analysed the association of cigarette smoking
with both diseases; for UC patients, there were 121 patients with no active smoking habits at the date of diagnosis (88.9% of the total). For CD, only 2 patients were
active smokers at the date of diagnosis.
For patients with UC, we found no correlation
between the severity of the disease, the presence of
extraintestinal manifestations (especially hepatobiliary associations) in either the area of residency or the smoking
habits.
The mean duration of follow up for patients with UC
was 6.2 ± 5.18 years, while for CD patients, the mean
duration of follow up was 5.52 ± 2.83 years. There was
no statistically significant difference between either the
genders or between those patients residing in or outside
of Cairo. For UC patients residing in Cairo, the mean
duration of follow up was 6.2 years, while it was only 6
years for those living outside of Cairo, with no statistically significant difference (Tables 2 and 3).
We studied all of the endoscopic findings (Table 4),
and we did not find any statistically significant correlations among the area of residency, the gender, the age
of presentation of the UC and active smoking with either the severity of the lesions or with the extent of the
disease.

Statistical analysis
Data analysis was performed by the χ 2 test, and statistical
significance was set at a P value of 0.05. The protocol of
this study was approved by the review board of the department of Internal Medicine, according to the Declaration of Helsinki.

RESULTS
A total of 157 patients with established IBD were includ-
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Table 2 Sociodemographic and clinical data of ulcerative
colitis patients

Table 3 Sociodemographic and clinical data of Crohn’s
disease patient

Total number
Gender (M/F)
Age at first presentation (mean ± SD)
Resident of Cairo ( yes/no)
Smoking (yes/no)
Main presenting symptoms included: rectal
bleeding, diarrhea, mucous, abdominal pain, loss
of weight, fever
Follow up duration (mean ± SD)
Severity of symptoms (true love classification)
mild/moderate/severe
Anoperineal lesions (yes/no)
Hepatobiliary or pancreatic manifestations
No/Fatty liver/sclerosing cholangitis
Other extra intestinal manifestations
No/conjunctivitis/arthralgia/both
History of appendicectomy (yes/no)
Family history of UC (yes/no)
Extent of colitis
Proctitis/left side colitis/pancolitis
Types of intestinal infections detected (total 31)
Entameba histolytica/giardiasis/schistosomiasis

Total number
Gender (M/F)
Age at first presentation (mean ± SD)
Resident of cairo (yes/no)
Smoking (yes/no)
Main presenting symptoms included: diarrhea,
colics, fever, WT loss, rectal bleeding, vomiting
Follow up duration (mean ± SD)
Severity of symptoms (mild/moderate/severe)
Anoperineal lesions (yes/no)
Extra intestinal manifestations (yes/no)
No/fatty liver/arthralgia/arthralgia and uveitis
History of appendicectomy (yes/no)
Montreal classification:
A1/A2/A3
B1/B2/B3 /P>>
L1/L2/L3/L4>>
Endoscopic grading (mild/moderate/severe)
Follow up endoscopy (stationary/improved/
progressed/did not do)
Localization of sites of CD affection
Ileal/ileocolonic/colonic/oesophageal
Types of intestinal infections detected (total 9)
Entameba histolytica/schistosomiasis

135
63/72
27.3 ± 11.7
97/38
14/121
128/113/72/76/8/8

6.2 ± 5.18
66/52/17
6/129
127/7/1
109/10/16/25
18/117
2/135
25/88/22
23/5/3

M: Male; F: Female; UC: Ulcerative colitis.

5.52 ± 2.83
9/11/2
8/14
8/14
14/1/7/3
3/19
2/14/6
16/5/1/8
6/3/13/2
4/13/5
2/15/2/3
6/13/3/2
7/2

M: Male; F: Female; CD: Crohn’s disease.

The pathological interpretation of the examined biopsies taken during endoscopic examinations for all the
patients concluded with changes typical of the disease
(Tables 5 and 6).
In our series, only 11 patients had surgical interventions during the years of follow up, which were either
a total colectomy (4 UC patients) or an anal surgery (7
CD patients). The type of medical treatment, number of
relapses and laboratory findings at the time of diagnosis
are shown in Tables 5 and 6.
Only two patients had family history of IBD, and
only 18 patients had previous history of appendicectomy
prior to the presentation of UC. Neither of these was
correlated with the age at presentation, the gender of the
patient or the area of residency.
We did not confirm any malignant changes in the
series of patients followed in our centre, except for one
patient who developed colorectal carcinoma on followup. In our series, 40 patients had a non-evolving and noncomplicated parasitic infection.

presentation).
The mean age of diagnosis for UC patients residing
in Cairo was 27.9, while the mean age for those living
outside Cairo was 25.9, with no significant difference.
However, these findings cannot allow us to conclude that
differences exist in the incidence of the disease between
the urban and rural populations of Egypt.
The male: female ratio was 1:1.15 for UC, which is
similar to most other studies[20-22] (with a slight increase
of the female prevalence, denoting an increased number of affected females compared to other parts of the
world). However, for CD, the male: female ratio was 2.6:1,
denoting a male predominance similar to the results of a
study from Tunisia, which showed a male predominance
in CD[23], and similar to the results of epidemiological
studies from Japan and China[24]. In contrast, studies from
North America, Sweden and Northern France showed a
female predominance in CD[24], and a recent study from
Kuwait concluded that CD is equally common in males
and females[25]. Several reasons may explain these differences, including the possibility that the gender ratios in
CD are highly dependent on age, as well as geographic
region[24].
In our study, the ratio of patients diagnosed with UC
to patients diagnosed with CD was approximately 6:1.
This was similar to results observed from different parts
of the world, where UC is much more common than CD.
In northeastern Poland, this ratio was approximately 15:1,
and an increase in the total number of cases diagnosed
with IBD has been reported[26]. Additionally, reports from
Greece, Hungary, China and Lebanon confirm that CD is
diagnosed less frequently[27].
Lifestyles may contribute to the expression of UC.

DISCUSSION
The exact aetiology of IBD remains obscure; many epidemiologic studies in different populations have shown
an environmental and a genetic role in CD and UC.
These studies have reported that the rate of this disease
is higher in Scandinavian countries, Great Britain, Canada, and the United States than in Central Europe, Africa,
or Asia. Our series included a small number of patients,
which could have reflected either a weak incidence or
prevalence of the disease in this population or a misdiagnosis of patients presenting with symptoms suggestive
of IBD (trying to find another explanation for such a

WJG|www.wjgnet.com

22
16/6
29.72 ± 12.13
21/1
2/20
22/18/9/10/6/4
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Table 4 Clinical scoring of the endoscopic findings of ulcerative colitis patients according to the Montreal classification
Number of patients/extent of colitis
(endoscopic grading according to the Montreal classification)
Number of patients/severity of colitis
(endoscopic grading according to the Montreal classification)
Follow up endoscopic grading
Stationary/improved/progressed/did not do

E1 (Proctitis)
(25 patient, 18.5%)
Mild
(25 patient, 18.5%)

Table 5 Type of treatment, relapses, histopathological and
laboratory findings of ulcerative colitis patients

Table 6 Type of treatment, relapses, histopathological and
laboratory findings of Crohn's disease patients

Treatment used: (single drug or combinations) Oral 5-ASA ±,
5-ASAenemas or supp., prednisone, azathioprine, corticosteroids
enemas. (Infliximab was used in 2 cases)
Surgical interference (yes/no)
4/131
Relapses (mean ± SD)
1.514 ± 1.575
Relapses (median/minimum/maximum)
1/0/10
Malignant transformation
1
Mean ESR 1st hour (mean ± SD)
36.37 ± 24.73
CRP (positive/negative/not done)
39/34/60
ANCA (positive/negative/not done)
12/28/95
ASCA (positive/negative/not done)
8/31/96
Pathological findings included: Vascular congestion, Crypt abscesses,
Mucin depletion, Cellular infiltrate, Cryptitis, Crypt branching
Pathology
78/43/14
(diagnostic/suggestive/non conclusive)
Mean Hemoglobin concentration, gm/dL
11.2 ± 2.8
(mean ± SD)
Mean PLT count (mean ± SD)
335428.6 ± 140119.1
Mean TLC (mean ± SD)
8875 ± 4059.67

CDAI (mean ± SD)
108.21 ± 53.84
CDAI (median/minimum/maximum)
103.33/38/259.5
Treatment used: (single drug or combinations) oral 5-ASA ±
Metronidazole, ciprofloxacin, azathioprine, prednisone, infliximab,
surgical interference (yes/no)
7/15
Relapses (mean ± SD)
1.68 ± 2.21
Relapses (median/minimum/maximum)
1/0/8
Malignant transformation
None
Mean ESR 1st hour (mean ± SD)
49.52 ± 30.98
CRP (positive/negative)
17/5
ANCA (positive/negative/not done)
6/16
ASCA (positive/negative)
4/18
Pathological findings included: cellular infiltrate, focal inflammation,
microfisttulization, non caseating granulomas, cobblestoning,
lymphoid hyperplasia
Pathology (diagnostic/suggestive/non
7/8/7
conclusive)
Mean hemoglobin concentration, gm/dL
11.95 ± 2.14
(mean ± SD)
Mean PLT count (mean ± SD)
296272.72 ± 146308.60
Mean TLC (mean ± SD)
7868.57 ± 2708.17

E3 Pancolitis
(22 patient, 16.3%)
Severe
(16 patient, 11.9%)
20/83/6/26

ASA: Aminosalicylic acid; CRP: C-reactive protein; ANCA: Antineutrophil cytoplasmic antibodies; ASCA: Anti-Saccharomyces cerevisiae
antibodies.

CDAI: Crohn’s disease activity index; ASA: Aminosalicylic acid; CRP:
C-reactive protein; ANCA: Anti-neutrophil cytoplasmic antibodies; ASCA:
Anti-Saccharomyces cerevisiae antibodies.

Such factors as smoking, drinking tea and adhering to
vegetarian diets have a protective effect against UC, while
ex-smoking, psychological stress and family history of
UC are shown to be risks for an increased incidence of
IBD[20,28-31].
In our study, we did not find any correlation between
smoking habits and the occurrence or severity of UC
because most of our patients in this study did not have a
history of smoking at the time of diagnosis. Additionally,
there was no correlation between smoking and the occurrence of extra-intestinal manifestations.
It is generally thought that a family history of UC
increases an individual’s risk of developing UC. We failed
to find this in our study, as a family history was reported
in only two patients.
This may be explained by the under diagnosis of
these diseases due to a low disease awareness; to the confusion of IBD with the causes of infectious diarrhoea,
which is common in our country; and to limited access to
diagnostic tools as a result of the limited resources available in community health centres.
The clinical characteristics of the disease in our study
showed that most of our patients with UC had mild distal
or left-sided colitis (approximately 85%), confirmed clinically and endoscopically, and that most responded well to
medical treatment. Only a few patients were referred for
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E2 Left side colitis
(88 patient, 65.2%)
Moderate
(94 patient, 69.6%)

surgical intervention. Throughout the follow up period
for UC, 83 patients (61.5%) showed an improvement in
the disease activity; 20 patients retained the same activity
score (14.8%); the disease activity progressed in 6 patients (4.4%); and 26 (19.2%) patients did not submit to
a follow up endoscopy but also did not show any clinical
relapse. The total colectomy rate in our study was 2.9%
after 5-15 years, which is far lower than the total colectomy rates in studies from Western countries, which ranged
from 24% to 34% after 10 years[32-37]. On the other hand,
the total colectomy rate after 5-15 years in a study from
South Korea was 3.3%[38]. These data indicate that the
behaviour of UC in our Egyptian patients is milder than
its behaviour in Western countries, more closely approximating that in the Asian population.
Although a recent study from the Middle East
showed a different pattern of clinical characteristics, with
more patients having pancolitis 45.5%[27], most of the
data from the Asian and European regions reflected a
very similar population description[26,39-41].
We also noted in our series that the rectal form of
UC represented approximately 30% of cases-not far
from 40%-which may indicate a good recruitment of all
cases of UC, including those with the early forms of the
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disease (not only the advanced or complicated cases).
Importantly, our data showed that a marked increase
in the diagnoses of both UC and CD occurred in the past
5 years, resulting in an incidence greater than the previous
5 years and much greater than that of the 5 years before
that. These data are shown in Figure 1, which indicates
the increasing incidence of IBD in Egypt. This increasing incidence is also supported by a recent study in 2012
by Molodecky et al[42], who concluded that the incidence
and prevalence of IBD have been increasing with time
in different regions around the world, even in developing countries as they became more industrialised. The
increased awareness of IBD and improvements in the
necessary diagnostic tools, especially endoscopes, over
the last 10 years in Egypt may be an additional factor affecting the increased frequency of IBD diagnoses.
Ruyssers et al[43] discussed in depth the hygiene hypothesis, which proposes a converse relationship between
parasitic infections and the incidence of IBD. Epidemiological, experimental, and clinical data corroborate the
knowledge that helminthes provide protection against
IBD. Therefore, the use of helminth-derived molecules
may result in a protective effect[43].
In our study, the parasites identified among the
IBD patients (157) were Entameba histolytica (19.1%),
Giardiasis (3.2%), and Schistosomiasis (3.2%), while the
parasites identified in patients without IBD (23998) were
Entameba histolytica (20.1%), Enterobius vermicularis
(8.3%), Giardiasis (7.2%), Schistosomiasis (5.4%), Ascaris
lumbricoides (2.1%), Ancylostoma duodenale (2.1%),
Trichuris trichiura (1.1%), Hymenolepis nana (1%) and
mixed infections (3%). These data support the hygiene
hypothesis, as the exposure to helminthes in patients
without IBD was much higher than in those with IBD.
The findings of several recent studies provide evidence
for the role of helminthes in protecting against IBD[44-51].
In conclusions, in our experience, we found that the
epidemiological characteristics of IBD in Egyptian population closely resembled those of the Asian and African
patterns of IBD. UC was more common than CD, and
the mean age at presentation was in the late twenties. UC
was more common in females, while CD was more common in males. No correlation with active smoking was
found at the time of presentation. We noticed a marked
increase in the frequency of IBD diagnoses IBD in the
last 10 years. We observed a ratio of 6:1 for UC to CD in
our series, although the global natural course of IBDs in
other countries may predict a future rise in CD in Egypt
and other Middle Eastern countries, such that its incidence equals that of UC. We believe that the present moment is critical in assessing the pattern of IBD spreading
in Egypt, and the current status should be further studied
by more exhaustive database and registry documentations
of IBD patients and their characteristics.
We believe that this work should direct the further
identification of factors correlating with the severity and
extent of UC in African, Arab and Asian populations.
Exposure to pollutants in the environment, parasitic
infestations, and changes of the life styles and food hab-
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its have all been proposed to theoretically account for
the observed increase in the incidence of IBD in those
communities; these hypotheses require further study and
focus.
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Inflammatory bowel diseases (IBD) include ulcerative colitis (UC) and
Crohn’s disease (CD), both are chronic inflammations of the gastrointestinal
tract. UC involve only the colon. On the other hand CD can involve any part of
the gastrointestinal tract from the mouth to the anus. They mainly affect young
populations with major effect on the quality of life and increased morbidity compared to general population. IBD have been considered a disease of Western
countries with a pathogenesis related to the Western lifestyle. Studies showed
that the incidence of IBD is now increasing in developing countries.

Research frontiers

The available data in the literature regarding IBD in North Africa are limited;
therefore, the aim was to study the natural history of IBD in Egypt and to compare its clinical pattern with those in other regions including Western countries.

Innovations and breakthroughs

In the present study, the authors showed a marked increase in the frequency of
diagnosis of both UC and CD in the last 10 years. These results suggests that the
characteristics of IBD in Egyptian population are near to Asian and African pattern
of IBD and the behavior of the disease is milder than in Western countries.

Applications

The study results suggest that the incidence of IBD seems to be rising in Egypt
and may predict a future rise in IBD incidence in Egypt and other Middle East
countries. This work should direct further studies with more exhaustive database and registry documentation of IBD patients and their characteristics in
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True love classification: Classify the severity of UC according to the severity of
symptoms to mild, moderate, and severe. Montreal classification: Classify disease phenotypes in CD based on the age at presentation, disease location and
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peristaltic waves by manometry. Patients with long
segment Barrett’s esophagus (LSBE) tended to have a
shorter lag time than the control group, although the
difference did not reach statistical significance (88 ± 54
s vs 162 ± 150 s respectively, P = 0.14). Furthermore,
patients with LSBE had significantly fewer secondary
contractions following the infusion of both saline and
HCl than did either the control group or patients with
short segment Barrett’s esophagus (4.1 ± 1.2 vs 8.0 ±
2.8, P < 0.001 and 7.3 ± 3.2, P < 0.01, respectively,
following saline infusion; 5.3 ± 1.2 vs 8.4 ± 2.4 and 8.1
± 2.9 respectively, P < 0.01 for both, following infusion
of HCl).

Abstract

Key words: Barrett’s esophagus; Transnasal endoscopy;
Acid infusion test; Esophageal sensation; Secondary
peristalsis

CONCLUSION: Using nasal endoscopy and a simple
acid-perfusion study, we were able to demonstrate disorders in secondary peristalsis in patients with LSBE.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

AIM: To investigate dysfunctions in esophageal peristalsis and sensation in patients with Barrett’s esophagus
following acid infusion using endoscopy-based testing.

Core tip: We have developed a simple technique for
esophageal examination based on transnasal endoscopy in unsedated patients. First, manometric waves
and esophageal contractions were evaluated using
three different modalities following the infusion of acid
into the lower esophagus. Next, using nasal endoscopy,
esophageal contractions and sensations were investigated in patients with Barrett’s esophagus. It was possible to observe secondary peristalsis endoscopically,
using nasal endoscopy and a simple acid-perfusion study,
we were able to demonstrate disorders in secondary peristalsis in patients with long segment Barrett’s esophagus.

METHODS: First, physiological saline was infused
into the esophagus of five healthy subjects, at a rate
of 10 mL/min for 10 min, followed by infusion of HCl.
Esophageal contractions were analyzed to determine
whether the contractions observed by endoscopy and
ultrasonography corresponded to the esophageal peristaltic waves diagnosed by manometry. Next, using nasal endoscopy, esophageal sensations and contractions
were investigated in patients with, as well as controls
without, Barrett’s esophagus using the same infusion
protocol.
RESULTS: All except one of the propulsive contractions
identified endoscopically were recorded as secondary
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HCl (pH = 1) infused via the working channel of an ultrathin
endoscope inserted transnasally without sedation

Conventional
manometry catheter

INTRODUCTION
Because of its increasing prevalence in Asian countries[1,2], the clinical impact of gastroesophageal reflux
disease (GERD) is also increasing. Furthermore, some
of the patients with GERD will go on to develop Barrett’s esophagus, which itself can progress to adenocarcinoma[3]. Both GERD and Barrett’s esophagus result
from chronic injury following long-term exposure of
the squamous mucosa to gastric acid or bile. Pathogenic
exposure to refluxate may be due to disturbances in antireflux barriers or delayed luminal acid clearance because
of abnormalities in esophageal motility or the sensory
system. However, the precise causative dysfunction varies between patients; thus, esophageal function tests are
needed to determine the cause to enable cause-specific
treatment. However, such examinations, including manometry[4-7], sensory testing[8-10], and pH monitoring[11-14],
are not routinely used in clinical practice because they are
tedious, complicated, and invasive.
We have developed a simple and versatile technique
for esophageal examination based on transnasal endoscopy in unsedated patients. The test can simultaneously
evaluate either structural abnormalities of the lumen and
anti-reflux barriers or dysfunctions in esophageal peristalsis and sensation induced by acid infusion. Using this
endoscopy-based test in the present study, we examined
patients with Barrett’s esophagus and healthy controls to
identify abnormalities in esophageal function related to
Barrett’s esophagus.

Miniature ultrasound probe
inserted via endoscopy channel

Gastric
cardia

Figure 1 Esophageal contractions induced by physiological saline and
acid infusion were analyzed simultaneously using three different modalities, namely conventional manometry, endoscopic ultrasonography and
endoscopic observation.

ultrasonography was performed using a radial-type miniature probe (Model UM-S20-17S, 20 MHz; Olympus
Medical Systems). The probe was inserted via the endoscope channel and positioned in the lower esophagus
approximately 2 cm oral from the EGJ. Conventional
manometry was performed using a POLYGRAF ID
(Alpinebiomed, Los Angeles, CA, United States) and an
infusion pressure four-channel catheter (4.5 mm outside diameter), with an aperture and pressure converter
in the 5-cm space (Zinetics, Salt Lake City, UT, United
States). To evaluate contractions elicited by the infusion
of physiological saline and acid, indigo carmine was used
to color both the physiological saline and acid solution.
The colored physiological saline was infused initially into
the esophagus at a rate of 10 mL/min for 10 min via
the working channel of the scope using an autoinfusion
pump (TE-171; TERUMO, Tokyo, Japan). Subsequently,
and without alerting the healthy subject to the change,
the colored HCl (pH = 1) was infused for another 10
min at the same rate[15]. he manometric waves and ultrasonographic and endoscopic views were displayed on
the same monitor using a screen separation device (MV410RGB; HOUEI, Tokyo, Japan).
Esophageal contractions induced by the infusion of
physiological saline and acid were analyzed simultaneously by all three modalities, namely conventional manometry, endoscopic ultrasonography, and endoscopic
observation. This was done to determine whether the
esophageal peristaltic waves diagnosed by manometry

MATERIALS AND METHODS
Study design and subjects
The present study was approved by the Ethics Committee of The Jikei University School of Medicine (Tokyo,
Japan) and was conducted at Jikei University Hospital.
Preliminary study evaluating manometric and
endoscopic assessments of peristalsis and propulsive
contractions, respectively
Five healthy subjects without obvious GERD symptoms
[all men; age (mean ± SD) 29 ± 3 years] were recruited
for the preliminary study. All subjects provided written informed consent before participating in the study.
Simultaneous manometry and endoscopy-based testing
were performed in these subjects to evaluate physiological saline and acid infusion-induced contractions of the
esophagus (Figure 1). An ultrathin endoscope (XP 260
N; Olympus Medical Systems, Tokyo, Japan) was inserted
transnasally, without sedation, with the tip of the scope
located in the lower esophagus, approximately 5 cm oral
from the esophagogastric junction (EGJ). Endoscopic
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Rates of cach manometric waves (%)

100%
80%

1.4%

48.3%

n =1

n = 28

acid perfusion sensitivity score (APSS). Lag time was
defined as the time (in seconds) to the initial perception
of typical symptoms, such as heartburn. The intensity of
symptoms associated with acid perfusion was evaluated
using a previously validated verbal descriptor scale, with
symptoms scored on a scale of 0-10, where 0 means no
symptoms and 10 means strong symptoms.The APSS
was calculated from the duration of typical symptom perception, expressed in seconds, and the sensory intensity
rating at the end of the acid perfusion. The APSS was
divided by 100 for convenience[15].
This primary study was conducted in patients with
Barrett’s esophagus and subjects undergoing a planned
endoscopic examination as part of a routine health check.
All subjects provided written informed consent. Using
endoscopy-based testing, we evaluated propulsive contractions and acid-induced sensations in these subjects to
identify any abnormalities related to Barrett’s esophagus.
Furthermore, sera from all subjects were tested for the
presence of Helicobacter pylori antibody. Subjects were
asked to stop any acid inhibitory drugs or prokinetics 2
weeks before the examination. If, for any reason, subjects
could not stop their medication, they were not included in
the study. Furthermore, subjects with a previous history of
upper gastrointestinal surgery were excluded from the study.
Barrett’s esophagus was diagnosed on the basis of
endoscopic detection of columnar epithelium extending
continuously from the EGJ into the esophagus, without
obtaining histological confirmation of the presence of
intestinal metaplasia[18]. The EGJ was defined as the end
of the palisading vessels of the lower esophagus[18]. Short
segment Barrett’s esophagus (SSBE) was defined as the
presence of a columnar epithelium covering < 3 cm of at
least one segment from the EGJ. Long segment Barrett’s
esophagus (LSBE) was defined as the presence of columnar epithelium > 3 cm from the EGJ and always covering
the entire circumference[19].

60%
98.6%

40%

n = 73

51.7%

n = 30

20%
0%

Propulsive contraction

Primary peristalsis

No-propulsive contraction

Secondary peristalsis

Failed

No response

Figure 2 Comparisons of results of endoscopic evaluations [propulsive (n
= 74) and non-propulsive (n = 58) contractions] and manometry (primary
peristalsis, secondary peristalsis, failed, or no response).

corresponded to the propulsive contractions identified by
endoscopy. In the present study, primary and secondary
peristalsis were defined as successful if a pressure wave
> 12 mmHg at the two proximal esophageal recording
sites [12 and 17 cm above the lower esophageal sphincter
(LES)] and > 25 mmHg at the middle and distal esophageal recording sites progressively traversed all the esophageal recording sites[16]. Peristaltic progression was defined
as a peristaltic velocity of ≤ 6 cm/s[17]. Failed peristalsis
was defined as either failure to generate a pressure wave
> 12 mmHg at the two proximal esophageal recording
sites and > 25 mmHg at the middle and distal esophageal
recording sites, a failure of the wave to traverse each of
the esophageal recording sites, or a peristaltic velocity > 6
cm/s between the recording sites 2 and 17 cm above the
LES[16]. Esophageal contractions were determined to be
propulsive if a full contraction observed by endoscopic
sonography propelled the indigo carmine-stained acid
retained in the esophagus into the stomach. Esophageal
contractions were determined to be non-propulsive if an
incomplete contraction did not propel the acid into the
stomach. Peristaltic waves and propulsive contractions
were identified as primary or secondary on the basis of
the presence or absence of deglutition, respectively.

Statistical analysis
All data are presented as the mean ± SD. The significance of differences among the control, SSBE and LSBE
groups was assessed using the Mann-Whitney U test. P <
0.05 was considered significant.

Primary study evaluating acid-induced peristalsis and
sensation in the esophagus
After we confirmed the concordance of esophageal
peristalsis as assessed by manometry and propulsive contraction determined endoscopically, we performed the
primary study using endoscopy-based testing without
manometry. The ultrathin endoscope was inserted transnasally in unsedated patients to allow for endoscopic observation of the esophagus and cardia. Then, esophageal
propulsive contractions and esophageal sensations were
assessed simultaneously during infusion of physiological
saline and HCl (pH = 1) (10 min each; 10 mL/min) via
the endoscope channel. A 5-min interval was allowed between the acid and saline infusions.
The endpoints used to assess esophageal sensations
following infusion were lag time, intensity rate, and the

WJG|www.wjgnet.com

RESULTS
Preliminary study evaluating manometric and
endoscopic assessments of peristalsis and propulsive
contractions, respectively
Physiological saline- and acid infusion-induced esophageal contractions were successfully recorded in five
subjects using three different modalities simultaneously.
Endoscopy revealed a total of 132 esophageal contractions without deglutition during physiological saline and
acid infusion. Of these contractions, 74 (56%) and 58
(44%) contractions were determined to be propulsive and
non-propulsive, respectively. All but one of the propulsive contractions assessed by endoscopy were recorded
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Table 1 Clinical characteristics of the subjects in each group

Table 3 Frequency of primary and secondary contractions in
the different groups following infusion of either physiological
saline or acid

n (%)

Control
(n = 25)
Sex (male/female)
Age (yr)
BMI (kg/m2)
No. smokers
No. drinkers
No. Helicobacter pylori
antibody positive
No. with erosive reflux
esophagitis

19/6
32 ± 7
22 ± 2.8
7 (28)
20 (80)
4 (18.2)
1 (4)

SSBE
(n = 16)

LSBE
(n = 8)

15/1b
38.4 ± 14.4
22.7 ± 3.1
4 (25)
14 (87.6)
2 (12.5)

8/0b
38.0 ± 14.0
22.2 ± 3.5
4 (50)b,d
7 (87.5)
0 (0)b,d

7 (43.8)b

5 (62.5)b,d

No. primary contractions No. secondary contractions

Control group
Barrett’s esophagus
SSBE
LSBE

Control group
Barrett’s esophagus
SSBE
LSBE

APSS

6.1 ± 2.3
5.8 ± 2.2
5.7 ± 2.3
6.1 ± 2.0

162 ± 150
162 ± 164
199 ± 189
88 ± 54

9.0 ± 8.7
7.7 ± 6.1
8.8 ± 6.9
5.4 ± 3.3

Data are the mean ± SD. There were no significant differences between the
groups in any of the parameters measured. Lag time is the time from the
start of infusion until the onset of acid-induced symptoms, intensity rate
refers to the intensity of the symptoms (scored over the range 1-10), and
the acid perfusion sensitivity score (APSS) was calculated as the product
of intensity rate and lag time. SSBE: Short segment Barrett’s esophagus;
LSBE: Long segment Barrett’s esophagus.

0.3 ± 0.9
0.7 ± 1.5
0.6 ± 1.0
1.0 ± 2.1

8.0 ± 2.8
6.3 ± 3.1
7.3 ± 3.2
4.1 ± 1.2b,d

Acid
8.4 ± 2.4
7.2 ± 2.8
8.1 ± 2.9
5.3 ± 1.2b,d

Esophageal sensation induced by acid infusion
Intensity rates following acid infusion were comparable
between non-Barrett’s esophagus controls and patients
with Barrett’s esophagus (Table 2). There were no significant differences between the groups in intensity rate.
There was a tendency for lag time to be shorter in the
LSBE compared with control group, although the difference did not reach statistical significance (88 ± 54 s vs 162
± 150 s, respectively, P = 0.14). This may indicate that patients with LSBE were more sensitive to acid perfusion.
Furthermore, there were no significant differences in the
APSS following acid infusion between the non-Barrett’s
esophagus controls and patients with Barrett’s esophagus.
These results suggest that acid-induced esophageal sensations did not differ between patients with and without
Barrett’s esophagus.

as secondary peristaltic waves by manometry (Figure 2).
Primary peristalsis by deglutition was not observed. It is
likely that some sort of mechanical failure was responsible for the one propulsive wave showing no marked
wave on manometry. Of the 58 non-propulsive contractions assessed by endoscopy, manometry recorded 51.7%
and 48.3% as failed and no response, respectively. The
high concordance between esophageal peristalsis assessed
by manometry and propulsive contractions assessed by
endoscopy indicates that endoscopic observation of propulsive contractions is a satisfactory method for evaluating secondary peristalsis induced by physiological saline
and acid infusion.

Esophageal propulsive contractions
There were no significant differences among the groups
in the frequency of primary contractions (Table 3) or in
the frequency of secondary contractions in the esophagus following 10-min infusion of physiological saline or
acid. However, when patients with Barrett’s esophagus
were divided into those with LSBE and SSBE, patients in
the LSBE group exhibited significantly fewer secondary
contractions following infusion of physiological saline
than did the non-Barrett’s esophagus controls and patients in the SSBE group (4.1 ± 1.2 vs 8.0 ± 2.8, P < 0.001
and 7.3 ± 3.2, P < 0.01, respectively; Table 3). Similarly,
patients in the LSBE group exhibited a lower frequency
of acid-induced secondary contractions than did either
the control group or patients in the SSBE group (5.3 ±
1.2 vs 8.4 ± 2.4 and 8.1 ± 2.9, respectively, P < 0.01 for

Primary study evaluating acid-induced peristalsis and
sensation in the esophagus
Twenty-six patients with Barrett’s esophagus (mean age
40 ± 15 years) and 25 subjects undergoing endoscopic
surveillance as part of their health check up (mean age 32
± 7 years) were enrolled in the primary study. Of the 26
patients with Barrett’s esophagus, 17 and nine were determined to have SSBE and LSBE, respectively. None of
the 25 individuals undergoing the health check had Barrett’s esophagus and so were used as the non-Barrett’s
esophagus control group. Two of the 26 patients with
Barrett’s esophagus (one in each of the LSBE and SSBE
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1.3 ± 3.3
0.8 ± 1.2
1.1 ± 1.4
0.4 ± 0.7

Physiological
saline

groups) were excluded from the study because there
was unsatisfactory accumulation of solution following
infusion in the esophagus, probably due to a large hiatal
opening. The characteristics of the remaining subjects
in each group are given in Table 1. Subjects in the nonBarrett’s esophagus control group were younger, with a
higher proportion of women, than patients with Barrett’s
esophagus. The rate of erosive reflux esophagitis was significantly higher in patients with Barrett’s esophagus than
in the control group.

Table 2 Results of the acid perfusion test in each group
Intensity rate

Acid

Data are the mean ± SD. Within the same infusion groups: bP < 0.01 vs control; dP < 0.01 vs patients with short segment Barrett’s esophagus (SSBE).
LSBE: Long segment Barrett’s esophagus.

Data are expressed as absolute numbers (percentage) or mean ± SD. bP <
0.01 vs control; dP < 0.01 vs patients with short segment Barrett’s esophagus (SSBE). LSBE: Long segment Barrett’s esophagus; BMI: Body mass
index.

Lag time (s)

Physiological
saline
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both). Although there was a tendency for acid infusion
to induce a higher frequency of secondary contractions
than infusion of physiological saline, the differences did
not reach statistical significance.

esophageal distention, the defect may lie in the esophageal motor nerves or muscles, esophageal sensation, the
central integrative mechanisms, or a combination of
these[16]. Iwakiri et al suggest that the primary defect lies in
esophageal sensation because the triggering of secondary
peristalsis was abnormal in all patients with normal primary peristalsis and, when triggered, the wave amplitude
and velocity of the secondary peristaltic response were
normal. Studies using esophageal balloon distention have
reported decreased sensitivity to this stimulus in patients
with Barrett’s esophagus, and this could contribute to the
impaired esophageal motility in Barrett’s esophagus[25].
As indicated in Table 3, there was no difference in the
frequency of secondary contractions induced by acid
and saline. A possible explanation for this observation is
that the effects of volume stimulation are greater than
those of chemical stimulation in triggering secondary
peristalsis, but the precise mechanisms involved remain
unknown.
Previous studies have demonstrated that patients
with Barrett’s esophagus have impaired sensitivity to
esophageal distention as well as visceral sensitivity to
acid perfusion[25,26]. Using endoscopy-based testing in the
present study, we tested visceral sensitivity to acid perfusion and showed that acid infusion-induced sensations in
patients with LSBE were comparable to those in patients
with SSBE and in the control group. This finding is not
compatible with most previous studies that reported
that patients with Barrett’s esophagus have impaired
visceral sensitivity to acid perfusion. It is possible that
this discrepancy between the findings of the present and
previous studies may be due to type Ⅰ error, especially
because of the small number of patients with LSBE in
the present study. If we compared the lag time or APSS
of patients with LSBE and the pooled values for each of
these parameters in the control plus SSBE groups, the P
values are 0.11 and 0.18, respectively. The mechanism underlying esophageal hyposensitivity in Barrett’s esophagus
has not been elucidated, but it has been proposed that
Barrett’s mucosa is less sensitive to chemical stimuli. For
example, Fass et al[27] demonstrated increased sensitivity to
acid in patients with Barrett’s esophagus after complete
reversal using multipolar electrocoagulation and suggested that chemoreceptor sensitization was possibly induced
by the electrocoagulation technique. However, a recent
study showed a significant decrease in esophageal chemoreceptor sensitivity to acid and alkaline in patients with
successful reversal of Barrett’s esophagus using argon
plasma coagulation. Further studies are needed to evaluate
esophageal hypersensitivities in Barrett’s esophagus.
There are some limitations to the present study. First,
the controls enrolled in the present study were younger
than the patients with Barrett’s esophagus, and the proportion of women in the control group was higher than
that in the Barrett’s esophagus group. To overcome this
issue, we excluded women from the control and SSBE
groups before analyzing the data. Although, after exclusion, the mean age of the control group remained lower
than that of the Barrett’s esophagus group (30.1 ± 5.2

DISCUSSION
Endoscopy is essential for the diagnosis of mucosal and
structural abnormalities of the upper gastrointestinal
tract in individuals with GERD symptoms. The primary
aim of endoscopic examination is to exclude malignant
dysphagia and to detect Barrett’s esophagus, with its associated cancer risk. In addition, Kawai et al[20] and we (present study) have demonstrated that transnasal endoscopy
in unsedated patients can be used to evaluate esophageal
function. Because esophageal propulsive contractions
assessed by endoscopy corresponded well to esophageal peristalsis recorded by manometry, endoscopybased testing, as described herein, may prove to be an
adequate method with which to evaluate the frequency
of acid perfusion-induced secondary peristalsis. Because
this testing simultaneously assessed esophageal sensory
status induced by acid infusion, we were able to obtain
endoscopic findings and functional information for the
esophagus in one examination.
Long-term exposure of the squamous mucosa of the
lower esophagus to gastric acid or bile can lead to the development of Barrett’s esophagus. Pathogenic exposure
to refluxate can result from disturbances in anti-reflux
barriers or delayed luminal acid clearance due to abnormalities in esophageal motility or the sensory system.
Using endoscopy-based testing, we were able to demonstrate impairments in acid clearance due to a reduction
in secondary peristalsis in patients with LSBE compared
with patients with SSBE and the non-Barrett’s esophagus controls. The impairment in secondary peristalsis
revealed in the present study is comparable with the
findings of a previous study, in which LSBE was characterized by a greater impairment in primary peristaltic
wave amplitude than SSBE[21]. Primary peristalsis is the
initial response to acid reflux in individuals when in the
upright position, whereas secondary peristalsis is the initial clearing event when individuals are supine and asleep.
Therefore, combined impairment in both primary and
secondary esophageal peristalsis in patients with LSBE
may elicit longer acid exposure. Indeed, it is known that
the total percentage of time of esophageal acid exposure
over 24 h is significantly greater in patients with LSBE
compared with SSBE[22].
Impairment of secondary esophageal peristalsis has
been reported in patients with various esophageal disorders other than Barrett’s esophagus. For example, defective triggering of secondary peristalsis has been reported
in patients with non-erosive reflux disease[23], whereas
impaired esophageal bolus transit and clearance by secondary peristalsis was demonstrated in patients with nonobstructive dysphagia[24]. However, the mechanisms underlying defective secondary peristalsis remain unknown.
Because secondary peristalsis is a reflex response to
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esophageal sphincter and > 25 mmHg at the middle and distal esophageal recording sites progressively traversed all the esophageal recording sites. Peristaltic
progression was defined as a peristaltic velocity of ≤ 6 cm/s. Barrett’s esophagus
was diagnosed on the basis of endoscopic detection of columnar epithelium
extending continuously from the esophagogastric junction (EGJ) into the esophagus, without obtaining histological confirmation of the presence of intestinal metaplasia. The EGJ was defined as the end of the palisading vessels of the lower
esophagus.

years vs 38.1 ± 13.6 years, respectively), the results were
very similar to those obtained using the original population. Aging may influence secondary esophageal propulsive contractions, and the older LSBE group may exhibit
impaired peristalsis compared with the control group.
However, differences in secondary esophageal propulsive
contractions were seen between age-matched SSBE and
LSBE groups, which suggests that, regardless of age,
patients with LSBE have impaired secondary esophageal
peristalsis at least in comparison with patients with SSBE.
The endoscopy-based testing used in the present
study can evaluate the frequency of esophageal peristalsis
but cannot provide detailed information regarding motility parameters, such as esophageal pressures; for detailed
evaluation of esophageal dysmotility, examinations such
as high-resolution manometry are necessary. Nevertheless, the endoscopy-based testing described in the present
study can be used in clinical practice because of its simplicity and versatility.
In conclusion, observation of secondary peristalsis was possible using an endoscopic-based technique.
Performing a simple acid perfusion study in unsedated
LSBE patients, we were able to demonstrate disorders in
secondary peristalsis using nasal endoscopy.

Peer review

This is a good descriptive study in which the authors analyzed dysfunctions in
esophageal peristalsis and sensation in patients with Barrett’s esophagus following acid infusion using endoscopy-based testing. The results are interesting
and suggest that disorders in secondary peristalsis in patients with LSBE.
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Distance management of inflammatory bowel disease:
Systematic review and meta-analysis
Vivian W Huang, Krista M Reich, Richard N Fedorak
RESULTS: The search strategy identified a total of
4061 articles, but only 6 randomized controlled trials
met the inclusion and exclusion criteria for the systematic review and meta-analysis. Three trials involved
telemanagement, and three trials involved directed
patient self-management and open access clinics. The
total sample size was 1463 patients. There was a trend
towards improved quality of life in distance management patients with an end IBDQ quality of life score being 7.28 (95%CI: -3.25-17.81) points higher than standard clinic follow-up. There was a significant decrease
in the clinic visit rate among distance management
patients mean difference -1.08 (95%CI: -1.60--0.55),
but no significant change in relapse rate or hospital admission rate.
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CONCLUSION: Distance management of IBD significantly decreases clinic visit utilization, but does not
significantly affect relapse rates or hospital admission
rates.

Abstract
AIM: To review the effectiveness of distance management methods in the management of adult inflammatory bowel disease (IBD) patients.

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

METHODS: A systematic review and meta-analysis
of randomized controlled trials comparing distance
management and standard clinic follow-up in the management of adult IBD patients. Distance management
intervention was defined as any remote management
method in which there is a patient self-management
component whereby the patient interacts remotely via
a self-guided management program, electronic interface, or self-directs open access to clinic follow up. The
search strategy included electronic databases (Medline,
PubMed, CINAHL, The Cochrane Central Register of
Controlled Trials, EMBASE, KTPlus, Web of Science,
and SCOPUS), conference proceedings, and internet
search for web publications. The primary outcome was
the mean difference in quality of life, and the secondary outcomes included mean difference in relapse rate,
clinic visit rate, and hospital admission rate. Study
selection, data extraction, and risk of bias assessment
were completed by two independent reviewers.
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Key words: Telemanagement; Telehealth; Inflammatory
bowel disease; Distance management; Self-management
Core tip: Distance management of inflammatory bowel
disease (IBD) involves the use of telemedicine, webbased intervention, telephone clinics, patient directed
open access clinics, and other methods that incorporate
patient self-management strategies to manage patients
remotely. This systematic review and meta-analysis of
six randomized controlled trials shows that distance
management of IBD significantly decreases clinic visit
utilization, and can improve quality of life in certain
groups. Consideration should be made in tailoring distance management approaches to select IBD patient
populations.
Huang VW, Reich KM, Fedorak RN. Distance management
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based on pre-determined algorithms or seek medical assessments. Researchers have recently investigated the use
of telemedicine for IBD patients[21-24] with a recent review
suggesting a potential role for telemedicine in the management of IBD patients[21].
Two prior reviews have looked at patient self-management and telemedicine management of IBD patients
separately, and more recently studies of this topic have
been published; therefore, the objective of this systematic review and meta-analysis is to provide an updated
and comprehensive analysis of the efficacy of distance
management methods vs standard clinic follow-up in the
management of IBD patients. The primary outcome is
the mean difference in quality of life, and secondary outcomes include the mean difference in relapse rate, clinic
visit rate, and hospital admission rate.

of inflammatory bowel disease: Systematic review and metaanalysis. World J Gastroenterol 2014; 20(3): 829-842 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/i3/829.
htm DOI: http://dx.doi.org/10.3748/wjg.v20.i3.829

INTRODUCTION
Inflammatory bowel disease (IBD) is a group of chronic
intestinal diseases that adversely affects quality of life
and societal interaction and functioning. They are associated with significant morbidity and mortality. Patients
have intermittent flares requiring adjustments in medications as well as frequent clinic visits, hospitalizations, and
surgeries. In Canada, approximately 233000 Canadians
have a diagnosis of IBD, and about 10200 Canadians are
diagnosed each year[1]. The total direct costs of IBD are
estimated at C$ 1.2 billion, with 76% being comprised
of drug costs and inpatient hospitalizations. Total indirect costs are estimated to be C$ 1.6 billion, mainly due
to lower labour participation rates[1]. With the increasing
incidence rate of IBD over the past decade[1,2], there are
longer wait lists to see specialists in clinics and increased
health care resource utilization. The Canadian Association of Gastroenterology guidelines have recommended
no longer than 2 wk waiting time for patients presenting
with symptoms of active inflammatory bowel disease[3,4],
yet in 2012 the average waiting time to see a consultant
was 72 d[5]. This delay in medical assessment can adversely affect patients’ quality of life[6]. This increasing burden
of IBD on patients’ quality of life and functioning and
on national health care resources has been reported globally[7-10]. Earlier and more aggressive optimization of therapy could alter disease course and reduce hospitalization
and health care resource costs[10,11].
Clinicians have focused on techniques to improve
the out-patient management of IBD patients. Strategies
to improve patient education alone increase IBD-related
knowledge, but do not consistently improve clinical outcomes or decrease health care resource use[12-15]. Focusing
on improving self-management behaviour, however, may
be effective[16,17]. A previous systematic review on patient education and self-management reported that selfmanagement strategies demonstrated improved outcomes
of symptoms, psychological well-being, and health-care
resource use[15].
In the past decade, clinicians have investigated using
self-management as a component of distance management of chronic diseases. Telemedicine generally refers
to “medicine practised at a distance”[18] and has been
used to remotely manage several chronic diseases such as
diabetes, heart failure, hypertension, chronic obstructive
pulmonary disease with reported variable outcomes[18-20].
The main concept of medicine practised at a distance is
that it incorporates a component of patient self-management where patients relay information about their state
of health to a program or health care team, which gives
them feedback. Patients can then adjust their therapy
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MATERIALS AND METHODS
Registration of protocol
The protocol for this review was registered with Prospero, the international prospective register of systematic
reviews in health and social care (registration number
CRD42013004286) and can be found at the http://www.
crd.york.ac.uk/prospero/ website.
Eligibility criteria
Randomized controlled trials (RCTs) comparing the efficacy of distance self-management vs standard clinic follow-up in the management of adult (> 16 years old) IBD
patients were included. We had initially included cohort
studies, before-after, and pilot studies in our search strategies, but as we aimed to present an analysis of the most
stringent methodology, and there were sufficient RCTs,
we excluded them from this review and meta-analysis.
Distance management intervention was defined as
any remote management method in which there is a patient self-management component whereby the patient
interacts remotely via a self-guided management program
or electronic interface, and actively adjusts medications
or self-directs open access to clinic follow up. Studies
that included interventions that only involved improving
patient education or managing stress and lifestyle, but
had no self-management and no distance management
component were excluded. The comparator group was
standard clinic follow-up for the institution at the time
of the study. Included studies had to implement the intervention and continue to follow the patient for at least
6 mo. Included studies had to report at least one of the
outcomes of interest: quality of life (QoL), relapse rate,
clinic visit rate, and hospital admission rate. Studies that
did not report any of these outcomes were excluded
from this review.
Search methods for identification of studies
A systematic search of the following electronic databases
was performed in January 2013: Medline (1950-2013),
PubMed (1950-2013), CINAHL (1937-2013), The Co-
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chrane Central Register of Controlled Trials, EMBASE
(1974-2013), KTPlus, Web of Science (1990-2013), and
SCOPUS (1960-2013). We used the MeSH subject headings and text-words including “Inflammatory bowel disease”, “crohn’s”, “ulcerative colitis”, “patient education”,
“self-care”, “self-management”, “telehealth”, “telemedicine”, “ehealth”, and similar keywords (Appendix A).
If the database allowed, we exploded terms to be more
inclusive. We also hand searched the conference proceedings of the major Gastroenterology and Inflammatory
Bowel Disease conferences from 2008-2013 (Canadian
Digestive Diseases Week, Digestive Diseases Week, Advances in IBD, and European Crohn’s and Colitis Organisation congress). We searched for Internet publications
using www.google.ca with the same search terms as for
the electronic databases; and we also reviewed the reference lists of review articles and related studies. Searches
were updated on a regular basis, and the last search completed on March 16, 2013.

(UC) HAT and n = 18] best available care (BAC). The
article by Elkjaer et al[27] reported on two parallel studies,
one in Denmark and one in Ireland. Since each study
population had separately randomized intervention and
control groups, we felt it reasonable to treat these two
studies as separate RCTs. They did not report values for
the QoL score or the hospital admission rate. They also
did not report SD for clinic visits, so SD was imputed
from the P values. The articles by Kennedy et al[28] and
Richardson et al[29] reported on different outcomes from
the same RCT. The Robinson et al[30] study reported baseline IBDQ and end of study IBDQ but did not report
SD, so we decided to use the largest SD from the Cross
study, as both studies looked at change from baseline results. The Robinson et al[30] study did not report SD or P
values for the relapse rate, so the largest SD of the studies (2.5 from Kennedy control group) was used. They
also did not report SD values for clinic visits, so the SD
was imputed from the p-value reported.

Study selection
One reviewer (VH) completed the electronic search of
the above listed databases, the hand searching of conference proceedings, and the internet search. Duplicate
articles were removed using RefWorks 2.0 manager. VH
screened the remaining titles to remove irrelevant articles,
review articles, case series, and case reports. Using predetermined inclusion criteria, two reviewers (VH and
KR) independently screened the remaining abstracts as
“definitely include” (meeting all of the inclusion criteria,
reported at least one of the outcomes), “maybe” (meeting some of the inclusion criteria, but unclear outcomes),
and “definitely not” (did not meet any of the inclusion
criteria). VH and KR then independently screened the
full text manuscripts of the “definitely include” and
“maybe articles”, and excluded those that did not report
any of the a priori outcomes. The decision on the final
list of included articles was reached by discussion and
consensus, with consensus on questionable inclusion or
exclusion confirmed by a third reviewer (RF).

Quality and risk of bias assessment
Two reviewers (VH and KR) independently assessed
each study for quality and risk of bias using the Cochrane
Collaboration tool for risk of bias for RCT[31]. The final
decision on overall risk of bias was reached through discussion and consensus.
Statistical analysis
All data was analyzed using Review Manager (RevMan)
Version 5.2 (Copenhagen: The Nordic Cochrane Centre,
The Cochrane Collaboration, 2012). Data was analyzed
on an intention-to-treat basis, unless otherwise specified in the results of the articles, or in communications
with the study’s authors. Outcomes were all recorded as
continuous variables, and the effect size was reported as
mean difference with 95%CI. Pooled meta-analyses were
completed on studies that reported the same outcomes. I2
statistics were used to test for heterogeneity, and if there
was significant heterogeneity, the random effects model
was used. The source of heterogeneity was investigated
by completion of subgroup analysis by type of distance
method and disease type [UC vs UC and Crohn’s disease
(CD); there were no CD studies eligible for inclusion].
Sensitivity analysis was not done because of the significant heterogeneity among studies. Publication bias was
planned if we had more than 10 studies, but it was not
assessed because of the small number of studies.

Data extraction
A data extraction form was developed based on the Cochrane data extraction form[25], and pilot tested for understanding and consistency among the two reviewers (VH
and KR). Data regarding first author, publication date,
study design, patient characteristics, intervention and
control, and funding sources was extracted by VH and
checked for accuracy by KR. VH and KR independently
extracted outcomes data into the data extraction form.
Disagreements were resolved by discussion and consensus. Attempts were made to contact study authors for
data values and clarification of results.
Cross et al[26] expressed the method of analysis as
intention to treat (ITT), yet the authors reported change
from baseline IBDQ scores; the authors confirmed their
results were calculated based on the final number of patients who completed the study [n = 14 Ulcerative colitis
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RESULTS
Study selection
A total of 4061 articles were identified by the electronic
search strategy (Figure 1), and 15 abstracts identified by
hand searching conference proceedings. No additional
articles were identified by the internet web search. After
exact duplications were removed, 2884 articles remained.
Screening by title excluded 2701 articles. Two reviewers independently screened the remaining 183 articles,
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Records identified through
database searching
(n = 4061)

Additional records identified
through other sources
(n = 15)

Records after duplicates removed
(n = 2884)

Records screened
(n = 183)

Records excluded
(n = 115)

Full-text articles excluded (n = 62)
n = 12 (patient education/counselling)
n = 10 (stress, lifestyle management)
n = 8 (audit or retrospective)
n = 6 (review or commentary)
n = 15 (feasibility or pilot studies with no comparator group)
n = 4 (pilot reporting same study population as included article)
n = 2 (pediatric)
n = 1 (no a priori outcomes reported)
n = 3 (duplicate study in abstract)
n = 1 (no distance self management)

Full-text articles
assessed for eligibility
(n = 68)

Studies included in
qualitative synthesis
(n = 6)

Studies included in quantitative
synthesis (meta-analysis)
(n = 6)

Figure 1 Flow chart of literature search results.

resulting in exclusion of 115 articles. Thus, 68 full text
manuscripts were independently reviewed for eligibility.
Of these, 62 were excluded for the follow reasons: (1)
patient education/counseling only, no self-management
via distance method[12-14,32-40]; (2) stress or lifestyle management, no self-management via distance method[41-50];
(3) audit or retrospective cohort study[51-58]; (4) review or
commentary[17,59-63]; (5) feasibility or pilot studies with no
comparator group[64-78]; (6) pilot study reporting on same
study population as included study[24,79-81]; (7) pediatric
patients[82,83]; (8) no a priori outcomes reported[84]; (9)
duplicate studies[26,84-86]; and (10) smart phone method of
symptom assessment, but no distance management or
self-management[87]. Six full text articles reporting on six
randomized controlled trials met the inclusion criteria for
this systematic review[26-30,88]. An updated literature search
was completed in March 2013, and did not reveal any
new randomized controlled studies for this review.

domly varied block sizes was stratified by baseline disease
activity strata, and assignment was concealed. However,
post hoc analysis revealed that patients in the intervention group may have had higher disease activity, as they
reported higher immunosuppressant use and lower
baseline IBDQ scores. Research staff at study visits was
blinded to treatment allocation. Patients answered questions weekly about symptoms, side effects, adherence,
and received disease-specific education and customized
action plans using the home unit, which then transmitted results to the decision support server. E-mail alerts
were sent to the nurse coordinator if the patient met
certain clinical conditions. The patients could also send
electronic messages to the nurse coordinator, who then
made management changes through consultation with
the medical provider. The control group was managed by
BAC.
The Elkjaer et al[27] article reported on two separate
RCTs conducted on mild to moderate ulcerative colitis
patients in Denmark (Herlev and Amager Hospital, Copenhagen) and Ireland (Adelaide and Meath Hopital in
Dublin). Eligible patients who consented were randomized by a web-based randomization program, and assignments were concealed using closed, consecutive, numbered envelopes. They also included a historical control
group from a separate hospital in Denmark, who were
unaware of this trial, and prospectively from Adelaide

Study characteristics
Table 1 summarizes the patient characteristics and interventions of the included RCTs. The Cross et al[26] RCT
included UC patients from the University of Maryland,
Baltimore and the Veterans Affairs, Maryland Health
Care System, Baltimore. Patients were recruited through
invitation by letter and also at the time of their clinic visits. Randomization by permuted block design with ran-
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Table 1 Summary of included studies on distance management of inflammatory bowel disease in adults
Mean age (yr) Male (%)
Control vs
Control vs
intervention intervention

Author, yr

Patients
randomized/
baseline (N)
intervention
vs control

Disease
Disease
severity

Inclusion/exclusion

Cross et al[26],
2012

47 pts rand.
14 web vs 18
BAC

UC

Not specified

40.3 vs 41.7

Elkjaer et al[27],
2010

233 pts rand.
UC
105 web vs mild/mod
106 control

40 vs 44
(P = 0.03)

Elkjaer et al[27],
2010

100 pts rand.
51 web vs 41
control

Inclusion: age 18-69
yr, mild/moderate
UC, treated with
5- ASA
Exclusion: acute
phase of comorbid conditions,
drug dependence
or substance
abuse, use of
immunomodulators,
frequent treatment
with high
dose systemic
corticosteroids, likely
requirement of IBD
surgery, previous
IBD surgery
Same as above

UC

Kennedy et al[28],
700 pts rand. Mild/mod Inclusion: UC or CD,
2004
270 interv. CD (n = 231) over age of 16 yr,
Richardson et al[29], 365 control
UC or ID able to write English,
2006
(n = 404) attending a follow-up
clinic
Exclusion: Not
specified

Robinson et al[30],
2001

203 pts
101 interv.
102 control

Williams et al[88],
2000

180 pts
88 interv.
92 control

UC

Inclusion: newly
diagnosed
Exclusion: require
hospital outpatient
follow-up for other
illnesses, unable
to read informed
consent or follow
written instructions
CD (n = 78) Inclusion: over 18 yr,
UC or ID
inactive or mildly
(n = 77)
active but stable IBD
Proctitis
Exclusion: active
(n = 25)
disease requiring
Inactive
treatment, stoma,
or mildly
other disease
active
requiring regular
follow up, unable
to comply with data
collection

Intervention

Control

32 vs 40

Duration
(mo)

UC HAT (Home
Best Available
telemanagement: Care (educational
a home unit (laptop
material, action
and electronic weight plan, clinics visits)
scale) a decision
support server, -a
web-based clinician
portal
49.5 vs 31.1
Web-intervention
Conventional
(P = 0.008) (Educational training
treatment and
then www.constant- follow up in the IBD
care.dk)
out-patient clinic

12

41 vs 46

60.8 vs 41.5

12

46.3 vs 44.4

43 vs 41.5

Conventional
treatment and
follow up in the IBD
out-patient clinic
Management
process deemed
appropriate by the
hospital specialist
-6 sites follow long
term
- 2 sites discharge
quiescent IBD
-1 site no consistent
follow up

48 vs 49

48 vs 49

Clinician’s normal
treatment and
follow-up

Until 11
mo after
last pt
recruited

Routine follow up

24

N/A (no
significant
difference
reported)

Web-intervention
(Educational training
then www.constantcare.dk)
Guided selfmanagement
- patient guidebook
- self-management
plan
- patient centered
approach to care by a
trained clinician
- direct access to
services for patients to
self-refer
Personalised guided
self-management
regimen with direct
access to outpatient
care on request

N/A (no Open access follow up
significant
difference
reported)

12

12

IBDQ: Inflammatory bowel disease questionnaire; SIBDQ: Short-IBDQ; NS: Not significant; ID: Indeterminate colitis; CD: Crohn’s disease; UC: Ulcerative colitis.
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hospital in Ireland. The intervention group received a 1.5
h disease specific presentation, and then a 1.5 h practical training session on the web-program http://www.
constant-care.dk. Patients were instructed on how to
recognize a relapse, and in case of relapse, would log
on daily, complete the disease activity score, and follow
management instructions, until they entered a green zone
of quiescent disease. They then logged on weekly until 4
weeks after initiation of the relapse. Once in remission,
they reported monthly. Patients could also email, call,
or text the web-doctor. The control group continued to
receive conventional treatment and follow up in the outpatient clinic.
The Kennedy et al[28]/Richardson et al[29] trial was a
cluster-randomized multicentre trial conducted in the
North West of England out of 7 teaching hospitals and
12 non-teaching hospitals. Both UC and CD patients
were included, but specific inclusion and exclusion criteria were not reported. The first 38 eligible patients who
consented were recruited at each site. The intervention
consisted of four components (see Table 1). Those in the
control group received management deemed appropriate
by the hospitalist specialist.
The Robinson et al[30] RCT was conducted in four hospitals in the Greater Manchester area of the United Kingdom (Hope Hospital, Salford, Burgy General Hospital,
Trafford General Hospital, and the Royal Oldham Hospital). Patients with ulcerative colitis were first assessed
for suitability for inclusion by their normal clinician, and
then interviewed by an investigator and invited to participate. Only patients in clinical remission were included in
this study. The first 20 eligible patients who consented in
each centre were included. Randomization was done by
random number tables, and allocation was concealed by
an assistant not involved in the study. The intervention
consisted of a personalized guided self-management regimen, developed during a 15-30 min consultation by a clinician. Those in the control group received routine clinic
follow-up.
The Williams et al[88] RCT was conducted out of two
urban district general hospitals in Swansea (Morriston
Hospital) and Neath (Neath Hospital), Wales. Patients
with inactive or mildly active but stable disease were invited to participate. Patients with Crohn’s disease, ulcerative
colitis, indeterminate colitis, and proctitis were included.
Those with ulcerative colitis or indeterminate colitis were
analyzed as one group. The open access group contacted
their general practitioner or the hospital about problems
and were offered an early appointment.

participants to the intervention. The outcomes were all
affected by patient subjectivity, and therefore were prone
to performance bias. There may have been changes to
patient or physician behaviours depending on which
group the patient was randomized to. The QoL outcome
depended on self-reporting of symptoms. The relapse
rate was somewhat dependent on the patient reporting
symptoms compatible with a priori defined relapse/flare
criteria. The number of clinic visits in the intervention
group was dependent on the patient’s responses to the
self-management criteria, and their initiation to contact
the health care team. Hospital admission rate was less
likely prone to bias, as one would expect that admission
to hospital was unlikely to be biased on group allocation.
There was attrition bias in the Cross et al[26] and Elkjaer et al[27] (Denmark) RCTs (see Table 2) with higher
discontinuation or loss to follow up (LTF) in the intervention groups. In the Cross et al[26] study, trial completers
had less extensive colitis than those who did not complete the trial. In the Kennedy et al[28]/Richardson et al[29]
RCT, there was a bias towards greater loss to follow up in
the control group; however the number of patients who
did not complete the study was higher (12 vs 4) in the
Morriston hospital.
There may also have been bias in terms of differences in patient characteristics. In the Cross et al[26] RCT,
a significantly higher percentage (56%) of the UC HAT
group were on immune suppressants compared to the
BAC group (27%)[26]. In the Elkjaer et al[27] DenmarkRCT,
there were significantly more males (49.5% vs 31.1%; P =
0.008) and younger patients (40-year-old vs 44-year-old;
P = 0.03) in the web intervention group. There were no
reported significant differences in baseline demographics in the Kennedy et al[28] and Richardson et al[29] trial, but
they did not report specific inclusion/exclusion criteria.
The Robinson et al[30] trial matched controls for age, sex,
time since diagnosis, extent of disease, and numbers
within hospitals. In the Williams et al[88] trial, there were
no reported differences in baseline age, sex, diagnostic
group, or quality of life. There may have been bias due to
differences in standard clinic follow-up policies, as hospitals and clinicians have different follow-up protocols, as
shown in Table 1.
Primary outcome: Quality of life
All five studies reported on QoL. There was a significant improvement in QoL (P = 0.04) in the Elkjaer et
al[27] Denmark web group, but no significant difference
in QoL in the Ireland web group. They did not report
the actual QoL score values, thus their results could not
be pooled. The Williams et al[88] trial reported the various
components of the UK Inflammatory Bowel Disease
questionnaire and found no significant change in mean
health related QOL scores; although, there was some
deterioration in both groups on most subscales. They did
not report summary values that could be pooled. Three
trials[26,28,30] (n = 338) reported changes in IBDQ scores
after one year of intervention and were included in the

Risk of bias within studies
The RCTs were of moderate to high risk of bias (Table
2). All of the studies reported on randomization and
concealment, except for the Kennedy et al[28] and Richardson et al[29] trial. All of the trials were deemed high risk
for performance bias because blinding could not be controlled for. Due to the nature of the intervention involving patient self-management, it was not possible to blind
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Table 2 Risk of bias of included studies on distance management compared with standard clinic follow-up for adult inflammatory
bowel disease patients
Author, yr

Selection bias

Performance Detection bias
bias

Attrition bias

Reporting
bias

Source of funding

High
(more discontinued
in intervention
group 8/25 vs
control 1/22)
High
(LTF higher in the
web group 24% vs
control 17%)

Low

Broad Medical Research Program, University
of Maryland General Clinical Research Center
Grant, General Clinical Research Centers
Program, NCRR, NIH, Baltimore Education
and Research Foundation
Colitis Crohn Patient Organization, Moran’
s Foundation, Vibeke Binder and Povl Riis’
Foundation, Bayer Health Care Funding,
Augustinus Foundtaion, Munkholms
Foundation, Tillotts Funding, Scientific
Councel at Herlev Hospital, Prof. Fagerhol
Research Foundation, Aase and Einar
Danielsen Foundation, Ole Trock-Jansen and
Hustrus Foundation, and European Crohn
Colitis Organization

Cross et al[26],
2012

Low
(random permuted
block design;
concealed)

High

Elkjaer et al[27],
2010

Low
(randomisation
program; closed
envelope)

High

Low
(research
staff blinded
to treatment
allocation)
High

Unclear
(cluster randomization;
no mention of
concealment)
Kennedy et al[28],
Low
2004
(random number
Richardson et al[29],
tables; concealed)
2006

High

High

High
(LTF higher in
control group)

Low

High

High

High
(LTF higher in
control group 24%
vs intervention 13%)

Low

Robinson et al[30],
2001

High

High

Low

Low

High

High

Low

Low

Elkjaer et al[27],
2010

Williams et al[88],
2000

Low
(computer generated
lists, concealed)
Low
(computer generated
lists, concealed)

Low

Health Technology Assessment Programme
of the United Kingdom NHS
(MS) Career Scientist Award in Public Health,
NHS R and D
(GS) Researcher Development Award, NHS R
and D
(AR) United Kingdom Medical Research
Council Training Fellowship
NHS research and development primary/
secondary care interface programme, West
Wales and Swansea Group of the National
Association for Colitis and Crohn’s Disease.

LTF: Lost to follow-up; NCCR: National Center for Research Resources; NIH: National Institute of Health; NHS R and D: National Health Services Research
and Development.

meta-analysis. The baseline IBDQ scores in the Cross et
al[26] and Robinson et al[30] trials differed between groups;
thus for the meta-analysis, we used their published
change in IBDQ scores, adjusted for baseline IBDQ
scores. The Kennedy et al[28] trial presented data that was
already adjusted for baseline scores.
Effect sizes varied, and there was significant heterogeneity (I2 = 96%; P < 0.00001). Subgroup analysis by
type of distance management (Figure 2A) decreased the
heterogeneity, and also showed that the electronic telemanagement system significantly improved QoL mean difference 16.30; 95%CI: 12.36-20.24). Subgroup analysis by
disease type (UC vs both) did not decrease heterogeneity
within groups and did not result in significant mean differences (Figure 2B).

the control group mean difference 0.33; 95%CI: 0.15-0.51,
while the patient directed open access clinic management
studies favoured the distance management group mean
difference -0.40; 95%CI: -0.77--0.03. Heterogeneity may
also be explained by differences in disease type (Figure
3B), as four RCTs[26,27,30] included only UC patients, while
the Kennedy et al[28]/Richardson et al[29] and the Williams et al[88] RCT included UC and CD. The UC studies
were in favour of control mean difference 0.25; 95%CI:
-0.04-0.54), while the UC and CD study was in favour
of distance management mean difference -0.40; 95%CI:
(-0.83-0.03); neither of the effect sizes were statistically
significant (Figure 3B).
Secondary outcome: Number of clinic visits/patient/year
Five RCTs[27,29,30,88] reported on the number of outpatient
clinic visits. The Williams et al[88] data could not be pooled
with the others, as they reported clinic visits over 24 mo;
however results favoured the distance management group
4.12 (SD 3.41) visits per patient vs 4.64 (SD 2.38) visits
per patient in the control group). Effect sizes varied,
and there was significant heterogeneity (I2 = 89%; P <
0.00001), but even with subgroup analysis by interven-

Secondary outcome: Relapse rate
Four RCTs[27,28,30] (n = 450) reported relapse rate. Effect
sizes varied, however, there was significant heterogeneity
(I2 = 75%; P = 0.0007). Subgroup analysis by type of distance management (Figure 3A) decreased heterogeneity.
It also showed that the Elkjaer et al[27] trials, which used
the electronic, web-based distance management, favoured
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A

Distance
Control
Study or subgroup
Mean
SD
Total
Mean
SD
Total
1.2.2 Patient directed open access clinic
Kennedy 2004
172.3
36.6
236
167.7
37.5
296
Robinson 2001
1
5.9
88
0
5.9
86
Subtotal (95%CI)
324
382
2
2
2
Heterogeneity: Tau = 0.87; χ = 1.15, df = 1 (P = 0.28); I = 13%
Test for overall effect: Z = 1.21 (P = 0.22)
1.2.3 Electronic telemanagement
Cross 2012
12.5
5.9
14
subtotal (95%CI)
14
Heterogeneity: Not applicable
Test for overall effect: Z = 8.10 (P < 0.00001)

-3.8

5.3

2

18
18

Weight

Mean difference
IV, Random, 95%CI

12.9%
87.1%
100.0%

4.60 [-1.73, 10.93]
1.00 [-0.75, 2.75]
1.46 [-0.90, 3.82]

100.0% 16.30 [12.36, 20.24]
100.0% 16.30 [12.36, 20.24]

-20
-10
0
10
20
Favours [control] Favours [distance]

2

Test for subgroup differences: χ = 40.03, df = 1 (P < 0.00001), I = 97.5%

B

Distance
Control
Study or subgroup
Mean
SD
Total
Mean
SD
Total
1.1.1 Ulcerative colitis
Cross 2012
12.5
5.9
14
-3.8
5.3
18
Robinson 2001
1
5.9
88
0
5.9
86
Subtotal (95%CI)
102
104
2
2
2
Heterogeneity: Tau = 114.62; χ = 48.29, df = 1 (P < 0.00001); I = 98%
Test for overall effect: Z = 1.21 (P = 0.26)
1.1.2 Ulcerative colitis and Crohn's disease
Kennedy 2004
172.3 36.6
236
subtotal (95%CI)
236
Heterogeneity: Not applicable
Test for overall effect: Z = 1.42 (P = 0.15)

2

167.7

37.5

296
296

Mean difference
IV, Random, 95%CI

Mean difference
Weight IV, Random, 95%CI

Mean difference
IV, Random, 95%CI

49.3% 16.30 [12.36, 20.24]
50.7% 1.00 [-0.75, 2.75]
100.0% 8.54 [-0.90, 3.82]

100.0%
100.0%

4.60 [-1.73, 10.93]
4.60 [-1.73, 10.93]

-20
-10
Favours [control]

2

Test for subgroup differences: χ = 0.23, df = 1 (P = 0.63), I = 0%

0
10
20
Favours [distance]

Figure 2 Mean change in quality of life between distance management and standard clinic follow up subgroup analysis by intervention and disease. A:
Intervention; B: Disease.

tion type (Figure 4A) and disease (Figure 4B), the results
favoured distance management.

to assess for publication bias, due to the small number of
eligible studies. However, the results reported from the
included RCTs were equivocal in favouring distance management vs standard clinic follow-up, so it does not appear
that there is publication bias in this field of interest.

Secondary outcome: Hospital admission rate
We had a priori planned to analyze the number of hospital admissions/patient/year, but only the Elkjaer et al[27]
trials reported non-significant differences but did not
provide actual values for this outcome. Two trials[29,88] reported mean number of hospital inpatient days but could
not be pooled as one trial duration was 24 mo compared
to 12 mo. However, there were no significant differences in the number of inpatient days per patient over
24 months reported in the Williams et al[88] open-access
intervention trial [open access 0.83 (SD 3.53) vs control
0.41 (SD 1.74); P = 0.71] or over 12 mo reported in the
Kennedy et al[28]/Richardson et al[29] trial [self-care 1.01 (SE
0.36) vs control 1.18 (SE 0.28); NS]. Thus, although actual data values are not available, there was no significant
difference reported in hospital admission rate between
distance management and standard clinic follow-up.

DISCUSSION
This review included six randomized controlled trials
comparing distance management and standard clinic
follow-up of inflammatory bowel disease patients for a
total 1463 randomized IBD patients[26-30,88]. Three trials
used electronic telemanagement or web-based systems,
and three trials used patient directed open-access clinics.
Distance management of a chronic disease such as IBD
ideally would maintain or improve QoL, maintain or decrease relapse rates, and decrease health care utilization.
This review shows that distance management intervention resulted in variable improvements in QoL, clinic
visits, relapse rates, and hospitalization rates. Overall, the
results support the rationale of using distance management in the management of IBD patients.
The six RCTs showed a trend toward an improvement
in QoL scores overall[26-30,88]. Subgroup analysis showed
that the UC Home telemanagement system resulted in

Publication bias
Our search strategy was a comprehensive search which
included conference proceedings and internet searches for
unpublished studies. We were unable to do a funnel plot
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A

Distance
Control
Study or subgroup
Mean
SD
Total
Mean
SD
1.5.1 Patient directed open access clinic
Kennedy 2004
1.8
2.2
206
2.2
2.5
Robinson 2001
1.53
2.5
88
1.93
2.5
Subtotal (95%CI)
294
2
2
2
Heterogeneity: Tau = 0.00; χ = 0.00, df = 1 (P = 1.00); I = 0%
Test for overall effect: Z = 2.09 (P = 0.04)
1.5.2 Electronic, telemanagement
Elkajaer Denmark 2010
1.1
0.816
105
0.8
0.816
Elkajaer Ireland 2010
0.6
0.816
51
0.2
0.816
Subtotal (95%CI)
156
2
2
2
Heterogeneity: Tau = 0.00; χ = 0.24, df = 1 (P = 0.63); I = 0%
Test for overall effect: Z = 3.51 (P = 0.0004)

Total

Mean difference
Weight IV, Random, 95%CI

246
86
332

74.6% -0.40 [-0.83, 0.03]
25.4% -0.40 [-1.14, 0.34]
100.0% -0.40 [-0.77, -0.03]

106
41
147

69.9%
30.1%
100.0%

Mean difference
IV, Random, 95%CI

0.30 [0.08, 0.52]
0.40 [0.06, 0.74]
0.33 [0.15, 0.51]

-1
2

2

Test for subgroup differences: χ = 11.77, df = 1 (P = 0.0006), I = 91.5%

B

Distance
Control
Study or subgroup
Mean
SD
Total
Mean
SD
1.6.1 Ulcerative colitis
Elkajaer Denmark 2010
1.1
0.816
105
0.8
0.816
Elkajaer Ireland 2010
0.6
0.816
51
0.2
0.816
Robinson 2001
1.53
2.5
88
1.93
2.5
Subtotal (95%CI)
244
2
2
2
Heterogeneity: Tau = 0.03; χ = 3.73, df = 2 (P = 0.15); I = 46%
Test for overall effect: Z = 1.69 (P = 0.09)
1.6.2 Ulcerative colitis and Crohn's disease
Kennedy 2004
1.8
2.2
206
Subtotal (95%CI)
206
Heterogeneity: Not applicable
Test for overall effect: Z = 1.81 (P = 0.07)

2.2

2.5

-0.5

0.5

1

Favours [control] Favours [distance]

Total

Mean difference
Weight IV, Random, 95%CI

106
41
86
233

50.9% 0.30 [0.08, 0.52]
36.6% 0.40 [0.06, 0.74]
12.5% -0.40 [-1.14, 0.34]
100.0% 0.25 [-0.04, 0.54]

246
246

100.0% -0.40 [-0.83, 0.03]
100.0% -0.40 [-0.83, 0.03]

Mean difference
IV, Random, 95%CI

-1
2

0

2

Test for subgroup differences: χ = 5.98, df = 1 (P = 0.01), I = 83.3%

-0.5

0

0.5

1

Favours [control] Favours [distance]

Figure 3 Difference in relapse rate between distance management and standard clinic follow-up subgroup analysis by intervention and disease. A: Intervention; B: Disease.

significantly improved QoL scores (mean difference
16.30) while the patient-directed open-access clinic intervention resulted in a non-statistically significant improvement in QoL. One potential reason for this difference is
there is more interaction with the home telemanagement
system. The patient answers specific questions, receives
instructions, and is able to email the clinicians. On the
contrary, in the open-access clinic approach, the patient
is left to self-direct their own management based on their
symptoms or a pre-determined management plan. Another potential reason may be that patients in the Cross
et al [26] UC home telemanagement system group had
higher immunosuppressant use and lower baseline IBDQ
scores, and thus may have had higher disease activity than
the control group. This may have resulted in significance
in even small improvements in QoL. However, any small,
even if not statistically significant, improvement in QoL
may be clinically important and beneficial to IBD patients. Thus, even the open-access clinic approach may be
useful in improving IBD patient QoL.
All six RCTs showed a significant decrease in clinic
utilization in the intervention group, regardless of type
of intervention or disease type[26-30,88]. On average, the

WJG|www.wjgnet.com

interventions decreased the number of clinic visits from
2 to 3 visits to 1 visit per patient per year. This might allow these clinic visit times to become available for other
patients or urgent cases. This may help consultants to
achieve the target CAG waiting time of 2 wk for patients
presenting with symptoms of active inflammatory bowel
disease. However, telemedicine still requires time from
the nursing staff or the physician, and exchange of clinic
visits for telemedicine contact and follow up may still result in equivalent use of health care resources.
Since decreased clinic visit utilization may theoretically affect relapse rates and hospitalization rates, this metaanalysis also looked at these two outcomes. The Elkjaer
et al[27] RCTs reported increased relapse rates in the webbased group, thus favouring the control group. On the
other hand, the patient directed open access studies favoured the intervention group. This difference could be
explained by a difference in the definition of relapse. The
Elkjaer et al[27] trials used an objective measure of SCCAI
(Simple Clinical Colitis Activity Index) score > 5, and the
Kennedy et al[28]/Richardson et al[29] and Robinson et al[30]
trials used patient self-reported relapses. However, the
absolute difference in relapse rate was small -0.40 (patient
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A

Distance
Study or subgroup
Mean
SD
Total
Mean
1.3.1 Patient directed open access clinic
Richardson 2006
2.01
0.01
285
3.22
Robinson 2001
0.9
3.67
101
2.9
Subtotal (95%CI)
386
2
2
2
Heterogeneity: Tau = 0.18; χ = 2.35, df = 1 (P = 0.13); I
Test for overall effect: Z = 4.02 (P < 0.0001)

Control
SD

Total

Weight

Mean difference
IV, Random, 95%CI

366
102
468

71.3%
28.7%
100.0%

-1.21 [-1.21, -1.21]
-2.00 [-3.01, -0.99]
-1.44 [-2.14, -0.74]

106
41
147

94.5%
5.5%
100.0%

-0.54 [-0.81, -0.27]
-1.00 [-2.11, 0.11]
-0.57 [-0.83, -0.30]

0.01
3.67

Mean difference
IV, Random, 95%CI

= 57%

1.3.2 Electronic, telemanagement
Elkajaer Denmark 2010 0.33
0.997
105
0.87
0.997
Elkajaer Ireland 2010
1.22
2.71
51
2.22
2.71
Subtotal (95%CI)
156
2
2
2
Heterogeneity: Tau = 0.00; χ = 0.62, df = 1 (P = 0.43); I = 0%
Test for overall effect: Z = 4.24 (P < 0.0001)

-2
2

2

Test for subgroup differences: χ = 5.22, df = 1 (P = 0.02), I = 80.8%

B

Distance
Study or subgroup
Mean
SD
Total
1.6.1 Ulcerative colitis
Elkajaer Denmark 2010
0.33
0.997 105
Elkajaer Ireland 2010
1.22
2.71
51
Robinson 2001
0.90
3.67
101
Subtotal (95%CI)
257
2
2
Heterogeneity: Tau = 0.47; χ = 7.89, df = 2 (P =
Test for overall effect: Z = 2.36 (P = 0.02)
1.6.2 Ulcerative colitis and Crohn's disease
Richardson 2006
2.01
0.01
285
Subtotal (95%CI)
285
Heterogeneity: Not applicable
Test for overall effect: Z = 1531.64 (P < 0.00001)

Mean

Control
SD
Total

0.87
2.22
2.90

0.997
2.71
3.67

0

1

2

Favours [control] Favours [distance]

Weight

Mean difference
IV, Random, 95%CI

106
41
102
249

43.9%
27.0%
29.1%
100.0%

-0.54 [-0.81, -0.27]
-1.00 [-2.11, 0.11]
-2.00 [-3.01, -0.99]
-1.09 [-2.00, -0.18]

366
366

100.0%
100.0%

-1.21 [-1.21, -1.21]
-1.21 [-1.21, -1.21]

Mean difference
IV, Random, 95%CI

2

0.02); I = 75%

3.22

0.01

-2
2

-1

2

Test for subgroup differences: χ = 0.07, df = 1 (P = 0.79), I = 0%

-1

0

1

2

Favours [control] Favours [distance]

Figure 4 Difference in number of clinic visits per patient per year between distance management and standard clinic follow-up subgroup analysis by intervention and disease. A: Intervention; B: Disease.

directed open access clinic) vs 0.33 (web-based) relapse
per year per patient. This difference in relapse rate may
not be clinically significant, since there was no difference in hospital admission rate between intervention and
control groups, and there was actually a decrease in the
number of clinic visits per patient per year.
There are several limitations of this review. The overall risk of bias of the included studies was moderate to
high when assessed using the Cochrane Collaboration
risk of bias tool. Reasons included inability to blind participants due to the nature of the intervention of interest
and unequal loss to follow-up and study completion rates
between groups. Since some studies did not fully report
inclusion/exclusion criteria, there may have been subtle
differences in the study populations that may have led
to some of the reported differences in effect size. There
may be differences in the personalities of patients who
consented to participate, in terms of their perceptions
of self-reported disease relapse[89] or their beliefs about
personal control and self-management[90]. In addition,
some of the studies did not clarify specific inclusion and
exclusion data, and therefore there may have been differences in disease activity or severity between groups. This
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may have affected quality of life scores or number of
clinic visits and presentations to hospital for admission.
In addition, these types of management methods for any
chronic disease may be more beneficial for select patients
at certain disease stages[17] or patients living farther away
from urban centres. Further studies comparing different
management strategies for patients with different disease
severities would be useful, as patients with more severe or
active disease may require more intensive management.
Another limitation was heterogeneity in the type of
distance management and in the reported standard clinic
follow-up policies between different hospitals. This made
it difficult to pool results from different studies; however,
sub-group analysis showed some differences between
web-based and patient directed open access interventions. Finally, there was an issue with variable and incomplete data-reporting. Some results could not be pooled
as raw data was unavailable. Standard deviation had to
be imputed for many of the variables. However, overall,
subgroup analysis by intervention or disease type showed
consistent mean differences.
This review only included detailed analysis of randomized controlled trials of distance management of

838

January 21, 2014|Volume 20|Issue 3|

Huang VW et al . Distance management of inflammatory bowel disease
found that distance management methods significantly decreases clinic visit rates,
and slightly improves quality of life in inflammatory bowel disease (IBD) patients,
but does not significantly affect the relapse rate or hospital admission rate.

IBD. However, non-randomized studies have shown
benefit with telephone clinics [32,53,54,91], nurse specialist management[37,38,55,58], e-mail[75,92], smart-phone programs[76,77,89,93], chronic care models[47-51], and virtual clinics[68]. Incorporating these distance management methods
may also be useful in improving standard clinical care and
should be considered for future randomized controlled
trials.
In conclusion, distance management of IBD decreases clinic visit utilization, but it does not significantly improve patients’ quality of life, relapse rates, or hospital admission rates. Consideration should be made in tailoring
these approaches to select patient populations. Perhaps
a combined web-based and patient directed open access
clinic distance management program, whereby patients
interact with an electronic web-based management program and are able to initiate self-treatment strategies and
self-referral to clinic assessments, may be the solution.
Further studies are needed to determine the best type
and the cost effectiveness of distance management of
inflammatory bowel disease patients. Future randomized
controlled trials comparing different types of distance
management with different groups of IBD patients may
help to determine which type of distance management is
the optimal method for specific groups of patients.

Applications

Distance management of IBD can be an important part of the management of
IBD patients, but may require tailoring of these approaches to select patient
populations. A combined web-based and patient directed open access clinic
distance management program, whereby patients interact with an electronic
web-based management program and are able to initiate self-treatment strategies and self-referral to clinic assessments, may be a solution.

Terminology

The main concept of distance medicine is that it incorporates a component of
patient self-management where patients relay information about their state of
health to a program or health care team, which gives them feedback. Patients
can then adjust their therapy based on pre-determined algorithms or seek medical assessments.

Peer review

This is an interesting and well-written systematic review and meta-analysis
on a relevant and current topic. The question of whether IBD patient selfmanagement can be optimized through “distance” techniques is a worthy topic
for consideration. This paper is well written and the methodology for the most
part was spot-on.
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META-ANALYSIS

Remains of the day: Biliary complications related to
single-port laparoscopic cholecystectomy
Pierre Allemann, Nicolas Demartines, Markus Schäfer
RESULTS: From 496 publications, 11 RCT including 898
patients were selected for meta-analysis. No studies
were rated as high quality (Jadad score ≥ 4). Operative
indications included benign gallbladder disease operated in an elective setting in all studies, excluding all
emergency cases and acute cholecystitis. The median
follow-up was 1 mo (range 0.03-18 mo). The incidence
of BDI was 0.4% for SPLC and 0% for CLC; the difference was not statistically different (P = 0.36). The incidence of overall biliary complication was 1.6% for SPLC
and 0.5% for CLC, the difference did not reached statistically significance (P = 0.21, 95%CI: 0.66-15). Sixty
non-randomized trials including 3599 patients were also
analysed. The incidence of BDI reported then was 0.7%.
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CONCLUSION: The safety of SPLC cannot be assumed, based on the current evidence. Hence, this new
technology cannot be recommended as standard technique for laparoscopic cholecystectomy.

Abstract

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

AIM: To assesse the rate of bile duct injuries (BDI) and
overall biliary complications during single-port laparoscopic cholecystectomy (SPLC) compared to conventional laparoscopic cholecystectomy (CLC).

Key words: Bile ducts; Cholecystectomy; Single port;
Single incision

METHODS: SPLC has recently been proposed as an
innovative surgical approach for gallbladder surgery. So
far, its safety with respect to bile duct injuries has not
been specifically evaluated. A systematic review of the
literature published between January 1990 and November 2012 was performed. Randomized controlled trials
(RCT) comparing SPLC versus CLC reporting BDI rate
and overall biliary complications were included. The
quality of RCT was assessed using the Jadad score.
Analysis was made by performing a meta-analysis, using Review Manager 5.2. This study was based on the
Preferred Reporting Items for Systematic reviews and
Meta-Analyses guidelines. A retrospective study including all retrospective reports on SPLC was also performed alongside.
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Core tip: This study assessed the rate of Bile Duct Injuries and overall biliary complications during single port
laparoscopic cholecystectomy. A systematic review of
the literature was performed, including 11 randomized
controlled trials (898 patients) and 60 non-randomized
trials (3599 patients). No statistically significant differences were found. However, interpretation of the
results was impaired by several limitations. Based on a
retrospective analysis, an incidence of bile duct injuries
up to 0.7% was found. The safety of single-port laparoscopic cholecystectomy cannot be assumed, based on
the current evidence. Hence, this new technology cannot be recommended as standard technique for laparoscopic cholecystectomy so far.
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“trans-umbilical”, “single incision laparoscopic surgery”,
“laparoendoscopic single site”. The search was also enlarged using the “related articles” function and by manual
cross-check of individual articles. A flowchart of the
selection process, according to Preferred Reporting Items
for Systematic reviews and Meta-Analyses (PRISMA)
statements[7], is presented in Figure 1.

INTRODUCTION

Inclusion/exclusion criteria
Initially, all clinical trials conducted on humans and reporting clearly surgical complications were included.
There were no language limitations. A second step of the
analysis included only randomized controlled trials. We
excluded all papers not related to the subject, all series
that did not report surgical complications and all series
including less than 10 patients.

The recent decade has seen striking technical changes in
gastrointestinal surgery. Surgeons’ interest and expectations were high while waiting for the next technical evolution after laparoscopy[1]. Some of these expectations were
also fuelled by industry and by patients themselves.
Traditionally, many innovations in digestive surgery
were first evaluated by using cholecystectomies in humans as an in vivo model. The large number of patients
in good condition, the non-reconstructive nature of such
an intervention, and the availability of a standardized
operative technique for comparison are the main characteristics predisposing gallbladder surgery to assess new
technologies. Complication rates are generally low, and
the only real difficulty is to avoid bile duct injuries (BDI)[2].
Indeed, BDI represent the key criteria comparing a novel
technique to the current standard laparoscopic approach.
The widespread implementation of conventional laparoscopic cholecystectomy (CLC) in 1990’s was associated
with an increased rate of bile duct injuries[3]. The lessons
learnt by the clinical introduction of laparoscopy need
to be re-considered since several novel techniques of
minimal invasive surgery are on the point of being introduced as routine procedures in surgery without enough
evidence on safety issues.
An increasingly voluminous literature on single port
laparoscopic cholecystectomy (SPLC) has become available after five years of intense publications worldwide.
In their meta-analysis, neither Sajid et al[4] nor Trastulli et
al[5] found statistical significant differences between the
two procedures in term of complications. However, BDI
injuries were not analyzed specifically. On the other hand,
Joseph et al[6] reported BDI rate as high as 0.72%, based
on retrospective data.
The aim of this systematic review was to evaluate the
current rate of BDI and overall biliary complication rate
during single port laparoscopic cholecystectomy and to
compare it with conventional laparoscopic cholecystectomy.

Outcome of interest
The primary endpoint was the rate of BDI, as described
by Strasberg et al[2]. Secondary endpoints were the rate of
overall biliary complications, defined as any complication
related to the biliary system that required the readmission
of patients or additional interventions, such as endoscopic retrograde cholangiopancreatography or percutaneous
drainage of bilioma. The time of follow-up, the realization of intraoperative cholangiography (IOC) and the
report of a true critical view were also considered.
Study quality
The quality of randomized controlled trials (RCT) was
assessed using the Jadad score[8]. Studies with a score of
≥ 4 were considered high quality studies. Two reviewers
(Allemann P, Schäfer M) evaluated independently all RCT
included in the analysis. Results were compared thereafter
and consensus were established when discrepancies were
found.
Statistical analysis
Meta-analysis was conducted according to the PRISMA
guideline. Investigations were performed using Review
Manager 5.2 (release November 8, 2012. Cochrane Information Management System). Evaluating dichotomous
variables, OR were used in the statistical analysis and
favored conventional laparoscopic cholecystectomy if <
1. A statistically significant result was considered if the P
value was < 0.05, and if the confidence interval did not
include the value 1. Heterogeneity was assed using χ 2 and
I2 statistics. High I2 and P value < 0.001 indicated significant heterogeneity between the studies. A power calculation was made using STATA 12.0 (Stata Corp., College
Station, TX, United States), with an alpha-error of 0.05
(two sided) and a power of 80%.

MATERIALS AND METHODS
Study selection
A systematic review of the literature published between
January 1990 and November 2012 was performed by
the first author from Medline, Embase and Web of Science databases. This search was then cross-checked by
the senior author (Schäfer M). Following Medical Subject
Heading (MeSH) and non-MeSH keywords were used:
“cholecystectomy”, “laparoscopy”, “single trocar”, “single
port”, “single incision”, “single site”, “single access”,
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RESULTS
After electronic research and manual cross match, 496
abstracts were collected. From these, 71 studies were included in the final analysis. Eleven studies were random-
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Eligibility

Full-text articles
assessed for eligibility
(n = 162)

Studies included in
final analysis
(n = 71)

4.0
3.5
Number of studies

Identification

4.5
Records identified through
electronic database and
cross-references.
(n = 496) (n = 257)

Abstract other than
clinical studies (n = 204)
Abstract excluded for
irrelevancy (n = 89)
Series of < 10 cases
excluded (n = 41)

Included

2.5
2.0
1.5
1.0
0.5

Full-text articles excluded
for irrelevancy (n = 44)
Biliary complications not
reported (n = 32)
Duplicates of presented
data (n = 15)

0.0

0

1

2
3
Jadad score (points)

4

5

Figure 2 Repartition of the studies according to Jadad score.

Five studies were not included because no events were
observed in both groups. Forrest plots are presented in
Figure 3B.
Three of 11 studies reported a perioperative assessment of the critical view of safety, for a total of 119
patients. The use of intraoperative cholangiography was
also described in three studies for a total of 77 patients.
The procedure was performed in 100%, 70% and 5% of
SPLC patients, respectively.
For the non-randomized reports, 60 studies were
included with a total of 3599 patients[20-79]. Fifteen were
prospective cohort studies and 45 were purely retrospective. From this survey, 25 BDI were reported. The BDI
rate was 0.7% and the overall biliary complication rate
was 2%. The distribution of BDI according to the Strasberg classification[2] is presented in Figure 4; 12/25 cases
of BDI were type-A injuries, and 5/25 were reported, but
not specified otherwise. The overall surgical complication
rate was 5%. One third (62/180) of them were related to
the surgical site (seroma, hematoma, infection, hernia). In
particular, 18 postoperative hernias were reported (overall
hernia rate of 0.5%). The median follow-up of patients
was 2 mo (range 0.03-24 mo) (Table 1).

Prospective cohort
studies (n = 15)
Retrospective studies
(n = 45)
Studies included in the
meta-analysis (RCT)
(n = 11)

Figure 1 Flowchart diagram of the systematic review. RCT: Randomized
controlled trials

ized controlled trials, including a total of 839 patients
(438 SPLC, 401 CLC)[9-19]. Eight series were single center[9,12,14-19], whereas the three remaining trials were multicenter studies[10,11,13]. Four studies have been performed
in Asia[9,12,15,18], four in Europe[11,14,16,19], one in North
America[17], one in South America[10], and one in Europe
and North America[13]. Conventional laparoscopic cholecystectomy was performed with four ports in nine series[9-11,13-15,17-19] and three ports in two[12,16]. Operative indications included benign gallbladder disease operated in an
elective setting in all studies, excluding all emergency cases
and acute cholecystitis. Body mass index > 30 kg/m2 was
considered as a contra-indication in five studies[11-13,16,19], >
40 kg/m2 in one study[17] and previous upper-GI surgery
in eight studies[9,11-13,15,16,18,19]. Repartition of the studies according to Jadad score is presented in Figure 2. No studies were rated as high quality (≥ 4 points). The median
follow-up was 1 mo (range 0.03-18 mo).
The incidence of BDI was 0.4% for SPLC, compared
to 0% for CLC (OR = 4.5), but the difference was not
statistically different (P = 0.36, 95%CI: 0.22-96). The heterogeneity was zero (χ 2 = 0.00, df = 1, P = 0.95; I2 = 0%).
Of note, only two studies including 148 patients contributed to the analysis, while the remaining nine studies were
not included because no events were observed in both
groups. Forrest plots are presented in Figure 3A.
The incidence of overall biliary complication was also
higher for SPLC compared to CLC with 1.6% vs 0.5%
(OR = 3.2), but again, the difference did not reached
statistically significance (P = 0.21, 95%CI: 0.66-15). The
heterogeneity was zero (χ 2 = 0.84; I2 = 0%). Six studies including 482 patients contributed to the analysis.
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3.0

DISCUSSION
This meta-analysis assessed the risk of BDI and other
biliary complications of single port access cholecystectomy; and compared it to conventional laparoscopic cholecystectomy. The analysis of the current literature revealed
an increased rate for BDI of 0.4% and other biliary complications (1.6%) compared to conventional laparoscopic
cholecystectomy (0%, 0.5% respectively). However, the
differences found were not statistically significant.
Cautious interpretation is mandatory since many
limitations impact on these results. Only two series contributed to the analysis of the BDI rate[11,12] and this is
strictly not enough to build a statistically valid analysis.
Moreover, the quality of these RCT was low, as Jadad
scores were not above three, as illustrated in Figure 2.
For example, still many investigators use envelope-based
randomization technique, and/or blinding is not systematically performed. As stated by Baum[80], overcoming the
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Figure 3 Forest plot. A: Outcome: BDI; B: Outcome: Overall biliary complication. SPLC: Single-port laparoscopic cholecystectomy; BDI: Bile duct injuries; CLC: Conventional laparoscopic cholecystectomy.

ring bile duct complications may be underreported. Only
three studies reported a follow-up of ≥ 6 mo[10,13,18].
One third of the reports described follow-up of ≤ 2
wk. Of greatest relevance, even after pooled analysis, is
that few patients could be satisfactorily included in the
meta-analysis. This is probably the main limitation of our
current review. Indeed, since the incidence of BDI is <
1%, large patient numbers are needed to detect the true
incidences and its differences. A power calculation based
on previous retrospective data[6] revealed a total of 14048
patients would be needed in order to detect a statistically
significant difference in terms of BDI rate. This means
that all RCT included in this review were clearly underpowered and sample sizes were too small to assess events
with a low incidence. As seen with historical comparisons
between laparoscopic and open cholecystectomy, RCT
will possibly never answer this thorny issue and a larger
international prospective database will be more appropriate in this setting.

Number of BDI/type

14
12
10
8
6
4
2
0
Strasberg Strasberg Strasberg Strasberg Strasberg
A
B
C
D
E

NR

Type of BDI

Figure 4 Repartition of the typeof bile duct injuries. BDI: Bile duct injuries.

ongoing allegation that research in surgery is not more
than a “comic opera” requires that the surgical community has to make efforts to realize high quality trials.
An important shortcoming of published series is the
lack of a long-term follow-up, meaning that late occur-
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on the meta-analysis, we decided to perform a second
enquiry including larger non-randomized prospective and
retrospective studies[20-79] in order to increase the sample
size, accepting a lower grade of evidence and a higher
risk of bias. The incidence of BDI was then found to
be as high as 0.7%, three-times greater than the majority
of recent large reviews concerning conventional laparoscopy[81-83]. This result was slightly lower than the rate
reported by Joseph et al[6] in their analysis, probably due
to a larger sample size and more recent included series.
Ominously, one third (8/25) of the BDI reported in our
retrospective review were Strasberg type-B or more, indicating a possible tendency for more complex injuries
(Figure 4). This aspect could be underestimated, as 20%
of BDI were not described or classified by the authors.
Being aware of a potentially increased rate of BDI,
different strategies have been proposed to decrease this
unacceptably high risk. Only three out of eleven studies
used IOC, with suboptimal technical success rate (62%,
77/124 attempts)[14,16,18]. This may be explained by the
need of precision and dexterity required to perform IOC,
both lacking in SPLC setting. However, the true impact
of this aspect remains unclear, as the discussion on the
role of IOC during cholecystectomy is a never-ending
story[84,85]. Although described for many years as a critical
step to limit BDI during CLC, the use of the so-called
“critical view of safety” was clearly reported as a sine qua
non condition before clipping and dividing the cystic duct
in three trials only[11,14,18]. Most often, this was done by the
exchange of the dissecting tools for an extra-grasper, in
order to gain the right exposure.
Finally, more attention should be paid by the surgeons
in critically evaluating their experience with SPLC and in
defining the criteria for safety. This aspect is still clearly
inadequate in the current literature, as eight studies of the
retrospective pool concluded that SPLC was safe, while
reporting BDI or increased overall complication rates.
Moreover, the hypothesis that the avoidance of 5 mm
trocars as in SPLC is of significant clinical benefit was
challenged by no-one.
In conclusion, the BDI rate during SPLC seems to
be comparable to standard CLC at first sight, but the
overall quality of RCT remains low, failing to present any
convincing evidence thus far. Larger retrospective data
confirm the doubt about the safety of these procedures.
Based on the current evidence, SPLC cannot currently
be recommended as standard technique for laparoscopic
cholecystectomy.

Table 1 Data of the non-randomized trials
Serie

Year

n

BDI

Overall compl

Cuesta et al[20]
Palanivelu et al[21]
Rao et al[22]
Hodgett et al[23]
Hong et al[24]
Kravetz et al[25]
Kuon Lee et al[26]
Langwieler et al[27]
Merchant et al[28]
Philipp et al[29]
Podolsky et al[30]
Tacchino et al[31]
Vidal et al[32]
Zhu et al[33]
Garijo Alvarez et al[34]
Brody et al[35]
Carr et al[36]
Chow et al[37]
Curcillo et al[38]
Edwards et al[39]
Elsey et al[40]
Erbella et al[41]
Fronza et al[42]
Fumagalli et al[43]
Hu et al[44]
Ito et al[45]
Rawlings et al[46]
Rivas et al[47]
Roberts et al[48]
Romanelli et al[49]
Roy et al[50]
Schlager et al[51]
Kim et al[52]
Yu et al[53]
Duron et al[54]
Han et al[55]
Jacob et al[56]
Khambaty et al[57]
Kilian et al[58]
Krajinovic et al[59]
Kupcsulik et al[60]
Li et al[61]
Mesas Burgos et al[62]
Mutter et al[63]
Prasad et al[64]
Qiu et al[65]
Raakow et al[66]
Rup et al[67]
Vermulapalli et al[68]
Vrzgula et al[69]
Wen et al[70]
Wu et al[71]
El-geidie et al[72]
Feinberg et al[73]
Kehagias et al[74]
Koo et al[75]
Oruc et al[76]
Sasaki et al[77]
Wong et al[78]
Yeo et al[79]
Total

2008
2008
2008
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2012
2012
2012
2012
2012
2012
2012
2012

10
10
20
29
15
20
37
14
21
29
15
12
19
10
30
56
60
41
297
80
238
100
25
21
32
31
54
100
56
22
50
20
56
33
43
150
36
81
16
50
30
51
10
61
100
56
200
101
205
100
50
100
67
50
60
100
25
114
20
60
3599

0
1
0
0
0
0
1
0
0
0
0
0
0
0
1
0
0
1
1
3
0
0
0
0
0
0
0
1
2
0
1
1
1
0
0
2
1
0
0
0
0
0
0
0
0
0
2
0
3
1
0
1
0
0
0
0
0
1
0
1
26
0.7%

0
2
0
3
0
0
2
0
0
6
3
2
0
0
3
2
4
1
26
7
5
0
3
2
0
0
2
1
3
1
2
1
2
0
0
15
2
0
0
5
1
8
0
0
0
3
11
5
9
5
2
3
1
2
0
6
1
10
1
7
180
5.0%
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Background

Single port laparoscopic cholecystectomy (SPLC) is a new technical refinement
of endoscopic surgery, which has emerged more than five years ago. The basic

Unable to assess clearly the safety issue of SPLC based
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concept of laparoscopy remains intact, but all the instruments are introduced
in the abdominal cavity through one single site (usually the umbilicus, but
other locations have also been described). The goal of this modification is to
decrease the surgical trauma on the abdominal wall, by decreasing the number
of necessary ports. On the other hand, due to the loss of triangulation between
the instruments, this technique appears technically more difficult to perform.

7

Research frontiers

8

Innovations and breakthroughs

9

Early in its use, this technique was used to perform cholecystectomy. After
many years of practice, literature failed to shows important clinical advantages
(in terms of pain reduction, length of hospital stay and cosmetic results), when
compared to conventional laparoscopic cholecystectomy.
Inadvertent events after SPLC have already largely been covered in other
meta-analyses. They concluded that the complication rate was similar between
this approach, when compared to conventional laparoscopy. However, these
studies were not specifically focused on bile duct injuries. Because this type of
complication carries a much more significant potential of decreased quality of
life and even mortality, authors considered that safety of SPLC should be evaluated in the light of bile duct injuries (BDI) rate, instead of overall complication
rate.

10

Applications

11

As long as no stronger evidence concerning biliary safety is provided, SPLC
cannot currently be recommended as standard technique for laparoscopic cholecystectomy. It appears mandatory that future studies should focus on longer
follow-up of the patients. Owing to the relatively low incidence of complications,
it seems evident that only large prospective nationwide cohort studies will be
adequate to meet the endpoint of biliary safety. Randomized controlled trials will
invariably fail to enroll enough patients to delineate such a small difference.

12

Peer review

Two peer reviewers contributed to the revision of this manuscript. They recognized that this serious complication should be carefully assessed, before considering a wide acceptation of this new surgical approach. If the conclusion of
this manuscript is that literature failed to close the debate, this does not imply a
rejection of this new technique. On the contrary, more efforts should be made to
continue evaluating SPLC in the light of biliary complications. According to their
comments, details on the type of BDI were added. In particular, the distribution
of these complications, according to Strasberg classification, was detailed in the
results and discussed in the conclusion. Moreover, more information was given
concerning the distribution of overall complications.
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CASE REPORT

A case report of anaplastic carcinoma of the pancreas
with remarkable intraductal tumor growth into the main
pancreatic duct
Mitsuyoshi Okazaki, Isamu Makino, Hirohisa Kitagawa, Shinichi Nakanuma, Hironori Hayashi,
Hisatoshi Nakagawara, Tomoharu Miyashita, Hidehiro Tajima, Hiroyuki Takamura, Tetsuo Ohta
apy because liver metastasis was detected 12 mo after
surgery. In this case, we could observe a remarkable intraductal tumor growth into the main pancreatic duct. We
also discuss the pathogenesis and characteristics of this
rare tumor with specific tumor growth.
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Core tip: A very rare case of anaplastic carcinoma with
remarkable intraductal tumor growth into the main pancreatic duct is reported. This case presented unique features and might help us to better understand the pathogenesis of this rare entity.
Okazaki M, Makino I, Kitagawa H, Nakanuma S, Hayashi H,
Nakagawara H, Miyashita T, Tajima H, Takamura H, Ohta T.
A case report of anaplastic carcinoma of the pancreas with
remarkable intraductal tumor growth into the main pancreatic
duct. World J Gastroenterol 2014; 20(3): 852-856 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/i3/852.
htm DOI: http://dx.doi.org/10.3748/wjg.v20.i3.852

Abstract
We herein report a case of anaplastic carcinoma of the
pancreas with remarkable intraductal tumor growth into
the main pancreatic duct. A 76-year-old male was referred to our hospital for treatment of a pancreatic tumor.
Preoperative examinations revealed a poorly defined
tumor in the main pancreatic duct in the body of the
pancreas, accompanied with severe dilatation of the main
pancreatic duct, which was diagnosed as an intraductal
papillary-mucinous neoplasm. We performed distal pancreatectomy and splenectomy. The pathological examination revealed that the tumor consisted of a mixture of anaplastic carcinoma (giant cell type) and adenocarcinoma
in the pancreas. There was a papillary projecting tumor
composed of anaplastic carcinoma in the dilated main
pancreatic duct. The patient is now receiving chemother-
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INTRODUCTION
Anaplastic carcinoma of the pancreas is an aggressive
tumor. The incidence of anaplastic carcinoma varies
from 2.1% to 6.8% among reported case series[1-5]. It was
first reported by Sommers and Meissner as pleomorphic
carcinoma[6]. Pathologically, it is classified into spindle
cell, giant cell and pleomorphic types. When detected,
patients usually have huge tumors showing rapid growth,
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A

B

Figure 1 Abdominal computed tomography. A: An axial section image of an abdominal computed tomography showed dilatation of the main pancreatic duct (arrow
head) and the adjacent solid tumor (arrow); B: The coronal section image revealed a cystic lesion measuring 6.0 cm × 3.5 cm in the body and tail of the pancreas (arrow).

node swelling were detected. Endoscopic ultrasonography showed a heterogeneous hypoechoic tumor with a
cystic component. On abdominal magnetic resonance
imaging, the solid tumor presented with low intensity on
T1-weighted images and relatively high intensity on T2weighted images. MR cholangiopancreatography showed
a segmental defect of the MPD by the solid tumor associated with the multilocular cystic lesion in the body and tail
of the pancreas (Figure 2). Endoscopic retrograde cholangiopancreatography showed significant dilatation of the
MPD from the body to the tail of the pancreas, and an
elliptic filling defect in the MPD, suggesting the presence
of an intraductal tumor in the lumen of the MPD (Figure
3A). Intraductal ultrasonography demonstrated a solid
tumor filling the main pancreatic duct and a cystic lesion
in the body of the pancreas (Figure 3B). The diagnosis of
the exfoliative cytology was adenocarcinoma. We therefore
diagnosed the tumor as an intraductal papillary mucinous
neoplasm (IPMN) of the pancreas with obvious dilatation
of the MPD. At laparotomy, the tumor had invaded into
the transverse mesocolon, but dissemination and distant
metastasis were not found. We performed distal pancreatectomy with splenectomy. We decided to make the transecting line of the pancreas by conforming it to the tumor
extension using intra-operative ultrasonography. When we
transected the pancreas, a reddish tumor protruded from
the lumen of the MPD in the resected pancreas (Figure
4A). The main tumor, which replaced the body and tail of
the pancreas, was dark reddish-brown and white on the
surface, and had infiltrated into the adjacent MPD (Figure
4B). There was a papillary tumor associated with the main
tumor in the lumen of the MPD. The MPD was significantly dilated by this protruded tumor. Hematoxylin and
eosin staining showed that the part of the tumor presenting a white surface consisted of an adenocarcinoma (tub1,
tub2) component, and the part of the tumor presenting
the dark reddish-brown surface consisted of anaplastic
carcinoma (giant cell type). The projecting tumor in the
MPD was composed of anaplastic carcinoma (Figure 5).
There was moderate dysplasia with no malignancy (pancreatic intraepithelial neoplasm-2) in the epithelium of
dilated main pancreatic duct. The pathological diagnosis

Figure 2 Magnetic resonance cholangiopancreatography revealed a segmental defect of the main pancreatic duct by the solid tumor (arrow head)
associated with the multilocular cystic lesion (arrow) in the body and tail of
the pancreas.

which are associated with a very poor prognosis. It usually presents as a large cystic pancreatic tumor with areas
of hemorrhage and necrosis. En-bloc surgical resection
is the only appropriate treatment for the tumors[5,7]. We
herein report the clinicopathological features of a case
of anaplastic carcinoma of the pancreas with remarkable
intraductal tumor growth into the main pancreatic duct.

CASE REPORT
A 76-year-old male was admitted to our hospital for further investigation of a pancreatic tumor. He had received
treatment for type 2 diabetes mellitus, essential hypertension and severe arteriosclerosis obliterans. He received ultrasonography as a screening examination, which showed
a cystic tumor in the body and tail of the pancreas. He
had no significant symptoms. The laboratory findings revealed that the serum carbohydrate antigen (CA19-9) was
elevated to 57 U/mL, but the other tumor markers, carcinoembryonic antigen and DUPAN-Ⅱ, were all within
the normal ranges. Abdominal CT revealed a tumor measuring 6.0 cm × 3.5 cm in the body and tail of the pancreas. It consisted of a multilocular cystic component and
a solid tumor in the lumen of the dilated main pancreatic
duct (MPD) (Figure 1). No distant metastasis or lymph
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B

Figure 3 Endoscopic retrograde cholangiopancreatography showed the dilatation of the main pancreatic duct. A: A filling defect in the main pancreatic duct
(MPD) (arrow head); B: Intraductal ultrasonography demonstrated a filling lesion in the MPD (arrow).

A

B

Figure 4 Pathological findings. A: The dilated main pancreatic duct was filled with a papillary projecting tumor; B: The main tumor was dark reddish-brown (arrow
head) and white (arrow) on the surface, and showed significant dilatation of the main pancreatic duct (dotted line region).

was a mixture of anaplastic carcinoma (giant cell type)
and adenocarcinoma of the pancreas. The postoperative
course was uneventful. The patient is now receiving chemotherapy because liver metastasis was detected 12 mo
after surgery.

of the pancreas. In the imaging study, anaplastic carcinomas are usually detected as large, moderately hypervascular and exophytic tumors with large areas of necrosis[2].
The preoperative diagnosis of anaplastic carcinoma
of the pancreas is difficult. The preoperative diagnosis
for the tumor in our case was IPMN, because it appeared
to be a multilocular cystic lesion with obvious dilatation
of the MPD. The tumor of our case showed a very characteristic appearance because it consisted of a mixture
of components of adenocarcinoma and anaplastic carcinoma. The components of adenocarcinoma presented as
a solid tumor. A part of the anaplastic carcinoma component developed cystic degeneration, and the other part
penetrated and proliferated into the MPD.
Anaplastic carcinoma with intraductal growth into the
MPD is so rare that only 9 cases, including our case, have
been reported in the English literature[11-18] (Table 1). Only
our case was the giant cell type of the anaplastic carcinoma. All cases except for the cases with the osteoclastic
giant cell type were associated with a poor prognosis.
The prognosis of anaplastic carcinoma of the pancreas
is worse than that of poorly differentiated ductal adenocarcinoma of the pancreas[3,8,19]. Reyes et al[20] reported that the
median survival time of pleomorphic giant cell carcinoma
patients was three months. Strobel et al[4]suggested that the
median duration of survival was significantly prolonged af-

DISCUSSION
Anaplastic carcinoma of the pancreas is a rare and aggressive tumor. Several terms have been used for this
tumor, including pleomorphic carcinoma, pleomorphic
giant cell carcinoma, pleomorphic large cell carcinoma,
sarcomatoid carcinoma and undifferentiated carcinoma[2,3,8]. Three histological variants of anaplastic carcinoma, namely the spindle cell type, pleomorphic cell type
and giant cell type, have been described[9]. According to
the guideline of the World Health Organization (WHO)
in 2010[10], these carcinomas were classified as undifferentiated (anaplastic) carcinomas. On the other hand,
anaplastic carcinoma with osteoclast-like giant cells is
classified as a subtype of invasive ductal carcinoma.
The clinical features of anaplastic carcinoma have
been reported in the literature. The clinical symptoms induced by this tumor are non-specific, such as abdominal
pain, fatigue, jaundice, body weight loss, anorexia and back
pain[3], which resemble those induced by adenocarcinoma
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Figure 5 Microscopic appearance of the tumor. Hematoxylin and eosin staining showed adenocarcinoma (tub1, tub2) in the white component, bizarre mono-and
multi-nucleated giant cells in the dark reddish-brown component and a projecting tumor into the main pancreatic duct. A: the white component; B: the dark red-brown
component; C: the projecting tumor.

Table 1 Reported cases of anaplastic carcinoma with intraductal growth in the main pancreatic duct
Case
1
2
3
4
5
6
7
8
9

Author

Year

Age (yr)

Sex

Location

Size (mm)

Subtype

Treatment

Outcome (mo)

Higuchi et al[11]
Tezuka et al[12]
Suzuki et al[13]
Kuroda et al[14]
Nara et al[15]
Maksymov et al[16]
Ishii et al[17]
Yamano et al[18]
Our case

2004
2006
2007
2007
2009
2011
2012
2013
2013

65
68
71
59
79
68
61
63
76

F
F
M
M
F
F
M
F
M

Pbt
Ph
Ph
Ph
Phb
Ph
Ph
Pb
Pbt

110
42
35
100
116
30
32
850
600

spindle
osteoclastic
plemorphic
plemorphic
osteoclastic
osteoclastic
osteoclastic
plemorphic
giant cell

DP
PD
PPPD
PD
PPPD
PD
PD
DP
DP

dead (4)
alive (22)
dead (1)
dead (2)
alive (14)
alive (36)
alive (14)
dead (4)
alive (12)

M: Male; F: Female; Ph: Pancreatic head; Pb: Pancreatic body; Pt: Pancreatic tail; Phb: Pancreatic head and body; Pbt: Pancreatic body and tail; DP: Distal
pancreatectomy; PD: Pancreatoduodenectomy; PPPD: Pylorus-preserving pancreatoduodenectomy.

ter R0/R1 resection, as compared with palliative surgery (7.1
mo vs 2.3 mo). We recommend that patients with anaplastic
carcinomas of the pancreas should be offered pancreatic
resection whenever possible. Due to its aggressive nature
and ability to rapidly recur, the benefits of radiotherapy and
chemotherapy have not yet been demonstrated[21,22]. Sporadic case reports have demonstrated a reduction of the tumor mass and prolongation of survival by treatments with
5-fluorouracil, gemcitabine, paclitaxel and radiation[23-25].
However, there is insufficient evidence to recommend any
particular treatment, except for surgical resection.
In conclusion, we herein reported a very rare case of
anaplastic carcinoma with remarkable intraductal tumor
growth into the MPD. This case presented unique features
and might help us to better understand the pathogenesis of
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this rare entity.

COMMENTS
COMMENTS
Case characteristics

A 76-year-old male was admitted to our hospital for further investigation of a
pancreatic tumor, but he had no significant symptoms.

Clinical diagnosis

This case was diagnosed as an intraductal papillary mucinous neoplasm of the
pancreas.

Differential diagnosis

Adenocarcinoma of pancreatic was mentioned in the differential diagnosis.

Laboratory diagnosis

The laboratory findings revealed that the serum carbohydrate antigen was elevated to 57 U/mL, but the other tumor markers, carcinoembryonic antigen and
DUPAN-Ⅱ, were all within the normal ranges.
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Imaging diagnosis

10

Computed tomography, endoscopic ultrasonography, magnetic resonance imaging, endoscopic retrograde cholangiopancreatography and intraductal ultrasonography showed significant dilatation of the main pancreatic duct (MPD) from
the body to the tail of the pancreas, and an elliptic filling defect in the MPD.

11

Pathological diagnosis

12

Hematoxylin and eosin staining showed that the part of the tumor presenting
a white surface consisted of an adenocarcinoma (tub1, tub2) component, and
the part of the tumor presenting the dark reddish-brown surface consisted of
anaplastic carcinoma (giant cell type).

13

Treatment

Distal pancreatectomy with splenectomy was performed in this case.

14

Related reports

Only 9 cases of anaplastic carcinoma with intraductal growth into the MPD,
including our case, have been reported in the English literature.

Term explanation

15

Anaplastic carcinoma with intraductal growth into the MPD is rare.

Experiences and lessons

Anaplastic carcinomas are highly malignant tumors, and the authors will follow
up the patient closely and continuously.

16

Peer review

This case presented unique features and might help us to better understand the
pathogenesis of this rare entity.

17

REFERENCES
1

2

3

4

5

6
7

8

9

Chen J, Baithun SI. Morphological study of 391 cases of exocrine pancreatic tumours with special reference to the classification of exocrine pancreatic carcinoma. J Pathol 1985; 146:
17-29 [PMID: 2989468 DOI: 10.1002/path.1711460103]
Ichikawa T, Federle MP, Ohba S, Ohtomo K, Sugiyama A,
Fujimoto H, Haradome H, Araki T. Atypical exocrine and
endocrine pancreatic tumors (anaplastic, small cell, and giant
cell types): CT and pathologic features in 14 patients. Abdom
Imaging 2000; 25: 409-419 [PMID: 10926196 DOI: 10.1007/
s002610000058]
Paal E, Thompson LD, Frommelt RA, Przygodzki RM, Heffess CS. A clinicopathologic and immunohistochemical study
of 35 anaplastic carcinomas of the pancreas with a review
of the literature. Ann Diagn Pathol 2001; 5: 129-140 [PMID:
11436166 DOI: 10.1053/adpa.2001.25404]
Strobel O, Hartwig W, Bergmann F, Hinz U, Hackert T,
Grenacher L, Schneider L, Fritz S, Gaida MM, Büchler MW,
Werner J. Anaplastic pancreatic cancer: Presentation, surgical
management, and outcome. Surgery 2011; 149: 200-208 [PMID:
20542529 DOI: 10.1016/j.surg.2010.04.026]
Clark CJ, Graham RP, Arun JS, Harmsen WS, Reid-Lombardo KM. Clinical outcomes for anaplastic pancreatic cancer:
a population-based study. J Am Coll Surg 2012; 215: 627-634
[PMID: 23084492 DOI: 10.1016/j.jamcollsurg.2012.06.418]
Sommers SC, MEISSNER WA. Unusual carcinomas of the
pancreas. AMA Arch Pathol 1954; 58: 101-111 [PMID: 13170907]
Moore JC, Bentz JS, Hilden K, Adler DG. Osteoclastic and
pleomorphic giant cell tumors of the pancreas: A review of
clinical, endoscopic, and pathologic features. World J Gastrointest Endosc 2010; 2: 15-19 [PMID: 21160673 DOI: 10.4253/wjge.
v2.i1.15]
Tschang TP, Garza-Garza R, Kissane JM. Pleomorphic carcinoma of the pancreas: an analysis of 15 cases. Cancer 1977; 39:
2114-2126 [PMID: 870168 DOI: 10.1002/1097-0142(197705)39:
5<2114:AID-CNCR2820390528>3.0.CO;2-3]
Pan ZG, Wang B. Anaplastic carcinoma of the pancreas associated with a mucinous cystic adenocarcinoma. A case
report and review of the literature. JOP 2007; 8: 775-782 [PMID:

18
19

20
21

22

23

24

25

17993730]
Bosman FT, Carneiro F, Hruban RH, Theise N. WHO Classification of Tumours of the Digestive System. Lyon: IARC, 2010
Higuchi R, Hatori H, Fukuda A, Imaizumi T, Takasaki K,
Itabashi M. A case of spindle cell type anaplastic carcinoma
of the pancreas. Suizo 2004; 19: 516-521
Tezuka K, Yamakawa M, Jingu A, Ikeda Y, Kimura W. An
unusual case of undifferentiated carcinoma in situ with osteoclast-like giant cells of the pancreas. Pancreas 2006; 33: 304-310
[PMID: 17003654 DOI: 10.1097/01.mpa.0000235303.11734.2a]
Suzuki S, Harada N, Suzuki M, Hanyu F. A case of pleomorphic carcinoma of the pancreas. Suizo 2007; 22: 137-142
Kuroda N, Iwamura S, Fujishima N, Ohara M, Hirouchi
T, Mizuno K, Hayashi Y, Lee GH. Anaplastic carcinoma of
the pancreas with rhabdoid features and hyaline globulelike structures. Med Mol Morphol 2007; 40: 168-171 [PMID:
17874050 DOI: 10.1007/s00795-006-0349-0]
Nara S. A case of anaplastic carcinoma of the pancreas with
portal vein tumor thrombus. Jpn J Clin Oncol 2010; 40: 96-97
[PMID: 20044390 DOI: 10.1093/jjco/hyp189]
Maksymov V, Khalifa MA, Bussey A, Carter B, Hogan M.
Undifferentiated (anaplastic) carcinoma of the pancreas with
osteoclast-like giant cells showing various degree of pancreas duct involvement. A case report and literature review.
JOP 2011; 12: 170-176 [PMID: 21386647]
Ishii S, Kobayashi G, Fujita N, Noda Y, Ito K, Horaguchi J,
Koshita S, Kanno Y, Ogawa T, Masu K, Hashimoto S, Sawai T,
Uzuki M. Undifferentiated carcinoma of the pancreas involving intraductal pedunculated polypoid growth. Intern Med
2012; 51: 3373-3377 [PMID: 23257522]
Yamano T, Hirai R, Kuroda M, Takagi S,Ikeda E, Tsuji H. A
case of anaplastic ductal carcinoma with tumor thrombus in
the main pancreatic duct. J Japan Surg Assoc 2013; 74: 1053-1059
Molberg KH, Heffess C, Delgado R, Albores-Saavedra J.
Undifferentiated carcinoma with osteoclast-like giant cells
of the pancreas and periampullary region. Cancer 1998; 82:
1279-1287 [PMID: 9529019 DOI: 10.1002/(SICI)1097-0142(199
80401)82:7<1279::AID-CNCR10>3.0.CO;2-3]
Reyes CV, Crain S, Wang T. Pleomorphic giant cell carcinoma of the pancreas: a review of nine cases. J Surg Oncol 1980;
15: 345-348 [PMID: 7453183 DOI: 10.1002/jso.2930150407]
Singhal A, Shrago SS, Li SF, Huang Y, Kohli V. Giant cell tumor of the pancreas: a pathological diagnosis with poor prognosis. Hepatobiliary Pancreat Dis Int 2010; 9: 433-437 [PMID:
20688610]
Leighton CC, Shum DT. Osteoclastic giant cell tumor of the
pancreas: case report and literature review. Am J Clin Oncol
2001; 24: 77-80 [PMID: 11232955 DOI: 10.1097/00000421-2001
02000-00014]
Yoshioka M, Uchinami H, Watanabe G, Takahashi T, Nakagawa Y, Andoh H, Yoshioka T, Nanjo H, Yamamoto Y. Effective use of gemcitabine in the treatment of undifferentiated
carcinoma with osteoclast-like giant cells of the pancreas with
portal vein tumor thrombus. Intern Med 2012; 51: 2145-2150
[PMID: 22892493 DOI: 10.2169/internalmedicine.51.7670]
Matsuzawa G, Shirabe K, Gion T, Tsujita E, Ooya M, Kajiyama K, Nagaie T. Surgically resected undifferentiated carcinoma with osteoclast-like giant cells of the periampullary
region involving the orifice of the papilla of Vater: Report of
a case. Surg Today 2010; 40: 376-379 [PMID: 20339995 DOI:
10.1007/s00595-009-4078-6]
Wakatsuki T, Irisawa A, Imamura H, Terashima M, Shibukawa G, Takagi T, Takahashi Y, Sato A, Sato M, Ikeda T, Suzuki
R, Hikichi T, Obara K, Ohira H. Complete response of anaplastic pancreatic carcinoma to paclitaxel treatment selected
by chemosensitivity testing. Int J Clin Oncol 2010; 15: 310-313
[PMID: 20195681 DOI: 10.1007/s10147-010-0038-9]
P- Reviewer: Vetvicka V

WJG|www.wjgnet.com

856

S- Editor: Qi Y

L- Editor: Ma JY
E- Editor: Liu XM

January 21, 2014|Volume 20|Issue 3|

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748/wjg.v20.i3.857

World J Gastroenterol 2014 January 21; 20(3): 857-862
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

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

CASE REPORT

Primary effusion lymphoma-like lymphoma in a patient with
inflammatory bowel disease
Elchanan Nussinson, Fahmi Shibli, Azmi Shahbari, Wasseem Rock, Mazen Elias, Irit Elmalah
herein represents the first PEL-like lymphoma occurring
in a patient with IBD.
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Core tip: We report a case of primary effusion lymphoma (PEL)-like lymphoma in an elderly, male inflammatory bowel disease (IBD) patient on 6-mercaptopurine
(6-MP) treatment. This rare lymphoma subtype is
localized to serous body cavities without tumor mass
formation or nodal involvement, and has been previously reported in individuals with hepatitis C virus or
Epstein-Barr virus infection, in patients who underwent organ transplantation, and elderly patients This
novel case in an IBD patient illustrates the importance
of considering PEL-like lymphoma in IBD patients
treated with 6-MP and anti-tumor necrosis factor antibodies who subsequently develop serous body cavity
effusion.

Abstract
A 77-year-old man with inflammatory bowel disease
(IBD) and who was treated with anti-tumor necrosis
factor (TNF), 6-mercaptopurine and corticosteroids,
presented with primary effusion lymphoma-like lymphoma (PEL-like lymphoma) with massive ascites. The
patient’s clinical course was complicated by acute renal insufficiency and hypotension, which led to death
within 2 wk. In general, patients with IBD may have
an increased risk for development of lymphoma, which
is frequently associated with immunosuppressive and/
or anti-TNF antibody therapies. PEL is a rare subset of
lymphoma localized to serous body cavities, lacks tumor mass or nodal involvement, and is associated with
infection by human herpes virus 8 (HHV-8). Primary
neoplastic effusion may also be present in patients
with large B-cell lymphoma without evidence of human
immunodeficiency virus or HHV-8 infections. This type
of lymphoma is classified as PEL-like lymphoma. Both
PEL and PEL-like lymphoma types have been reported
in patients undergoing immunosuppressive therapy,
but to the best of our knowledge, the case described
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INTRODUCTION
Primary effusion lymphoma (PEL) and PEL-like lymphoma are rare subsets of B cell lymphoma. The infrequent
cases described in the literature have involved immunodeficient individuals [including patients positive for human
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immunodeficiency virus (HIV), who underwent transplant,
or were undergoing immunosuppressive treatment][1,2],
individuals with concomitant infection [including EpsteinBarr virus (EBV)[2-5] or hepatitis C virus (HCV)][2,4-10], cirrhotic[4,6,11] and elderly[4,6,12] individuals. To date however, no
case of these rare lymphomas has involved a patient with
inflammatory bowel disease (IBD).
Since its initial description as a distinct clinical entity in
1996[13], PEL has been classified as a subtype of lymphoma and characterized as strongly associated with human
herpes virus 8 (HHV-8) infection. In contrast, the PELlike lymphoma subtype, first described in 2008, appears
unrelated to HHV-8 infection[1]. Lymphoma is a recognized complication of IBD, most frequently occurring in
the form of diffuse large B cell lymphoma. Yet, according
to cohort population studies it is debatable whether IBD
patients have an increased risk of lymphoma compared
with the general population[14-27]. Thiopurine immunosuppressive therapy alone or in combination with anti-tumor
necrosis factor (TNF) antibody has rarely been associated
with the development of lymphoma in IBD[18-20,26-33]. In
young IBD patients, anti-TNF treatment may be associated with rare forms of T cell lymphoma, such as hepatosplenic lymphoma and natural killer T cell lymphoma[34-37].
Herein, we report the occurrence of PEL-like lymphoma in an elderly IBD patient on immunosuppressive therapy. The patient developed massive ascites, fluid
cytology of which showed CD20-, BCL2, and vimentin
positive large lymphocytes consistent with PEL-like lymphoma.

tial diagnosis and treatment of IBD showed no signs of
active endoscopic colitis, although diverticulosis of the
left colon and two small sporadic adenomas of the right
colon were observed, together with normal terminal ileum. Histopathological analysis of current biopsies taken
from the hepatic flexure to the rectum showed chronic
inflammation, crypt abscesses, and multinucleated giant
cells. Two years after the initial diagnosis of IBD (and 1
year before the most recent admission), treatment with
6-mercaptopurine (6-MP; 50 mg/d) was administered.
At the patient’s most recent clinic presentation, physical examination revealed diminished inspiratory breath
sounds on auscultation and increased dullness on percussion of the left lung field. Heart auscultation revealed
a mild systolic murmur in the mitral valve area. The
patient’s abdomen was distended and mildly tender in
the left lower quadrant, with slightly increased peristaltic
sounds. Shifting dullness consistent with moderate ascites was observed. No palpable organomegaly, masses, or
enlarged lymph nodes were detected.
The laboratory test results were as follows: elevated
CRP level (68 mg/dL); decreased hemoglobin level (11.6
g/dL); low hematocrit (34%; normal range: 38.8%50.0%); low white blood cell (WBC) count (2.09 × 103/
μL with 1400 neutrophils/μL; normal range: 3.50-10.50
× 103/μL); normal platelet count (232000/μL; normal
range: 150000-450000/μL); high erythrocyte sedimentation rate (20 mm/h; normal range: 0-17 mm/h); high
creatinine level (1.7 mg/dL; normal range: 0.5-1.1 mg/
dL); low serum protein level (5.02 g/dL; normal range:
6-8 g/dL); and low albumin level (2.7 g/dL; normal
range: 3.4-5.6 g/dL). Serum levels of alkaline phosphatase, glutamic oxaloacetic transaminase, glutamic pyruvic
transaminase, and lactate dehydrogenase were all within
normal range. Serum was negative for EBV (IgM), HCV,
hepatitis B virus (HBV) and HIV antibodies, and positive for cytomegalic virus IgM antibody with high avidity. Serologic tests for Brucella, Mycoplasma, and varicellazoster virus were negative. Carbohydrate antigen (CA)
19-9, carcinoembryonic antigen, and alpha-fetoprotein
levels were within normal range, whereas the CA125 level was high (516 U/mL; normal limit: < 35 U/mL). An
echocardiogram revealed suspicious vegetation on the
mitral valve, although this finding was later determined
to be incorrect. Urine culture identified Enterococcus bacteria and antibiotic therapy (amoxicillin and gentamicin)
was administered.
Over the next two weeks, the patient’s overall condition deteriorated. Increasing amounts of pleural effusion
and massive ascites developed. Chest and abdominal
computed tomography showed bilateral pleural effusion,
ascites and omental infiltration without enlarged masses
or lymph nodes (Figure 1). Doppler ultrasonography of
the portal, hepatic and femoral veins showed normal
flow without venous thrombosis. Ascites fluid analysis yielded the following results: elevated WBC count
(580 × 103/μL; normal limit: < 500 × 103/μL); normal
neutrophils count (30 × 103/μL; normal limit: < 250 ×

Case report
A 77-year-old man with a 3-year history of IBD presented with fever (peak at 39.5 ℃) and dyspnea. The ongoing IBD condition had been originally diagnosed following a sustained bout of severe and frequent bloody
diarrhea. The patient’s medical history included ischemic
heart disease and mitral valve annuloplasty due to mitral
valve thickening with myxomatous changes and significant regurgitation. At the initial admission, the patient’s
serum C-reactive protein (CRP) levels were markedly elevated (78 mg/dL) and the hemoglobin level was slightly
below the normal range (13.1 g/dL; normal: 13.8-17.2
g/dL). Colonoscopy showed active left-sided colitis and diverticulosis, and the colonoscopic biopsies showed chronic
ulcerative colitis.
An initial treatment of 5-aminosalicylate (4 g/d) had
been administered, but the patient showed no response
and oral corticosteroid therapy was initiated and provided good results. However, steroid dependency was
observed. A tuberculin test was normal and serological
tests for hepatitis C antibodies and hepatitis B surface
antigen were negative. Anti-TNF therapy (infliximab)
had then been initiated but produced only a moderate
response and was discontinued after the third dose due
to an allergic reaction and only a moderate response.
A second colonoscopy performed 1 year after the ini-
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Figure 1 Abdominal computed tomography scan showing marked ascites. No abdominal masses were observed.

103/μL); elevated monocytes count (180 × 103/μL; normal limit: < 9% of WBC); elevated atypical lymphocytes
count (140 × 103/μL; normal value: 0); normal glucose
(86 mg/dL; normal limit: > 50 mg/dL); near normal
total protein level (2.6 g/dL; normal limit: < 2.5 g/dL);
albumin level 1.5 g/dL; high lactate dehydrogenase level
(1260 U/L; normal limit: 0.6 of the serum level); normal
amylase level (26 U/L; normal limit: < 100 U/L); and
normal triglyceride level (16 mg/dL; normal limit: < 200
mg/dL).
Bacterial culturing of ascites fluid provided negative
results for all species tested, and polymerase chain reaction for Mycobacterium tuberculosis was negative. Cytologic
examination of the clear yellow ascites fluid showed
enlarged cells with large nuclei, macronucleoli, and
abundant cytoplasm (Figure 2A). Immunohistochemical
analysis showed negativity for HHV-8 latent nuclear antigen expression. Immunophenotypically, the cells were
positive for CD20 (Figure 2B), BCL-2 and vimentin.
Flow cytometry revealed CD20- and CD19-positive and
CD10-, CD38-, CD56-negative large B cells.
Collectively, these data were consistent with a diagnosis of large B cell lymphoma. After 10 d of admission the
patient developed hypotension with acute renal failure,
which was attributed to the gentamicin treatment. Despite
treatment with intravenous norepinephrine and ascites
fluid drainage with intravenous albumin infusion the renal
failure became aggravated. The patient underwent hemodialysis but succumbed to the lethal disease course at 14 d
after the most recent admission.

500 μm

Figure 2 Cytological analysis of the ascitic fluid. A: Papanicolaou staining showed a few large immunoblastic-like atypical cells with large nuclei and
prominent nucleoli (arrow). Magnification: × 400; B: Immunohistochemistry
staining showed large, CD20-positive lymphoid cells (arrow). Magnification: ×
400.

patients[18,19,29,30]. The standardized incidence ratio (relative to the normal population) for lymphoma in IBD
patients who were prescribed anti-TNF[32] was shown to
be 5.5, and in another study, a 3-fold higher frequency
of lymphoma was found amongst IBD patients given
anti-TNF[30]. However, even with the increased risk of
lymphoma in patients with IBD on thiopurine immunosuppression and anti-TNF therapy, the overall incidence
of lymphoma is low[19,29].
Several cases of drug-induced lymphomas in IBD patients are present in the literature, providing precedence
for the current case of 6-MP-related PEL-like lymphoma.
Indeed, IBD patients over the age of 65 have been characterized as having higher risk of lymphoma due to thiopurine treatment[18,19]. IBD patients under the age of 50
who received thiopurine have shown less frequent rates
of lymphoma, and these cases have been suggested to be
associated with infectious mononucleosis (EBV)[18,19,26,30].
Anti-TNF therapy in adolescent male IBD patients has
also been suggested as associated with development of
the rare hepatosplenic T cell lymphoma[34,36,37]; these T
cell-derived tumors are EBV-negative in IBD patients
and associated with very poor prognosis[19]. In addition,
hepatosplenic T cell lymphoma has been reported as a
rare complication in IBD patients and attributed to longterm thiopurine exposure[36]. Finally, a single case of
infliximab-induced natural killer T cell lymphoma (CD3-,
CD56-, CD30- and EBV-positive) in a young IBD pa-

DISCUSSION
An increased risk of lymphoma in IBD patients has been
reported in several studies[14-20,33,38,39]; in contrast, more
recent studies did not show a significantly increased risk
of lymphoma in IBD patients compared with the general
population[16,17,20-27,38]. Thus, the high risk of lymphoma in
IBD patients compared with the general population is still
debated. However, the use of thiopurine and anti-TNF
alone or in combination is known to be associated with
a 2.6- to 5.28-fold increased risk of lymphoma in IBD
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tient was reported recently[35].
PEL is a relatively rare subtype of B cell lymphoma,
accounting for approximately 0.3% of non-Hodgkin’s
lymphoma in HIV-negative individuals and approximately
4% of non-Hodgkin’s lymphoma in HIV-positive patients.
Generally, PEL develops in HHV-8-positive patients and
may be associated with HIV infection[40]. It is characterized by the involvement of serous body cavities and presents as pleural, peritoneal, and pericardial effusion with
no tumor mass or nodal involvement[2,11]. Its phenotypic
characterization includes negative expression of B celland T cell-associated antigens (such as the classic B-cell
markers CD20 and BCL-2[1,41,42]) and positive expression
of activation markers (such as CD30, CD38 and CD71)
and epithelial membrane antigen and plasma cell markers
(such as CD138)[2,5]. However, immunophenotyping studies have shown that it is represented by a monoclonal B
cell population[42].
HHV-8 and EBV viral infections are considered etiological factors for the development of PEL. Several
possible mechanisms may explain how HHV-8 promotes
oncogenesis in PEL. First, expression of the viral homologue of cyclin D, a latent gene product of the HHV-8
genome in infected cells, can lead to uncontrolled cell division[3]. Second, the HHV-8 encoded protein latency associated nuclear antigen (LANA)-1 exerts its oncogenic
activities by binding to the tumor suppressor protein,
p53[43]. Third, LANA-1 is also known to block the transforming growth factor-beta signaling pathway[44]. Finally,
another HHV-8 encoded protein, LANA-2, is known to
inhibit apoptosis[44].
EBV may also induce B cell proliferation and posttransplantation lymphoproliferative disorder through
the EBV-associated protein latent membrane protein-1,
which causes cell growth and transformation[45,46]. While
EBV-related lymphoma has been described in IBD patients treated with thiopurines[46,47] and the majority of
PEL cases in the literature show evidence of EBV infection, the precise role of this virus in PEL oncogenesis
remains unclear.
According to the World Health Organization, PEL
is only related to HHV-8-positive primary lymphomatous effusion[1]. However, primary neoplastic effusion has
also been demonstrated in cases of Burkitt’s lymphoma
(CD10-positive) and of large B cell lymphoma (HIVnegative and HHV-8-independent)[1]. In the present case,
the lymphomatous effusion cells were found to be devoid
of HHV-8 infection and displayed morphological and immunophenotypic features of large B cell lymphoma, consistent with the diagnosis of PEL-like lymphoma[1,41].
The majority of PEL-like lymphoma cases reported
in the literature mainly involve elderly or immunocompromised patients [1,2,11,40]. Those cases involving immunocompetent patients show a trend of concomitant
HCV or EBV infection (19%-42% of patients)[1,2,5,7-11].
HCV infection may cause PEL-like lymphoma by involvement of the CD81 antigen on the cell surface of B
cells, which binds to HCV and triggers polyclonal B cell
expansion. Subsequent genetic changes may contribute
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to the development of B cell lymphoma; for example,
overexpression of BCL-2 (an anti-apoptotic factor) and
HCV-induced translocation can result in deregulation of
PAX5 gene transcription (which encodes the B cell specific antigen)[4,7-10,48]. However, the present case showed
no evidence of infection with HCV or EBV.
PEL-like lymphoma accounts for 20% of PEL
cases[12]. The definite molecular pathways that underlie
the development of malignant lymphomatous effusion in
PEL-like lymphoma are still unknown, but are probably
similar to those of B cell lymphoma and may include genetic changes such as immunoglobulin and cMYC gene rearrangement (translocations), mutations in the BCL-6 and
P53 genes (pro-apoptotic factor)[2,49-51], and trisomy 8[2,4].
The outcome of HIV-negative, HHV-8-unrelated
PEL-like lymphoma is better (median survival: 6-10 mo;
1-year survival rate: 35%) than that of HIV-positive
PEL (median survival: 4 mo; 1-year survival rate: 17%)[2].
Treatment for PEL includes combination chemotherapy
with cyclophosphamide, doxorubicin, vincristine and
prednisone, to which adjunctive treatment with rituximab
(anti-CD20 antibody) may be added for PEL-like lymphoma to achieve improved outcomes[3,52,53]. Our patient
did not receive chemotherapy because he was critically
ill with hypotension and renal failure at the time of diagnosis, which was established only a few days before his
death.
In conclusion, we have described the first case of
PEL-like lymphoma in an elderly IBD patient on immunosuppressive and biological therapy. We suggest that
PEL-like lymphoma can be considered as an additional
subset of lymphoma that may rarely complicate the
course of IBD treated with immunosuppressive and biologic agents.
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Core tip: Gastrointestinal stromal tumors (GISTs) tend
to arise with a higher frequency in the stomach and the
small bowel. In fewer than 5% of cases, they originate
primarily from EGISTs. Among them, pancreatic GIST is
very rare, with only 14 previous cases reported. Here,
we report two cases of malignant pancreatic GIST and
review the cases previously reported in the literature.
Tian YT, Liu H, Shi SS, Xie YB, Xu Q, Zhang JW, Zhao DB,
Wang CF, Chen YT. Malignant extra-gastrointestinal stromal
tumor of the pancreas: Report of two cases and review of the
literature. World J Gastroenterol 2014; 20(3): 863-868 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/i3/863.
htm DOI: http://dx.doi.org/10.3748/wjg.v20.i3.863

Abstract
Gastrointestinal stromal tumors (GISTs) are mesenchymal tumors that arise from the gastrointestinal tract. In
rare cases, these tumors are found in intra-abdominal
sites unrelated to the gastrointestinal tract, such as the
mesentery, omentum and retroperitoneum. However,
pancreatic extra-gastrointestinal stromal tumors are
extremely rare, with only 14 previous cases reported.
A 61-year-old man with no clinical symptoms had a
routine check-up, during which an abdominal mass
located in the pancreas tail was detected. Abdominal
surgery was performed with resection of the pancreas
tail and the spleen, and he was diagnosed with lowrisk GISTs. Another 60-year-old man with no clinical
symptoms underwent Computed tomography which
revealed a well-demarcated tumor, 6 cm in diameter,
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INTRODUCTION
Gastrointestinal stromal tumors (GISTs) are mesenchymal neoplasms of gastrointestinal tract, which may occur
along the entire length of gastrointestinal tract from the
mouth cavity to the anus, and sometimes in the omentum, mesentery, and retroperitoneum[1-4]. They are characterized by high expression of CD-117, a protein encode
by c-kit gene. C-kit gene is expressed in 95% of cases;
and 60%-70% of tumors are CD34-positive. Pancreatic
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Figure 1 An abdominal mass was detected by ultrasound in a 61-year-old man with no clinical symptoms. A: Enhanced abdominal computed tomography
scan showed a solid mass of the pancreatic body, and the tumor located at pancreas tail next to splenic artery; B: The tumor was composed of spindle cell (HE, ×
200); C: Immunoreactivity of the tumor cells for CD117 was positive (+) (SP × 100); D: Immunoreactivity of the tumor cells for CD34 was positive (++) (SP × 200).

GISTs are extremely rare, and only 11 cases have been reported in English literature[5-14], two in France literature[15],
and only one in Chinese literature[16]. We report two cases
of malignant pancreatic GIST and review the cases previously reported in the literature.

tumor). The patient had no evidence of recurrence or
metastasis during the follow-up > 36 mo after operation.
Case 2
A 60-year-old-man with no clinical symptoms underwent
CT (Figure 2A), which revealed a well-demarcated tumor
of 3 cm × 5 cm × 5 cm, in the head of the pancreas. A
classic Whipple pancreaticoduodenectomy was considered. However, the tumor was found in the uncinate process of pancreas during the operation, sized 4 cm × 5 cm
× 6 cm, with part of capsule, and no swollen lymph node
was found around the tumor. Benign pancreatic islet cell
tumor or duodenal leiomyoma was considered during the
operation, and cytology fine needle aspiration did not find
any tumor cells. As such, local resection of the tumor was
performed. On intraoperative examination, the surgical
margin was negative. The patient recovered without any
complications. Microscopically, the tumor was composed
of spindle cells (Figure 2B). The mitotic count was more
5 mitoses/50 high-power fields. Immunohistochemical
staining showed immunoreactivity for CD117 (c-Kit)
(Figure 2C), and S100 protein, whereas cells were completely negative for smooth muscle actin, synaptophysin,
and cytokeratin. Immunohistochemical staining showed
that DOG-1 (Figure 2D) was positive. The patient was
diagnosed with GISTs (high-risk tumor). Unfortunately,
the patient refused to take imatinib because of poor
economic status. One year later, multiple nodules about
0.3-2.0 cm were found on the liver surface. The biggest

CASE REPORT
Case 1
A 61-year-old man with no clinical symptoms had a routine physical examination, during which an abdominal
mass was detected by ultrasound. Abdominal computed
tomography (CT) revealed a 3 cm × 5 cm mass which is
located in the pancreas tail next to the splenic artery (Figure 1A). We did not see any metastasis in the abdominal
and pelvic cavity. The tumor was located in pancreatic
body-tail，measured 6 cm × 8 cm，and infiltrated the
pancreatic tissues. As a result of the unclear nature of the
tumor and its close relationship to the splenic artery, a
distal pancreatectomy with splenectomy was performed.
Inoperative cytology fine needle aspirations found no
tumor cells. Microscopically, the tumor was composed of
spindle cells (Figure 1B). The mitotic count was minor
5 mitoses/50 high-power fields. Immunohistochemical staining showed immunoreactivity for CD117 (cKit) (Figure 1C), CD34 (Figure 1D), and s-100 protein,
whereas cells were completely negative for DOG-1,
Desmin, NF, synaptophysin, chromogranin A and cytokeratin. The patient was diagnosed with GISTs (low-risk
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Figure 2 A 60-year-old man with no clinical symptoms underwent computed tomography. A: Enhanced abdominal computed tomography scan showed a solid
mass in the pancreatic head; B: The tumor was composed of spindle cell (HE, × 200); C: Immunoreactivity of the tumor cells for CD117 was positive (+) (SP × 200); D:
Immunoreactivity of the tumor cells for DOG-1 was positive (+++) (SP × 200).

liver lesion of approximately 2 cm was found in an abdominal CT scan. An excision biopsy showed spindleshaped tumor cells with atypia, and pancreatic stromal tumor with liver metastasis was considered. The patient was
started on imatinib (400 mg bid). The last follow-up on
radiology three years after the detection of the metastasis,
the patient was found with no disease progression.

The clinical presentation of pancreatic GISTs varies
greatly depending on their size and the presence of mucosal ulceration. The clinical symptoms include abdominal pain, early satiety, flatulence, ileus, bleeding, anemia,
and weight loss. Among the previous 14 cases, seven
patients experienced epigastric pain, two weaknesses or
fatigue, and one nausea and vomiting, whereas four patients had no obvious symptoms, and the tumors were
found incidentally. Our two cases had no clinical symptoms, but both underwent CT scanning. Additionally, the
patients with tumors located in pancreas head or uncinate
process did not have jaundice[5,9,12,13,15], even the tumor
size reached nearly 10 cm[9]. Therefore, we conclude that
pancreatic GISTs’ presentations are concealed, and it is
hard to find the tumors in the early stage.
The manifestations of pancreatic GIST are the same
as soft tissue tumors. Benign tumors are more definite,
their boundaries are clearer and smoother; small tumors
typically appear as homogeneous soft tissue masses, while
larger tumors often have necrotic centers. Stromal tumors
are hypervascular and have no regional lymph node metastasis. These two characteristics are different from those
of pancreatic cancer. According to the literature, most
pancreatic GISTs cases were diagnosed by surgical biopsy. Endoscopic ultrasound-guided fine needle aspiration
(EUS-FNA) is an accurate method of diagnosis. Yan et
al[13] and Harindhanavudhi et al[14] had performed an EUSFNA biopsy on a pancreatic GIST patient, respectively,
which showed that tumor was composed of spindle cells,

DISCUSSION
GISTs tend to arise with a higher frequency in the stomach and the small bowel. In fewer than 5% of cases, they
originate primarily from extra-gastrointestinal tumors
(EGISTs). Among them, pancreatic GIST is very rare,
with only 14 previous cases reported (Table 1).
The 14 patients with pancreatic GISTs previously
reported aged from 35 to 70 years, averaging 54.2 years,
and nine were female. CA19-9 and CEA were mostly
normal, which is different from pancreas cancer.
The origin of GISTs currently remains controversial. Most scholars believe that it may originate in Cajal
interstitial cells (the gastrointestinal tract pacemaker
cells). The expression of tyrosine kinase transmembrane
receptor protein c-kit (CD117) is positive in almost all
cases of GIST, and this also applies to the pancreas; and
60%-70% of tumors are CD34-positive[8]. Among the 14
cases reported, only one case was CD117 negative in immunohistochemical staining[9], and CD34 was also negative in our cases.
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Table 1 Previous cases report of Pancreatic gastrointestinal stromal tumor
Ref.

Presentation

Boyer et al[15]
2001

Abdominal
pain

2

Epigastric pain,
bloating,
weight loss

1

Yamaura et al[7]
2004

Incidental
finding

1

Krska et al[8]
2005

Abdominal
pain

1

Pauser et al[11]
2005

Incidental
finding/
abdominal
discomfort

2

Daum et al[9]
2005

Incidental
finding

1

Incidental
finding on
workup for
back pain
Nausea and
vomiting

1

1

Uncinate
process

Harindhanavudhi
et al[14]
2009
Trabelsi et al[12]
2009

Fatigue and
weakness

1

Body

Abdominal
pain

1

Head

Vij et al[5]
2011

Weakness,
postprandial

1

Head

Rubin et al[16]
2011

fullness and
pain
abdominal pain

1

Body and
tail

Present case 1

Incidental
finding

1

Tail

Present case 2

Incidental
finding

1

Head

Neto et al[6]
2004

Showalter et al[10]
2008

Yan et al[13]
2008

Case No. Location in Pathological and immunohistochemical
pancreas
findings

WJG|www.wjgnet.com

Both of two
A 5.0 cm solid mass with central
cases were necrosis; positive for CD117 and CD34;
in the head
negative for S100
Body
A 20.0 cm solid cystic mass with
necrotic foci; mitotic count (120/50
HPF); positive for CD117 and CD34;
negative for cytokeratins 7 and 20,
desmin and synaptophysin
Tail
A 14.0 cm solid mass with cystic
degeneration; few mitoses; positive for
CD34 and vimentin; negative for SMA
and S100
Body and
A 17.0 cm mass; mitotic count: 1/50
head
HPF; positive for CD34 and vimentin;
negative for S100, chromogranin, actin,
and CD117
Tail and
A 3.0 cm solid mass with positive for
body
CD117 and CD34, cell negative for
SMA;
A 2.0 cm solid mass with positive for
CD117 and CD34, cell negative for
SMA
Head
A 10.0 cm mass with central
hemorrhage mitotic count: 2/50 HPF;
negative for CD117, vimentin, actin,
S100, CD34, desmin, and cytokeratins
Tail
A 7.0 cm solid mass; mitotic count:
3/50 HPF; positive for CD117; negative
for S100 protein and SMA

Therapy

Follow-up

Biopsy of liver
lesion and partial
duodenopancreatectomy;
Distal pancreatectomy and
splenectomy; treated with
imatinib mesylate

NA

Distal pancreatectomy
splenectomy, and partial
gastrectomy
Partial pancreatectomy

No evidence of disease
recurrence at 30 mo

Distal pancreatectomy
splenectomy, and partial
gastrectomy

No evidence of disease
at 24 and 48 mo

Whipple procedure;
imatinib

No evidence of disease
recurrence at 6 mo

Laparoscopic distal
pancreatectomy and
splenectomy

No evidence of disease
recurrence at 27 mo

A 2.4 cm pancreatic mass with spindle
NA
cells and mild atypia; positive for
CD117; negative for desmin
A 16.0 cm × 11.0 cm solid cystic mass; Exploratory laparotomy
positive for CD117, CD34
with cystojejunostomy and
biopsy of cyst wall
A 10.5 cm × 8.0 cm × 3.0 cm mass with Hemipancreaticoduodenec
spindle and epithelioid cells Mitotic: tomy with antrectomy and
6/50 HPF. Positive for CD117 (c-Kit)
partial colectomy
and CD34, negative for SMA, S100,
synaptophysin and cytokeratins
A 6.5 cm × 6.0 cm solid mass with
Whipple procedure;
pleomorphic Spindle cells; mitosis:
Imatinib on protocol
12-15/50 HPF; positive for CD117;
negative for CD34, SMA, desmin, S100
and cytokeratins
A 25.0 cm × 30.0 cm solid mass
Distal pancreatectomy
positive for CD117, CD34 and VIM;
splenectomy
negative for S100, NF, DES, SMA, and
CK
A 6.0 cm × 8.0 cm solid mass with
Distal pancreatectomy
spindle cells mitotic: < 5/50 HPF;
splenectomy
positive for CD117, CD34, and s-100
protein, negative for DOG-1, Desmin,
NF, synaptophysin, Chromogranin A
and cytokeratin
A 4.0 cm × 5.0 cm × 6.0 cm solid
Pancreatic head tumor
mass with spindle cells mitosis: >
resection
5/50 HPF. Positive for CD117, S100
protein and DOG-1, negative for SMA,
synaptophysin, and cytokeratin

866

Recurrence with
peritoneal and
retroperitoneal nodal
disease 1 mo after
surgery
No evidence of disease
recurrence at 30 mo

NA

NA

No evidence of disease
recurrence at 10 mo

Developed liver
metastasis 24 mo after
surgery

NA

No evidence of disease
recurrence at 36 mo

Developed liver
metastasis 12 mo after
surgery progression-free
survival for 36 mo after
two times of TACE and
oral imatinib
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and immunohistochemistry showed that it was strongly
positive for CD117, resulting in a preoperative diagnosis
of pancreatic stromal tumor. The result was consistent
with the postoperative pathological diagnosis.
In terms of the pathology of pancreatic stromal tumors, most undergo expansive growth, resulting in clearly
isolated round or oval lumps. Tumors have a diameter of
2-30 cm, averaging about 10 cm according to the previous literature and are encapsulated with a smooth surface
or adhesion with the surrounding tissues that are rich in
blood vessels. The tumor section was flat, gray or grayred because of collagen in blood vessels, and hemorrhage. Other changes after dissolution, such as granular
surface or presence of small indentation, are different
from the smooth muscle tumors; it does not show outward protrusion or swirling, but is soft and delicate, some
are even fish-like. GISTs may have hemorrhage, necrosis,
cystic degeneration, and other secondary changes, especially when the tumor is large. But it does not lead to
malignancy.
Pancreatic GISTs are mainly composed of spindle
cells. Malignant GISTs cells have different degrees of
atypia, and mitotic figures are visible. Pancreatic GISTs are
different from typical smooth muscle and nerve sheath tumors. Immune markers are expressed at low levels, such as
smooth muscle actin (30%-40%), desmin (< 5%), neuron
specific enolase and S-100 (< 5%). C-Kit gene is expressed
in 95% of cases, making it a characteristic of GISTs. And
60%-70% of tumors are CD34-positive[16].
Pancreatic GISTs can be divided into very low, low,
intermediate and high risk of metastases according to the
tumor size and mitotic counts on histology and immunohistochemistry. Tumors larger than 5 cm with more than
5 mitoses per 50 HPF and tumors larger than 10 cm,
regardless of mitotic count, should be considered as lesions with high risk of malignancy[17]. It was assumed that
most tumors reported were of high risk (9/14), which
may be related to the symptom concealing and expansive growth. The biggest pancreatic GIST reported was
nearly 30 cm[15]. However, the patient only presented with
a symptom of abdominal uncomfortableness. Moreover,
pancreatic GISTs easily develop liver metastasis. In our
second case, multiple metastatic nodules were found one
year after surgery.
Surgery remains the preferred treatment for pancreatic stromal tumors[9]. Pancreaticoduodenectomy is feasible
when there are stromal tumors of the pancreatic head[15].
If the tumor is small with clear boundaries or the patient
cannot tolerate pancreaticoduodenectomy, duodenumpreserving pancreatic head resection or simple tumor
excision can also be applied. GISTs and EGISTs regional
lymph node metastases are rare; thus, regional lymph
node dissection is not required generally in surgery[15].
Imatinib (Gleevec), which is an inhibitor of the tyrosine kinase activity of C-Kit, has revolutionized the
treatment of this disease and the overall median survival
now reaches 5 years[18]. For large GISTs, Gleevec before
surgery can reduce tumor burden, increase the rate of
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complete resection of the tumor, and help improve prognosis[19]. For metastatic or unresectable GISTs, imatinib
treatment can significantly reduce the tumor size as well
as improve survival rate[20]. Three cases of pancreatic
GISTs had been reported taking imatinib after liver metastasis was found, and all these patients had at least a
2-year progression-free survival. Our second case took
imatinib (400 mg/d) for only two months because of
poor economic status, while the patient also had a progression-free survival for 3 years.
Many factors can affect the prognosis of pancreatic
stromal tumors, such as age, location, cell differentiation,
C-Kit gene mutations, DNA factors, histological grade,
and p53. The prognosis of pancreatic stromal tumors is
closely related to the biological behavior of tumors. Four
of the 14 studies did not give the information of followup[13-16]. Eight cases were found no evidence of recurrence during follow-up (the minimum period of followup was six months)[7-12]. Neto et al[6] reported a case of
peritoneal and retroperitoneal nodal disease with recurrence one month after surgery. Vij et al[5] reported one
case with liver metastasis 24 mo after surgery. In the present study, in the second case, liver metastases occurred
after 1 year; but intervention and treatment with imatinib
led to a good survival. The median survival of patients
with liver metastasis from pancreatic cancer is only about
6 mo. It is obvious that the prognosis of this tumor is
significantly better than that of pancreatic cancer.
In short, pancreatic stromal tumor is rare. The lack of
specific clinical manifestations, hypervascular tumor, and
regional lymph node metastases, is slightly different from
the pancreatic tumor in the imaging characteristics of
the two cases. Surgical resection resulted in a significantly
better prognosis than that of pancreatic cancer.
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Case characteristics

The two cases presented no clinical symptoms, but both of them underwent
computed tomography (CT).

Clinical diagnosis

Both of the two cases were diagnosed with pancreatic tumor.

Differential diagnosis

The two pancreatic Gastrointestinal stromal tumors (GISTs) were diagnosed using immunohistochemical staining.

Imaging diagnosis

Case 1: Abdominal CT revealed a 3 cm × 5 cm mass which is located in the
pancreas tail next to the splenic artery; Case 2: Abdominal CT revealed a welldemarcated tumor, 3 cm × 5 cm × 5 cm, in the head of the pancreas.

Pathological diagnosis

Case 1: The patient was diagnosed with a low-risk GIST; Case 2: The patient
was diagnosed with a high-risk GIST.

Treatment

Case 1: underwent distal pancreatectomy with splenectomy; Case 2: underwent
a tumor local resection; the patient was started on imatinib (400 mg bid) when
multiple liver metastases were found one year after surgery.

Term explanation

GISTs are mesenchymal tumors that arise from the gastrointestinal tract.

Experiences and lessons

Pancreatic GIST is very rare, with only 14 previous cases reported. Here, we
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reported in the literature.
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(no more than 26 words).

Acknowledgments
Brief acknowledgments of persons who have made genuine
contributions to the manuscript and who endorse the data and
conclusions should be included. Authors are responsible for
obtaining written permission to use any copyrighted text and/or
illustrations.

REFERENCES

Coding system
The author should number the references in Arabic numerals according to the citation order in the text. Put reference numbers
in square brackets in superscript at the end of citation content or
after the cited author’s name. For citation content which is part of
the narration, the coding number and square brackets should be
typeset normally. For example, “Crohn’s disease (CD) is associated with increased intestinal permeability[1,2]”. If references are
cited directly in the text, they should be put together within the
text, for example, “From references[19,22-24], we know that...”.
When the authors write the references, please ensure that
the order in text is the same as in the references section, and also
ensure the spelling accuracy of the first author’s name. Do not list
the same citation twice.

Key words
Please list 5-10 key words, selected mainly from Index Medicus,
which reflect the content of the study.
Core tip
Please write a summary of less than 100 words to outline the
most innovative and important arguments and core contents
in your paper to attract readers.
Text
For articles of these sections, original articles and brief articles,
the main text should be structured into the following sections:
INTRODUCTION, MATERIALS AND METHODS, RESULTS and DISCUSSION, and should include appropriate Figures and Tables. Data should be presented in the main text or in
Figures and Tables, but not in both.

WJG|www.wjgnet.com

PMID and DOI
Pleased provide PubMed citation numbers to the reference list,
e.g., PMID and DOI, which can be found at http://www.ncbi.
nlm.nihgov/sites/entrez?db=pubmed and http://www.crossref.

IV

January 21, 2014|Volume 20|Issue 3|

Instructions to authors

section analysis in revision total joint arthroplasty. Clin
Orthop Relat Res 2002; (401): 230-238 [PMID: 12151900
DOI:10.1097/00003086-200208000-00026]
No volume or issue
9 Outreach: Bringing HIV-positive individuals into care.
HRSA Careaction 2002; 1-6 [PMID: 12154804]

org/SimpleTextQuery/, respectively. The numbers will be used
in E-version of this journal.
Style for journal references
Authors: the name of the first author should be typed in boldfaced letters. The family name of all authors should be typed
with the initial letter capitalized, followed by their abbreviated
first and middle initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-Rong Pan as Pan BR). The title of the
cited article and italicized journal title (journal title should be
in its abbreviated form as shown in PubMed), publication date,
volume number (in black), start page, and end page [PMID:
11819634 DOI: 10.3748/wjg.13.5396].

Books
Personal author(s)
10 Sherlock S, Dooley J. Diseases of the liver and billiary
system. 9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11 Lam SK. Academic investigator’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York:
Marcel Dekker, 1991: 431-450
Author(s) and editor(s)
12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March
of Dimes Education Services, 2001: 20-34
Conference proceedings
13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V. Proceedings of the 5th Germ cell tumours Conference; 2001 Sep 13-15; Leeds, UK. New York: Springer, 2002:
30-56
Conference paper
14 Christensen S, Oppacher F. An analysis of Koza’s compu
tational effort statistic for genetic programming. In: Foster
JA, Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic programming. EuroGP 2002: Proceedings of the 5th
European Conference on Genetic Programming; 2002 Apr
3-5; Kinsdale, Ireland. Berlin: Springer, 2002: 182-191
Electronic journal (list all authors)
15 Morse SS. Factors in the emergence of infectious diseases.
Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05;
1(1): 24 screens. Available from: URL: http://www.cdc.gov/
ncidod/eid/index.htm
Patent (list all authors)
16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee.
Flexible endoscopic grasping and cutting device and positioning tool assembly. United States patent US 20020103498.
2002 Aug 1

Style for book references
Authors: the name of the first author should be typed in boldfaced letters. The surname of all authors should be typed with the
initial letter capitalized, followed by their abbreviated middle and
first initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS,
Bo-Rong Pan as Pan BR) Book title. Publication number. Publication place: Publication press, Year: start page and end page.
Format
Journals
English journal article (list all authors and include the PMID where applicable)
1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung F. Evaluation of quantitative
contrast harmonic imaging to assess malignancy of liver
tumors: A prospective controlled two-center study. World J
Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224 DOI:
10.3748/wjg.13.6356]
Chinese journal article (list all authors and include the PMID where applicable)
2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic effect of Jianpi Yishen decoction in treatment of Pixudiarrhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287
In press
3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M.
Signature of balancing selection in Arabidopsis. Proc Natl
Acad Sci USA 2006; In press
Organization as author
4 Diabetes Prevention Program Research Group. Hyper
tension, insulin, and proinsulin in participants with impaired
glucose tolerance. Hypertension 2002; 40: 679-686 [PMID:
12411462 PMCID:2516377 DOI:10.1161/01.HYP.00000
35706.28494.09]
Both personal authors and an organization as author
5 Vallancien G, Emberton M, Harving N, van Moorselaar RJ;
Alf-One Study Group. Sexual dysfunction in 1, 274 European men suffering from lower urinary tract symptoms. J Urol
2003; 169: 2257-2261 [PMID: 12771764 DOI:10.1097/01.
ju.0000067940.76090.73]
No author given
6 21st century heart solution may have a sting in the tail. BMJ
2002; 325: 184 [PMID: 12142303 DOI:10.1136/bmj.325.
7357.184]
Volume with supplement
7 Geraud G, Spierings EL, Keywood C. Tolerability and
safety of frovatriptan with short- and long-term use for
treatment of migraine and in comparison with sumatriptan. Headache 2002; 42 Suppl 2: S93-99 [PMID: 12028325
DOI:10.1046/j.1526-4610.42.s2.7.x]
Issue with no volume
8 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen

WJG|www.wjgnet.com

Statistical data
Write as mean ± SD or mean ± SE.
Statistical expression
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Abbreviations
Standard abbreviations should be defined in the abstract and
on first mention in the text. In general, terms should not be abbreviated unless they are used repeatedly and the abbreviation
is helpful to the reader. Permissible abbreviations are listed in
Units, Symbols and Abbreviations: A Guide for Biological and
Medical Editors and Authors (Ed. Baron DN, 1988) published
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EDTA, mAb, can be used directly without further explanation.
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agreement, responses to the reviewers, and English language
Grade A certificate (for non-native speakers of English), should
be submitted to the online system via the link contained in the
e-mail sent by the editor. If you have any questions about the
revision, please send e-mail to esps@wjgnet.com.

PUBLICATION FEE

WJG is an international, peer-reviewed, open access, online journal.
Articles published by this journal are distributed under the terms
of the Creative Commons Attribution Non-commercial License,
which permits use, distribution, and reproduction in any medium,
provided the original work is properly cited, the use is non commercial and is otherwise in compliance with the license. Authors of
accepted articles must pay a publication fee. Publication fee: 1365
USD per article. All invited articles are published free of charge.

Language evaluation
The language of a manuscript will be graded before it is sent for
revision. (1) Grade A: priority publishing; (2) Grade B: minor

WJG|www.wjgnet.com

VI

January 21, 2014|Volume 20|Issue 3|

Published by Baishideng Publishing Group Co., Limited
Flat C, 23/F., Lucky Plaza,
315-321 Lockhart Road, Wan Chai, Hong Kong, China
Fax: +852-65557188
Telephone: +852-31779906
E-mail: bpgoffice@wjgnet.com
http://www.wjgnet.com

I S S N 1 0  0 7  -   9  3 2  7
03
9 7 7 10  0 7   9 3 2 0 45

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

ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

World Journal of
Gastroenterology
World J Gastroenterol 2014 January 28; 20(4): 869-1126

www.wjgnet.com

Editorial Board
2014-2017
The World Journal of Gastroenterology Editorial Board consists of 1339 members, representing a team of worldwide
experts in gastroenterology and hepatology. They are from 67 countries, including Albania (1), Argentina (7),
Australia (31), Austria (9), Belgium (10), Brazil (20), Brunei Darussalam (1), Bulgaria (2), Cambodia (1), Canada
(25), Chile (4), China (158), Croatia (1), Cuba (1), Czech (6), Denmark (2), Egypt (9), Estonia (2), Finland (5), France
(17), Germany (56), Greece (31), Guatemala (1), Hungary (14), Iceland (1), India (32), Indonesia (2), Iran (9), Ireland
(9), Israel (17), Italy (193), Japan (151), Jordan (1), Kuwait (1), Lebanon (7), Lithuania (1), Malaysia (1), Mexico (10),
Morocco (1), Netherlands (5), New Zealand (4), Nigeria (3), Norway (6), Pakistan (6), Poland (12), Portugal (8),
Puerto Rico (1), Qatar (1), Romania (9), Russia (3), Saudi Arabia (2), Singapore (7), Slovenia (2), South Korea (63),
Spain (51), Sri Lanka (1), Sudan (1), Sweden (12), Switzerland (5), Thailand (7), Trinidad and Tobago (1), Tunisia
(2), Turkey (56), United Kingdom (47), United States (171), Venezuela (1), and Vietnam (1).

EDITORS-IN-CHIEF
Stephen C Strom, Stockholm
Saleh A Naser, Orlando
Andrzej S Tarnawski, Long Beach
Damian Garcia-Olmo, Madrid
GUEST EDITORIAL BOARD
MEMBERS
Jia-Ming Chang, Taipei
Jane CJ Chao, Taipei
Kuen-Feng Chen, Taipei
Tai-An Chiang, Tainan
Yi-You Chiou, Taipei
Seng-Kee Chuah, Kaohsiung
Wan-Long Chuang, Kaohsiung
How-Ran Guo, Tainan
Ming-Chih Hou, Taipei
Po-Shiuan Hsieh, Taipei
Ching-Chuan Hsieh, Chiayi county
Jun-Te Hsu, Taoyuan
Chung-Ping Hsu, Taichung
Chien-Ching Hung, Taipei
Chao-Hung Hung, Kaohsiung
Chen-Guo Ker, Kaohsiung
Yung-Chih Lai, Taipei
Teng-Yu Lee, Taichung City
Wei-Jei Lee, Taoyuan
Jin-Ching Lee, Kaohsiung
Jen-Kou Lin, Taipei
Ya-Wen Lin, Taipei
Hui-kang Liu, Taipei
Min-Hsiung Pan, Taipei
Bor-Shyang Sheu, Tainan
Hon-Yi Shi, Kaohsiung
Fung-Chang Sung, Taichung
Dar-In Tai, Taipei
Jung-Fa Tsai, Kaohsiung

WJG|www.wjgnet.com

Yao-Chou Tsai, New Taipei City
Chih-Chi Wang, Kaohsiung
Liang-Shun Wang, New Taipei City
Hsiu-Po Wang, Taipei
Jaw-Yuan Wang, Kaohsiung
Yuan-Huang Wang, Taipei
Yuan-Chuen Wang, Taichung
Deng-Chyang Wu, Kaohsiung
Shun-Fa Yang, Taichung
Hsu-Heng Yen, Changhua
MEMBERS OF THE EDITORIAL
BOARD

Albania
Saadi Berkane, Algiers

Argentina
N Tolosa de Talamoni, Córdoba
Eduardo de Santibanes, Buenos Aires
Bernardo Frider, Capital Federal
Guillermo Mazzolini, Pilar
Carlos Jose Pirola, Buenos Aires
Bernabé Matías Quesada, Buenos Aires
María Fernanda Troncoso, Buenos Aires

Michael Beard, Adelaide
Filip Braet, Sydney
Guy D Eslick, Sydney
Christine Feinle-Bisset, Adelaide
Mark D Gorrell, Sydney
Michael Horowitz, Adelaide
Gordon Stanley Howarth, Roseworthy
Seungha Kang, Brisbane
Alfred King Lam, Gold Coast
Ian C Lawrance, PerthFremantle
Barbara Anne Leggett, Brisbane
Daniel A Lemberg, Sydney
Rupert W Leong, Sydney
Finlay A Macrae, Victoria
Vance Matthews, Melbourne
David L Morris, Sydney
Reme Mountifield, Bedford Park
Hans J Netter, Melbourne
Nam Q Nguyen, Adelaide
Liang Qiao, Westmead
Rajvinder Singh, Adelaide
Ross Cyril Smith, StLeonards
Kevin J Spring, Sydney
Debbie Trinder, Fremantle
Daniel R van Langenberg, Box Hill
David Ian Watson, Adelaide
Desmond Yip, Garran
Li Zhang, Sydney

Austria
Australia
Golo Ahlenstiel, Westmead
Minoti V Apte, Sydney
Jacqueline S Barrett, Melbourne



Felix Aigner, Innsbruck
Gabriela A Berlakovich, Vienna
Herwig R Cerwenka, Graz
Peter Ferenci, Wien

January 22, 2014

Alfred Gangl, Vienna
Kurt Lenz, Linz
Markus Peck-Radosavljevic, Vienna
Markus Raderer, Vienna
Stefan Riss, Vienna

Belgium
Michael George Adler, Brussels
Benedicte Y De Winter, Antwerp
Mark De Ridder, Jette
Olivier Detry, Liege
Denis Dufrane Dufrane, Brussels
Nikos Kotzampassakis, Liège
Geert KMM Robaeys, Genk
Xavier Sagaert, Leuven
Peter Starkel, Brussels
Eddie Wisse, Keerbergen

Brazil
SMP Balzan, Santa Cruz do Sul
JLF Caboclo, Sao jose do rio preto
Fábio Guilherme Campos, Sao Paulo
Claudia RL Cardoso, Rio de Janeiro
Roberto J Carvalho-Filho, Sao Paulo
Carla Daltro, Salvador
José Sebastiao dos Santos, Ribeirao Preto
Eduardo LR Mello, Rio de Janeiro
Sthela Maria Murad-Regadas, Fortaleza
Claudia PMS Oliveira, Sao Paulo
Júlio C Pereira-Lima, Porto Alegre
Marcos V Perini, Sao Paulo
Vietla Satyanarayana Rao, Fortaleza
Raquel Rocha, Salvador
AC Simoes e Silva, Belo Horizonte
Mauricio F Silva, Porto Alefre
Aytan Miranda Sipahi, Sao Paulo
Rosa Leonôra Salerno Soares, Niterói
Cristiane Valle Tovo, Porto Alegre
Eduardo Garcia Vilela, Belo Horizonte

Brunei Darussalam
Vui Heng Chong, Bandar Seri Begawan

Bulgaria
Tanya Kirilova Kadiyska, Sofia
Mihaela Petrova, Sofia

Cambodia
Francois Rouet, Phnom Penh

Canada
Brian Bressler, Vancouver
Frank J Burczynski, Winnipeg
Wangxue Chen, Ottawa
Francesco Crea, Vancouver
Mirko Diksic, Montreal
Jane A Foster, Hamilton
Hugh J Freeman, Vancouver

WJG|www.wjgnet.com

Shahrokh M Ghobadloo, Ottawa
Yuewen Gong, Winnipeg
Philip H Gordon, Quebec
Rakesh Kumar, Edmonton
Wolfgang A Kunze, Hamilton
Patrick Labonte, Laval
Zhikang Peng, Winnipeg
Jayadev Raju, Ottawa
Maitreyi Raman, Calgary
Giada Sebastiani, Montreal
Maida J Sewitch, Montreal
Eldon A Shaffer, Alberta
Christopher W Teshima, Edmonton
Jean Sévigny, Québec
Pingchang Yang, Hamilton
Pingchang Yang, Hamilton
Eric M Yoshida, Vancouver
Bin Zheng, Edmonton

Chile
Marcelo A Beltran, La Serena
Flavio Nervi, Santiago
Adolfo Parra-Blanco, Santiago
Alejandro Soza, Santiago

China
Zhao-Xiang Bian, Hong Kong
San-Jun Cai, Shanghai
Guang-Wen Cao, Shanghai
Long Chen, Nanjing
Ru-Fu Chen, Guangzhou
George G Chen, Hong Kong
Li-Bo Chen, Wuhan
Jia-Xu Chen, Beijing
Hong-Song Chen, Beijing
Lin Chen, Beijing
Yang-Chao Chen, Hong Kong
Zhen Chen, Shanghai
Ying-Sheng Cheng, Shanghai
Kent-Man Chu, Hong Kong
Zhi-Jun Dai, Xi’an
Jing-Yu Deng, Tianjin
Yi-Qi Du, Shanghai
Zhi Du, Tianjin
Hani El-Nezami, Hong Kong
Bao-Ying Fei, Hangzhou
Chang-Ming Gao, Nanjing
Jian-Ping Gong, Chongqing
Zuo-Jiong Gong, Wuhan
Jing-Shan Gong, Shenzhen
Yong-Song Guan, Chengdu
Mao-Lin Guo, Luoyang
Jun-Ming Guo, Ningbo
Yan-Mei Guo, Shanghai
Xiao-Zhong Guo, Shenyang
Guo-Hong Han, Xi’an
Ming-Liang He, Hong Kong
Peng Hou, Xi’an
Zhao-Hui Huang, Wuxi
Feng Ji, Hangzhou
Simon Law, Hong Kong
Yu-Yuan Li, Guangzhou
Meng-Sen Li, Haikou
Shu-De Li, Shanghai
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai

II

Kang Li, Lasa
Han Liang, Tianjin
Xing’e Liu, Hangzhou
Zheng-Wen Liu, Xi’an
Xiao-Fang Liu, Yantai
Bin Liu, Tianjin
Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing
Fei Liu, Shanghai
Ai-Guo Lu, Shanghai
He-Sheng Luo, Wuhan
Xiao-Peng Ma, Shanghai
Yong Meng, Shantou
Ke-Jun Nan, Xi’an
Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Bo-Rong Pan, Xi’an
Di Qu, Shanghai
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai
Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Bing Xia, Wuhan
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning

January 22, 2014

Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb

Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki

France
Armando Abergel Clermont, Ferrand

WJG|www.wjgnet.com

Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg
Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Joerg Haier, Muenster
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg

III

Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Maria Gazouli, Athens
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

January 22, 2014

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

WJG|www.wjgnet.com

Israel
Dan Carter, Ramat Gan
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano

IV

Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Salvatore Gruttadauria, Palermo
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome

January 22, 2014

Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Alessandro Vitale, Padova

WJG|www.wjgnet.com

Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Akio Inui, Kagoshima
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai



Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima

January 22, 2014

Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Khaled Ali Jadallah, Irbid

Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Norway
Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania

Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Saudi Arabia
Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Antanas Mickevicius, Kaunas
Poland
Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

WJG|www.wjgnet.com

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa

VI

Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan

January 22, 2014

Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Dong Wan Seo, Seoul
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
Jordi Camps, Reus
Carlos Cervera Barcelona
Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada, Majadahonda

WJG|www.wjgnet.com

Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara
Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid
Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona
Carlos Taxonera, Madrid
M Isabel Torres, Jaén
Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid
Silvia Vidal, Barcelona

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
Konstantinos Tsimogiannis, Vasteras
Apostolos V Tsolakis, Uppsala

Switzerland
Gieri Cathomas, Liestal
Jean Louis Frossard, Geneve
Christian Toso, Geneva
Stephan Robert Vavricka, Zurich

VII

Dominique Velin, Lausanne

Thailand
Thawatchai Akaraviputh, Bangkok
P Yoysungnoen Chintana, Pathumthani
Veerapol Kukongviriyapan, Muang
Vijittra Leardkamolkarn, Bangkok
Varut Lohsiriwat, Bangkok
Somchai Pinlaor, Khaon Kaen
D Wattanasirichaigoon, Bangkok

Trinidad and Tobago
B Shivananda Nayak, Mount Hope

Tunisia
Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

Turkey
Sami Akbulut, Diyarbakir
Inci Alican, Istanbul
Mustafa Altindis, Sakarya
Mutay Aslan, Antalya
Oktar Asoglu, Istanbul
Yasemin Hatice Balaban, Istanbul
Metin Basaranoglu, Ankara
Yusuf Bayraktar, Ankara
Süleyman Bayram, Adiyaman
Ahmet Bilici, Istanbul
Ahmet Sedat Boyacioglu, Ankara
Züleyha Akkan Cetinkaya, Kocaeli
Cavit Col, Bolu
Yasar Colak, Istanbul
Cagatay Erden Daphan, Kirikkale
Mehmet Demir, Hatay
Ahmet Merih Dobrucali, Istanbul
Gülsüm Ozlem Elpek, Antalya
Ayse Basak Engin, Ankara
Eren Ersoy, Ankara
Osman Ersoy, Ankara
Yusuf Ziya Erzin, Istanbul
Mukaddes Esrefoglu, Istanbul
Levent Filik, Ankara
Ozgur Harmanci, Ankara
Koray Hekimoglu, Ankara
Abdurrahman Kadayifci, Gaziantep
Cem Kalayci, Istanbul
Selin Kapan, Istanbul
Huseyin Kayadibi, Adana
Sabahattin Kaymakoglu, Istanbul
Metin Kement, Istanbul
Mevlut Kurt, Bolu
Resat Ozaras, Istanbul
Elvan Ozbek, Adapazari
Cengiz Ozcan, Mersin
Hasan Ozen, Ankara
Halil Ozguc, Bursa
Mehmet Ozturk, Izmir
Orhan V Ozkan, Sakarya
Semra Paydas, Adana
Ozlem Durmaz Suoglu, Istanbul
Ilker Tasci, Ankara

January 22, 2014

Müge Tecder-ünal, Ankara
Mesut Tez, Ankara
Serdar Topaloglu, Trabzon
Murat Toruner, Ankara
Gokhan Tumgor, Adana
Oguz Uskudar, Adana
Mehmet Yalniz, Elazig
Mehmet Yaman, Elazig
Veli Yazisiz, Antalya
Yusuf Yilmaz, Istanbul
Ozlem Yilmaz, Izmir
Oya Yucel, Istanbul
Ilhami Yuksel, Ankara

United Kingdom
Nadeem Ahmad Afzal, Southampton
Navneet K Ahluwalia, Stockport
Yeng S Ang, Lancashire
Ramesh P Arasaradnam, Coventry
John Beynon, Swansea
Barbara Braden, Oxford
Simon Bramhall, Birmingham
Geoffrey Burnstock, London
Ian Chau, Sutton
Thean Soon Chew, London
Helen G Coleman, Belfast
Anil Dhawan, London
Sunil Dolwani, Cardiff
Piers Gatenby, London
Anil T George, London
Pasquale Giordano, London
Paul Henderson, Edinburgh
Georgina Louise Hold, Aberdeen
Stefan Hubscher, Birmingham
Robin D Hughes, London
Nusrat Husain, Manchester
Matt W Johnson, Luton
Konrad Koss, Macclesfield
Anastasios Koulaouzidis, Edinburgh
Simon Lal, Salford
John S Leeds, Aberdeen
Hongxiang Liu, Cambridge
Michael Newton Marsh, Oxford
Michael Joseph McGarvey, London
Michael Anthony Mendall, London
Alexander H Mirnezami, Southampton
J Bernadette Moore, Guildford
Claudio Nicoletti, Norwich
Savvas Papagrigoriadis, London
David Mark Pritchard, Liverpool
James A Ross, Edinburgh
Kamran Rostami, Worcester
Xiong Z Ruan, London
Dina Tiniakos, Newcastle upon Tyne
Frank I Tovey, London
Dhiraj Tripathi, Birmingham
Vamsi R Velchuru, Great Yarmouth
Nicholas T Ventham, Edinburgh
Diego Vergani, London
Jack Westwood Winter, Glasgow
Terence Wong, London
Ling Yang, Oxford

United States
Daniel E Abbott, Cincinnati
Ghassan K Abou-Alfa, New York
Julian Abrams, New York

WJG|www.wjgnet.com

David William Adelson, Los Angeles
Jonathan Steven Alexander, Shreveport
Tauseef Ali, Oklahoma City
Mohamed R Ali, Sacramento
Rajagopal N Aravalli, Minneapolis
Hassan Ashktorab, Washington
Shashi Bala, Worcester
Charles F Barish, Raleigh
P Patrick Basu, New York
Robert L Bell, Berkeley Heights
David Bentrem, Chicago
Henry J Binder, New Haven
Joshua Bleier, Philadelphia
Wojciech Blonski, Johnson City
Kenneth Boorom, Corvallis
Brian Boulay, Chicago
Carla W Brady, Durham
Kyle E Brown, Iowa City
Adeel AButt, Pittsburgh
Weibiao Cao, Providence
Andrea Castillo, Cheney
Fernando J Castro, Weston
Adam S Cheifetz, Boston
Adam S Cheifetz, Boston
Xiaoxin Luke Chen, Durham
Ramsey Cheung, Palo Alto
Parimal Chowdhury, Little Rock
Edward John Ciaccio, New York
Dahn L Clemens, Omaha
Yingzi Cong, Galveston
Laura Iris Cosen-Binker, Boston
Joseph John Cullen, Lowa
Mark J Czaja, Bronx
Mariana D Dabeva, Bronx
Christopher James Damman, Seattle
Isabelle G De Plaen, Chicago
Abhishek Deshpande, Cleveland
Punita Dhawan, Nashville
Hui Dong, La Jolla
Wael El-Rifai, Nashville
Sukru H Emre, New Haven
Paul Feuerstadt, Hamden
Josef E Fischer, Boston
Laurie N Fishman, Boston
Temitope Foster, Atlanta
AmyEFoxx-Orenstein, Scottsdale
Daniel E Freedberg, New York
Shai Friedland, Palo Alto
Virgilio George, Indianapolis
Ajay Goel, Dallas
Oliver Grundmann, Gainesville
Stefano Guandalini, Chicago
Chakshu Gupta, St. Joseph
Grigoriy E Gurvits, New York
Xiaonan Han, Cincinnati
Mohamed Hassan, Jackson
Martin Hauer-Jensen, Little Rock
Koichi Hayano, Boston
Yingli Hee, Atlanta
Samuel B Ho, San Diego
Jason Ken Hou, Houston
Lifang Hou, Chicago
K-Qin Hu, Orange
Jamal A Ibdah, Columbia
Robert Thomas Jensen, Bethesda
Huanguang “Charlie” Jia, Gainesville
Rome Jutabha, Los Angeles
Andreas M Kaiser, Los Angeles
Avinash Kambadakone, Boston
David Edward Kaplan, Philadelphia
Randeep Kashyap, Rochester

VIII

Rashmi Kaul, Tulsa
Ali Keshavarzian, Chicago
Amir Maqbul Khan, Marshall
Nabeel Hasan Khan, New Orleans
Sahil Khanna, Rochester
Kusum K Kharbanda, Omaha
Hyun Sik Kim, Pittsburgh
Joseph Kim, Duarte
Jae S Kim, Gainesville
Miran Kim, Providence
Timothy R Koch, Washington
Burton I Korelitz, New York
Betsy Kren, Minneapolis
Shiu-Ming Kuo, Buffalo
Michelle Lai, Boston
Andreas Larentzakis, Boston
Edward Wolfgang Lee, Los Angeles
Daniel A Leffler, Boston
Michael Leitman, New York
Suthat Liangpunsakul, Indianapolis
Joseph K Lim, New Haven
Elaine Y Lin, Bronx
Henry C Lin, Albuquerque
Rohit Loomba, La Jolla
James David Luketich, Pittsburgh
Mohammad F Madhoun, Oklahoma City
Thomas C Mahl, Buffalo
Ashish Malhotra, Bettendorf
Pranoti Mandrekar, Worcester
John Marks, Wynnewood
Wendy M Mars, Pittsburgh
Julien Vahe Matricon, San Antonio
Craig J McClain, Louisville
George K Michalopoulos, Pittsburgh
Tamir Miloh, Phoenix
Ayse Leyla Mindikoglu, Baltimore
Huanbiao Mo, Denton
Klaus Monkemuller, Birmingham
John Morton, Stanford
Adnan Muhammad, Tampa
Michael J Nowicki, Jackson
Patrick I Okolo, Baltimore
Giusepp Orlando, Winston Salem
Natalia A Osna, Omaha
Virendra N Pandey, Newark
Mansour A Parsi, Cleveland
Michael F Picco, Jacksonville
Daniel S Pratt, Boston
Xiaofa Qin, Newark
Janardan K Reddy, Chicago
Victor E Reyes, Galveston
Jon Marc Rhoads, Houston
Giulia Roda, New York
Jean-Francois Armand Rossignol, Tampa
Paul A Rufo, Boston
Madhusudana Girija Sanal, New York
Miguel Saps, Chicago
Sushil Sarna, Galveston
Ann O Scheimann, Baltimore
Bernd Schnabl, La Jolla
Matthew J Schuchert, Pittsburgh
Ekihiro Seki, La Jolla
Chanjuan Shi, Nashville
David Quan Shih, Los Angeles
William B Silverman, Iowa City
Shashideep Singhal, New York
Bronislaw L Slomiany, Newark
Steven F Solga, Bethlehem
Byoung-Joon Song, Bethesda
Dario Sorrentino, Roanoke
Scott R Steele, Fort Lewis

January 22, 2014

Branko Stefanovic, Tallahassee
Arun Swaminath, New York
Kazuaki Takabe, Richmond
Naoki Tanaka, Bethesda
Hans Ludger Tillmann, Durham
George Triadafilopoulos, Stanford
John Richardson Thompson, Nashville
Andrew Ukleja, Weston
Miranda AL van Tilburg, Chapel Hill
Gilberto Vaughan, Atlanta
Vijayakumar Velu, Atlanta
Gebhard Wagener, New York

WJG|www.wjgnet.com

Kasper Saonun Wang, Los Angeles
Xiangbing Wang, New Brunswick
Daoyan Wei, Houston
Theodore H Welling, Ann Arbor
C Mel Wilcox, Birmingham
Jacqueline Lee Wolf, Boston
Harry Hua-Xiang Xia, East Hanover
Wen Xie, Pittsburgh
Guang Yu Yang, Chicago
Michele T Yip-Schneider, Indianapolis
Kezhong Zhang, Detroit
Huiping Zhou, Richmond

IX

Xiao-Jian Zhou, Cambridge
Richard Zubarik, Burlington

Venezuela
Miguel Angel Chiurillo, Barquisimeto

Vietnam
Van Bang Nguyen, Hanoi

January 22, 2014

S

Contents
TOPIC HIGHLIGHT

Weekly Volume 20 Number 4 January 28, 2014
869

Colorectal cancer disparities: Issues, controversies and solutions
Tammana VS, Laiyemo AO

877

Evolving treatment strategies for colorectal cancer: A critical review of
current therapeutic options
Damin DC, Lazzaron AR

888

Colorectal cancer biomarkers: To be or not to be? Cautionary tales from a
road well travelled
Fung KYC, Nice E, Priebe I, Belobrajdic D, Phatak A, Purins L, Tabor B, Pompeia C,
Lockett T, Adams TE, Burgess A, Cosgrove L

899

How to select the optimal treatment for first line metastatic colorectal cancer
Stein A, Bokemeyer C

908

Inflammation and colorectal cancer, when microbiota-host mutualism breaks
Candela M, Turroni S, Biagi E, Carbonero F, Rampelli S, Fiorentini C, Brigidi P

923

Cancer stem cells in colorectal cancer from pathogenesis to therapy:
Controversies and perspectives
Fanali C, Lucchetti D, Farina M, Corbi M, Cufino V, Cittadini A, Sgambato A

943

Genetic and epigenetic biomarkers for diagnosis, prognosis and treatment of
colorectal cancer
Coppedè F, Lopomo A, Spisni R, Migliore L

957

Circulating and stool nucleic acid analysis for colorectal cancer diagnosis
De Maio G, Rengucci C, Zoli W, Calistri D

968

Cysteinyl leukotrienes and their receptors: Bridging inflammation and
colorectal cancer
Savari S, Vinnakota K, Zhang Y, Sjölander A

978

Accumulation of aberrant DNA methylation during colorectal cancer
development
Sakai E, Nakajima A, Kaneda A

WJG|www.wjgnet.com



January 28, 2014|Volume 20|Issue 4|

World Journal of Gastroenterology

Contents

Volume 20 Number 4 January 28, 2014
988

Radiofrequency ablation as treatment for pulmonary metastasis of colorectal
cancer
Hiraki T, Gobara H, Iguchi T, Fujiwara H, Matsui Y, Kanazawa S

997

Overview of single-port laparoscopic surgery for colorectal cancers: Past,
present, and the future
Kim SJ, Choi BJ, Lee SC

REVIEW

1005

Neuroanatomy of lower gastrointestinal pain disorders
Vermeulen W, De Man JG, Pelckmans PA, De Winter BY

ORIGINAL ARTICLE

1021

Portal inflow preservation during portal diversion in small-for-size syndrome
Wang XQ, Xu YF, Tan JW, Lv WP, Liu Z, Zeng JP, Dong JH

1030

Novel esophageal squamous cell carcinoma bone metastatic clone isolated by
scintigraphy, X ray and micro PET/CT
Zhao BZ, Cao J, Shao JC, Sun YB, Fan LM, Wu CY, Liang S, Guo BF, Yang G, Xie WH,
Yang QC, Yang SF

BRIEF ARTICLE

1038

Fecal immunochemical test accuracy in average-risk colorectal cancer
screening
Hernandez V, Cubiella J, Gonzalez-Mao MC, Iglesias F, Rivera C, Iglesias MB, Cid L,
Castro I, de Castro L, Vega P, Hermo JA, Macenlle R, Martínez-Turnes A, Martínez-Ares D,
Estevez P, Cid E, Vidal MC, López-Martínez A, Hijona E, Herreros-Villanueva M, Bujanda L,
Rodriguez-Prada JI; the COLONPREV study investigators

1048

Biopsy-driven diagnosis in infants with cholestatic jaundice in Iran
Talachian E, Bidari A, Mehrazma M, Nick-khah N

1054

Intra-gastric triacetin alters upper gastrointestinal motility in conscious dogs
Oosaka K, Tokuda M, Furukawa N

1061

Long-term pretreatment with proton pump inhibitor and Helicobacter pylori
eradication rates
Yoon SB, Park JM, Lee JY, Baeg MK, Lim CH, Kim JS, Cho YK, Lee IS, Kim SW, Choi MG

1067

Phase Ⅰ study of postoperative radiotherapy combined with capecitabine for
gastric cancer
Wang X, Jin J, Li YX, Ren H, Fang H, Wang SL, Liu YP, Wang WH, Yu ZH, Song YW,
Liu XF

WJG|www.wjgnet.com

II

January 28, 2014|Volume 20|Issue 4|

World Journal of Gastroenterology

Contents

Volume 20 Number 4 January 28, 2014
1074

Expression of granulocyte colony-stimulating factor receptor in rectal cancer
Yang XD, Huang P, Wang F, Xu ZK

1079

Role of hydrogen sulfide in portal hypertension and esophagogastric junction
vascular disease
Wang C, Han J, Xiao L, Jin CE, Li DJ, Yang Z

1088

Diagnostic value of contrast enhanced ultrasound for splenic artery
complications following acute pancreatitis
Cai DM, Parajuly SS, Ling WW, Li YZ, Luo Y

META-ANALYSIS

1095

Combination of chemotherapy and immunotherapy for colon cancer in China:
A meta-analysis
Wang ZX, Cao JX, Liu ZP, Cui YX, Li CY, Li D, Zhang XY, Liu JL, Li JL

1107

Meta-analysis of immunohistochemical expression of hypoxia inducible
factor-1α as a prognostic role in gastric cancer
Lin S, Ma R, Zheng XY, Yu H, Liang X, Lin H, Cai XJ

CASE REPORT

1114

Family case of achalasia cardia: Case report and review of literature
Evsyutina YuV, Trukhmanov AS, Ivashkin VT

1119

Endoscopic transgastric drainage of a gastric wall abscess after endoscopic
submucosal dissection
Dohi O, Dohi M, Inoue K, Gen Y, Jo M, Tokita K

1123

Laparoscopic partial cystectomy with mucosal stripping of extraluminal
duodenal duplication cysts
Byun J, Oh HM, Kim SH, Kim HY, Jung SE, Park KW, Kim WS

WJG|www.wjgnet.com

III

January 28, 2014|Volume 20|Issue 4|

World Journal of Gastroenterology

Contents
APPENDIX

Volume 20 Number 4 January 28, 2014
I-VI

Instructions to authors

ABOUT COVER

Editorial Board Member of World Journal of Gastroenterology , Sang Chul
Lee, MD, PhD, Associate Professor, Chief Doctor, Head, Division of Colorectal
Surgery, Department of General Surgery, Catholic University of Korea, Daejeon
St. Mary's Hospital, Daejeon 301-723, South Korea

AIMS AND SCOPE

World Journal of Gastroenterology (World J Gastroenterol, WJG, print ISSN 1007-9327, online
ISSN 2219-2840, DOI: 10.3748) is a peer-reviewed open access journal. WJG was established on October 1, 1995. It is published weekly on the 7th, 14th, 21st, and 28th each month.
The WJG Editorial Board consists of 1339 experts in gastroenterology and hepatology
from 67 countries.
The primary task of WJG is to rapidly publish high-quality original articles, reviews,
and commentaries in the fields of gastroenterology, hepatology, gastrointestinal endoscopy, gastrointestinal surgery, hepatobiliary surgery, gastrointestinal oncology, gastrointestinal radiation oncology, gastrointestinal imaging, gastrointestinal interventional therapy, gastrointestinal infectious diseases, gastrointestinal pharmacology, gastrointestinal
pathophysiology, gastrointestinal pathology, evidence-based medicine in gastroenterology, pancreatology, gastrointestinal laboratory medicine, gastrointestinal molecular biology, gastrointestinal immunology, gastrointestinal microbiology, gastrointestinal genetics,
gastrointestinal translational medicine, gastrointestinal diagnostics, and gastrointestinal
therapeutics. WJG is dedicated to become an influential and prestigious journal in gastroenterology and hepatology, to promote the development of above disciplines, and to
improve the diagnostic and therapeutic skill and expertise of clinicians.

INDEXING/ABSTRACTING

World Journal of Gastroenterology is now indexed in Current Contents®/Clinical Medicine, Science
Citation Index Expanded (also known as SciSearch®), Journal Citation Reports®, Index Medicus, MEDLINE, PubMed, PubMed Central, Digital Object Identifier, and Directory of Open
Access Journals. ISI, Journal Citation Reports®, Gastroenterology and Hepatology, 2012 Impact
Factor: 2.547 (34/74); Total Cites: 19145 (6/74); Current Articles: 944 (1/74); and Eigenfactor®
Score: 0.06035 (6/74).

FLYLEAF

I-IX

EDITORS FOR
THIS ISSUE

Responsible Assistant Editor: Xin-Xin Che
Responsible Electronic Editor: Dan-Ni Zhang
Proofing Editor-in-Chief: Lian-Sheng Ma

NAME OF JOURNAL
World Journal of Gastroenterology
ISSN
ISSN 1007-9327 (print)
ISSN 2219-2840 (online)
LAUNCH DATE
October 1, 1995
FREQUENCY
Weekly
EDITORS-IN-CHIEF
Damian Garcia-Olmo, MD, PhD, Doctor, Professor, Surgeon, Department of Surgery, Universidad
Autonoma de Madrid; Department of General Surgery, Fundacion Jimenez Diaz University Hospital,
Madrid 28040, Spain
Saleh A Naser, PhD, Professor, Burnett School of
Biomedical Sciences, College of Medicine, University
of Central Florida, Orlando, FL 32816, United States
Stephen C Strom, PhD, Professor, Department of
Laboratory Medicine, Division of Pathology, Karo-

WJG|www.wjgnet.com

Editorial Board

Responsible Science Editor: Ling-Ling Wen
Proofing Editorial Office Director: Xiu-Xia Song

linska Institutet, Stockholm 141-86, Sweden

http://www.wjgnet.com

Andrzej S Tarnawski, MD, PhD, DSc (Med), Professor of Medicine, Chief Gastroenterology, VA
Long Beach Health Care System, University of California, Irvine, CA, 5901 E. Seventh Str., Long Beach,
CA 90822, United States

PUBLICATION DATE
January 28, 2014

EDITORIAL OFFICE
Jin-Lei Wang, Director
Xiu-Xia Song, Vice Director
World Journal of Gastroenterology
Room 903, Building D, Ocean International Center,
No. 62 Dongsihuan Zhonglu, Chaoyang District,
Beijing 100025, China
Telephone: +86-10-59080039
Fax: +86-10-85381893
E-mail: bpgoffice@wjgnet.com
http://www.wjgnet.com
PUBLISHER
Baishideng Publishing Group Co., Limited
Flat C, 23/F., Lucky Plaza,
315-321 Lockhart Road, Wan Chai, Hong Kong, China
Fax: +852-65557188
Telephone: +852-31779906
E-mail: bpgoffice@wjgnet.com

IV

COPYRIGHT
© 2014 Baishideng Publishing Group Co., Limited.
Articles published by this Open-Access journal are
distributed under the terms of the Creative Commons
Attribution Non-commercial License, which permits
use, distribution, and reproduction in any medium,
provided the original work is properly cited, the use is
non commercial and is otherwise in compliance with
the license.
SPECIAL STATEMENT
All articles published in this journal represent the
viewpoints of the authors except where indicated
otherwise.
INSTRUCTIONS TO AUTHORS
Full instructions are available online at http://www.
wjgnet.com/1007-9327/g_info_20100315215714.htm
ONLINE SUBMISSION
http://www.wjgnet.com/esps/

January 28, 2014|Volume 20|Issue 4|

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748/wjg.v20.i4.869

World J Gastroenterol 2014 January 28; 20(4): 869-876
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

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

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (5): Colorectal cancer

Colorectal cancer disparities: Issues, controversies and
solutions
Venkata S Tammana, Adeyinka O Laiyemo
Venkata S Tammana, Adeyinka O Laiyemo, Division of Gastroenterology, Department of Medicine, Howard University College of Medicine, Washington, DC 20060, United States
Author contributions: Laiyemo AO designed the outline of the
article; Tammana VS and Laiyemo AO have contributed equally
in collecting the data, drafting of the manuscript and preparing
the final manuscript.
Correspondence to: Adeyinka O Laiyemo, MD, MPH, Division of Gastroenterology, Department of Medicine, Howard University College of Medicine, 2041 Georgia Avenue, Washington,
DC 20060, United States. adeyinka.laiyemo@howard.edu
Telephone: +1-202-8657186 Fax: +1-202-8656562
Received: October 5, 2013 Revised: November 14, 2013
Accepted: December 5, 2013
Published online: January 28, 2014

Core tip: This article reviews the underlying factors for
the disproportionally higher burden of colorectal cancer
(CRC) among blacks, addresses controversies regarding
race-based screening recommendations and concludes
by suggesting that a comprehensive approach that increases access and utilization of CRC screening, timely
follow-up of abnormal results and treatment of CRC will
be needed to reduce or eliminate CRC disparity.
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2014; 20(4): 869-876 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i4/869.htm DOI: http://dx.doi.
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Abstract
Colorectal cancer (CRC) is the second leading cause of
cancer related deaths in the United States. There are
significant differences in CRC incidence and mortality by
race with the highest burden occurring among blacks.
The underlying factors contributing to CRC disparities
are multiple and complex. Studies have suggested that
a higher prevalence of putative risk factors for CRC,
limited access to healthcare services, lower utilization of
healthcare resources and increased biological susceptibilities contribute to this disparity by race. This article
reviews the factors associated with the disproportionally higher burden of CRC among blacks; addresses the
controversies regarding the age to begin CRC screening
and the screening modality to use for blacks; and proffers solutions to eliminate CRC disparity by race.

DISPARITIES IN COLORECTAL CANCER
INCIDENCE AND MORTALITY BY RACE
Widening racial disparities in cancer burden continues to be recognized[1-5]. Since 1960, colorectal cancer
(CRC) mortality has declined by 39% among whites, but
increased by 28% among blacks[5]. The incidence and
mortality from CRC is higher among blacks when compared with other race-ethnicities[2]. An estimated 142820
new cases of CRC and 50830 CRC related deaths were
expected in 2013. The incidence of CRC among black
males is 65.1 per 100000 population but 52.8 per 100000
among white males. The incidence of CRC among black
females is 48 per 100000 as compared to 39.2 per 100000
among white females. Similar pattern has been observed
with mortality rates from the disease. The CRC mortality
rate among black males is 29.8 per 100000 as compared
to 19.5 per 100000 among white males. The mortality
rate from CRC is 19.8 per 100000 among black females
but 13.6 per 100000 among white females.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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have lower burden of CRC when compared to blacks
and whites in the United States[2,9]. The incidence of CRC
among Hispanic males and Hispanic females are 46.9 and
33.3 per 100000 population and the corresponding mortality rates are 15.3 and 10.2 per 100000 population.

POSTULATED FACTORS UNDERLYING
RACIAL DISPARITY IN CRC BURDEN
Differences in the prevalence of putative diet and
lifestyle risk factors
Studies have suggested that alcohol ingestion, cigarette
smoking, obesity, and meat consumption increases the
risk of CRC whereas physical activity decreases the
risk[6,7]. The prevalence of obesity and cigarette smoking is higher and physical activity is lower among blacks
when compared to whites[8,9]. In South Africa, blacks
have lower incidence of CRC (< 5 per 100000 ) as compared to South African whites (40 per 100000) who
consumed a typical “western’’ diet[10]. When compared to
South African blacks, American blacks exhibit a higher
CRC risk and mucosal proliferation rates which is associated with higher dietary intakes of animal products and
higher colonic populations of potentially toxic hydrogen
and secondary bile-salt-producing bacteria[10]. Higher
consumption of animal fat including beef, pork and lamb
has been associated with an increased risk for CRC[11,12].
The consumption of red meat and pork is higher among
blacks than other race-ethnicities in the United States[12].
Some studies have suggested an inverse association
between micronutrients (Vitamin E, β carotene, vitamin
C, Calcium) intake and CRC risk[13,14]. However, there
are differences in the intake of micronutrients between
blacks and whites with higher intake among whites primarily due to higher dietary supplements use. A possible
basis of this association is that high concentrations of
hydrogen (a byproduct of bacterial metabolism) in the
colon can interfere with cellular metabolism[15]. Hydrogen
concentration has been reported to be higher among
blacks than among whites[10] and hydrogen is toxic to
colonic epithelium. Although the exact mechanisms of
action of micronutrients are not well established, they are
postulated to have anti-oxidant effects, exert some effect
on cell growth regulation and enhance immune response.
Although these dietary and lifestyle factors have been
associated with CRC risk and may play a role in the observed disparity among blacks versus whites, the actual
differential contributions of these factors to the overall
CRC burden is not well established. For instance, while it
has been suggested that high fat and low fiber diet are associated with increased susceptibility to CRC, reversal or
adoption of the “healthy” lifestyle has not been proven
to reduce CRC susceptibility in randomized trials. For
instance, the adoption of low fat, high fiber, high fruits
and vegetable diet in the Polyp Prevention Trial and fiber
supplementation in the Wheat Bran Fiber Trial did not
reduce the recurrence of adenoma[16,17]. Similarly, weight
loss within 4 years did not reduce the risk of adenoma
recurrence[18].
Furthermore, using the Behavioral Risk Factor Surveillance System, the prevalence of these putative risk
factors such as obesity, cigarette smoking, alcohol consumption, lack of physical activities, low socioeconomic
status and low health literacy are comparable among
blacks and Hispanic population, yet Hispanic Americans
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Differences in tumor biology
Blacks tend to be diagnosed with CRC at younger ages,
are more likely to present with proximal tumors and be
diagnosed with more advanced diseases than whites[19-26].
This suggests that stage at presentation may account for
some of the observed racial differences in survival after
CRC diagnosis. Tumor grade is an independent prognostic predictor of CRC even after adjusting the effects of
stage of disease at the time of diagnosis[3,27-31]. Studies
have suggested that blacks suffer worse outcomes when
they present with similar tumor characteristics as whites.
Alexander et al[31] reported that blacks with high grade
tumors were three times (HR = 3.05, 95%CI: 1.32-7.05)
more likely to die of CRC within 5 years after surgery
when compared with whites with high grade tumors.
Blacks with lymph node-negative CRC have more than
40% excess mortality when compared to whites with
the same disease[5,26,27]. It is noteworthy that approximately 30% of patients with lymph node negative CRC
(stages Ⅰ and Ⅱ) develop recurrent disease, probably
reflecting the presence of occult tumor in those lymph
nodes[32-34]. Hyslop et al[35] suggested that blacks exhibited 4-fold greater occult metastases in individual lymph
nodes compared with whites. Thus, occult tumor burden
may be playing an important role in racial disparities in
CRC outcomes between blacks and whites. However,
in a systematic review of published studies, Bach et al[36]
reported that there were no appreciable differences in
cancer-specific survival between blacks and whites when
treatment was comparable for similar stage cancers. The
authors concluded that differences in cancer biology between racial groups are unlikely to be responsible for a
substantial portion of the observed discrepancy in stagespecific CRC survival if blacks and whites receive similar
treatments.
Differences in healthcare access, utilization and
treatment
Blacks are more likely to be uninsured, have a fatalistic
attitude towards medical illness, experience stigma, exhibit fear and denial related to a cancer diagnosis, have
an aversion to health care treatments such as surgery,
mistrust the healthcare system, and have misperceptions
about cancer that ultimately interfere with treatment[9,37,38].
Although the efficacy of treatment for CRC appeared to
be similar between blacks and whites in equal access systems and among participants in adjuvant chemotherapy
trials[21,23] there are differences in the treatment received
after CRC diagnosis among blacks and whites in general[25,26,39-45].
Blacks received surgery less often than whites for
CRC[26,42-45]. Demissie et al[44] reported that the odds of
non-receipt of surgical treatment was higher among
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blacks as compared with whites for stage Ⅰ (OR = 2.08,
95%CI: 1.41-3.03 among males; OR = 2.38; 95%CI:
1.69-3.45 among females) and stage Ⅳ colon cancer
(OR = 1.25, 95%CI: 1.01-1.56 among males; OR = 1.41,
95%CI: 1.14-1.72 among females). Similar results were
reported by Le et al[26]. The authors reported that a higher
percentage of blacks did not undergo surgical resection
for stage Ⅰ disease (5.4% vs 3.7%, P < 0.001) and stage
Ⅳ disease (30.3% vs 23.3%, P < 0.001) when compared
with whites. In general, the reasons for not receiving surgery among blacks included that it was less often recommended, refused by black patients, and because of higher
prevalence of comorbid conditions among blacks[26].
While disparity in surgical treatment of CRC between
blacks and whites is evident from above, studies have
shown mixed results regarding chemotherapy and radiation therapy use for CRC management by race. Some
studies suggest that blacks were less likely to undergo
chemotherapy and radiation therapy even when they
had undergone consultations with oncologists[25,40,46].
The reason for this is unclear but it is unknown if blacks
are more fearful of the effects of chemotherapy even
though blacks were less likely to develop chemotherapy
related toxicity in a clinical trial[47]. However, it has been
suggested that a higher proportion of black patients with
CRC lived in census tracts with low high school graduation rates and these areas had lower chemotherapy use[48].
Blacks also tend to have less supplemental coverage when
compared to whites which could affect co-payment for
outpatient chemotherapy, and this can affect the initiation of chemotherapy among blacks[41]. Conversely, other
studies did not find an association between race and
chemotherapy use[26,49]. It is noteworthy that studies have
reported that disparity in survival after CRC diagnosis are
attenuated or eliminated with the receipt of similar treatments by blacks and whites[21,23,47,50,51].

healthcare are introduced for reasons that are not well
understood.
Disparities in screening have been cited as one of
the reasons for high incidence and mortality from CRC
among blacks as compared with whites. Lansdorp-Vogelaar et al[62] reported that differences in CRC screening accounted for 42% of disparity in CRC incidence and 19%
of disparity in CRC mortality between blacks and whites.
There are many barriers to CRC screening uptake
among blacks. These are due to a complex combination
of socioeconomic disadvantages from lower education
and income, place of residence, inadequate insurance
and mistrust of the medical system[63-65]. People in lower
socioeconomic neighborhoods are less likely to undergo
a colonoscopy, even among insured subjects receiving
care in integrated healthcare systems[64]. Physician recommendation is important for completing CRC screening[66,67]. However, increasing availability of primary care
physicians and colonoscopy providers did not narrow the
racial gaps in CRC screening disparities. Rather, colonoscopy rates increased among whites but decreased among
minorities[59]. Therefore, there is an urgent need to increase the participation of minorities as care providers in
biomedical fields and improve cultural competencies of
all care providers[68,69].

Disparities in colorectal cancer screening
There has been growing evidence that CRC screening
reduces mortality[52-54]. There are multiple acceptable options for CRC screening including fecal occult blood and
fecal DNA testing, double contrast barium enema, CT
colonography, flexible sigmoidoscopy, and colonoscopy[55]. Identified significant predictors of CRC screening
include older age, having a regular doctor and participating in general medical examinations[56]. Screening rates
are low among racial and ethnic minorities and persons
from socioeconomically disadvantaged population[57-59].
Doubeni et al[60] reported that the screening rate for white
Medicare beneficiaries improved from 49% in 2000 to
56.6% in 2005. During the same study period, the screening rates among blacks improved from 41% to 52% suggesting that screening rates for CRC are improving, but
disparity in the screening rates still persists. Tehranifar et al[61]
also reported that cancer survival disparities between blacks
and whites widened as cancers become more amenable
to medical interventions. This suggests that blacks lag
behind when medical technologies that improve cancer

Should we begin CRC screening earlier among blacks?
Studies have suggested that when compared to whites,
blacks are more likely to be diagnosed with CRC at
younger ages, present with proximal tumors and be diagnosed with advanced diseases[19-26]. The widely adopted
recommendation is to begin CRC screening from 50
years of age for average risk individuals in the United
States[55,70]. Some experts have expressed the opinion
that race-based recommendation for CRC screening will
create more confusion for patients and their healthcare
providers amidst a crowded field of recommendations
based on age, family history of colorectal cancer and
polyps, and colonic diseases such as inflammatory bowel
disease. They argue for increasing efforts to boost participation in CRC screening by blacks and that it is not cost
effective to lower the age of screening[71]. In contrast to
this opinion, the American College of Physicians recommended that CRC screening should start at 40 years of
age[72] while the American College of Gastroenterology
(ACG)[73] and American Society for Gastrointestinal Endoscopy recommended CRC screening beginning at age
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CONTROVERSIES IN COLORECTAL
CANCER SCREENING BY RACE
Although it is well known that blacks suffer the highest
burden from CRC and increasing CRC screening uptake among blacks is at the core of the solution, there is
no consensus regarding the screening strategy to adopt
in eliminating this disparity. In particular, it is unclear
whether there should be different CRC screening recommendations based on race-ethnicity.
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45 years[74]. In our opinion, blacks should begin screening
at age 45 years as part of a comprehensive intervention
to improve screening uptake, ensure adequate followup and resolution of abnormal screening results, and
enhance access and utilization of good quality treatment
of patients diagnosed with CRC in a timely fashion. This
is because of the well documented earlier presentation
with CRC among blacks and the proximal location of
their tumors which raises the possibility of genetic predisposition such as Lynch syndrome. However, genetic
predisposition to CRC is raised based on family history
of CRC. It is well known that blacks tend not to know
their family medical history due to lower health literacy
and lack of knowledge of their family ancestry. There is
a lack of information among African Americans with regards to the prevalence of inherited conditions that predispose to CRC. Murff et al[75] reported that blacks who
have first-degree relatives (FDRs) with CRC are less likely
to undergo colonoscopy screening compared with whites
(27.3% vs 43.1%) who have affected relatives. Therefore,
screening blacks earlier will serve as a “reset” that has the
potential of early identification of those at increased risk of
CRC in the next generation. Future studies should focus on
quantifying genetic susceptibility to CRC among blacks.

studies have shown that blacks who receive medical care
and cancer treatment similar to those of whites experience similar outcomes, enabling blacks to achieve equal
access to care as whites could substantially reduce the
racial disparities in CRC burden[36]. It is imperative to improve health insurance coverage and health education of
the population. The implementation of the Affordable
Care Act has a potential to ensure coverage for millions
of previously uninsured persons and provide the necessary access to CRC screening. However, White et al[79] reported that despite the expansion of Medicare coverage
for CRC screening tests, racial/ethnic differences in CRC
screening persisted over time among this insured population. Hence, health care access by provision of health
insurance is necessary but not sufficient to improve CRC
screening and reduce CRC disparity by race.
In a meta analysis by Naylor et al[80] provider-directed
multi-modal interventions which comprised of education
sessions and reminders and pure educational interventions were found to be effective in raising CRC screening
rates in minorities by 10%-15%. A median improvement
of 16% in endoscopic CRC screening completion was
noted with the patient navigator model. Tailored patient
education combined with patient navigation services, and
physician training in communicating with patients of low
health literacy, can modestly improve adherence to CRC
screening.
The New York City Department of Health and Mental Hygiene has started a program called The Citywide
Colon Cancer Control Coalition (C5) to help New York
City attain CRC control goals through advocacy, resource
development, and policy initiatives. They launched public
campaigns and implemented patient navigation systems
in many of the New York City area hospitals in an effort to increase colonoscopy screening rates and reduce
racial/ethnic disparities. In 2003, low rates of screening
as well as screening disparities were noted with only 36%
of blacks, 38% Latinos and 48% of whites having had a
colonoscopy. After this concerted citywide effort, screening colonoscopy rates had increased to approximately
62 percent by 2009 with virtual elimination of screening
disparities among these ethnic groups[81].
In Delaware, a “Village approach” was implemented
which involved a 3-step process to reduce CRC disparities by increasing CRC screening rates, providing quality
treatment and resolution of abnormalities and by using
an extensive patient navigation services. The program led
to increased CRC screening rates among all race-ethnicities, reduction in CRC incidence, reduction in CRC mortality and narrowing of the CRC survival differences[82].
Figure 1 shows the leading causes of CRC disparities
and proffer solutions to reduce the observed disparities.

What CRC screening modality should be recommended
for blacks?
The predisposition to proximal CRC among blacks is a
potent argument to support the recommendation of the
ACG that colonoscopy should be the preferred screening modality. Furthermore, colonoscopy is the diagnostic
procedure after an abnormal screening from the other
modalities and polyps can be removed during the same
procedure. However, it is the most invasive, most expensive and presents the most difficult logistic challenge
in terms of bowel preparation, co-pays, missed work
days and the need for an escort due to moderate sedation. Studies have suggested a higher completion rate of
screening when the underserved are offered fecal occult
blood tests[76,77]. It appears that there are wide geographic
variations in availability of colonoscopy to the population and in the acceptability of fecal based tests to the
underserved. We observed that blacks were less likely to
undergo diagnostic colonoscopy following an abnormal
flexible sigmoidoscopy screening in the Prostate, Lung,
Colorectal and Ovarian Cancer Screening Trial[78]. This
raises a concern that follow-up of abnormal screening
may be a challenge for blacks and a screening modality
that can permit intervention may be better. Notwithstanding, we are of the opinion that healthcare providers
should discuss CRC screening options with their patients,
but should make a specific recommendation for a screening modality based on the patient’s preferences, comorbidities, social situation, and locally available resources.

CONCLUSION
There are several important factors contributing to differential CRC mortality rates among blacks and whites. A
comprehensive approach that increases access and utilization of CRC screening, timely follow-up of abnormal

THE WAY FORWARD
It will require a comprehensive patient, provider, and
policy-maker partnership to reduce CRC disparity. As

WJG|www.wjgnet.com
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Differences in
Surgical resection
Chemotherapy
Radiation therapy

Differences in tumor biology
More proximal location of CRC in blacks
Young age at CRC diagnosis
More metastatic disease
High grade tumors
More occult metastasis
Lesser screening rates among
patients with family history
of CRC

Differences in
Obesity
Physical activity
Diet
Micronutrient intake

Differences in
Screening
Colonoscopy usage
Follow up after screen
detected abnormalities
Lower healthcare utilization

CRC
Disparity
by race

Solutions

Improve diet and lifestyle choices
Decrease obesity rates
Increase physical activities
Increase CRC screening rates
Earlier age of screening
Increase use of colonoscopy
Similar treatment for CRC
Community outreach
Patient navigation
Universal healthcare access

Figure 1 Leading causes of colorectal cancer disparities and potential solutions to reduce the observed disparities. CRC: Colorectal cancer.

results and treatment of CRC will be needed to reduce or
eliminate disparity.
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Abstract
Management of rectal cancer has markedly evolved
over the last two decades. New technologies of staging
have allowed a more precise definition of tumor extension. Refinements in surgical concepts and techniques
have resulted in higher rates of sphincter preservation
and better functional outcome for patients with this
malignancy. Although, preoperative chemoradiotherapy
followed by total mesorectal excision has become the
standard of care for locally advanced tumors, many
controversial matters in management of rectal cancer
still need to be defined. These include the feasibility of a
non-surgical approach after a favorable response to neoadjuvant therapy, the ideal margins of surgical resection
for sphincter preservation and the adequacy of minimally
invasive techniques of tumor resection. In this article,
after an extensive search in PubMed and Embase databases, we critically review the current strategies and the
most debatable matters in treatment of rectal cancer.

INTRODUCTION
In the last two decades there have been significant changes
in evaluation and management of rectal cancer. Incorporation of new technologies of staging and new therapeutic
concepts has improved oncologic and functional results
in patients with this malignancy. Treatment of the disease
has become a multidisciplinary effort, which depends
upon the integration between oncologists and colorectal
surgeons. The goal of this article is to analyze the main
controversial matters in current rectal cancer management.

LITERATURE SEARCH
We performed a literature search using PubMed and
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Table 1 Tumor node metastasis clinical classification (colon
and rectum cancer)

Peritoneal reflection

TX
T0
Tis
T1
T2
T3

Mesorectal
lymph nodes
Bladder

T4

Rectum

T4a
T4b
Nx
N0
N1
N1a
N1b
N1c

Prostate gland
Dentate line
Denonvilliers' fascia Anal canal

Figure 1 Rectal anatomy.

Embase databases up to September 2013. The following MeSH search terms were used: rectal cancer, tumor
staging, total mesorectal excision, radiotherapy, chemoradiotherapy, neoadjuvant chemo-radiotherapy, ‘‘watch and
wait’’, surgery and sphincter preservation. These terms
were applied in various combinations to maximize the
search. Only articles written in English were included.
Additional searches of the embedded references from
primary articles were performed to further improve the
review.

N2
N2a
N2b
M0
M1
M1a
M1b

AJCC: American joint committee on cancer[4].

of Colon and Rectal Surgeons 2013 guidelines [2], for
preoperative staging a complete colonoscopy should be
performed, if the tumor is not obstructive, for histologic
confirmation of the diagnosis and to rule out proximal
synchronous lesions. In cases in which a full colonoscopy cannot be performed, a preoperative doublecontrast barium enema or a computed tomography (CT)
colonography may be used. Alternatively, for patients
with incomplete preoperative colonoscopy, intraoperative colonoscopy may be used as an effective method to
detect synchronous lesions[3].
In order to complete pretreatment staging, a CT scan
of the thorax and abdomen and pelvis, and the measurement of serum carcinoembryonic antigen are recommended[2]. Once distant metastases have been ruled out,
the most important factor to define the strategy of treatment to be adopted is the locoregional staging. Tumor
node metastasis (TNM) system, as recommended by the
American Joint Committee on Cancer, is currently the
most widely used system for staging rectal adenocarcinomas (Tables 1 and 2)[4].
There is considerable controversy on what is the ideal
method to evaluate local extent of the tumor. Although
CT scan is no longer considered the modality of choice,
it can be used in patients with primarily advanced T-stage
tumors (accuracy of 79% to 94%). Accuracy fells to
52% to 74% when smaller and less advanced tumors are
analyzed[5-9]. Endorectal ultrasound (EUS) and magnetic
resonance imaging (MRI) with either endorectal or increasingly phase array coils are currently the modalities

ANATOMIC DEFINITIONS
Some anatomic concepts are essential for planning rectal
cancer therapy (Figure 1). The rectum is the segment of
the large bowel located between the sigmoid colon and
the anal canal. Its upper limit is generally located at the
level of the sacral promontory, roughly corresponding to
a point where the taeniae coli spread out and can no longer be distinguished. For practical purposes, it is accepted
that malignant tumors located within 15 cm from the anal
verge (using a rigid proctoscope) should be diagnosed as
rectal cancers. Below the peritoneal reflection, the rectum
has no serosal layer and is surrounded by a circumferential fatty sheath known as mesorectum. It contains the
perirectal lymph nodes, which usually represent the first
sites to which rectal tumors disseminate[1,2].

PRETREATMENT EVALUATION AND
STAGING
The process of staging a rectal cancer starts with a careful physical examination. Digital examination of the
rectum, along with proctoscopy, should determine degree of tumor fixation, percentage of the circumference
involved, distance of the tumor form the anal verge and
likelihood of sphincter preservation. Vaginal exam may
reveal direct tumoral invasion. Inguinal lymph nodes
should be examined if tumor arises from the lower third
of the rectum. According to the the American Society

WJG|www.wjgnet.com

Primary tumor cannot be assessed
No evidence of primary tumor
Carcinoma in situ: intraepithelial or invasion of lamina propria
Tumor invades submucosa
Tumor invades muscularis propria
Tumor invades subserosa or into non-peritonealized pericolic or
perirectal tissues
Tumor directly invades other organs or structures and/or
perforates visceral peritoneum
Tumor perforates visceral peritoneum
Tumor directly invades other organs or structures
Regional lymph nodes cannot be assessed
No regional lymph node metastasis
Metastasis in 1-3 regional lymph nodes
Metastasis in 1 regional lymph node
Metastasis in 2-3 regional lymph nodes
Tumor deposit(s), i.e., satellites, in the subserosa, or in nonperitonealized pericolic or perirectal soft tissue without regional
lymph node metastasis
Metastasis in 4 or more regional lymph nodes
Metastasis in 4-6 regional lymph nodes
Metastasis in 7 or more regional lymph nodes
No distant metastasis
Distant metastasis
Metastasis confined to one organ [liver, lung, ovary, non-regional
lymph node(s)]
Metastasis in more than one organ or the peritoneum
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of endoscopic surgical instruments that permit resection
of tumors located up to 20 cm from the anal verge. To
this moment, there are few studies comparing TEM with
transanal resection or with radical surgery[20,21]. However,
the published trials have suggested the technique is relatively safe, usually with minor complications.
It is important to take into account that even in wellselected patients (cT1N0), the risk of lymph nodes metastases can reach 10%. The most challenging aspect in
selecting patients for that sort of treatment is that the
preoperative staging remains limited in defining precisely
tumor invasion and nodal involvement. Considering that
the local recurrence rate may vary from 26% to 47% for
T2 lesions, a radical resection must be indicated for patients with these lesions. However, if the patient is a poor
surgical candidate, we could alternatively recommend
complementary chemoradiation to reduce the risk of local
recurrence[18].

Table 2 Tumor node metastasis stage grouping (colon and
rectum cancer)
Stage 0
Stage Ⅰ
Stage Ⅱ
Stage ⅡA
Stage ⅡB
Stage ⅡC
Stage Ⅲ
Stage ⅢA
Stage ⅢB

Stage ⅢC

Stage ⅣA
Stage ⅣB

Tis
T1, T2
T3, T4
T3
T4a
T4b
Any T
T1, T2
T1
T3, T4a
T2, T3
T1, T2
T4a
T3, T4a
T4b
Any T
Any T

N0
N0
N0
N0
N0
N0
N1, N2
N1
N2a
N1
N2a
N2b
N2a
N2b
N1, N2
any N
any N

M0
M0
M0
M0
M0
M0
M0
M0
M0
M0
M0
M0
M0
M0
M0
M1a
M1b

AJCC: American joint committee on cancer[4].

NEOADJUVANT TREATMENT

of choice for the local staging. EUS is considered more
precise (T-stage accuracy ranging from 75% to 95%), as
compared to MRI (T-stage accuracy ranging from 59% to
95%). However, the efficacy of EUS is limited in stenotic
or large bulky lesions which cannot be traversed by the
probe[10-12].
Evaluation of perirectal lymph nodes is still a major
controversial matter, particularly because metastases can
be found in normal-sized lymph nodes[13,14]. According
to a meta-analysis of 90 studies[15], none of the three
imaging modalities were significantly superior in defining
lymph node involvement. Sensitivities and specificities of
the exams were as follows: CT (55% to 74%), EUS (67%
to 78%), and MRI (66% to 76%).

According to the current evidence, tumors classified as
TNM stage Ⅱ or Ⅲ (T3/T4, N1/N2) should receive
neoadjuvant treatment before radical resection[22]. Two
main options of preoperative therapy have been proposed. The first is short-course radiotherapy, which is
considered the treatment of choice in North-European
countries and Scandinavia. The second option is the
so-called long-course preoperative chemoradiotherapy,
which is the favored treatment in most European countries and in the United States. Characteristics and results
of the main trials investigating the neoadjuvant strategies
in rectal carcinoma are presented in Table 3.
Recently, the German Rectal Cancer Study Group
published results of their trial after a median follow-up
of 11 years[31]. Overall survival at 10 years was 59.6% in
the preoperative arm and 59.9% in the postoperative arm
(P = 0.85). The 10-year cumulative incidence of local relapse was 7.1% and 10.1% in the preoperative and postoperative groups, respectively (P = 0.048), representing
a small absolute reduction of long-term local recurrence
(3%). No significant differences were detected for 10-year
incidence of distant metastases (29.8% and 29.6%) and
disease-free survival.
A recently published meta-analysis[32] assessed effectiveness and safety of neoadjuvant radiotherapy in rectal
cancer. The authors searched several database, analyzing
randomized controlled trials comparing either neoadjuvant therapy vs surgery alone (17 trials including 8568 patients) or neoadjuvant chemoradiotherapy vs neoadjuvant
radiotherapy (5 trials including 2.393 patients). Neoadjuvant radiotherapy decrease local recurrence (HR = 0.59;
95%CI: 0.48-0.72) compared to surgery alone even after
total mesorectal excision. It has marginal benefit in overall survival (HR = 0.93; 95%CI: 0.85-1.00), but was associated with increased perioperative mortality (HR = 1.48;
95%CI: 1.08-2.03). Neoadjuvant chemoradiation improved local control as compared to radiotherapy alone
(HR = 0.53; 95%CI: 0.39-0.72), but both treatments had

TREATMENT CONTROVERSIES
Local excision
Despite limitations of the imaging exams, they are essential to define the strategy of treatment to be adopted. Tumors classified as T1 with no evidence of nodal involvement may be amenable to local excision, depending upon
some specific criteria. These include: well to moderately
differentiated carcinomas, measuring less than 3 cm in
diameter, occupying less than a third of the circumference of the rectal lumen, with no lymphatic, vascular or
perineural invasion[16,17]. Using these selection criteria, it
can be achieved 10-year overall survival rates of 84% and
disease-free survival of 75%[18].
There are currently two main techniques for local excision. The first one is transanal resection which consists of
excision of all layers of the bowel wall, including perirectal fat, with disease-free margins of at least one centimeter. It is a procedure that colorectal surgeons are familiar
with, however its indication is limited to tumors located
within 8 cm from the anal verge[19]. The second method is
transanal endoscopic microsurgery (TEM), which utilizes
a special proctoscope with a 3D binocular optic and a set
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Table 3 Major neoadjuvant therapy trials
n

Ref.
Upsala Trial[23]

471

Treatment arms

Local recurrence rate

Arm 1 (236): preoperative RT (25.5 Gy delivered
in 5-7 d)
Arm 2 (235): postoperative RT (60 Gy delivered
in 8 wk)
Arm 1 (423 patients): 25 Gy during 5-7 d
followed by surgery
Arm 2 (421 patients): surgery alone

5 yr of follow-up
Arm 1: 12%
Arm 2: 21%
P = 0.02
Median follow-up time
Stockholm Ⅰ Trial[24] 849
of 107 mo
Arm 1: 14%
Arm 2: 28%
P < 0.01
Swedish Rectal
1168 Arm 1 (553 patients): preoperative RT - 25 Gy delivered in 5 yr of follow-up
Cancer Trial[25]
five fractions in 1 wk, followed by surgery
Arm 1: 11%
Arm 2 (557 patients): Surgery alone
Arm 2: 27%
P < 0.001
Dutch TME Trial[26] 1861 Arm 1 (924 patients): preoperative RT (5 Gy × 5 d)
2 yr of follow-up
followed by TME
Arm 1: 2.4%
Arm 2 (937): TME alone
Arm 2: 8.2%
P < 0.001
Stockholm Ⅱ Trial[27] 557 Arm 1 (272): preoperative radiotherapy (25 Gy
Median follow-up was
in one week) followed by surgery within a week
8.8 yr
Arm 2 (285): surgery alone
Arm 1: 12%
Arm 2: 25%
P < 0.001
German Rectal
823 Arm 1 (421 patients): preoperative CHRT:
5 yr of follow-up
Cancer Study
50.4 Gy/28 fractions/5 fractions weekly
Arm 1: 6.0%
Group[28]
and fluorouracil (continuous infusion) in first
Arm 2: 13%
and fifth week of RT. TME after 6 wk
P = 0.006
Additional 4 cycles of FU every 4 wk
Arm 2 (402 patients): postoperative CHRT
(same as in Arm 1 except a 5.4 Gy boost in RT)
Polish Rectal Cancer 312 Arm 1 (155 patients): preoperative RT
4 yr of follow-up
Trial[29]
(5 Gy × 5 d) followed by TME at 7 d after RT
Arm 1: 9%
Arm 2 (157 patients): preoperative RT (45 Gy/25
Arm 2: 14.2%
fractions/5 wk) + 2 cycles of chemotherapy on weeks
P = 0.170
1 and 5 of RT followed by TME 4-6 wk later. The cycle
consisted of leucovorin + fluorouracil both administered
as rapid infusion on 5 consecutive days
MRC CR07 and
1350 Arm 1 (674 patients): short-course radiotherapy
3 yr of follow-up
NCIC CTG C016[30]
(25 Gy/5 fractions) followed by surgery.
Arm 1: 4.0%
Arm 2 (676 patients): initial surgery with selective postArm 2: 10.6%
operative chemoradiotherapy (45 Gy in 25 fractions plus
P < 0. 01
5-fluorouracil) restricted to patients with involvement of
the circumferential resection margin.

Overall survival rate
5-yr survival rate
Arm 1: 42%
Arm 2: 38%
P = 0.42
Median follow-up time of 107 mo
No significant difference between groups

5-yr survival rate
Arm 1: 58.0%
Arm 2: 48.0%
P = 0.004
2-yr survival rate
Arm 1: 82.0%
Arm 2: 81.8%
P = 0.84
Median follow-up 8.8 yr
Arm 1: 39%
Arm 2: 36%
P = 0.2
5-yr survival rate
Arm 1: 76.0%
Arm 2: 74.0%
P = 0.80

4-yr survival rate
Arm 1: 67.2%
Arm 2: 66.2%
P = 0.960

Estimated 5-yr survival rate
Arm 1: 70.3%
Arm 2: 67.9%
P = 0.40

RT: Radiotherapy; TME: Total mesorectal excision; CHRT: Chemoradiotherapy; FU: Fluorouracil.

no influence in long-term survival.
One of the potential advantages of the neoadjuvant
treatments is the possibility of tumor shrinkage, which,
in theory, could increase the chance of performing a
sphincter saving surgery. This hypothesis has been investigated in several trials using different regimens of preoperative treatment[30,33]. Recently, Gerard et al[34] published
the results of a well-conducted systematic review on the
impact of the neoadjuvant treatments in sphincter preservation. Seventeen randomized trials published between
1988 and 2009 were analyzed. The rate of sphincter saving surgery increased from 30% for the patients operated
in the 80’s[18] up to 77% in 2008[15]. However, in none of
the main trials analyzed (except three trials with low number of patients) it was possible to demonstrate a significant benefit of the neoadjuvant treatment on the rate of
sphincter preserving surgery. According to the authors,
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this increase in sphincter preservation appears to be the
result of new technologies and changes in surgical concepts, such as incorporation of total mesorectal excision
(TME) and the techniques for very low anastomosis.
These findings are in line with a previous study by Bujko et al[35] in which 10 randomized trials were reviewed.
These studies included 4596 patients in whom preoperative chemoradiotherapy resulted in tumor shrinkage in
the neoadjuvant arm as compared with the control arm.
As acknowledged by the authors, there were several difficulties in comparing the studies, including different
preoperative radiochemotherapy schemes, duration of
the interval between radiotherapy and surgery and patient
populations. Despite these limitations, it was concluded
that preoperative radiotherapy does not have a positive
impact on the rate of anterior resection and sphincter
preservation.
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Table 4 Locoregional recurrence in patients with complete clinical response who did not proceed to rectal resection n (%)
Ref.
Nakagawa et al[41]
Habr-Gama et al[42]
Lim et al[43]
Hughes et al[44]
Dalton et al[45]
Maas et al[46]

No. of patients

T2

Radiotherapy

Chemotherapy

52
360
48
58
49
192

No
Yes (14%)
T1/t2 (33%)
No
No
Yes (24%)

45-50.4 Gy, 28 fractions, 38 d
50.4 Gy, 28 fractions, 5-6 wk
Mean 50 Gy, 25 fractions
45 Gy, 25 fractions, 33 d
45 Gy, 25 fractions, 33 d
50.4 Gy, 28 fractions, 6 wk

Fluorouracil + leucovorin
Fluorouracil + leucovorin
Fluorouracil
Fluorouracil + leucovorin
Capecitabine
Capecitabine

10 (19.2)
99 (27.5)
27 (56)
10 (17)
12 (24)
21 (10.9)

Locoregional
recurrence
8 (80)
6 (6)
11 (23)
6 (60)
6 (50)
1 (5)

Such good results, however, could not be reproduced
by other groups. Nyasavajjala et al[40] reviewed pathologic
results of patients operated on for rectal cancer after long
course neoadjuvant chemoradiotherapy in two different
tertiary British hospitals. One hundred and thirty-two
consecutive patients were treated between 2002 and 2007.
Only 13 out of 132 (10%) of patients had a complete
pathological response, representing one-third of the cCR
previously reported. They concluded that nonsurgical
therapy for rectal cancer according to Habr-Gama algorithm of treatment may only be effective in a very small
proportion of patients and could not be recommended.
As shown in Table 4, there is a wide variation among
studies in the rates of local recurrence for patients with
cCR to chemoradiation who were not submitted to a
subsequent rectal resection.
Recently, Glynne-Jones et al[36] conducted a systematic
review of studies evaluating non-operative treatments
and the “wait and see” strategy in rectal cancer. Most
studies were retrospective and there were no randomized phase Ⅱ or phase Ⅲ trials. In all they could evaluate nine series, including 650 patients: 361 patients from
the Habr-Gama series and 289 patients from the eight
remaining series. The results in terms of cCR and local
recurrence reported in the Brazilian series were clearly
superior. However, there were significant heterogeneity
among studies in terms of treatment regimen, methods
of assessment used to define a cCR (digital exam, biopsy
or imaging tests) and the follow-up strategy used. The
authors concluded that evidence for the “wait and see”
policy comes mainly from a single retrospective series,
which included highly selected cases. Results obtained in
patients with small rectal cancers cannot be extrapolated
at this moment to patients with more advanced tumors
where nodal involvement can be anticipated.
The main obstacle to implement the “wait-and-see”
policy is the current lack of accuracy of the tests in
determining whether there has really been a complete
pathological response[36]. Due to changes in pelvic tissues after radiotherapy (edema, inflammation, fibrosis)
it is very difficult to assess whether an apparent clinical
response will eventually translate into a complete pathological response. Digital exam, proctoscopy and imaging
tests (endoanal ultrasound, MRI or positron emission
tomography-CT) are still imprecise for detecting microscopic tumor deposits within the rectum and perirectal
lymph nodes[47]. Thus, the non-surgical approach remains experimental at this moment. Prospective multi-

“WAIT AND SEE” APPROACH
In about 10%-20% of patients with rectal cancer who
receive preoperative chemoradiation, a pathological
complete response (pCR), characterized by absence of
viable tumor cells within the surgical specimen, can be
expected[36]. According to a systematic review and metaanalysis of the literature, patients with pCR have better
oncologic outcomes as compared with those presenting a
less marked response to chemoradiation, including better
rates of local recurrence, distant metastases, disease-free
and overall survival at 5 years[37].
According to some authors, it is therefore valid to
think that patients whose tumors have been sterilized by
chemoradiation would have no additional benefit from
a subsequent radical resection. In 1998, Habr-Gama et
al[38] from Brazil proposed the “wait and see” policy for
patients who achieve what they called complete clinical
response (cCR) after neoadjuvant treatment. They evaluated 118 patients treated by preoperative CRT (50.4 Gy
and concurrent 5-FU and leucovorin for 3 consecutive
days on the first and last 3 d of radiotherapy). All patients
underwent repeat evaluation and biopsy of any suspected
residual lesions or scar tissue. Thirty-six patients (30.5%)
were classified as being complete responders. In only
six of these patients, complete response was confirmed
by the absence of tumor in the surgical specimen. In
the other 30 patients, a complete response was assumed
by the absence of symptoms and negative findings on
physical examination, biopsy and imaging tests during
a median follow-up of 36 mo. Out of the later group,
eight patients presented local failure, demanding salvage
resection. The outcome for patients without recurrence
was similar to that of patients found at surgery to have
achieved a pCR. The authors concluded that about 26%
of their patients could be spared from surgical resection
using that conservative strategy of management.
In subsequent publications Habr-Gama et al[39] repeatedly reported favorable results. In 2006, they reported
the outcome of 361 patients with distal rectal cancer
managed by neoadjuvant chemoradiation. One hundred
twenty-two patients were considered to have complete
clinical response and were not immediately operated on.
Of them, 99 patients sustained complete clinical response
for at least 12 mo and were considered stage c0 (27.4%).
There were 13 recurrences, but only six of these cases
had local recurrent disease. Overall and disease-free 5-year
survivals were 93% and 85% respectively.
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institutional controlled studies based on uniform inclusion criteria are needed to define the efficacy and risks
of this form of treatment.

DISTAL MARGIN OF RESECTION
At present, a distal mural margin of 2cm is considered
the standard for rectal cancer resections[2]. One cm distal
margin is accepted for low rectal tumors, if it is necessary
to avoid an APR[2,53-56], because distal intramural spread
occurs over 1 cm in only 4%-10% of the cases[57,58]. Ueno
et al[59] demonstrated in a retrospective analysis of 80 patients who underwent APR that intra-mural distal spread
occurs in 10.6% of the patients. In only 2.3% of the
cases tumor cells can be found more than 1cm from the
tumor, mainly in poor differentiated carcinomas. There
are some authors that accept margins even shorter than
the 1 cm[60]. In a recent meta-analysis evaluating 17 studies including 7097 patients the local recurrence rate was
only 1% higher in the group of patients with distal margins less than 1 cm when compared to the group with
distal margins measuring more than 1 cm (95%CI: 0.6-2.7,
P = 0.175). They were not able to find a statistically significant difference in either local control or survival with
margins of less than 1 cm. Analysis of a subgroup of
patients with negative margins as close as 5 mm to the
lower tumor border suggests it can be safely adopted in
histologically favorable tumors[60]. To this date, however,
there is no study establishing valid criteria for selecting
patients to resection with less than 1 cm distal margin.

RADICAL SURGICAL APPROACH
Surgery remains as the cornerstone curative treatment
for rectal cancer. Sphincter preservation must be seen
as a secondary objective, which should not compromise
oncological adequacy of resection. Radical surgical treatment for rectal cancer, which consists of the resection
of the rectum and lymphadenectomy, includes two main
procedures: low anterior resection (LAR) and abdominoperineal resection (APR). In LAR, the anal sphincter
complex is preserved and it is possible to restore intestinal continuity. In APR, the anal sphincters are resected en
bloc and it is necessary to construct a definitive colostomy.
Currently, LAR is the most commonly used surgery for
the rectal cancer, while APR is applied in cases where it
is not possible to get free margins without resecting the
anal sphincter complex[48].
As a rule, the lower is the level of a rectal cancer,
the worse is its prognosis. In a series[49] in which 2136
patients underwent radical surgeries with TME, the local
recurrence rate was 15%, 13% and 9% for tumors located in inferior, medium and superior rectum, respectively.
The correspondent five-year survival rates were 59%,
62% and 69%. The rate of local recurrence was 10% in
patients submitted to LAR compared with 15% for patients submitted to APR. In addition, the five-year survival rate was 68% for LAR and 55% for APR. A similar
study[50] analyze patients who underwent radical surgeries
without any adjuvant therapy. The mean rate of local
recurrence rate was 18.5% (19.3% for APR and 16.2%
for LAR). There is currently strong evidence in literature
showing that LAR and APR have similar long-term oncological results when appropriate surgical margins can
be assured.
A diverting ostomy is strongly recommended for
patients undergoing a LAR, particularly when a low
anastomosis is constructed. A meta-analysis [51] of 4
randomized controlled trials and 21 non-randomized
studies, including 11429 patients, showed more favorable
results in patients with a diverting ostomy as compared
with those without a protective stoma. Meta-analysis
of the randomized trials showed lower rates of clinical
anastomotic leak (RR = 0.39; P < 0.001) and reoperation
(RR = 0.29; P < 0.001) in the stoma group. Similarly,
meta-analysis of the non-randomized studies demonstrated lower rates of clinical anastomotic leak (RR =
0.74; P < 0.001), reoperation (RR = 0.28; P < 0.001) and
mortality (RR = 0.42; P < 0.001) in the stoma group. A
protective ostomy may be either a colostomy (usually in
the transverse colon) or an ileostomy. The latter is more
frequently used because it is technically easier to reverse
and less associated with stoma prolapse. Usually, the
ileostomy reversal is undertaken within 8 to 12 wk after
the primary rectal resection[52].
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TOTAL MESORECTAL EXCISION
TME was proposed and made popular by Heald et al[61]
in 1982, being recommended for tumors of the mid and
lower rectum. It consists of complete excision of all the
mesorectal tissue evolved by the visceral layer of endopelvic fascia, which must be kept intact and the circumferential margins not compromised. TME is based on the
observation that viable tumor cells can be found within
the mesorectum as far as 3 to 4 cm from the tumor lower
border[62,63]. The technique consists of sharp dissection
without the use of blunt instruments (including fingers)
on the natural avascular plane between visceral and the
parietal endopelvic fascia layers. That dissection requires
the removal of the Denonvilliers fascia, especially when
the tumor is anterior. The hypogastric and parasympathetic pelvic nerves must be preserved, avoiding urinary
and sexual disfunction. Circumferential margins should be
widely resected to reduce rates of local recurrence[64,65].
Since the introduction of TME, the five-year survival
rates increased from 45%-50% to 75% and the local recurrence rates decreased from 30% to 5%-8%[66]. It is not
necessary, however, to perform a TME in upper rectal tumors. Resecting a 5 cm distal margin of the mesorectum
below the inferior tumor edge (partial mesorectal excision) is enough in those cases[62].

SPHINCTER PRESERVATION IN ULTRALOW RECTAL TUMORS
Sphincter preservation remains a challenge in low rectal
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tumors. Whenever safe distal margins cannot be achieved,
an APR is still the treatment of choice. However, for
tumors located within 6 cm from the anal verge some
conservative surgical procedures may be attempted[67,68].
In the ultra-LAR (uLAR), the rectal transection is performed transanally, with straight view to the inferior
tumor board, and a manual coloanal anastomosis (CAA).
Another alternative is the intersphincteric resection (ISR),
in which the internal anal sphincter is partially or totally
resected in order to obtain appropriate longitudinal and
radial margins[68].
Recently, Rullier et al[68] have tried to standardize surgical treatment for the inferior rectal tumors, proposing a
new classification of these tumors according its location
and degree of sphincter invasion. They subdivided low
rectal tumors into four categories: Type Ⅰ (supra-anal tumor): inferior tumor board located more than 1 cm from
the anal ring; Type Ⅱ (juxta-anal tumor): inferior tumor
board is located ≤ 1 cm distant from the anal ring; Type
Ⅲ (intra-anal tumor): there is internal sphincter invasion;
and Type Ⅳ (transanal tumor): when there is external
sphincter or levator ani muscle invasion. In this study,
Type Ⅰ cancers were treated through a conventional
CAA, that was a Park procedure, including anal mucosectomy above the dentate line and preservation of the anal
internal sphincter. Type Ⅱ tumors underwent partial ISR
to achieve sphincter-preserving surgery with 1 cm distal
resection margin. Type Ⅲ lesions had a total ISR removing the whole of the internal sphincter. Type Ⅳ lesions
were treated through APR. Using that classification, the
authors operated 404 cases, with local recurrence rates of
6%, 5%, 9% and 17% respectively for the types Ⅰ, Ⅱ, Ⅲ
and Ⅳ (P = 0.186). Only 50% of the patients had good
fecal continence while 11% had a severe fecal incontinence. Besides, 6% of their patients needed definitive colostomy due to postoperative fecal incontinence. As the
authors recognized, results of their retrospective series
need to be confirmed in prospective clinical trials.
Whenever a very low colorectal anastomosis is performed, the rectal reservoir is lost and it can result in the
so-called anterior resection syndrome (soiling, urgency,
multiple defecation). In this context, it is interesting to
observe that some studies demonstrated that the quality
of life of patients who have undergone uLAR may be
inferior when compared to the one of patients submitted to APR[69]. Functional results of ISR are recognizably
suboptimum[68,70], with only 50% of patients maintaining
fecal continence after two years[68,71]. Thus, ISR must be
considered for patients with adequate sphincteric function, as demonstrated by manometric evaluation of anal
sphincters, and for those that can accept that functional
results may be suboptimum.

cancer, some studies confirm the influence of surgical
specialization on the prognosis. In a population based audit[73] with 8219 cases, patients who have undergone elective proctectomy by colorectal surgeons obtained higher
sphincter preservation rates as compared to the ones
operated by general surgeons (OR = 1.42; P = 0.018). In
a historical cohort study[74] involving five general hospitals with 683 patients operated on with curative intent,
cancer-free five-year survival rate was significantly higher
in the group operated by colorectal surgeons (HR = 1.5;
P = 0.03). Similarly, a recent review and meta-analysis[75]
demonstrated that patients operated by colorectal surgeons presented a lower rate of permanent ostomy (RR
= 0.7; 95%CI: 0.53-0.94). In addition, in a retrospective
study[76] with 384 consecutive rectal cancer patients, the
results were significantly better when patients were operated by colorectal surgeons. After multivariate analysis,
the five-year survival was 77% for patients operated by
specialists and 68% for the patients operated by general
surgeons. There was also a better local control as well as a
higher rate of sphincter preservation in patients operated
by specialists.

MINIMALLY INVASIVE SURGERY
Current evidence indicates that laparoscopic TME has
equivalent oncological results as compared to open TME,
when performed by experienced laparoscopic surgeons[2].
Most studies reported similar oncological results when
comparing both techniques[77-81]. In a meta-analysis[82]
involving 17 trials with 3158 patients with rectal cancer
submitted to curative operations there was a statistically
significant difference in the average number of recovered
lymph nodes (laparoscopy = 10, open = 12, P = 0.001).
However, it had no impact on the clinical outcome of the
patients. Furthermore, there was no difference in the radial, proximal or distal margin status between the groups.
In the CLASICC Trial[83], a single-institution clinical trial
with 253 patients, the incidence of positive radial margins
was 12% in the laparoscopic LAR group vs 6% for the
open LAR one. That difference, however, was not statistically significant and there was no difference regarding
local recurrence within five years.
Four prospective trials including 886 patients have
reported no significant difference in disease-free or overall survival between the laparoscopic and open groups
with a follow-up ranging from 37 to 113 mo[77-80]. In the
COLOR Ⅱ trial[84], a multicenter randomized clinical trial
with 1103 patients, there was no significant difference between the open surgery group and the laparoscopy group
in relation to radial and distal margin status and in the
number of recovered lymph nodes. A definitive answer
regarding the safety and effectiveness of the rectal cancer
laparoscopic surgery, however, still depends on the results
of multicenter studies such as ACOSOG-Z6051 trial[85],
currently conducted in the United States.
The recent introduction of the robotic surgical system has revolutionized the field of minimally invasive
surgery. It provides several technical advances in relation

SURGICAL SPECIALIZATION
The specialization degree of the surgeon is an important
prognostic factor for the treatment of colorectal cancer.
Patients operated by surgeons specialized in colorectal
surgery have better outcome[72]. Regarding the rectal
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to laparoscopic surgery: better ergonomics, stable camera
control, high-definition three-dimensional vision, filter of
physiologic tremor and human wrist-like motion of robotic instruments[86]. Robotic technology also eliminates
the fatigue associated with conventional laparoscopy and
offers more comfort to the surgeon[87]. Another advantage of robotic surgery is a shorter learning curve when
compared to laparoscopy, although cost of robotic surgery is significantly higher[88].
Several technical issues of the robotic surgery, however, should be carefully taken into account. There is a
loss of tactile sensation with the robotic approach, which
results in lack of tensile feedback to the surgeon. It can
cause excessive traction of tissues and damage to anatomic structures, particularly during the initial experiences
with the technique. Operative time is usually longer using
the robotic system as compared with the laparoscopic
approach, particularly because docking and separation of
the robotic instruments from patient is a time consuming procedure. The patient’s surgical position cannot be
modified without undocking the robotic instruments,
which may result in prolonged operative time and potential delay in conversion to open surgery if it is eventually
necessary[88,89].
Recent studies have compared robotic surgery to
laparoscopy for the treatment of rectal cancer. A metaanalysis[89] with 854 patients has demonstrated that the
conversion rate to open surgery was significantly lower
in the robotic approach when compared to the laparoscopic surgery (OR = 0.26; 95%CI: 0.12-0.57, P =
0.0007). In that study, there was no significant difference
between the groups regarding operative length, hospital
stay, postoperative complications, number of recovered
lymph nodes and positive radial/distal margin status.
In another study [90] including 84 patients who have
undergone uLAR, the robotic surgery showed a lower
conversion rate to the open procedure (robot, 2.1% vs
laparoscopy, 16.2%, P = 0.02) and shorter hospital stay
(robot, 9 d vs laparoscopy, 11 d, P = 0.011). There was
no significant difference between the groups in rates of
local recurrence and overall survival within 3 years. The
robotic system has been improving rapidly and has been
successfully used even in complex surgical procedures
such as uLAR with CAA and ISR[91]. Even showing some
potential advantages in relation to laparoscopy, the role
of the robotic surgery for the rectal cancer treatment has
not been defined yet, still requiring further studies with
longer follow-up period.

versial points, such as safety and efficacy of the “wait and
see” approach and the definitive role of laparoscopic and
robotic surgery in rectal cancer.
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Colorectal cancer biomarkers: To be or not to be?
Cautionary tales from a road well travelled
Kim YC Fung, Edouard Nice, Ilka Priebe, Damien Belobrajdic, Aloke Phatak, Leanne Purins, Bruce Tabor,
Celine Pompeia, Trevor Lockett, Timothy E Adams, Antony Burgess, Leah Cosgrove
by a lack of suitable non-invasive biomarkers that are
clinically or economically acceptable for populationbased screening. New blood-based protein biomarkers
for early detection of CRC are therefore urgently required. The success of clinical biomarker discovery and
validation studies is critically dependent on understanding and adjusting for potential experimental, analytical,
and biological factors that can interfere with the robust
interpretation of results. In this review we outline some
important considerations for research groups undertaking biomarker research with exemplars from our
studies. Implementation of experimental strategies to
minimise the potential effects of these problems will
facilitate the identification of panels of biomarkers with
the sensitivity and specificity required for the development of successful tests for the early detection and
surveillance of CRC.
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Core tip: The identification of sensitive and specific
biomarkers for the early diagnosis and surveillance of
colorectal cancer is recognised as being fundamental
to improve survival for this disease. Studies involving
analyses of multiple biomarkers require consideration
of many potential confounding issues, some of which
are impossible or difficult to control for. Implementation of strategies which can overcome and account for
potentially confounding variables is essential to ensure
robust verification and validation of potential biomarkers and their successful evaluation in large and meaningful clinical cohorts that are representative of the
target population, ultimately with successful translation
into the clinic.

Abstract
Colorectal cancer (CRC) is the second most common
cause of cancer-related death worldwide and places a
major economic burden on the global health care system. The time frame for development from premalignant to malignant disease typically spans 10-15 years,
and this latent period provides an ideal opportunity for
early detection and intervention to improve patient outcomes. Currently, early diagnosis of CRC is hampered
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septin 9 (mSEPT9)[22]. The most promising test to date is
a stool DNA test comprised of a panel of four methylated genes (BMP3, NDRG4, vimentin, TFPI2), a mutant
form of KRAS and α-actin as the internal reference
control[21]. In a recent blinded multicentre trial, this panel
was able to accurately detect Stage Ⅰ-Ⅲ CRC patients
with 87% sensitivity at 90% specificity in a training set
and with 78% sensitivity at 85% specificity in a test set
(combined sensitivity of 85% at 90% specificity). More
importantly, this test was also able to detect large polyps
with a detection rate of 54% and 92% for polyps ≥ 1 cm
and > 4 cm, respectively. This test is currently awaiting
FDA approval.
Recently, mSEPT9 has emerged as a promising diagnostic marker for CRC[22-25]. mSEPT measured in plasma
is reported to have higher sensitivity and specificity
than either the guaiac faecal occult blood test (gFOBT)
or carcinoembryonic antigen (CEA)[24]. Tóth et al[24] reported a sensitivity of 79.3% for mSEPT9 vs 68.2% and
51.8% for gFOBT and CEA, respectively (specificity of
84.8%, 70.6% and 85.2%, respectively). Warren et al[25]
also recently reported 90% sensitivity at 88% specificity
for all disease stages for mSEPT9, 87% for Stage Ⅰ-Ⅱ
disease and a detection rate of 12% for adenomas. Based
on these studies, a prospective study was conducted in
an asymptomatic screening population aged 50 years
and older and this study determined that the sensitivity
for mSEPT9 was 48% at 91% specificity, indicating that
performance of this test in a screening population may
not be optimal[26]. Furthermore, when compared with the
stool DNA test mentioned above, the sensitivity for CRC
was 87% for the stool DNA panel vs 60% for plasma
mSEPT9 and the authors also reported that the stool
DNA test was markedly more sensitive for early stage
disease and proximal cancers than mSEPT9[27]. Although
mSEPT9 is considered highly promising, a recent costeffectiveness study conducted by Ladabaum et al[28] revealed that current established screening modalities were
still more effective than mSEPT9 and that testing of
mSEPT9 yielded only an incremental benefit. This study
highlights that in addition to high sensitivity and specificity, a diagnostic test must fulfil additional criteria to be
successfully adopted by the community.
Amongst the many proteins that have been proposed as potential diagnostic biomarkers for CRC, two
protein biomarkers have been extensively investigated:
the tumour specific M2 isoform of pyruvate kinase
(PKM2) and tissue inhibitor of matrix metalloproteinase
1 (TIMP1). PKM2 measured in plasma and stool show
relatively high sensitivity for CRC diagnosis, with reported sensitivity of over 90% in stool in some studies[29-31].
Plasma TIMP1 is reportedly elevated in CRC in comparison to control populations, and prospective studies have
been conducted to determine its utility as a biomarker for
CRC[32,33] based on published data of retrospective studies reporting sensitivity and specificity of TIMP1 of 63%
at 98%, respectively, for CRC overall, and 56% sensitivity
for early stage disease (Dukes Stages A and B)[34]. The re-
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INTRODUCTION
Worldwide, colorectal cancer (CRC) is one of the most
prevalent cancers representing approximately 10% of all
cancer diagnoses[1]. This places a major economic burden
on the global health care system[2]. CRC is, however, regarded as one of the most preventable diseases as lifestyle
and diet are believed to be major causative factors in disease development[3]. Epidemiological studies have shown
that smoking, excess body weight, physical inactivity and
low consumption of dietary fibre are risk factors for
CRC[3]. Early detection of CRC is especially important as
patients who are diagnosed early (TNM Stage Ⅰ disease)
have a 5-year survival rate of 90%-95% following surgical
resection[4]. In contrast, when diagnosed at the later stages (i.e., Stage Ⅳ), the 5-year survival rate is only 5%-10%.
Currently, the faecal occult blood test (FOBT) and faecal
immune test are the only clinically accepted non-invasive
diagnostic tests for CRC[5]. These tests detect the presence of haem or blood in stool, but have low sensitivity
for CRC (61%-79% sensitivity at 86%-95% specificity)[6-8]
and perform poorly for early disease detection (sensitivity of 27% and 50% for advanced neoplasia and Dukes
Stage A, respectively)[7]. While colonoscopy and sigmoidoscopy have high specificity for CRC and are capable of
early detection, they are highly invasive and costly procedures. Early stages of the disease (premalignant or Stage
1) are asymptomatic and it is estimated that up to 50%
of patients already have invasive cancer or metastasis at
presentation. Consequently, to reduce mortality from this
disease, an improved sensitive and specific non-invasive
screening test for CRC is urgently needed.
Early diagnosis, including detection of adenomas, is
considered to be a key aspect for improving patient survival and prognostic or predictive biomarkers are essential for guiding patient therapy or monitoring treatment
efficacy. However, the success of biomarker translation
into the clinic has been limited and very few biomarkers
have passed the steps necessary for routine clinical utility. The US Food and Drug Administration (FDA) has
approved less than 30 cancer biomarkers, primarily to
monitor response to therapy, over recent years despite the
thousands of research papers published every year[9]. As
yet, a diagnostic panel has not been identified for CRC
despite extensive research efforts and numerous reports
of potential multi-marker protein panels or gene signatures. These include multiple gene biomarker panels[10-15],
individual protein biomarkers[16-19], metabolic markers[20],
a stool DNA test[21], and the DNA methylation marker,
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sults of prospective studies to date have been disappointing. Based on the results of the recent study by Neilson et
al[33] which included 4509 individuals who undertook sigmoidoscopy or colonoscopy, TIMP1 measured in plasma
was not demonstrably better than CEA at detecting CRC.
Another prospective study by the same group also determined that no difference in plasma TIMP1 levels was
detectable between patients with adenomas, polyps or no
colon pathology, indicating that TIMP1 is not suitable
for detection of premalignant lesions[35]. Accordingly,
plasma TIMP1 is believed to be more sensitive for late
stage disease (Stage D) in comparison to Stages A, B or C,
and higher pre-operative levels are associated with poor
prognosis[36-39]. Additionally, when compared to FOBT,
both PKM2 and TIMP1 are less sensitive for disease detection[18,40].
CEA measured in serum and carbohydrate antigen
19-9 (CA19-9), a gastrointestinal tumour marker, are two
well documented blood-based protein biomarkers used
for cancer detection[41,42]. Serum CEA is widely used as
a cancer biomarker to monitor recurrence, however, it
is not recommended for use as a diagnostic marker as
it is not specific for CRC or cancer, can be elevated in
response to other physiological conditions, and has low
sensitivity for diagnosis of CRC[43]. The sensitivity of
CEA for early stage disease is relatively low and is higher
in the later stages of disease. Wang et al[44] reported elevated pre-operative CEA levels in less than 40% of patients diagnosed with Stage A and B disease, and in 70%
of patients with Stage C disease. Similar to CEA, CA19-9
is non-specific for cancer and elevated levels are detected
in benign inflammatory diseases, especially benign intestinal and liver disease[45]. The measurement of CA19-9 in
serum has lower sensitivity than CEA for CRC diagnosis
and like CEA, its greatest clinical utility is to monitor
disease progression and prognosis once cancer has been
diagnosed[43-47].
For detection of disease recurrence, genomic signatures have been most successful, e.g., MammaPrint, a
70-gene panel, has been approved by the US FDA as an in
vitro diagnostic platform for breast cancer[48,49]. The clinical performance of platforms based on gene transcript
signatures is still being evaluated for detection of recurrence for CRC but these appear to hold better promise
as a stratification tool for Stage Ⅱ or Ⅲ CRC patients to
determine those who are most likely to benefit from chemotherapy[10,12,14,50,51]. ColoGuideEx, a 13-gene classifier
that appears more promising for stratification of Stage
Ⅱ patients and ColoGuidePro, which utilises the expression of 7 genes to predict prognosis of Stage Ⅲ patients,
are still in the research phase[10,51]. OncotypeDx, available
commercially but as yet not assessed for clinical utility,
is a 7-gene classifier developed from analysis of paraffin
embedded CRC tissue[50] and ColoPrint, a test based on
an 18-gene classifier in fresh frozen tissue, is currently recruiting patients for a Stage Ⅲ clinical trial[12,14].
Identification of novel biomarkers requires knowledge of disease heterogeneity and pathophysiology and
basic research is initially required to determine if specific
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Table 1 Factors that can affect the outcome of biomarker
studies
Analytical variables Use of standard operating procedures for sample
collection and processing
Sample storage conditions
(e.g., liquid nitrogen, -80  ℃, aliquot size)
Assay performance and reproducibility
Biomarker/
Biomarker stability
biological variables (e.g., over time, under different storage conditions)
Diurnal variation, fasting vs non-fasting
Comorbidities, medications, diet
Variability within a normal population
Cohort composition Number of patients
Inclusion/exclusion criteria for controls and
patient selection
Cohort balancing (e.g., age, gender matching)

biomolecules are differentially expressed between disease
and non-disease tissues/biofluids. The ready availability
of sequencing and array technologies (e.g., for DNA and
RNA) and proteomic platforms enables many potential
biomarker candidates to be identified using small numbers of samples and/or patients. Accordingly, once potential biomarkers are identified, robust validation studies
on independent cohorts need to be performed to ensure
only relevant biomarkers are carried forward into larger
and more extensive case controlled studies using wellcharacterised cohorts. At this stage of the pipeline, major
challenges remain where many factors need to be considered to determine the likely clinical success of candidate
biomarkers including analytical variables, biomarker and
biological variables and cohort composition (Table 1). It
has been recognised that bias can be easily introduced in
these early stages of the pipeline that may overestimate
the likely performance of the biomarker being investigated[52]. Other factors to consider include invasiveness
of the test, privacy, patient compliance and cost.
In this review, we provide examples from initial pilot
and case-controlled studies we have conducted as part
of our efforts to identify novel blood-based protein biomarkers for CRC diagnosis. Our primary objective is to
define a panel of protein biomarkers in blood, with better specificity and selectivity than the current FOBT, that
can be used in a non-invasive test to diagnose early stage
CRC. Additionally, the number of unnecessary colonoscopies currently being performed due to false positive
results would be greatly reduced. We will use data for two
potential protein biomarkers for CRC [insulin-like growth
factor binding protein 2 (IGFBP2) and matrix metalloproteinase 9 (MMP9)] to demonstrate the potential
impact of experimental, analytical and biological variables
on the interpretation of biomarker results.

BIOMARKER STABILITY UNDER
DIFFERENT STORAGE CONDITIONS
Sample collection, processing and storage of clinical
samples have been identified as a potential source of bias
that can confound the results of biomarker studies[53-56].
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Although it is impossible to control for all variables in
these procedures, standard operating procedures are
absolutely essential to standardise sample collection and
processing[55]. As part of our studies we have implemented stringent standard operating procedures for
sample collection, processing and storage[57,58], based on
the Human Proteome Organisation and Early Detection
Research Network guidelines[54,55]. In many cases, decisions regarding storage conditions, however, are usually
based on practical considerations such as cost, type of
collection (i.e., retrospective or prospective collection),
number of patient samples and laboratory facilities available. For biomarker studies, patient samples are typically collected and stored for a period of time (months
or years) prior to analysis. In addition to collection and
handling procedures, possible degradation of biomarkers over time due to factors such as storage conditions,
aliquot size, or freeze/thaw cycles need to be considered.
This is particularly important when measuring proteins
that are present at low abundance in biological fluids and
to ensure that experimental artefacts are not erroneously
reported as specific to the disease[59]. Despite the general
awareness of the potential impact of these confounders,
there are few case-controlled protein biomarker studies
reported in the literature that include assessment of these
factors. Although necessary to ensure that the integrity
of the protein is maintained, these studies are difficult
to perform due to resource limitations and because each
protein must be assessed independently due to the unique
physiochemical properties of each protein that will govern its interactions with other biomolecules or surfaces,
and affect its stability in biological matrices.
As part of our procedures, we determined the most
suitable sample matrix for each biomarker (i.e., serum or
plasma) based on the literature, manufacturers recommendations and our own preliminary investigations. We
also assessed the stability of the biomarkers over an 18
mo period when stored in either liquid nitrogen or at
-80 ℃. Data for MMP9 and IGFBP2 are shown as exemplars (Figure 1). Protein levels in clinical samples were
quantified using commercially available enzyme linked
immunosorbent assay (ELISA) kits or reagents according
to the manufacturers’ instructions. IGFBP2 was measured using ELISA kits from DSL Inc. (Texas, United
States) or Mediagnost (Kiel, Germany). MMP9 was measured using ELISA kits purchased from Quantikine (R&D
Systems, Minneapolis, United States). The Prism software
package (version 5.04, Graphpad Software Inc., San Diego, United States) was used for statistical analysis.
Figure 1 shows the stability of IGFBP2 and MMP9
(n = 10 patients) following 18 months storage at both
-80 ℃ and in liquid nitrogen and the effect of multiple
freeze/thaw cycles (n = 3). The assays themselves proved
remarkably stable over this time period (Figure 1A). The
concentration of IGFBP2 in serum samples was found
to be stable over 18 mo, regardless of the storage conditions used (Figure 1B). The concentration of MMP9,
however, decreased significantly when stored in liquid ni-
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trogen, both overnight (13% ± 2%) and after 18 months
(16% ± 3%) when compared to MMP9 measured immediately (P < 0.05) (Figure 1B). Both markers were found
to be stable over multiple freeze/thaw cycles (Figure 1C).
This suggests that for accurate measurement of MMP9,
samples should be stored at -80 ℃ as storage in liquid
nitrogen, both short and long term, resulted in protein
losses.
We also determined the stability of markers in plasma
or serum when using alternative collection tubes, to investigate possible losses by non-specific binding. Figure 2
shows the effect of these variables on IGFBP2 measurements. These data showed that IGFBP2 is best measured
in serum following collection into serum separator tubes
as this resulted in consistent measurements and also
provided the highest yields for this biomarker. When
measured in plasma with collection into either EDTA or
citrate, IGFBP2 levels were significantly lower. Furthermore, this trend was consistent when IGFBP2 was measured immediately, or following overnight storage at 4 ℃
and -80 ℃ (Figure 2).
Whilst actual clinical measurements are typically made
on fresh samples soon after collection, biomarker stability under different sample collection and storage conditions is becoming increasingly important as large multisite and/or multi-institutional specimen biobanks are
established as a resource for the scientific community
for discovery and evaluation of biomarkers[60,61]. These
biobanks have been established with the intention of
providing very large numbers of biospecimens (from >
100000 participants) which have been collected under
stringent standard operating protocols and that are wellcharacterised in terms of clinical data and patient history
with the potential for obtaining follow-up information
for prospective studies[60,61]. The primary rationale is that
the performance of biomarkers identified by different
research groups can be directly compared using a standard reference set to eliminate variability associated with
sample collection, handling and storage procedures and
to facilitate clinical and translational research. Although
these resources are clearly valuable, researchers must also
use caution when accessing these samples. For example,
based on our initial investigations, analysis of IGFBP2 in
serum is preferred while degradation of MMP9 following short or long term storage in liquid nitrogen indicates
that sourcing samples from biobanks such as the European Prospective Investigation into Cancer and Nutrition
Biobank for further validation studies might be less appropriate as these blood samples (plasma and serum) are
stored in liquid nitrogen[61].

COHORT COMPOSITION AND THE
“CONTROL” POPULATION
Biomarker studies are often case controlled studies that
compare the concentrations of an analyte(s) in nondiseased (i.e., normal or control) vs diseased populations.
Clearly the results must be reproducible across indepen-
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dent cohorts. Also of importance are age/gender balance, and an accurate representation and understanding
of what comprises the normal or control population for
the disease being studied. It is recognised that cohort se-
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lection, in both control and disease cohorts, is a potential
source of bias that can invalidate results of biomarker
studies[52,62-64]. In many cases the choice of the control
population is obvious. For example, to investigate bio-
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literature where inappropriate selection of patients in the
control cohort resulted in identification of biomarkers
that were incorrectly associated with the disease conditions. In our own studies on CRC biomarkers, our target
control population consists of males and females over
the age of 50 years with no previous history of cancer.
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number of medications and may have other underlying
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A: Insulin-like growth factor binding protein 2 (IGFBP2) levels in the sera of
patients from two different control cohorts and in a colorectal cancer cohort;
B: IGFBP2 levels in the sera of control patients recruited from pre-admission
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Colorectal cancer. aP < 0.05, bP < 0.01 between the median values.

staff, relatives and visitors of patients attending preadmission clinical centres (n = 40) and patients who were
diagnosed with minor medical conditions (orthopaedic
clinic or vascular clinic, n = 12) and who did not have
a previous history of gastrointestinal disease or cancer.
For cohort 2 (n = 50), volunteers were blood donors recruited from Red Cross Blood Donation Centres. Each
cohort was balanced for age and gender. Although both
cohorts could be considered as representative of the normal population, the median IGFBP2 concentration and
the concentration range differed significantly between
these two control cohorts (348 ng/mL vs 491 ng/mL
in cohort 1 and cohort 2, respectively, P < 0.002). This
difference could not be ascribed to the 12 patients with
medical conditions (P > 0.05 between patients and staff/
visitors) and this result was not reproduced in a smaller
independent study we conducted comparing volunteers
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Figure 4 Insulin-like growth factor binding protein 2 measured in patient
sera using enzyme-linked immunosorbent assay kits sourced from two
different manufacturers. A: Standard curves for insulin-like growth factor
binding protein 2 (IGFBP2) enzyme-linked immunosorbent assays sourced
from DSL Inc (Texas, United States) and Mediagnost (Kiel, Germany); B:
Comparison of IGFBP2 levels in three colorectal cancer patients (P1-P3),
five control patients (N1-N5) and a quality control sample consisting of 10
pooled samples; C: Correlation of measured values of IGFBP2 between the
two different manufacturers. The correlation coefficient was 0.62 (Spearman
correlation, P > 0.05). Data are represented as average ± standard deviation of
three replicate measurements. aP < 0.05.

recruited from the Red Cross Blood Donation Centres
(n = 25) and patients from pre-admission clinical centres
(n = 27, P > 0.05, Figure 3B). Furthermore, when we
compared cohort 1 and 2 with the CRC group (n = 55),
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other non-malignant pathologies, it is now recognized
that the paradigm of a single biomarker to detect an individual cancer may not be realistic, and that panels of
biomarkers, which reflect different aspects of the cancer
biology, will be required[43,76]. Multiplexed analyses (e.g.,
Luminex, www.luminex.com) offer significant advantages
in terms of overall assay time, reagent costs and, most
importantly, reduced sample requirements[77]. To generate panels of monoclonal antibodies in mice or rats for
ELISA development, soluble proteins are expressed in
mammalian host cell lines to ensure the corresponding
post-translational modifications found in endogenous
proteins are present. The recombinant target proteins are
rigorously analysed using tools such as mass spectrometry
and amino acid analysis for protein sequence verification.
The monoclonal antibodies generated are validated by
ELISA, microarray Western blotting and surface plasmon
resonance based technology [e.g., Biacore (www.biacore.
com), Proteon (www.bio-rad.com)] for antibody/antigen
selectivity, binding kinetics and epitope binding. Once established, the immunoassays are compared and assessed
against the commercial kits that were used as part of the
original analysis. Figure 5 shows the comparison between
the calibration curves derived from commercial kits and
from our own reagents for two of our markers. It can be
seen that, in both cases, the assay sensitivity and standard
curves generated are similar.
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In-house ELISA
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0.0
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CONCLUSION

Figure 5 Comparison of calibration curves between commercially
available enzyme-linked immunosorbent assay kits and reagents
developed in-house for two protein biomarkers. Data are represented as
average ± SE of the mean for two replicate measurements.

The identification of panels of sensitive and specific
blood-based protein markers for the early diagnosis and
surveillance of CRC is recognised as being fundamental
to improve survival for this disease. It is widely accepted
that a panel of biomarkers that reflects the heterogeneity
of the disease will be more successful at diagnosing CRC
than a single biomarker. This is supported by the inability
of the currently tested biomarkers to diagnose CRC with
the sensitivity and specificity required for routine clinical
use. Studies involving analyses of multiple biomarkers,
such as that undertaken by us and other research groups
worldwide, require consideration of many potential confounding issues, some of which unfortunately are impossible or difficult to control for. Of equal importance,
and not discussed here, is the need for robust statistical
analysis of the data. Implementation of strategies which
can overcome and account for potentially confounding
variables is essential to ensure robust verification and
validation of potential biomarkers and their successful
evaluation in large and meaningful clinical cohorts that
are representative of the target population, ultimately
with successful translation into the clinic.

on the clinical utility of biomarkers. These authors highlight how discrepancies in the values obtained for clinical measurement of prostate specific antigen, CEA, and
IGF1/IGFBP3 using different immunoassay methodologies can lead to misdiagnosis of patients[73,74]. Although
the source(s) of the discrepancies could not be definitively determined, differences in calibration curves, calibrator
standard used (“gold standard”) and antibody immunoreactivity were highlighted as potential causes. To understand the impact of changes in methodology, Basuyau et
al[72] recommended that “known” patient samples be reevaluated and Hauffa et al[73] discussed the importance
of a common and well characterised “gold standard” for
assay calibration between diagnostic laboratories.
To overcome technical variation due to unforeseen
problems such as reproducibility of results between commercially available kits, we have established a pipeline
to generate reagents (recombinant protein antigens and
renewable high-affinity monoclonal antibodies[75]) for
use in multiplexed sandwich ELISA assays for panels of
biomarkers that appear to be promising in the initial preliminary phases of our studies. Due to the heterogeneous
nature of CRC, and a signiﬁcant overlap of cancer with
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Core tip: Selection of the optimal first line treatment
for metastatic colorectal cancer is a complex issue influencing course of disease and most likely survival of
the individual patient. Available data will be analyzed
to allow for a patient and disease specific, molecularly
stratified treatment approach, applying systemic treatment (chemotherapy and antibodies) and locally ablative measures (surgery and radiofrequency ablation).
Stein A, Bokemeyer C. How to select the optimal treatment
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Abstract
Choice of first line treatment for patients with metastatic colorectal cancer (mCRC) is based on tumour
and patient related factors and molecular information
for determination of individual treatment aim and thus
treatment intensity. Recent advances (e.g. , extended
RAS testing) enable tailored patient assignment to the
most beneficial treatment approach. Besides fluoropyrimidines, irinotecan and oxaliplatin, a broad variety of
molecular targeting agents are currently available, e.g. ,
anti-angiogenic agents (bevacizumab) and epidermal
growth factor receptor (EGFR) antibodies (cetuximab,
panitumumab) for first line treatment of mCRC. Although some combinations should be avoided (e.g. ,
oral or bolus fluoropyrimidines, oxaliplatin and EGFR
antibodies), treatment options range from single agent
to highly effective four-drug regimen. Preliminary data
comparing EGFR antibodies and bevacizumab, both
with chemotherapy, seem to favour EGFR antibodies
in RAS wildtype disease. However, choosing the most
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INTRODUCTION
After lung (1.61 million cases) and breast cancer (1.38
million), colorectal cancer (CRC, 1.23 million) is one of
the most commonly diagnosed malignancies worldwide[1].
Moreover, after lung cancer, CRC is the second most
common cause of cancer deaths[2]. Around one quarter
of patients with CRC present with metastatic disease at
time of diagnosis (synchronous disease), and up to 40%
of patients will develop metastases during the course of
their disease, resulting in a relatively high overall mortality
rate associated with CRC.
As a result of recent advances in the treatment of
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cocytes, haemoglobin, alkaline phosphatase, albumine) or
molecular factors (e.g., KRAS or NRAS mutations, BRAF
mutation)[10]. Whereas BRAF mutation is associated with
shorter survival, prognostic value of KRAS mutation
is not clarified yet[11,12]. Some factors are combined to
scores, which might be useful for stratification of patients
within clinical trials and in daily clinical practise (Table
1)[13-15]. Determination of patients’ individual prognoses
might be useful for choice of treatment, particularly in
regard of intensity of systemic treatment and integration
of local ablation into the overall therapeutic concept.
Besides the above-mentioned factors prognostic information can be derived from a broad variety of tissue
or blood markers, e.g., circulating tumour cells, levels of
growth factor receptor-ligands, mutations or amplifications within the relevant signalling pathways or receptors,
or epigenetic alterations[16,17]. These prognostic factors
might gain relevance in the future, but are currently neither broadly available nor relevant for clinical decisions[10].

Table 1 Prognostic scores/health assessments
Score

Risk category

“Kohne”
score[13]

Low risk
Intermediate risk

High risk

FOCUS 2[15]

Factors
ECOG 0/1 and only one tumour site
ECOG 0/1, ALP < 300 U/L and more
than one tumour site or
ECOG > 1 and WBC < 1 × 1010/L and
only one tumour site
ECOG 0/1 and more than one tumour
site and ALP ≥ 300 U/L or ECOG >

1 and more than one tumour site or
ECOG > 1 and WBC > 1 × 1010/L
Comprehensive
Weight change
health assessment
Timed 20 metre walk
at baseline limited
MMSE
health
CCI
Assessment during Patient completed questionnaire (social
course of treatment activity, physical fitness, symptoms,
(excluding MMSE overall quality of life and depression)
and CCI)

ECOG: Eastern collaborative oncology group performance status; ALP:
Alkaline phosphatase; WBC: White blood cells; MMSE: Mini mental state
examination; CCI: Charlson comorbidity index.

PREDICTIVE FACTORS FOR TREATMENT
EFFICACY OR TOXICITY

metastatic colorectal cancer (mCRC), median overall
survival (OS) can now be as long as 30 mo in selected
patient groups and up to 70% of patients will receive at
least two lines of treatment[3-7]. Several drugs as single
agent or in various combinations are available for mCRC,
including fluoropyrimidines (5FU, capecitabine), irinotecan, oxaliplatin, the vascular endothelial growth factor
(VEGF) antibody bevacizumab, the epidermal growth
factor receptor (EGFR) antibodies cetuximab and panitumumab for RAS wildtype patients, the VEGF receptors
1 and 2 fusion protein aflibercept and the multitarget tyrosine kinase inhibitor regorafenib. Moreover, secondary
resection and/or ablation e.g., by surgery or radiofrequency may contribute to long-term survival and even cure, or
at least allow a relevant chemotherapy free interval[8,9].
According to recent data, choice of first line treatment seems to be relevant for further course of disease,
despite available efficacious second, third and if applicable fourth line regimen and the cross over use of all
available drugs in later lines. The aim of this article is to
review the available data on choice of first line treatment
in mCRC. Pertinent data from published trials and reports
and abstracts presented at selected oncology association
meetings [American Society of Clinical Oncology and European Society for Medical Oncology (ESMO)/European
cancer organisation] until September 2013 were reviewed.

Despite tremendous efforts in searching for predictive
markers in mCRC, only RAS mutation have been established, precluding treatment with EGFR antibodies.
Initially KRAS mutations in exon 2 (codon 12 and 13)
have been found to be predictive for non-response to
cetuximab or panitumumab[18,19]. Although data are conflicting, KRAS codon G13D mutation (16% of KRAS
mutated tumours) seems not to preclude efficacy of cetuximab in patients with KRAS mutations[20,21]. However,
neither in the COIN trial, combining oxaliplatin with different fluoropyrimidine schedules and cetuximab, nor in
the available panitumumab trials KRAS G13D mutated
tumours seem to derive relevant benefit from anti-EGFR
treatment[22-24].
Recently, retrospective analyses of the PRIME study
demonstrated the negative predictive value of KRAS mutation in exon 3 and 4 and NRAS mutations in exon 2,3
and 4 for treatment with 5FU/leucovorin and oxaliplatin
(FOLFOX) and panitumumab[25]. In patients with any
RAS mutation the addition of panitumumab to FOLFOX had a detrimental effect on progression free survival
(PFS) (HR = 1.31; 95%CI: 1.07-1.60) and OS (HR = 1.21;
95%CI: 1.01-1.45). In contrast, median OS was 25.8 mo
vs 20.2 mo (HR = 0.77; 95%CI: 0.64-0.94, P = 0.009) in
the all RAS wild-type population in favour of the combination of panitumumab and FOLFOX. Although data
from the cetuximab containing trials (CRYSTAL, OPUS)
are not yet available, RAS mutational status will likely be
of similar impact for cetuximab treatment[26].
Despite the strong adverse prognostic effect of BRAF
mutation (8% of RAS wild-type patients), the predictive
value for treatment with EGFR antibodies is still unclear,
with some analysis indicating a lack of benefit, particularly
in advanced treatment situations[24,26,27], whereas data from
first line trials (CRYSTAL, PRIME and OPUS) show

PROGNOSTIC FACTORS FOR PATIENT
STRATIFICATION
Prognosis of mCRC depends on several patient related
(e.g., age, performance status, co-morbidity), tumour
related (e.g., spread of disease, growth dynamics, symptoms, localization in particular liver and/or extrahepatic
metastases), biochemical (e.g., baseline values of carcinoembryonic antigen, lactate dehydrogenase, platelets, leu-

WJG|www.wjgnet.com

900

January 28, 2014|Volume 20|Issue 4|

Stein A et al . First line treatment metastatic colorectal cancer

symptoms, patients´ preferences, localisations of metastases, and the general treatment aim. Current ESMO guidelines stratify patients according to these factors in clinical
groups with different treatment intensities (Table 2)[10].
Four groups are defined: ESMO group 0 comprising
patients with clearly resectable liver metastases, group 1
with potentially resectable disease after achieving tumour
response, group 2 symptomatic patients or high tumour
load with risk of rapid deterioration and finally group 3
with asymptomatic, low tumour burden and severe comorbidity.
For ESMO group 0 patients with clearly R0 resectable colorectal liver metastases surgery is the treatment
of choice due to the proven chance of cure, whereas the
sequence and intensity of perioperative chemotherapy
is controversial. Based on the current ESMO consensus
these patients should be managed preferably by perioperative FOLFOX for 3 mo before and 3 mo after
resection[10,47,48]. Alternatively upfront resection with or
without postoperative chemotherapy might be applied,
particularly in metachronous, small and single liver metastasis[10]. Although intensification of perioperative treatment with antibodies has shown feasibility in single arm
phase Ⅱ trials (e.g., for bevacizumab), recently reported
preliminary results of the New EPOC trial, evaluating
chemotherapy and cetuximab in the perioperative setting,
have raised strong scepticism[49,50]. Therefore, FOLFOX
currently remains the standard treatment for clearly resectable liver metastases.
Patients with unresectable disease (ESMO groups 1, 2
or 3) should receive upfront systemic chemotherapy, apart
from the small group of asymptomatic patients with low
tumour burden eligible for and complying with a watch
and wait approach[51,52]. Whereas groups 1 and 2 patients
urge for intensive upfront chemotherapy to either ensure
secondary resectability or allow for rapid symptom control, group 3 could be treated with a sequential treatment
approach, starting with a low toxic single agent or twodrug combination regimen. Patients with asymptomatic,
but surely unresectable disease due to location or overall
extent and without relevant co-morbidity may not be
ideally stratified in ESMO group 3, but rather treated
with upfront intensive chemotherapy. Moreover, current
available phase Ⅲ trials included patients irrespective of
ESMO grouping, thus limiting the potential prognostic
or predictive value of upfront patient stratification. Although grouping patients might be helpful for guidance
of treatment strategy beyond induction treatment, e.g.,
secondary resection, main systemic treatment options are
either intensive three to four drug regimens or “sequential” one to two drugs regimens (Table 3).

Table 2 European Society for Medical Oncology clinical
[10]
groups for first line treatment stratification
ESMO
group
0

1

2

3

Clinical presentation

Treatment aim

Treatment
intensity

Clearly R0-resectable
liver and/or lung
metastases
Liver and/or lung
metastases only which:
Might become resectable
after induction
chemotherapy
Multiple metastases/sites,
with:
Rapid progression and/or
Tumour-related
symptoms/risk of rapid
deterioration
Multiple metastases/sites
without option for resection
and no major symptoms or
severe comorbidity

Decrease risk of or
delay relapse

FOLFOX

Maximum tumour
shrinkage

Three or
four drug
combination

Immediate
clinically relevant
response or at least
tumour control

Three or
four drug
combination

Abrogation of
Consider
further progression
sequential
Tumour shrinkage approach: start
less relevant
with
Low toxicity
Single agent, or
essential
Doublet with
low toxicity

ESMO: European Society for Medical Oncology.

some benefit[25,28].
There is no baseline predictive marker for the available anti-angiogenic drugs e.g., bevacizumab or aflibercept. Changes in levels of angiogenic factors (e.g., basic
fibroblast, placental, or hepatocyte growth factor) during
treatment with bevacizumab might indicate development
of resistance and predict progression[29,30]. However, as
recently shown in two randomized phase Ⅲ trials resistance to chemotherapy occurs before resistance to bevacizumab[31,32].
Beside the prediction of treatment toxicity (dihydropyrimidine-dehydrogenase deficiency for fluoropyrimidines
or uridine-glucuronosyltransferase (UGT1A1) polymorphism for irinotecan), drug efficacy (e.g., by topoisomerase-1 overexpression for irinotecan, or excision repair
cross-complementing gene 1 polymorphisms for oxaliplatin) cannot be reliably predicted[33-37].
Current research focuses on distinct subsets of CRC
patients defined by gene arrays, epigenetic alterations, or
cancer stem cells, which might allow for a better treatment stratification[38-42]. Moreover, liquid biopsies (either
by analysis of circulating DNA or tumour cells) obtained
during course of treatment might give insights into tumour changes and development of resistance[43-46].

STRATIFICATION OF FIRST LINE
MANAGEMENT FOR MCRC

SELECTION OF AN INTENSIVE FIRST
LINE REGIMEN FOR MCRC

Decision of treatment intensity for first line treatment
should be based on clinical presentation at diagnosis, considering factors like patients’ characteristics independent
from the malignant disease, (if given) tumour-related

WJG|www.wjgnet.com

With respect to the increasing awareness of secondary
surgery and developments in surgical and locally ablative
measures, there is a growing group of patients that might

901

January 28, 2014|Volume 20|Issue 4|

Stein A et al . First line treatment metastatic colorectal cancer

of 4.8 mo vs 5.3 mo for all drugs and 6.8 mo vs 8 mo for
any drug compared to the bevacizumab arm respectively.
Although the primary endpoint of the FIRE 3 trial (ORR)
was not reached and results of both trials are not fully
published, the similar trend in the FIRE 3 and the PEAK
study suggest a beneficial impact for EGFR antibodies
and chemotherapy in first line RAS wildtype mCRC. Further data will soon be available from the large Intergroup
trial (CALGB/SWOG 80405).
Feasibility and efficacy of a maximum intensive treatment with a four-drug regimen has been preliminarily
shown in the phase Ⅲ TRIBE trial comparing FOLFIRI/bevacizumab and FOLFOXIRI/bevaciumab [7].
Overall response rate 53% vs 65% (P = 0.006), PFS
9.7 mo vs 12.1 mo (HR = 0.75; 95%CI: 0.62-0.90, P =
0.003) and OS 25.8 mo vs 31.0 mo (HR = 0.79; 95%CI:
0.63-1.00, P = 0.054) favoured the FOLFOXIRI and
bevacizumab arm. Secondary surgery was applied at
similar rates in both arms (12% vs 15% with the fourdrug regimen). Treatment was generally well tolerated.
Although rates of distinct grade 3/4 toxicity, particular,
diarrhoea (11% vs 19%), stomatitis (4% vs 9%) and neutropenia (20% vs 50%) were significantly higher with the
four-drug regimen, rates of febrile neutropenia, severe
adverse events and treatment related death were similar.
Efficacy of FOLFOXIRI and bevacizumab was independent of KRAS mutational status. Interestingly, patients
with BRAF mutations seem to have better outcome with
the four-drug regimen, despite their poor prognosis. In
regard of similar outcomes in non-randomized phase Ⅱ
trials FOLFOXIRI/bevacizumab should be considered
for BRAF mutated patients[63,64].
According to the most recently presented preliminary
trial results, the choice of first line regimen, e.g., FOLFIRI + cetuximab (or FOLFOX + panitumumab) for
RAS wildtype patients or FOLFOXIRI + bevacizumab
for patients with good performance status seems to be
relevant for the achievement of an OS of about 2.5
years[3,7]. Available treatment options are summarized in
Table 4.

Table 3 Available treatment regimens for first-line metastatic
colorectal cancer
Treatment intensity
Single agent
Two-drug

Three-drug

Four-drug

Molecular
factor

Regimens

5FU/LV
Capecitabin
Capecitabin/bevacizumab
FOLFOX/XELOX
FOLFIRI/XELIRI
RAS wt
FOLFOX + panitumumab
FOLFIRI + cetuximab
Independent FOLFOX/XELOX + bevacizumab
of RAS status FOLFIRI/XELIRI + bevacizumab
FOLFOXIRI
FOLFOXIRI + bevacizumab

Combination chemotherapy with 5-fluorouracil, folinic acid (5FU/LV),
and oxaliplatin (FOLFOX), or irinotecan (FOLFIRI) or both (FOLFOXIRI),
or capecitabine and oxaliplatin (XELOX) or irinotecan (XELIRI).

be converted to resectability or at least achieve a “no evidence of disease” status after integration of other ablative techniques, and thus benefit from intensive upfront
treatment. Therefore, either a chemotherapy doublet in
combination with the VEGF antibody (bevacizumab)
or an EGFR antibody [only RAS wild-type patients],
or a chemo triplet (FOLFOXIRI) and more recently
the highly active four drug regimen [FOLFOXIRI and
bevacizumab or similar combinations (e.g., FOLFIRINOX with a 5FU Bolus and slightly different doses) with
EGFR antibodies] are available treatment options in this
situation[4,22,53-59]. Comparative quantity, quality and celerity of response of these regimens are a matter of debate
and currently only limited randomized data are available.
Preliminary data of the phase Ⅱ PEAK study comparing FOLFOX in combination with either panitumumab or bevacizumab in 285 previously untreated,
KRAS wild-type mCRC patients indicated similar overall
response rate (ORR)[60]. In the all RAS wildtype (KRAS/
NRAS exon 2, 3 and 4) population panitumumab and
FOLFOX significantly prolonged PFS (13.1 mo vs 9.5
mo, HR = 0.63; 95%CI: 0.43-0.94, P = 0.02) and showed
a favourable trend in OS (HR = 0.55; P = 0.06) compared to bevacizumab and FOLFOX[61]. Similarly, early
results from the phase Ⅲ AIO KRK-0306 (FIRE 3)
study comparing FOLFIRI with either bevacizumab or
cetuximab in 592 KRAS wildtype patients demonstrated
a significantly prolonged OS (28.7 mo vs 25 mo, HR =
0.77; 95%CI: 0.62-0.96, P = 0.017) besides similar ORR
(62% vs 58%, P = 0.183) and PFS (10 mo vs 10.3 mo, HR
= 1.06; 95%CI: 0.88-1.26, P = 0.547) for cetuximab vs
bevacizumab based chemotherapy, respectively[3]. Recent
analyses demonstrated a pronounced OS benefit in RAS
wildtype patients (33.1 mo vs 25.9 mo, P = 0.01) in favour
of the cetuximab combination[62]. Subsequent treatments
were balanced in regard of use of second line oxaliplatin
and the cross over to the other antibody (46.6% receiving
bevacizumab after cetuximab and 41.4% receiving EGFR
antibody after bevacizumab). Interestingly, treatment in
the cetuximab arm was shorter with a median duration
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SELECTION OF A NON-INTENSE OR
SEQUENTIAL TREATMENT APPROACH
FOR MCRC
An increasingly ageing population with related co-morbidity which might not be amenable for a secondary curative approach (ESMO group 3) urge for comprehensive
assessments focusing on toxicity and outcome prediction
and well tolerated regimens for these patients (e.g., single
agent or two drug combinations)[15,65]. In the recently reported phase Ⅲ AVEX trial the addition of bevacizumab
to capecitabine prolonged PFS from 5.1 to 9.1 mo (HR
= 0.53; 95%CI: 0.41-0.69, P < 0.0001) and showed a
strong trend in OS with an acceptable tolerability profile
in patients with at least 70 years of age[66]. Alternatively,
upfront combination with fluoropyrimidines and oxaliplatin seems to be feasible in elderly patients and prefer-
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Table 4 Efficacy and tolerability of three to four drug first line regimen
Regimen

FOLFOX + panitumumab[25]
FOLFIRI + cetuximab[4,62]

Efficacy
Tolerability
PFS
OS
Grade
SAE
RAS wt
RAS mut
RAS wt
RAS mut 3/4 AE
10.1
7.31
25.8
15.51
84%
40%
1
10.5
NR
33.1
NR1
71%-79%
26%
9.9 (KRAS exon 2)
23.5 (KRAS exon 2)

FOLFOX/XELOX + bevacizumab[56]
FOLFIRI + bevacizumab[7,62]
FOLFOXIRI + bevacizumab[7]

9.4
10.4

21.3
NR

25.9

9.7
12.1

NR
25.8
31.0

Fatal
AEs
5%
NR

80%
NR

NR
20%

2%
3.5%

NR

20%

2.8%

1

These fields only informative (epidermal growth factor receptor antibodies not licensed for RAS mutated tumours). Combination chemotherapy with 5-fluorouracil, folinic acid, and oxaliplatin (FOLFOX), or irinotecan (FOLFIRI) or both (FOLFOXIRI), or capecitabine and oxaliplatin (XELOX). PFS: Progression
free survival; OS: Overall survival; AE: Adverse events; SAE: Severe adverse events; NR: Not reported.

ably, if applied with dose reductions, compared to singe
agent fluoropyrimidine alone[15,67]. However, for elderly
patients a tolerable and efficacious first line regimen seem
to be particulary relevant, with less than 50% of patients
receiving second line treatment.
Sequential treatment strategies were evaluated independent of age in first line mCRC[66,68-70]. Although sequential treatment did not seem to be inferior to upfront
two-drug combination in trials of the chemotherapy only
era (only fluoropyrimidines, irinotecan and oxaliplatin), it
is questionable whether these results can be transferred
into the current treatment situation (including molecular
targeting agents)[68-70].

with or without liver surgery followed by chemotherapy
in patients with unresectable liver metastases was beneficial in terms of PFS (16.8 mo vs 9.9 mo, P = 0.025)
compared to chemotherapy alone[78]. Comparative data
comparing upfront with post-induction local ablation are
not available. However, post-induction ablation likely offers a more stratified approach adapting for the individual
patient and tumour biology and might thus be preferred.

CONCLUSION
Treatment of mCRC is complex and highly individualized
taking into account disease and patient characteristics,
molecular and biochemical markers and thus enabling a
personalized management in terms of selecting the most
appropriate measures and sequences of systemic and local treatment.
In regard of the current data unresectable patients
with RAS wildtype should receive an EGFR antibody
based chemotherapy, whereas patients with RAS mutation should receive two or three drug chemotherapy in
combination with bevacizumab, if an intensive treatment
approach is chosen. For patients with a non-intense or
sequential approach fluoropyrimidine and bevacizumab
seems to be an efficacious and low toxic treatment option.
Future research might help to further tailor anti
EGFR treatment, excluding patients deriving no benefit
from EGFR inhibition. Moreover, close meshed and
timely information (e.g., acquired by liquid biopsies) about
the current molecular tumour situation and potentially
developing resistance might be helpful to guide treatment
during the course of disease.

LIMITATIONS FOR CHEMOTHERAPY
AND ANTIBODY COMBINATIONS
Besides very few limitations antibodies can be combined
with fluoropyrimidines, oxaliplatin and/or irinotecan
in several combinations. EGFR antibodies and bevacizumab should not be combined[71,72]. If EGFR antibodies
are combined with an oxaliplatin based chemotherapy
backbone, infusional 5FU (FOLFOX) should be chosen
instead of an oral or bolus fluoropyrimidine regimen
(XELOX or FLOX) according to clinical data from the
COIN and NORDIC Ⅶ studies showing no benefit for
the addition of cetuximab to these regimen[22,73].
The combination of capecitabin and irinotecan (with
or without oxaliplatin or bevacizumab) requires dose
reductions for both drugs[74-76]. Similarly, FOLFOXIRI
needs to be dose reduced in combination with EGFR antibodies[58,59].

ADDITION OF UPFRONT LOCAL
TREATMENT IN UNRESECTABLE MCRC
PATIENTS
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Inflammation and colorectal cancer, when microbiota-host
mutualism breaks
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compromise the microbiota-host mutualism, forcing the
increase of pathobionts at the expense of health-promoting groups, and allowing the microbiota to acquire
an overall pro-inflammatory configuration. Consolidating inflammation in the gut, and favoring the bloom
of toxigenic bacterial drivers, these changes in the gut
microbial ecosystem have been suggested as pivotal
in promoting carcinogenesis. In this context, it will become of primary importance to implement dietary or
probiotics-based interventions aimed at preserving the
microbiota-host mutualism along aging, counteracting
deviations that favor a pro-carcinogenic microbiota asset.
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Core tip: By performing the co-abundance groups analysis of the publicly available datasets from microbiome
surveys in colorectal cancer (CRC) patients, we have
been successful in identifying pro-carcinogenic and protective groups of microorganisms, showing the potential to modulate the fate of CRC onset and progression.
Possible mechanisms involved in microbiota-dependent
carcinogenesis are reviewed, and the central role of
inflammation as a trigger forcing the microbiota from
a mutualistic configuration to a CRC-promoting asset is
discussed. Finally, possible intervention strategies for
modulating microbiome in order to preserve its mutualistic configuration along life span are suggested.

Abstract
Structural changes in the gut microbial community have
been shown to accompany the progressive development of colorectal cancer. In this review we discuss
recent hypotheses on the mechanisms involved in the
bacteria-mediated carcinogenesis, as well as the triggering factors favoring the shift of the gut microbiota
from a mutualistic to a pro-carcinogenic configuration.
The possible role of inflammation, bacterial toxins and
toxic microbiota metabolites in colorectal cancer onset
is specifically discussed. On the other hand, the strategic role of inflammation as the keystone factor in driving microbiota to become carcinogenic is suggested.
As a common outcome of different environmental and
endogenous triggers, such as diet, aging, pathogen
infection or genetic predisposition, inflammation can
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microorganisms are expected to exert a profound influence on human physiology and metabolism. In fact, gut
microbes complement several gaps in our metabolic
pathways, e.g., producing essential vitamins and oligoelements, as well as affording the extraction of energy
from otherwise indigestible carbohydrates[18], playing a
major role in host energy balance and nutrition[19]. This
function has probably been the initial evolutionary force
toward the microbiota establishment as an animal and
human symbiotic partner[20]. Other recognized functions
include the support for colonization resistance against
incoming enteropathogens. Mechanism involved in this
barrier effect are: competition for food resources[21], inhibition of pathogen growth by means of acetate production[22], killing with bacteriocins[23], and immune response
stimulation[24,25]. The gut microbiota also acts as an integral component of the human immune system, finely
calibrating the immunological potential and responses at
different host ages[26,27]. The intimate interplay between
gut microbes and the mucosal immune system has indeed
proved to be crucial for immune education during our infancy as well as for maintaining a well-balanced immune
homeostasis along the adult life[26,28]. Of note, accumulating data are also supporting the emerging concept of a
microbiota-gut-brain axis with a role in the regulation
of anxiety, cognition, pain and behavior, and a possible
contribution to the pathophysiology of central nervous
system disorders[29-32].

org/10.3748/wjg.v20.i4.908

HUMAN INTESTINAL MICROBIOTA
Structure of the human intestinal microbiota
Outnumbering human cells 10 to 1, over 100 trillion microbes are hosted in the human body, with the majority
of them residing in the gut, in a continuum of dynamic
ecological communities, referred to as microbiome[1].
From 101 to 103 microbes per gram of content in the
stomach and duodenum, the human gut microbiota
reaches a microbial density of 104 to 107 cells per gram in
the jejunum and ileum, culminating with 1013-1014 cells in
the colon and feces[2,3].
Metagenomic surveys of the intestinal microbiota
revealed an immense phylogenetic diversity, estimating
more than 1000 species-level phylotypes across the human population, with at least 160 prevalent species per
individual[4]. While phylogenetic diversity is high at the
species level, most of the endogenous bacteria in healthy
adults belong to just two phyla, Firmicutes and Bacteroidetes,
which account for > 90% of the known phylogenetic categories of the human gut. Members of Actinobacteria, Proteobacteria, Fusobacteria, Verrucomicrobia, Spirochaetes and Lentisphaerae are regularly present but scarce (< 1%-15%)[5-9].
Since the first application of culture-independent
methods a large inter-individual variability in microbial
compositions was apparent[4], with twins sharing less than
50% of their species-level microbial taxa[10]. The multiple
genetic and environmental factors that contribute to
shape the individuality of the gut microbiota composition are now beginning to be understood, reflecting
interpersonal, geographical, lifestyle and temporal differences[11-13], and not least, perturbations caused by disease.
Recent work has established that despite the unique fingerprint of microbial taxa per individual, a core of > 50
taxa can be found in nearly half of the human subjects
sampled[4,8]. It has been suggested that individuals can be
categorized into one of three predominant variants or
‘‘enterotypes’’ based on the abundance of dominant genera (Bacteroides, Prevotella or Ruminococcus)[14], though some
researchers are now favoring the concept of a continuum
or gradient of species functionality rather than a discontinuous variation with segregated types[15]. Individuals
have also been shown to share a set of microbial genes
involved in central metabolic pathways, and deviations
from this functional core have been associated with altered physiological states[16]. However, the subject-specific
genetic diversity is remarkable and still remains largely
unassigned, with a probably unique metagenomic genotype per individual[17].

Microbiota dynamics in response to
diet-inflammation-age
The intestinal microbiota composition was believed to
be stable throughout adulthood until few years ago[33,34].
More recently, with the bloom of longitudinal studies
in humans, the plasticity of this ecosystem has become
evident, highlighting that diet, environment, and physiological changes can impact on both composition and
functionality of the gut microbiota [12,27]. Faith et al[35]
investigated the normal long-term plasticity of the human gut microbiota in healthy subjects. By applying a
low-error amplicon sequencing approach, the Authors
demonstrated that 40% of the individual microbiota was
variable over the time course of 5 years.
The effect of changes in dietary habits is the plainest
manifestation of the ability of the microbiota to adapt its
architecture in response to environmental stimuli, with
the speed and efficacy required for the maintenance of
the nutritional function of the host-microbiota symbiosis.
Indeed, short-term dietary responses of the microbiota
composition were detected after 24 h and seemed to be
driven principally by the type of ingested fermentable
carbohydrates[36,37]. These fluctuations could be considered a necessary feature of an intestinal microbial ecosystem able to rapidly adapt itself to the host requirements,
maximizing the efficiency of nutrient extraction and supporting health. Remarkably, the same changes in diet in
different persons did not result in the same final microbiota configuration since the diet-related variations did
not overcome the inter-individual differences. Conversely,

Human gut microbiome and role in host physiology
The collective genome of the human intestinal microbiota-microbiome-contains 3.3 million microbial genes,
150-fold more than the human genome[4]. Adding this
immense gene catalogue to host genetics, intestinal
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in the long term, people with similar dietary patterns may
end up sharing a similar architecture of the gut microbiota; in fact, it has been shown that the presence or absence
of several bacterial taxa can be associated with the intake
of different nutrients[37].
Along with the dietary influence, a certain plasticity
of the human intestinal ecosystem is being observed in
response to less obvious environmental stressors, such as
climate and geography[38,39], as well as the degree of exposure to environmental bacteria, the latter being of primary importance for the education and the maintenance
of the functionality of the immune system from birth to
adulthood[40-42]. Moreover, the consumption of drugs, especially antibiotics but also anti-inflammatory medicines,
impacts on the gut microbiota composition[43-45] and different configurations of the microbiota, in turn, have the
ability to promote or reduce the metabolization and effectiveness of drugs[46]. Along adulthood and later in life,
natural physiological changes add themselves to the list
of drivers of modification in the microbiota structure,
both temporarily (i.e., pregnancy or lactation[47]) and permanently, as in the aging process.
Aging can impact on the gut microbiota structure directly, by means of age-related physiological processes involving local and systemic inflammation (i.e., immunosenescence and inflamm-aging; see below), and indirectly,
causing changes in dietary habits and lifestyle[48]. Increased threshold for taste and smell, together with chewing problems caused by teeth and muscle loss, can lead to
the consumption of a restricted diet, poor in fibers and
proteins that are known to strongly impact on microbiota
composition[36,37]. Moreover, poor diet and diminished
physical activity contribute to increase the chances of
constipation and, consequently, of slower intestinal transit time, which may impact on the composition of the colonic microbiota due to the reduced bacterial excretion[48].
The age-related increased drug consumption[49] and the
interaction between different medicines can also be listed
among the possible factors that rule changes in the gut
microbiota. The subject-specific combination of all these
impacting environmental variables may be responsible for
the inter-individual variability of the gut microbiota composition that is known to increase along with aging[50,51].
The aged-type gut microbiota is typically characterized by a reduced biodiversity, an increased abundance
of opportunistic facultative anaerobes, and a decreased
abundance of species with anti-inflammatory properties
(i.e., Faecalibacterium prausnitzii and other butyrate producers)[7,44,52-55]. Interestingly, these deviations from the
healthy adult-like profile overlap with those known to
accompany several disorders characterized by systemic
and/or chronic inflammation, such as obesity, metabolic
syndrome and inflammatory bowel diseases[21,56,57]. Indeed,
aging itself involves chronic immune and inflammatory
unbalances. Elderly are generally affected by a process
called “immunosenescence” that causes a decline in immune system functionality, and a chronic inflammatory
status (“inflamm-aging”) characterizing the whole organism[58,59]. At the level of the gut, inflamm-aging could be
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responsible for an increased stimulation of the inflammatory response, allowing opportunistic pathogens (pathobionts) to thrive to the detriment of symbionts[60,61]. The
age-related proliferation of opportunistic bacteria could
both contribute to and be nurtured by inflamm-aging, in
a sort of self-sustaining loop[55], possibly creating a predisposing environment for diseases the risk of which
is known to increase along with age, such as colorectal
cancer.

INTESTINAL MICROBIOTA AND
COLORECTAL CANCER
Colorectal cancer (CRC) is the fourth most commonly
diagnosed cancer in the Western world[62,63]. With more
than one million of new cases and 600000 deaths per
year, CRC undoubtedly constitutes a significant burden
for public health in Western world.
CRC is the result of a multistep process whose progression is associated with the gradual accumulation of
genetic and epigenetic mutations. Sporadic in more than
90% of the cases, CRC develops gradually, proceeding
from normal epithelium to adenomatous polyps and
invasive carcinoma, defining a process that can be slow,
taking more than 10 years depending on the mutation
frequency[64]. Several genetic predispositions which can
increase cancer risk have been identified. The principal
driver mutations involved in CRC include tumor suppressors adenomatous polyposis coli gene, β-catenin gene,
deleted in colorectal cancer gene and p53[64], as well as the
oncogenes Kirsten rat sarcoma[65] and myelocytomatosis
oncogene[66,67]. However, even if within the last years
a growing number of acquired genetic mutations have
been described in CRC, trigger factors leading to their accumulation remain to be determined.
Environmental factors have been reported as the
leading causes involved in CRC onset[68]. Chronic inflammation and diet have been historically recognized as the
prominent CRC drivers[69,70], however, recently, a new
potential factor in CRC is emerging: the human intestinal
microbiota[71-73]. For instance, the relevance of a compromised microbiota-host homeostasis in CRC onset has
been highlighted by the recent finding that mice defective in the inflammasome function have an increased risk
to develop CRC[74]. While the involvement of diet and
inflammation in CRC has been proved by “traditional”
observational and epidemiological studies[70,75-77], only
the recent widespread of next-generation sequencing
(NGS)-based approaches for gut microbiota characterization allowed to identify characteristic ecosystem changes
associated with CRC. Comparative NGS studies of the
gut microbiota structure in stools, luminal samples and
swabs from CRC patients and age-matched healthy controls have been carried out[78-80]. With respect to healthy
controls, CRC patients were significantly enriched in
fecal Fusobacterium, Enterococcaceae, Campylobacter, Erysipelotrichaceae, Collinsella, Peptostreptococcus and Anaerotruncus,
and depleted in members of the Clostridium cluster Ⅳ,
such as Faecalibacterium prausnitzii (F. prausnitzii) and Rose-

910

January 28, 2014|Volume 20|Issue 4|

Candela M et al . Inflammation, gut microbiome and colorectal cancer

buria. On the intestinal mucosa, CRC patients showed an
increase of Porphyromonas, Fusobacterium, Peptostreptococcus
and Mogibacterium, whereas Faecalibacterium, Blautia and
Bifidobacterium were depleted. This CRC-associated microbiome is enriched in pro-inflammatory opportunistic
pathogens, e.g., Fusobacterium, Enterococcaceae and Campylobacter[81-85], and microorganisms commonly associated
with metabolic disorders, such as Erysipelotrichaceae[86,87],
while depleted in microbial partners strategic to preserve
the intestinal homeostasis[88], such as well-known butyrate
producers (i.e., F. prausnitzii and Roseburia) and protective
bifidobacteria[22,89]. These NGS data reflect an overall
pro-inflammatory configuration for the CRC-associated
gut microbial ecosystem, which can concur in compromising the microbiota-host mutualism and, eventually,
consolidate the disease state. Very recently, comparative
analyses of mucosal microorganisms on cancerous tissue
and matched non-cancerous tissue have been carried out,
allowing to detect microorganisms specifically enriched
on CRC tumor sites[79,84,85]. Cancerous mucosa showed an
overall decrease in bacterial diversity with respect to noncancerous tissues, and was characterized by a reduction
in Faecalibacterium and higher abundances of Fusobacterium,
Bacilli and Phascolarctobacterium. These pro-inflammatory
microorganisms can modulate the tumor microenvironment, affecting the course of CRC progression.
In order to explore dysbiosis of the gut microbiota
in CRC at the community level, we sought associations
between individual genera. To this aim, we obtained coabundance groups (CAGs), groups of microorganisms
which correlate and cluster together, by a bioinformatics
analysis[90] of the publicly available dataset from Wu et al[80],
a well characterized case-control study of the CRC-associated microbiome. Six CAGs displaying significantly
different inter-relationships from each other (P < 0.001)
have been identified: Fusobacterium CAG, Prevotella CAG,
Barnesiella CAG, Coprobacillus CAG, Faecalibacterium CAG
and Bifidobacterium CAG. Significant associations between
bacterial genera have been calculated and represented in a
Wiggum plot (Figure 1). This network analysis allowed us
to describe - to our knowledge for the first time - microbial co-abundance networks which include microorganisms previously associated with CRC risk or protection.
According to our analysis, the CRC-associated microorganisms Fusobacterium and Erysipelotrichaceae belong to the
same CAG (Fusobacterium). Analogously, CRC-associated
groups as Enterobacteriaceae, Escherichia, Shigella and Klebsiella co-vary within the same cluster (Prevotella). On the
other hand, a common CAG (Bifidobacterium) is shared by
non-CRC-associated groups as Bifidobacterium and Lachnospiraceae (a family member of the Clostridium cluster Ⅳ).
Other health-promoting mutualists belonging to the Clostridium cluster IV, such as Faecalibacterim, Blautia, Roseburia,
Dorea and Lachnospiraceae, group together in Faecalibacterim
CAG. Finally, we identified one CAG (Barnesiella) including both pro-carcinogenic microorganisms as Porphyromonadaceae and Eubacterium, as well as protective members
of the Clostridium cluster Ⅳ (Ruminococcus, Butyrococcus
and Oscillibacter). Even if data from this computational
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analysis must be taken with caution since based on a limited dataset, we can hypothesize the existence of 3 procarcinogenic CAGs (Fusobacterium CAG, Prevotella CAG
and Coprobacillus CAG) and 2 CRC protective CAGs (Bifidobacterium CAG and Faecalibacterium CAG).
Suggesting the involvement of specific microbiota
dysbiosis in CRC, NGS-based microbiome studies are
imposing a more holistic vision of the interplay between
environment and genetics in CRC, where dietary factors and inflammation need to be considered against the
background in the microbiota-host interaction process
(Figure 2). However, the static nature of these studies
did not permit to comprehend whether dysbiosis are a
cause or a consequence of the disease onset. Further,
these descriptive studies did not provide information
on either the mechanisms by which members of the gut
microbial ecosystem can influence the CRC, or, more
importantly, the triggers that shift the microbiota towards
a carcinogenic configuration. With the attempt to deal
with these questions, a new approach to study the role of
microorganisms in CRC onset is emerging. Pairing NGSbased microbiota surveys and the usage of germ-free
(GF), conventionalized and mono associated mice to test
mechanistic hypotheses, new insights on the microbial
ecology of CRC have been provided[73].
Bacterial driver-passenger model
Recently, a first dynamic model of the microbial ecology
involved in CRC onset and progression has been proposed by Tjalsma et al[73]: the bacterial driver-passenger
model. According to this model, CRC development is
initiated by indigenous bacteria with pro-carcinogenic
features - defined as bacterial drivers - that drive epithelial DNA damage and contribute to CRC initiation. In a
subsequent step, the local microenvironment is altered as
a consequence of the ongoing tumorigenesis and bacterial drivers are replaced by bacterial passengers, microorganisms showing a competitive advantage in the tumor
microenvironment and being capable of nurturing tumor
progression. For instance, nutrients and co-factors specific of the tumor microenvironment - such as the presence
of reactive oxygen species - can be selectively utilized by
specific bacterial passengers[91].
Bacterial drivers are defined as intestinal bacteria
showing pro-carcinogenic features - either transient or
autochthonous microbiota components - that may initiate
the process of carcinogenesis. Several candidate bacterial
drivers have been identified (Table 1), such as superoxideproducing strains of Enterococcus faecalis[92], genotoxinproducing Escherichia coli strains[93], and toxigenic strains
of Bacteroides fragilis[94]. Furthermore, pro-inflammatory
members of Enterobacteriaceae, such as Shigella, Citrobacter
and Salmonella have been associated with early stages of
CRC as possible bacterial drivers[95,96]. Occasionally, bacterial drivers act in concert with helper bacteria (or α-bugs)
in carcinogenesis promotion[97]. Generally belonging to
pro-inflammatory Enterobacteriaceae, these microorganisms
are proposed to crowd out symbiont CRC-protecting
anti-inflammatory microbiota components, such as F.

911

January 28, 2014|Volume 20|Issue 4|

Candela M et al . Inflammation, gut microbiome and colorectal cancer
Table 1 Microorganisms involved in colorectal cancer
Microorganism
E. faecalis
E. coli NC101
B. fragilis
Shigella
Citrobacter
Salmonella
Enterobacteriaceae
Fusobacterium
S. gallolyticus
C. septicum
F. prausnitzii
Roseburia
Bifidobacterium
Corynebacteriaceae

Role in CRC

Mechanism

Ref.

Driver
Driver
Driver
Driver
Driver
Driver
Helper
Passenger
Passenger
Passenger
Protective
Protective
Protective
Protective

Production of superoxide
Genotoxin production (colibactin)
Genotoxin production (fragilisin)
Induction of inflammation
Induction of inflammation
Induction of inflammation
Induction of inflammation
Induction of inflammation
Induction of inflammation
Induction of inflammation
Butyrate production; anti-inflammatory properties
Butyrate production; anti-inflammatory properties
Protection from pathogens; anti-inflammatory properties
Anti-inflammatory properties

[92]
[122]
[94]
[73]
[73]
[73]
[73]
[84]
[98]
[99]
[78]
[78]
[71]
[78]

Microorganisms involved in colorectal cancer (CRC), their role as driver, passenger or protective bacteria and the mechanisms involved in CRC induction
or protection. E. faecalis: Enterococcus faecalis; E. coli: Escherichia coli; B. fragilis: Bacteroides fragilis; S. gallolyticus: Streptococcus gallolyticus; C. septicum: Clostridium septicum; F. prausnitzii: Faecalibacterium prausnitzii.

prausnitzii, Roseburia or Bifidobacterium, favoring the subsequent tissue colonization by drivers.
Passenger bacteria are always autochthonous members of the gut microbial community. Relatively poor
colonizer of a healthy intestinal tract, passengers show a
competitive advantage in the tumor microenvironment
(Table 1). However, differently from drivers, which are
always pro-carcinogenic, passenger bacteria can be of either pro-carcinogenic or protective nature, depending on
the microorganism. While in some cases the carcinogenic
tissue has been shown to be selectively colonized by opportunistic pathogens, such as Fusobacterium[78,83,84], Streptococcus gallolyticus[98] and Clostridium septicum[99], which can be
involved in CRC progression, in other circumstances the
tumor sites were enriched in passenger bacteria belonging
to well-known mutualistic microbiota components, as Corynebacteriaceae, Roseburia and Faecalibacterium, suggesting a
possible protective role for these microorganisms as CRC
quencher[78].

ments carried out in mouse models of colitis-associated
cancer have been successful in demonstrating a dual role
for NF-kB in carcinogenesis, which depends on the cell
type[101]. While in enterocytes NF-kB contributes to tumor initiation by suppressing apoptosis, in myeloid cells it
is involved in the promotion of tumor growth by means
of the production of inflammatory mediators. Further,
it has been recently demonstrated that elevated NF-kB
signaling can activate mutations in the Wnt pathway, leading to the differentiation of epithelial non-stem cells into
tumor-initiating cells[102]. Generally, the activation of NFkB results in the expression of inflammatory cytokines
[e.g., tumour necrosis factor-alpha, interleukin (IL)-1, IL-6
and IL-8), adhesion molecules, enzymes involved in prostaglandin synthesis, nitric oxide synthase, angiogenic factors and anti-apoptotic genes, providing survival advantages to precancerous or tumor cells in the gut[75,103]. The
activation of NF-kB as a result of microbial sensing via
the host Toll-like receptors (TLRs) has been proposed to
support intestinal tumor growth under steady-state conditions[104,105]. Several evidences have been reported in
support of the role of the gut microbiota in the inflammation-dependent carcinogenesis in the gut. Crohn’s
disease and ulcerative colitis are often associated with an
increased risk of developing CRC and epidemiological
data suggest that duration and severity of chronic colitis
represent a significant risk factor for colitis-associated
CRC[106,107]. Furthermore, microbiota unbalances in favor
of pro-inflammatory opportunistic pathogens as Enterobacteriaceae and Clostridium difficile have been indicated to be
involved in tumor progression[108,109] and, in the context
of the bacterial driver-passenger model, several bacterial
drivers, such as Shigella, Citrobacter, Salmonella and toxigenic
Bacteroides fragilis (B. fragilis), as well as the passengers Fusobacterium and Streptococcus gallolyticus and Clostridium septicum,
have been reported to support carcinogenesis by the
induction of a pro-inflammatory response[73]. Strikingly,
by inducing azoxymethane (AOM)-colitis in conventional
and GF IL-10 knockout (Il10-/-) mice, Uronis et al[110] were

Mechanisms possibly involved in microbial CRC
promotion
Gut microorganisms may promote CRC onset and progression by different processes (Table 1)[71], such as (1)
the induction of a chronic inflammatory state; (2) the
biosynthesis of genotoxins interfering with the cell cycle
regulation or directly damaging DNA; (3) the production
of toxic metabolites; and (4) the activation of dietary heterocyclic amines to pro-carcinogenic compounds. Here
we will specifically discuss the role of three of these factors - inflammation, genotoxins and toxic metabolites –
in CRC onset and progression.
Chronic inflammatory disorders are associated with a
higher risk of cancer development[100]. Inflammation can
nurture carcinogenesis by inducing gene mutations, inhibiting apoptosis or stimulating angiogenesis and cell proliferation. By regulating cell survival, inflammation and
immunity, nuclear factor (NF)-kB is at the connection
between inflammation and cancer. In particular, experi-
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tissue and surrounding mucosa from CRC patients are
those derived from Escherichia coli (E. coli), Salmonella enterica and Shigella flexneri. This suggests a strong involvement of enterobacterial toxins in tumorigenesis. Also in
this context, inflammation has been shown to increase
toxigenic E. coli strains, promoting their adhesion to the
host epithelia[111]. A number of E. coli strains produce a
wide array of toxins, some of which are turning out to be
potentially harmful in humans, either directly damaging
DNA or specifically disrupting cell signaling.
The cytolethal distending toxins (CDTs), which comprise a family of intracellular-acting bacterial protein toxins produced by several gram-negative bacteria, belong to
the first group. Their activity upon eukaryotic cells results
in several consequences, the most characteristic of which
is the induction of G(2)/M cell cycle arrest[117]. Active
CDTs consist of three subunits: CdtA and CdtC, which
guide internalization, and CdtB, which enzymatically
induces DNA double-strand breaks that recruit and activate the ataxia telangiectasia mutated kinase, thus triggering a DNA damage response (DDR). The DDR provides
an efficient barrier to tumorigenesis through induction of
cell death or senescence[118]. Cells exposed to sub-lethal
doses of the CDTs from Helicobacter hepaticus (H. hepaticus) or Haemophilus ducreyi exhibit increased frequency of
mutations, accumulation of chromosomal aberrations
and enhanced anchorage-independent growth[119]. Furthermore, chronic infection of mouse liver and intestine
with CDT-producing H. hepaticus or Campylobacter jejuni,
respectively, is associated with dysplasia[119], confirming
the capacity of CDT-producing bacteria to induce preneoplastic lesions in vivo. Very recently, Buc et al[120] demonstrated a high prevalence of genotoxin- and cyclomodulin-producing mucosa-associated E. coli strains in CRC
patients.
Furthermore, some commensal E. coli strains of the
phylogenetic group B2 harbour a 54 kb polyketide synthase (pks) pathogenicity island encoding the enzymes
required for the synthesis of a putative hybrid peptidepolyketide genotoxin, named colibactin[121]. Infection of
mice with a pks+ E. coli strain has been linked to the expression of pks genes required for colibactin production
as well as to DNA damage induction[122]. The capacity
of colibactin to promote tumorigenesis in vivo has been
recently proven in an animal model of colitis-associated
CRC. GF IL-10 knockout mice treated with the colonspecific carcinogen AOM and monocolonized with pks+
E. coli showed a high incidence of invasive adenocarcinoma if compared to mice infected with an isogenic pks-deficient strain or the control commensal bacterium pks-E.
faecalis[93]. The detection of E. coli isolates carrying the pks
island in 66.7% CRC patients compared to 20% found
in non-inflammatory bowel disease/non-CRC controls
suggests a concerted action of host inflammation and
E. coli-derived pks in giving rise to a host microenvironment that promotes DNA damage and tumorigenesis[93].
These authors also showed that optimal colonization by
colibactin-producing E. coli strains is established in an

Inflammation
Intestinal
microbiome
Diet

Bacterial
toxins

Colorectal cancer

Figure 2 Colorectal cancer arises from the interplay between endogenous
and exogenous factors, such as inflammation, diet, intestinal microbiome
structure, and transcription and activity of bacterial genotoxins.

successful in demonstrating that microbial sensing via
TLRs is essential to develop colitis-associated CRC.
Inflammation also represents a molecular link between host immune response, intestinal microbiota and
genotoxic events in the inflammation-associated CRC[111].
Several bacterial taxa that belong to the human gut microbiome in a subset of the healthy population contain
toxin-producing strains [5]. The long-term effects of
chronic exposure to low doses of such bacteria as well as
the eventual contribution to the carcinogenic process of
bacterial toxins remain to be elucidated. Toxins impinge
on key eukaryotic processes, such as cellular signaling,
and some directly attack the genome[112] these last by
damaging DNA, either directly, by enzymatic attack, or
indirectly, by provoking an inflammatory reaction that
produces free radicals. Also, they can affect DNA repair
mechanisms.
The capacity of the B. fragilis toxin (BFT)-producing
strains to promote colon tumorigenesis is mediated by
the increased expression of STAT3 that leads to the recruitment of the highly pro-inflammatory subset of T
helper type 17 lymphocytes, suggesting that the pro-carcinogenic role of BFT is to promote a de-regulated inflammatory response[113]. BFT is a metalloprotease known to
bind to colonic epithelial cells and stimulate cleavage of
E-cadherin, thus increasing intestinal barrier permeability and augmenting cell signalling via the β-catenin/Wnt
pathway, which is constitutively activated in essentially all
CRC. As a result, BFT stimulates proliferation and migration of human colon cancer cells in vitro[114]. It is worth
noting that the enterotoxigenic form of B. fragilis (ETBF)
is only present in approximately 10%-20% of the healthy
population whereas the fecal carriage of ETBF is increased of about 40% in CRC patients[94,115].
However, although the B. fragilis toxin has been proposed as one of the main CRC driving suspects on the
basis of experimental work[113,116], very recent studies
show that the most actively transcribed toxins in tumor
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Figure 3 Environmental triggers, such as diet, aging and pathogen infections, can force microbiota changings that, in a genetically susceptible host, can
drive to chronic inflammation in the gut. Inflammation shifts the gut microbiota towards a pro-inflammatory configuration, supporting colorectal cancer (CRC) drivers as pathobionts at the expense of health-promoting CRC-protective microbiota components. As a consequence, a pro-inflammatory loop is established in the gut,
directly supporting CRC onset and favoring colonization by toxigenic bacterial drivers directly involved in CRC promotion.
[126]
kB . Taken altogether, these data support the strategic
role of toxigenic E. coli strains in CRC onset and progression.
The gut microbiome is a major driver in shaping the
gut metabolome[127]. Among microbial metabolites, several have been identified as potentially important carcinogens or protective. Secondary bile acids in particular have
been detected in elevated levels in CRC patient stools
and have been shown to have carcinogenic properties in
vitro[128]. A long list of other metabolites are suspected at
varying degrees to be implicated in CRC development,
such as hydrogen sulfide[129], proteolysis products (ammonia, amines, phenols)[130], and acetaldehyde[131]. Butyrate is
the most sought-after beneficial metabolite as it is a major energy source for colonocytes and more importantly
has an anti-proliferative activity and induces apoptosis of
CRC cells in vitro[132].

already-inflamed gut. In fact, by remodeling the intestinal
immune response and shifting the colonic bacterial community to one that further promotes CRC, bacterial drivers permit the colonization of colibactin-producing E.
coli strains that actively contribute to disease progression.
A second group of toxins includes those disrupting the cell signaling that regulates cell proliferation or
induces inflammation. The E. coli cytotoxic necrotizing
factor 1 (CNF1), which is expressed by many human
isolates, activates the Rho GTPases[123], inducing dysfunctions in already transformed epithelial cells, such as apoptosis counteraction, pro-inflammatory cytokines’ release,
COX2 expression, NF-kB activation and boosted cellular
motility. Also, CNF1 induces quiescent cells to enter
the cell cycle and undergo DNA synthesis[124], interferes
with normal cytokinesis, resulting in the production of
multinucleated cells and in the onset of aneuploidia. As
cancer may arise when the same regulatory pathways are
affected, it is conceivable that CNF1-producing E. coli
infections can contribute to cancer development[125]. Our
hypothesis is that these bacteria may act as passengers,
reinforcing and favoring but not causing the development
of colorectal cancer. The pro-inflammatory capacity of
CNF1 has recently been confirmed in Drosophila, where
the toxin could activate one of the key transcription factors of the innate immune response, namely NF-kB,
independently of the triggering of pathogen recognition
receptors. Indeed, the CNF1-mediated activation of the
Rac2 GTPase triggers protective immunity via the innate Rip kinase signaling that functions upstream of NF-
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Triggering factors that force microbiota to become
carcinogenic
Besides its role in CRC onset, inflammation surely exerts
a central role in triggering the carcinogenic potential of
the gut microbial ecosystem (Figure 3)[93]. Experiments
relying on mice defective in components of the immune
system successfully demonstrated that chronic inflammation alters the intestinal microbial community composition towards a configuration that predisposes to the
disease[133]. According to Garrett et al[134], Tbet-/-/Rag2-/mice, which are deficient in adaptive and innate immune
function, developed a colitis phenotype transmissible
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to wild-type mice by the adoptive transfer of their gut
microbiota. Analogously, mice lacking the bacterial flagellin receptor TLR5 exhibited a syndrome encompassing insulin resistance, hyperlipidemia, and increased fat
deposition associated with microbiota alterations. Strikingly, these metabolic changes were transferable to wildtype mice by acquiring the Tlr5-/- gut microbiota[134]. In
this context, Arthur et al[93] specifically demonstrated that
intestinal inflammation can boost the cancer-inducing
activity of the gut microbiota. According to the Authors,
chronic inflammation in Il10-/- mice was sufficient to
prompt microbiota shifts, supporting the AOM-induced
carcinogenesis. Favoring the adhesion of driver bacteria
with genotoxic potential to the colonic mucosa - as well
as the overall expansion of pro-inflammatory Enterobacteriaceae in the gut - inflammation creates the environment
that supports a bacteria-mediated carcinogenesis process.
In particular, Arthur et al[93] showed that chronic colitis in
Il10-/- mice was sufficient to favor a dramatic expansion
of E. coli NC101 on the intestinal mucosa. Harboring
a pks pathogenicity island, E. coli NC101 codes for the
genotoxin colibactin[121] that allows this microorganism
to accelerate progression from dysplasia to invasive carcinoma. Inflammation in the gut is also pivotal to initiate a
microbiota-dependent pro-inflammatory loop detrimental
for host health[71]. An aberrant inflammatory response in
the gut can shift the balance between protective mutualists and pathobionts in favor of the latter[135,136]. By inducing a pro-inflammatory loop, these microorganisms can
work as bacterial drivers, consolidating the inflammatory
state[28] and resulting in a self-sustained pro-inflammatory
response that affects the microbial ecology of the human
gut, further compromising the microbiota-host mutualism and supporting CRC.
Abnormal dietary inputs can lead to the expansion of
pro-inflammatory microbes in the gut[137]. For instance, a
diet rich in saturated milk fat has been reported to induce
the expansion of Bilophila wadsworthia, which may favor
carcinogenesis in the gut by promoting pro-inflammatory
TH1[138]. Indeed, high-fat diet impacts on gut microbiome
have seen increased interest in the recent years as fat has
been linked epidemiologically to intestinal inflammation
and diseases. While as expected a high-fat diet modifies
the microbiome, the fact that different fat compositions
induced different changes in animal models calls for a
more controlled dietary intervention in humans. For
example, observational data suggested that Western diet
(protein- and fat-enriched) and African diet (polysaccharide-enriched) drive strikingly different microbiomes,
possibly explaining different CRC rates[13,38,139]. Reciprocal
diet exchanges indeed demonstrated that the microbiome
and metabolome were rapidly responsive towards respective “beneficial” and “detrimental” states, as well as markers of mucosal proliferation[13].
The process of human aging has a well-documented
impact on the gut microbiota structure[48,140], raising the
question of whether age-related microbiota dybioses
can trigger a microbiota-dependent carcinogenic process in the gut. Showing a pro-inflammatory configura-
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tion, the aged-type gut microbial ecosystem can force a
microbiota-dependent pro-inflammatory loop in the gut,
compromising the microbiota-host mutualism and supporting carcinogenesis. Strengthening this hypothesis, the
incidence of CRC has been reported to increase in the
elderly; about 50% of the Western population develops
colorectal polyps at the age of 70 and 5% of these polyps progress to cancer[141].
The pervasive role of genotoxins in CRC onset and
progression, led researchers to investigate triggering factors that govern toxin biosynthesis and activity. Environmental changes in the gut ecosystem, such as changes in
pH, in oxygen availability or the presence of a specific
metabolite, have been suggested to have a role in the
modulation of toxin transcription. Intriguingly, interspecies quorum sensing resulting from microbe/microbe
interaction processes has been suggested to play a role
in governing bacterial toxin production in the gut[72,142].
Even if research in this field is still in its infancy, recent
experimental works demonstrated the strategic role of
microbe/microbe, microbe/host and microbe/environment interaction processes in regulating bacterial virulence and toxin activity. In a recent experimental research
based on GF and conventional mice, Kamada et al[143]
demonstrated that changes in dietary substrates can result
in a microbiota-dependent regulation of virulence factors. According to the Authors, dietary changes can boost
commensals capable to outcompete toxigenic pathogens for food sources, resulting in the down-regulation
of virulence genes and eventually pathogen clearance.
Further, Marks et al[144] demonstrated that interkingdom
signaling as a result of the host response to the influenza
A virus infection was sufficient to trigger the expression
of Streptococcus pneumoniae virulence genes, resulting in the
transition from commensalism to pathogenicity. Even if
S. pneumoniae is a common human nasopharyngeal opportunistic bacterium, these findings allow us to hypothesize
the existence of analogous processes in the gut ecosystem, resulting in the activation of a virulence phenotype
and toxin transcription of enterotoxigenic CRC drivers.

CONCLUSION
The worldwide diffusion of NGS-based microbiota
surveys in CRC patients, alongside the utilization of GF,
mono associated and humanized mice, led to an increasing perception of the pivotal role exerted by the gut microbiota in CRC onset and progression. Lights on the microbial ecology of the process have been provided, and
possible mechanisms involved suggested. This brought
the researchers to focus their attention on triggering factors that turn the intestinal microbiota from a mutualistic
configuration to a CRC-promoting asset. Inflammation
has undoubtedly a central role in this process, being a
common outcome shared by different triggering factors,
such as diet, aging, microbe-microbe and microbe-host
interactions (Figure 3). In fact, changes in diet, aging, as
well as pathobiont-dependent pro-inflammatory dysbiosis of the gut microbiota, can force the gut microbiota to
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a pro-inflammatory asset, changing the microecology of
the gut ecosystem and activating toxigenic CRC bacterial
drivers. In this context, of extraordinary importance will
be the development of strategies able to interfere and/or
block these triggering factors, preserving the microbiotahost mutualism along the entire life span. Different approaches can be implemented. Since diet represents the
pivotal strategy to modulate composition and functionality of the gut microbiota, the most promising approach
to preserve microbiota-host mutualisms relies on dietary
interventions. For instance, diet can be modulated to
boost health-promoting microbiota groups, such as antiinflammatory members of the Clostridium cluster Ⅳ or
short chain fatty acid producers of the Clostridium cluster
XIVa. Strengthening this perspective, in a life-long longitudinal study carried out in mice, Zhang et al[145] demonstrated that different diets modulated differently the
microbiome trajectories along with aging. In particular,
according to the Authors low-fat diet and caloric restriction increased the relative abundance of phylotypes positively associated with the life span in the middle-life, and,
at the same time, lowered the abundance of opportunistic pro-inflammatory pathogens, which could represent
CRC bacterial drivers.
A second approach for CRC prevention surely relies
on the usage of probiotic bacteria, such as Bifidobacterium
and Lactobacillus. Probiotics have been demonstrated to be
effective in reducing CRC risk in humans[146-149]. Showing
immunomodulating properties, antimicrobial activities,
as well as the capacity to interfere with toxin synthesis
and activity, probiotic bacteria can act simultaneously on
different CRC triggering factors. In fact, probiotics have
been reported as effective in quenching host inflammatory response[150], in inhibiting the colonization of known
CRC drivers[22,151] and in inactivating bacterial toxins[152] or
interfering with their production[153,154].
Even if significant steps forward have been carried
out, we are still far from fully appreciating the multifactorial role of the intestinal microbiota in CRC. More longitudinal microbiome surveys need to be carried out, and
intestinal polyps as well as adenocarcinoma tissues must
be sampled, in order to follow the gut microbiota dynamics over time for the development of colonic neoplasia.
Microbiota on tumor sites needs to be compared with
off-tumor matched tissues, as a better comparison than
mucosal samples from healthy patients. Associations between structure and dynamics of the gut microbiome and
the different stages of colonic neoplasia need to be better
defined, causality should be further explored, possibly by
using GF, mono associated as well as humanized animal
models. Finally, meta-analysis integrating epidemiological
studies with microbiome datasets will allow us to better
define triggering factors that force the microbiota to become carcinogenic, so that hypotheses can be verified in
mice where possible intervention strategies can be tested.
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better understanding of their role in the tumorigenetic
process and for the development of CSC-specific therapies. Several methods have been used for this purpose
and many efforts have been focused on the identification of specific CSC-surface markers. This review
provides an overview of the proposed roles of CSC in
human colorectal tumorigenesis focusing on the most
important molecules identified as CSC-specific markers
in colorectal cancer and on the potential strategies for
the development of CSC-targeted therapy.

Abstract

Core tip: A better understanding of the mechanisms responsible for tumor initiation and progression is essential for the development of novel, more powerful therapies for colorectal cancer patients. In this paper, we
review the basic concepts of both the traditional “stochastic”, and of the more recent, “hierarchical” models
of tumor development. We then introduce the so-called
cancer stem cells (CSCs) and provides an overview of
the proposed roles of CSCs in human colorectal tumorigenesis focusing on the most important molecules
identified as CSC-specific marker in colorectal cancer
and on the potential strategies for the development of
CSC-targeted therapy.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Colorectal cancer remains one of the most common
and lethal malignancies worldwide despite the use of
various therapeutic strategies. A better understanding
of the mechanisms responsible for tumor initiation and
progression is essential for the development of novel,
more powerful therapies. The traditional, so-called “stochastic model” of tumor development, which assumes
that each cancer cell is tumorigenic, has been deeply
challenged during the past decade by the identification
of cancer stem cells (CSCs), a biologically distinct subset of cells within the bulk of tumor mass. This discovery led to the development of the hierarchical model
of tumorigenesis which assumes that only CSCs have
the ability to initiate tumor growth, both at primary and
metastatic sites. This model implies that the elimination
of all CSCs is fundamental to eradicate tumors and that
failure to do so might be responsible for the occurrence
of relapses and/or metastases frequently observed in
the clinical management of colorectal cancer patients.
Identification and isolation of CSCs is essential for a

WJG|www.wjgnet.com

Fanali C, Lucchetti D, Farina M, Corbi M, Cufino V, Cittadini
A, Sgambato A. Cancer stem cells in colorectal cancer from
pathogenesis to therapy: Controversies and perspectives. World J
Gastroenterol 2014; 20(4): 923-942 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v20/i4/923.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i4.923

923

January 28, 2014|Volume 20|Issue 4|

Fanali C et al . Colorectal cancer stem cells

INTRODUCTION
Colorectal cancer (CRC) is one of the most common
malignancies in Western countries and, although it can
cause symptoms at a very early stage and can be easily
detected and treated by resection, it remains the second
leading cause of cancer-related death in Europe and the
third in the United States with a median survival time
ranging from less than one to more than five years depending on the stage of disease at the diagnosis and the
surgical techniques and/or chemotherapy used, especially
for metastatic CRC[1]. Several studies have underlined the
role of environmental and lifestyle factors in colorectal
carcinogenesis showing an increase in CRC incidence in
parallel with economic development and adoption of a
western lifestyle in several countries.
CRC originates from epithelial cells lining the gastrointestinal tract which undergo sequential mutations in
specific DNA sequences that disrupt normal mechanisms
of proliferation and self-renewal[2]. The intestinal tract
consists of the small intestine (duodenum, jejunum and
ileum) and the large intestine or colon, which comprises
the cecum, ascending, transverse and descending colon,
sigmoid colon, rectum and anal canal. The innermost
layer of the colon wall (mucosa) is lined by an absorptive
and secretory columnar epithelium which is folded into
finger-like invaginations incorporated in the submucosa
connective tissue to form the functional unit of the intestine, the crypts of Lieberkühn (Figure 1). Normal human
colon consists of millions of crypts containing about
2000 cells and comprising the differentiated cell lineages
(enterocytes, enteroendocrine cells and goblet cells). A
fourth differentiated type, the Paneth-like cells, resides
at the bottom of colon crypts and has been shown to
synthesize and secrete a variety of antimicrobial factors[3]. Differentiated colon epithelial cells are subjected
to a massive turnover throughout life, being replaced approximately every 5 d. The ability to maintain tissue homeostasis is provided by a subset of self-renewing undifferentiated, multipotent stem cells which generate transitamplifying cells, committed progenitors[3]. These cells lie
towards the bottom of the crypt in the proliferative zone
and through an asymmetric division are responsible for
generating all epithelial cell types along the crypt-villus
axis. The number of long-lived stem cells per each crypt
is commonly estimated to be between 4 and 6 cells even
if the precise number and what controls their numbers
remain uncertain (Figure 1). Two distinct populations of
putative stem cells have been identified at the base of intestinal crypts. A population is marked by the expression
of the G-protein receptor Lgr5, a Wnt gene target, and
positioned just above the Paneth cells at the crypt base,
while the other resides at +4 position from the bottom
of the crypt and are marked by the expression of the
polycomb group gene Bmi1 and the telomerase reverse
transcriptase, Tert[4,5]. Both cell types have been demonstrated to fulfill the criteria for stem cells (pluripotency
and self-renewal capacity)[4,5]. Several studies are trying
to understand whether their stem cell characteristics are
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Figure 1 Schematic representation of an individual colon crypt showing
the position of different cell types. Stem cells lie at the bottom of the crypt
and through an asymmetric division are responsible for generating all epithelial
cell types along the crypt-villus axis.

intrinsically determined or determined by the environmental niche. It is widely accepted, however, that stem
cell niches are formed by cellular components and extracellular matrix which create a special microenvironment
important for the maintenance of stem cells properties,
protect stem cells from differentiating and apoptotic
stimuli and regulate the balance between proliferation
and differentiation through direct interaction and secretion of various cytokines and growth factors[6]. The stem
cells self-renewal and differentiation are also influenced
by components in the crypt lumen derived from bacteria
or epithelial cells as well as by morphogenetic factors secreted by intestinal sub-epithelial myofibroblasts[7].
Mounting evidence suggests that stem cells might play
an important role in the process of tumor development
being able to acquire a tumorigenic potential and giving
rise to the so-called cancer stem cells whose potential role
as tumor initiating cells as well as targets of cancer therapies is discussed in this review.
Models of colorectal tumorigenesis
CRC has been an ideal model to study the malignant progression because different phases of the same malignancy
often coexist within the same patient and have provided
basic information concerning human tumorigenesis. Although most of the CRCs are sporadic, a small percentage arises in the setting of inherited syndromes, such as
familial adenomatous polyposis (FAP), juvenile polyposis
syndrome (JPS) and hereditary nonpolyposis colorectal cancer (HNPCC or Lynch syndrome), which have
been extremely useful for our understanding of human
colorectal tumorigenesis. The study of these hereditary
cancer syndromes, as well as of sporadic CRC, has led to
a detailed knowledge of the sequence of genetic mutations underlying CRC development with the formulation
of a model of multistep carcinogenesis which has been
subsequently extended to the majority of human can-
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BMP pathways interact to control intestinal stem cells
self-renewal through the PTEN-Akt pathway that helps
to control the nuclear localization of the Wnt pathway
effector β-catenin[12]. Interaction between Wnt and Notch
pathway, which maintains proliferative cells in normal
scripts, is also deregulated in tumorigenesis[9]. Wnt signaling, Hedgehog, BMP, Notch and Platelet-derived growth
factors are involved in the process of epithelial to mesenchymal transition and invasion[7].
According to the traditional model of carcinogenesis
a tumor may arise from any cell of the body following a series of mutations conferring them an unlimited
proliferation potential. The resulting mutated progeny is
subject to additional mutations, due to genetic instability,
and epigenetic changes, promoting the appearance of a
genetically heterogeneous tumor mass.
This view has been initially integrated in the so-called
“stochastic model” of tumor development which assumes that each cancer cell isolated from the bulk tumor
is tumorigenic and thus has the ability to proliferate extensively and regenerate a tumor with the same characteristics of the original tumor when injected in immunodeficient mice (Figure 2).
The presence of cell types with various degrees of
differentiation within human CRC[13] and of a stem cells
overpopulation at the botton crypt during the process of
adenoma development in patients with FAP, has suggested a hierarchical model of CRC development as opposed
to the stochastic model. According to this model, only
a small fraction of tumor cells would be able to support
the neoplastic proliferation, the part that retains the characteristics of stem cells and that in itself has a unlimited
proliferative potential. The tumors would be organized
as a normal tissue with a rare subpopulation of undifferentiated cells having the unique biological properties
necessary for tumor initiation, maintenance, and spreading[14] (Figure 2). These cancer cells displaying stemness
features have been defined cancer stem cells (CSCs) and,
similarly to normal stem cells, would be located in a niche
with mesenchymal cells that would ensure their survival
in a secure environment, regulating their proliferation
through secretion of soluble factors[15]. According to this
model, these slow proliferating CSCs display self-renewal,
unlimited proliferative potential and multipotency and
would be responsible for tumor initiation and development as well as local relapses and metastases. Moreover,
CSCs would be highly resistant to traditional antineoplastic agents due to the expression of detoxifying enzymes,
drug transporters and DNA repair mechanisms[15].
The origin of CSCs remains unclear and it is still object of a debate whether they derive from more mature
cells that reacquire stem cell properties during tumor
formation or are the direct progeny of mutated stem
cells[15] (Figure 2). The discovery of stem cells in the majority of normal tissues, including colon crypts, supports
the hypothesis that normal stem cells might represent a
possible target for tumorigenic mutations and the origin
of CSCs due to both their longevity and their ability

Tumor initiation ability
(A) Stochastic model

(B) Cancer stem cell model

No tumor

No tumor
CSC

CSC
No tumor
No tumor

No tumor
No tumor

Figure 2 Models of tumor development. (A) Stochastic model: every cancer
cell isolated from the bulk tumor is tumorigenic and thus has the ability to proliferate extensively and initiate tumor growth. (B) Cancer stem cell (CSC) model:
only a rare subpopulation of undifferentiated cells has the unique biological
properties necessary for tumor initiation, maintenance, and spreading.

cers[8]. It is now widely accepted that, regardless of the
starting event, CRC is the end result of a variable concatenation of genetic alterations that lead a normal colonic
epithelial cell to transform into a colon cancer cell. According to the model of colorectal tumorigenesis, initially
proposed by Fearon et al[8] (also known as the adenomacancer sequence), CRC development occurs through a
series of steps morphologically identifiable: initially there
is localized proliferation of the colon epithelium with the
formation of small adenomas which progressively grow
with dysplasia and ultimately progress into invasive carcinomas. Most of the CRC is characterized by a dysfunctional regulation of the Wnt/β-catenin pathway, essential
for the development of the normal colonic mucosa[9].
About 80% of patients with FAP have loss or mutation
in the APC (adenomatous polyposis coli) gene which
encodes a protein that participates to the formation of a
complex that regulates the stability of β-catenin. In the
absence of Wnt ligand this complex retains the β-catenin
which is phosphorylated and degraded by the proteasome. When the APC molecule is mutated, the cytosolic
β-catenin levels are stabilized and the protein can then
accumulate in the nucleus where it serves as a coactivator
for the Tcf family of transcription factors which activate
the expression of specific target genes including some
metalloproteinases, the fibronectin and oncogenes such
as c-myc and cyclin D1[10]. The study of JPS, a condition that predisposes to hamartomatous gastrointestinal
polyps formation, has revealed the important role of
SMAD/BMP (bone morphogenetic protein) in intestinal architecture. JPS is due to germline mutations in the
SMAD4 gene in 15%-20% of cases and to mutations
in the gene encoding BMP receptor 1A in 25%-40%
of cases. SMAD4 is an intracellular signal transducing
transcription factor shared by the Transforming growth
factor β, activin and BMP pathways. BMP family ligands
are expressed by the villus mesenchyme, while epithelial
cells display nuclear phosphorylated SMADs, implicating
these cells as terminal recipients of the signal[11]. Wnt and

WJG|www.wjgnet.com

925

January 28, 2014|Volume 20|Issue 4|

Fanali C et al . Colorectal cancer stem cells

Cancer stem cell

spheroids grown in vitro also expressed Msi-1[18]. Other
potential markers of CRC stem cells have been more
recently identified including CD29, CD24 and Lgr5[19-21]
(Table 1).

Tumor regression

CD133/Prominin-1
Human CD133, also known as Prominin-1, is a 120 kDa
cholesterol-interacting pentaspan-transmembrane glycoprotein that belongs to the Prominin family. CD133
protein consists of an extracellular N-terminal domain,
a cytoplasmic C-terminus that contains five tyrosine residues including a tyrosine phosphorylation consensus site,
two small cysteine-rich cytoplasmic loops and two large
extracellular loops containing four consensus sequences
for N-linked glycosylation[22] (Figure 4).
CD133 was first recognized as a surface protein marker of a subset of hematopoietic stem cells and progenitor
cells[22] and of bone marrow-derived circulating endothelial progenitors involved in postnatal angiogenesis,
inflammation and tissue regeneration[23,24]. Subsequently,
it was identified in several human normal tissues and on
CSCs from a variety of solid tumors including brain, colon, liver, lung and prostate neoplasms[23,25].
Two studies first identified CD133 as a marker for
stem cells in CRC. Ricci-Vitiani et al[16] showed the tumorigenic potential of CD133+ human CRC cells and
evidenced their ability to engraft and give rise to visible
tumors in immunodeficient mice even after serial transplantations. Simultaneously, O’ Brien et al[17] demonstrated
an enrichment of more than 200-fold of cancer-initiating
cells in the subsets of CD133+ cells isolated from human
CRC samples compared to unsorted cancer cell populations. Moreover, they showed that liver metastases are enriched with a population of CD133+ cancer cells, a finding also confirmed by our group[26], and observed that
tumor xenografts generated from CD133+ cells reproduced the histological features of the original tumor[17].
CD133 is concentrated in plasma membrane protrusions, containing lipid rafts, and more recently several
studies have suggested a link between the release of
CD133 contained in the membrane vesicles and cellular
differentiation, proving that CD133 might play a key role
in maintaining stem cell properties[27,28]. However, the
discussion on the effective value of CD133 and its usefulness as a CSC biomarker is still controversial because
other studies have shown that the CD133- population
of CRC cells is also able to initiate tumor growth in immunodeficient mice[29]. More recently, Feng et al[30] proposed another possibility to explain the central issue of
the debate, showing that the sorted CD133+ and CD133SW620 colon cancer cells can undergo a conversion
between the two cell subsets, this resulting in contradictory data. Moreover, Hsu et al[31], showed that the exposure to environmental stress, hypoxia and cell-adhesion
free condition, promoted switching of SW620CD133cells to SW620CD133+ cells while exposure to ECM
components promoted switching of SW620CD133 +
to SW620CD133- cells. The switching between the two

Specific therapy

Cancer non stem cell

Anticancer drug
surviving cancer
stem cells

Recurrent tumor

Figure 3 Advantages of a cancer stem cell-specific therapy compared to
conventional anticancer therapies. The current anticancer drugs wipe out
most of the bulk population but the surviving cancer stem cells (CSCs) can
repopulate the tumor. Specific targeting of CSCs is essential for regression and
complete eradication of the tumor.

to self-renewal. Furthermore, the fact that despite the
emergence of new targeted agents and the use of various
therapeutic combinations, none of the options currently
available is curative for patients with CRC strengthens the
model of CSCs and supports the hypothesis that most of
the currently available therapies only target the bulk of
the tumor mass (mainly constituted by proliferating cells)
while sparing the rare, quiescent CSCs which would be
able to re-initiate tumor growth thus giving origin to both
recurrences and metastases (Figure 3). This hypothesis
supports the need of a better characterization of CSCs
with the aim to develop CSCs-specific therapies which
might represent a great advantage in the fight against
cancer.

COLORECTAL CANCER STEM CELLS
MARKERS
Several methods have been proposed in the last years
for the identification and isolation of CSCs but some of
them require a great technical expertise, are extremely
time-consuming or involve the use of animals. Thus,
many efforts have been focused on the identification of
specific CSCs-surface markers which would allow the
identification, and likely the isolation, of CSCs using
easier antibody-based techniques such as immunostaining, Fluorescence-activated cell sorting (FACS) analysis, cell
sorting, immunomagnetic separation, etc. One of the first
CSCs markers identified in human CRC was the CD133,
a pentaspan transmembrane glycoprotein which was
shown to specifically mark tumor-initiating cells within
the bulk of human CRC[16,17]. In the same period Dalerba
et al[18] found that CD133+ cells population also express
other specific stem cell antigens such as EpCAM, CD44
and CD166 which can help to identify CSCs while a
subsequent study showed that CD133 colon cancer cells
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Table 1 Cell surface and intracellular molecules suggested as putative cancer stem cell markers in colorectal cancer and their most
important features
Marker
CD133

Other name

Gene location

Prominin-1, AC133

Chr 4 (p15.32)

CD44

PGP-1, HUTCH-1, GP90, EPICAN,
CDW44, MIC4
EpCAM ESA, CD326, MK- 1, KSA, HEA125,
BerEp4, 17-1A, GA733-2, KS1/4,
EGP-2, EGP34, TROP-1
CD24
HSA
CD29
Β1 Integrin
Lgr5
CD166

1

GPR49
ALCAM

Chr 11 (p13)
Chr 2 (p21)

Function

Ref.

Encoding of a pentaspan transmembrane glycoprotein which binds
cholesterol in cholesterol-containing plasma membrane microdomains
Cell adhesion molecule; involved in lymph node homing and lymphocyte
activation
Epithelial cell adhesion molecule

[22]

Chr 6 (q21)
Chr 10 (p11.2)

Mucin-like cell adhesion molecule
Receptor for extracellular matrix proteins; involved in regulation of cell
migration, proliferation, survival, differentiation and death
Chr 12 (q22-q23) Receptor for R-spondin proteins; marker for adult stem cells
Chr 3 (q13.1) Cell adhesion molecule

[55,56]
[70]

[76]
[82]
[89,90]
[96]

1

From http://www.ncbi.nlm.nih.gov/gene.

G N-glycosylation site
G
G

Extracellular
environment
N-terminus

Cytoplasm

G

G

Table 2 Prognostic value of CD133

Y Tyrosine residues

G

Marker

G
G

G

CD133

C-terminus

Y
Y

Y
Y

Y

Figure 4 Schematic representation of the CD133 molecule. CD133 consists
of an extracellular N-terminal domain, a cytoplasmic C-terminus containing
five tyrosine residues, two small cysteine-rich cytoplasmic loops and two large
extracellular loops, each containing four consensus sequences for N-linked
glycosylation.

Ref.
[32]
[33]
[34]
[35]
[35]
[36]

[37]
[38]

CSC: Cancer stem cell; CRC: Colorectal cancer.

subpopulations might be important for the adaptation to
the microenvironment in tumor colonization (Figure 5).
On this base, the current concept that CSCs unidirectionally differentiate into non stem cells could be challenged
by the findings that non CSCs can convert in a stemlike state within the tumor depending on environmental
stimuli[31].
Although the exact functional role of CD133 is still
controversial, several studies have addressed its potential
diagnostic and prognostic value as well as its intracellular
signaling pathways. Several papers investigated the prognostic role of CD133 expression by immunohistochemistry and showed a high prognostic relevance for colon
cancer progression and metastasis. Kojima et al[32] linked
CD133 overexpression with a worse outcome and a higher risk of metastasis in CRC patients, a finding confirmed
by Horst and others who showed that CD133 expression
is an independent prognostic marker for overall survival[32,33]. Ong et al[34] demonstrated that high expression
of CD133 is associated with resistance of CSC to 5-FUbased chemotherapy as well as with a significant worse
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Prognostic value

CD133 Worse outcome and higher risk of metastasis
Independent prognostic marker for overall
survival
Association with CSC resistance to 5FU-based
chemotherapy in CRC
Association with resistance to conventional
radiotherapy in CRC
Prediction of distant recurrences after
chemoradiotherapy in colon cancer patients
High tumorigenicity of CD133+ CRC cells
compared to CD133- cells due to their interaction
with CAFs by paracrine signaling axis of CXCR4SDF1
Risk factor for poor overall survival in stage Ⅱ
and Ⅲ in colon cancer patients
Relationship with K-Ras and B-Raf mutations in
CRC patients

survival. Moreover, CD133+ cells have been shown to
be more resistant to conventional radiation therapy, thus
suggesting that post-chemoradiotherapy CD133 expression may predict the risk of distant recurrence and poor
survival in radiotherapy-treated CRC patients[35].
Chao et al[36] proposed that CD133+ CRC cells are
more tumorigenic than CD133- cells due to their interaction with carcinoma-associated fibroblasts in tumor microenvironment by the paracrine signaling axis CXCR4SDF-1 (Figure 6). This evidence was confirmed by Zhang
et al[37] who showed that the co-expression of CXCR4 and
CD133 on tumor cells was an independent risk factor for
poor overall survival in stage Ⅱ and Ⅲ CRC patients. The
prognostic role of CD133 in CRC patients was confirmed
by Kemper et al[38] who showed a relationship between
CD133 expression and the presence of mutations in K-Ras
or B-Raf genes and suggested that CD133 might be regulated by the Ras-Raf-Mek-Erk pathway (Table 2).
The study of Mohammadi et al[39] was the first to
evaluate the expression of CD133 in premalignant
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Table 3 Prognostic value of CD44
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Figure 5 Signals regulating CD133 expression levels. The exposure to environmental stress, hypoxia and cell-adhesion-free condition promotes switching of CD133- to CD133+ cells while exposure to ECM components promotes
switching of CD133+ to CD133- cells.

Prognostic value

Ref.

Association of CD44 downregulation with a lower metastatic potential of CRC cells
Association of CD44 downregulation with a higher metastatic and migratory potential of CRC cells
Association with a reduced survival
Correlation of CD44 loss with a higher tumor aggressiveness
Relation with CRC cells proliferation but not with patients outcome
Association with lymph node involvement and invasion
depth
Unfavorable prognostic factor for overall survival in
advanced CRC
Correlation of CD44 loss with advanced tumor stage,
vascular invasion, lymph node involvement and infiltrating tumor border
Association of CD44 loss in the lesion invasive front with
adverse outcome of CRC patients

[61]
[62]
[63]
[64]
[65]
[66]
[66]
[67]

[67]

CRC: Colorectal cancer.

SDF-1
CXCR4
CD133

AC133 Miltenyi
Abgent

Tumor cell

Abcam
C24B9 Cell Signaling

Extracellular
NH2
environment
Colonization

CAF
Primary tumor

Cytoplasm

CD133

Blood vessel
COOH

Figure 6 Possible role of the interaction between CXCR4/CD133 cancer cells
and SDF-1 ligands. The SDF-1 ligand secreted by carcinoma-associated fibroblasts (CAF) in tumor microenvironment interacts with CXCR4/CD133 expressing
cancer cells and could drive primary tumor cells towards metastatic sites.

Figure 7 Epitopes recognized by different antibodies on CD133 molecule.

primary anti-CD133 antibodies to identify CD133+ cells:
most of the studies use the anti-human CD133/clone
AC133 monoclonal antibody (Miltenyi) recognizing a
glycosylated extracellular epitope of the CD133 molecule
which can be downregulated independently from the
corresponding mRNA and protein[28]. However, several
other antibodies are available and are indistinctly used although they recognize different epitopes of the molecule
and could give different results[41] (Figure 7).
The role of CD133 in colorectal tumorigenesis has
been also investigate in mice. Zhu et al[42], demonstrated
that in a murine model of colorectal tumorigenesis the
endogenous activation of the Wnt signaling was associated with a marked expansion of CD133+ cells which replaced normal mucosa architecture giving rise to neoplastic lesions. Our group analyzed by immunohistochemistry
the expression of CD133 in a mouse model of colitisrelated colon tumorigenesis induced by a combined treatment with azoxymethane and dextran sodium sulphate.
In normal tissues rare scattered positive cells were detectable at the bottom of the crypts. The percentage of

colorectal lesions such as non-dysplastic serrated polyps
that comprise hyperplastic polyps (HP) and the non-dysplastic subset of sessile serrated adenoma-polyp-lesions
(SSA/P/L) and its borderline variant. They showed that
SSA/P/L and its borderline variant significantly express
higher levels of CD133 than HP. They demonstrated that
this premalignant colorectal lesion could be easily identified by determining the CD133 immunoprofile thus suggesting the usefulness of CD133 immunohistochemical
evaluation in the diagnostic clinic routine[39]. Our group
also reported that CD133 expression in human CRC is an
independent risk factor associated with patient survival in
multivariate analyses[40]. However, overall the data available in the literature do not allow a definitive and clearcut assessment of the potential prognostic significance
of CD133 expression which, as previously mentioned, is
also the result of different antibodies, protocols and scoring criteria used for the evaluation of CD133 expression
levels in clinical samples[41]. Therefore, some controversies could be a consequence of using different types of
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Figure 8 Potential molecular pathways associated with CD133. The phosphorylation of the tyrosine 828 is involved in the binding to p85 (PI3K regulatory
subunit) and in the subsequent activation of PI3K/Akt pathway, which, finally, promotes the self-renewal and tumor formation of CSCs. CSCs: Cancer stem cells.
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positive cells significantly increased in dysplastic lesions
and appeared to progressively decrease in the passage
from dysplasia to adenoma and then to cancer although
remaining constantly higher than in adjacent normal tissues[43]. Overall these data, considered together with Mohammadi findings, suggest that upregulation of CD133
expression likely occurs at early stages and contributes to
the entire process of colon tumorigenesis[43,44].
The identification of the potential molecular pathways involved in the enhanced tumorigenicity associated
with CD133 expression is of great interest since it could
be useful to identify and develop a targeted anticancer
therapy against the CSC population. It has been reported that the CD133 glycoprotein is phosphorylated
on the tyrosine-828 and tyrosine-852 residues within its
C-terminal cytoplasmic tail, in a Src kinase-dependent
manner. The tyrosine-828, upon phosphorylation could
serve as a binding site for the SH2 domains of tyrosine
kinases[44]. The phosphorylation of tyrosine-852 does not
require the binding to the SH2 domains. In this regard,
Wei et al[45] showed that, in the glioma CSCs, the phosphorylation of the tyrosine 828 is involved in the binding
to p85 (PI3K regulatory subunit) and in the subsequent
activation of PI3K/Akt pathway, which, finally, promotes
the self-renewal and tumor formation of CSCs (Figure
8). Wang et al[46] reported that the inactivation of Akt
and Erk pathways prevented the preferential survival of
CD133+ colon cancer cells isolated from primary CRC
and decreased their tumorigenicity. Moreover, the downregulation of Akt and Erk by short interfering RNAs attenuated the colony formation ability of CD133+ cells[46].
More recently, it has been also showed that Silibinin, a
chemo-preventive agent proved to be effective in several
types of cancer, acts by inhibiting the PP2Ac/Akt/
mTOR pathway which is associated with a reduction of
CD133 expression in CRC spheroid cultures[47]. The Wnt
signaling cascade plays various roles in stem cell maintenance, cell proliferation, differentiation and apoptosis
and the deregulation of the Wnt pathway is associated
with cancers. Corbo et al[48] reported a positive correlation among CD133 expression, Wnt pathway activation
and increased SRp20 expression (splicing factor, a newly
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Figure 9 Schematic representation of HDAC6-mediated regulation of CD133
expression. HDAC6 physically binds to CD133 and stabilizes the b-catenin that
in the nucleus promotes the activation of its target genes. Ac: Acetylated.

identified target gene of the Wnt/b-catenin pathway)
in colon cancer cells. Furthermore, fibronectin, a major
extracellular matrix glycoprotein, has been shown to be
required for maintaining CD133 and CD44 positive subpopulations and tumorigenic capacity of CRC cells by activation of Wnt/b-catenin and its downstream integrinFak-Erk signaling pathways[49].
The regulation of CD133 expression is not fully
understood but several evidences suggest the existence
of multiple mechanisms involved in the regulation of
CD133 expression and/or activity. As previously mentioned, CD133 is concentrated in plasma membrane
protrusions and the release of CD133-containing membranous vesicles has been shown to contribute to the
regulation of CD133 expression levels in several cell
types[27]. Post translational modifications (i.e., glycosylation) have been also suggested to play a role in the regulation of CD133 activity and its significance as a CSCs
marker[28]. Indeed, it has been proposed that AC133, one
of the most important epitopes of the molecule, rather
than the entire molecule itself, might be important as
CSCs marker.
Mak et al[50] proposed that CD133 expression is also
regulated at a protein level by the deacetylase HDAC6,
whose interaction with CD133 prevents its degradation
by deacetylating α-tubulin and promotes the deacetylation of b-catenin and the activation of its signaling
pathway. Moreover, they demonstrated that the inhibition
of HDAC6 promotes CD133 trafficking into endosomes
by increasing α-tubulin acetylation and is associated with
b-catenin degradation (Figure 9).
The regulation of CD133 gene expression is also still
poorly understood. Hypoxia and increased expression
of hypoxia-inducible factors (HIFs) are associated with
tumor progression and patient mortality in many solid
tumors such as colorectal cancer, in which high expression levels of HIF-1α have been associated with poor
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prognosis[51]. Ohnishi et al[52] suggested that the activity of
one of the putative CD133 promoters (P5) is regulated
by HIFs in human embryonic kidney and colon cancer
cells. In particular, the CD133 promoter P5 appears to
be activated by HIF-1α and HIF-2α through one of
two E-twenty six (ETS) binding sites. This finding is
consistent with the observation of Mao et al[53] that the
CD133+ populations in human CRC specimens express
more HIF-1α than the CD133- cell population. Moreover, they engrafted human CRC specimens in BALB/c
nu/nu mice and demonstrated that the majority of the
CD133+ population in tumor xenografts was localized in
the hypoxic region. The same Authors also demonstrated
that the percentage of CD133+ cells increased following
chemotherapy (5-fluorouracil, oxaliplatin or 5-fluorouracil
plus oxaliplatin) thus indicating that CD133+ cells were
less sensitive to drugs than the CD133- counterparts and
that the tumor hypoxic region could be associated with
chemotherapeutic resistance of colon CSCs[53]. The possibility that potential epigenetic mechanisms might be
also involved in the regulation of CD133 expression in
CRC has been suggested by Yi et al[54] who described an
abnormal DNA hypermethylation in a CpG island in the
promoter region of the CD133 gene in colon cancer cells
but further studies are required to definitively address this
type of regulation for CD133 expression.
All these findings suggest a potential key role of
CD133 in the initiation and progression of human CRC
and support its value as a possible prognostic and diagnostic marker in CRC. The knowledge of the regulatory
mechanisms upstream of CD133 and of the molecular
mechanisms activated downstream could be useful in
the development of targeted drugs specifically directed
against CSCs, in an attempt to prevent recurrence, metastasis and chemotherapy resistance in CRC patients.

elopoiesis, lymphopoiesis, and angiogenesis[56]. CD44s,
the smallest CD44 isoform that lacks variant exons, is
abundantly expressed by both normal and cancers cells,
whereas the CD44v isoforms that contain a variable
number of exon insertions are mainly expressed by cancer cells[56].
CD44 is submitted to sequential proteolytic cleavages
in the ectodomain and intramembranous domain, key
events for the CD44 dependent cell-matrix interaction
and signaling pathway. Cleavage of CD44 ectodomain
is regulated by multiple stimuli such as extracellular Ca2+
influx, activation of protein kinase C or Ras and is mediated by membrane-associated matrix metalloproteinases.
The release of the soluble ectodomain (soluble CD44)
regulates cell attachment and migration and induces
the intramembranous domain cleavage, mediated by
the presenilin (PS)-dependent g-secretase, that releases
the intracellular domain of CD44 (CD44-ICD). CD44ICD translocates to the nucleus, where it activates gene
transcription, including CD44 itself, via binding to TPAresponsive elements[57] (Figure 10).
CD44 has been proposed as CSCs marker of several
solid tumors, including breast, pancreas, head and neck,
non-small cell lung, hepatocellular and colon cancers[18,56].
CD44+ CRC cells display a greater ability to form colonies in vitro and a higher tumorigenicity in vivo compared
to CD44- cells. Moreover, only CD44+, but not CD44CRC cells are able to retain the morphological and phenotypic characteristics of tumor lesions from which they
were derived following serial transplantations[58]. The
association of CD44 with CD54 (a member of the immunoglobulin super-family also called intercellular adhesion
molecule-1) has been shown to specifically identify rectal
CSC displaying the ability to self-renew in vivo and in vitro,
form spheres and recapitulate tumor bulk[59].
CD44 expression is regulated by the Wnt signaling
pathway via b-catenin. In fact, activation of b-catenin/
Tcf-4 signaling in intestinal tumors is associated with
CD44 overexpression and deletion of CD44 in APC Min/
+mice inhibits the initiation of tumors[60]. CD44 appears
to be essential for stemness maintenance of colorectal
CSCs since it is involved in the activation of the tyrosine
kinase receptor c-Met[58]; CD166, a mesenchymal stem
cell marker (see below), has been suggested as a potential
co-CSCs marker, together with CD44, in human CRC,
since in xenograft CD44+/CD166+ cells have a higher
tumorigenicity as compared to CD44+CD166- cells. The
surface phenotype EpCAMhigh/CD44+/CD166+ has been
proposed as an alternative to the CD133 positivity for the
selection of colon CSCs[18] and CD44+ CRC cells have
been shown to display a higher proliferation, more robust
formation of colonies, less spontaneous apoptosis and a
higher resistance to drug-induced cell death compared to
CD44- cells[47].
More controversial are the findings regarding the
role of CD44 in tumor progression and in the development of metastases in CRC. Several studies showed that
expression of CD44 on tumor cells is correlated with

CD44
CD44 is member of a family of transmembrane proteins
that include at least 20 variants resulting from a single
gene by both alternative splicing and post-translation
modifications[55]. The human CD44 gene includes 20
exons: exons 1-5 and exons 16-20 form a mRNA that
code for a standard form of CD44 which is present in
all tissues (CD44s); exons 6-15 are subject to alternative
splicing that, in theory, may give life to more than 1000
variant isoforms of CD44 (CD44v)[56]. The standard
isoform of human CD44 protein contains 363 amino
acids and is formed by three regions: the extracellular
(270 aa), the transmembrane (21 aa) and the C-terminal
cytoplasmic (72 aa) domains. The presence of variable
exons, mainly involving the extracellular domain, confers
to CD44 a large variability of biological functions, that
contributes to tumorigenicity when CD44 is expressed
on tumor cells[56].
CD44 is a cell adhesion molecule that allows cellcell and cell-ECM interactions through the binding to its
principal ligand, hyaluronic acid (HA). It is also involved
in lymph node homing and lymphocyte activation, my-
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Figure 10 Schematic representation of CD44 sequential proteolytic processing. CD44 undergoes sequential proteolytic cleavages in the ectodomain
and intramembranous domain. Cleavage of CD44 ectodomain generates soluble
CD44 that regulates cell attachment and migration and induces the intramembranous domain cleavage, releasing the intracellular domain of CD44 (CD44ICD). CD44-ICD translocates to the nucleus, where it activates gene transcription, including CD44 itself, via binding to TPA-responsive elements (TRE). MMP:
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tumor progression and metastasis while others have suggested an inverse correlation or no correlation at all[57,58].
Down-regulation of CD44 was initially related to a
decrease in the metastatic potential of CRC cells[61], while
more recently Dallas reported that down-regulation of
CD44 leads to an increase of the metastatic and migratory potential of CRC cells[62]. It was observed that
high-grade CRC have higher CD44 expression levels
compared to low-grade tumors and this over-expression
was associated with a reduced patients survival[63]. On the
other hand, Ylagan et al[64] reported that the loss, rather
than an increased expression, of CD44 is associated with
an increased tumor aggressiveness while Fernández et al[65]
demonstrated that CD44 expression levels were related
to proliferation in CRC, but not with patients outcome.
Subsequently, CD44 expression in human CRC was associated with the depth of invasion and lymph node
involvement, and CD44s overexpression was suggested
to be an independent unfavorable prognostic factor for
overall survival in advanced CRC[66]. These findings were
not confirmed by Lugli et al[67] who reported that the loss
of CD44 is associated with more advanced tumor stage,
the presence of vascular invasion, lymph node involvement and an infiltrating tumor border. Patients with tumors displaying a loss of CD44 or CD166 expression in
the invasive front of the lesion had an adverse outcome
compared with those expressing at least one of the two
markers[67] (Table 3).
Further studies are warranted to further understand
the suitability of CD44 molecule as a CSC marker in
CRC and its role in human colorectal tumorigenesis.

Figure 11 Schematic representation of epithelial cell adhesion molecule
activation. Cleavage of full length epithelial cell adhesion molecule (EpCAM)
generates EpEx (extracellular domain of EPCAM) and EpICD (EpCAM Intracellular Domain) fragments. EpICD binds the scaffold protein FHL2 and joins to
the transcriptional regulators b-catenin and, within the nucleus, interacts with
LEF, binds to DNA and induces gene activation.

of human epithelial normal and cancer tissues, including
colon[69]. It has been also detected on normal stem and
progenitor cells and in cancer-initiating cells isolated from
colon, breast, pancreas and prostate carcinomas[16,17,70].
Several evidences demonstrate that EpCAM is involved
in cell adhesion, proliferation, differentiation and migration as well as in cancer and stem cells signaling[71,72].
The human EpCAM protein was independently identified by various research groups and, for this reason,
several terms have been used to identify the molecule on
the basis of the monoclonal antibody used to identify
it[70]. However, it has been lately agreed the use of the
term “EpCAM”, without other specifications[70].
EpCAM displays a marked expression gradient from
crypts to the apex of villi in normal colon tissue: adenoma development is associated with an increased EpCAM
expression, and EpCAM overexpression is frequently
observed in colorectal carcinoma[73]. Denzel et al[72] demonstrated that EpCAM is less accessible to antibodies
in colon adenomas than in cancer because, in the last
condition, EpCAM is activated by proteolysis in EpICD,
the intracellular domain of EpCAM, and is intracellularly
redistributed in dispersed patterns. They also showed that
EpICD translocates into the cytoplasm together with the
scaffold protein FHL2 and joins to the transcriptional
regulator b-catenin to form a complex which, within the
nucleus, interacts with Lef and binds to DNA inducing c‑myc, cyclin A and cyclin E expression[72] (Figure
11). These findings were further confirmed by the ob-

EpCAM
Epithelial cell adhesion molecule (EpCAM), initially described in 1979 as a tumor associated antigen in human
CRC[68], is a 30-40 kDa transmembrane glycoprotein
showing frequent and high-level expression in a variety
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the surrounding stroma. Later, Weichert et al[78] analyzed
CD24 protein expression in colon cancer cell lines and
human CRC and correlated it to clinic-pathological variables including patient survival. From this study emerged
that the majority of CRCs showed both membranous
and cytoplasmic CD24 staining, and that the membranous CD24 staining was associated with metastasis but
was not significantly related to other clinic-pathological
variables, while the cytoplasmic staining could be considered an independent prognostic marker related with
a poor patient survival[78]. Conversely, Sagiv et al[19] failed
to demonstrate any prognostic significance of CD24
expression level in CRC: in their study CD24 was similarly highly expressed in both adenomas and carcinomas.
Moreover, unlike Weichert findings, they only reported a
membranous staining. The same study also showed that
CD24 is expressed early in the multistep process of CRC
carcinogenesis, a finding consistent with its potential role
as CSC marker.
Contradictory data have been reported in the literature concerning the prognostic value of CD24 whose
expression levels have been reported to be not related
with survival of CRC patients despite their significant
relationship with conventional clinic-pathological factors
such as tumor invasiveness and degree of differentiation[79]. Therefore, the real prognostic role of CD24 in
CRC remains still unclear and controversial and it should
be better elucidated by further studies.
Spheroid cultures of primary CRC have tumor-initiating capacity and are capable of inducing tumors upon
xenotransplantation. These tumors resemble the original
neoplasms both from a morphological point of view and
the expression of specific markers[16]. Vermeulen et al[14]
suggested that the co-expression of CD133 and CD24
could improve the identification of the clonogenic population within the spheroid cultures, and that both markers
are downregulated during cell differentiation. CD24 was
also used, in association with CD44, to identify and characterize CSCs from CRC cell lines by Yeung et al[80]. They
demonstrated that the CD44+/CD24+ subpopulation of
cells, isolated using FACS sorting, was the most clonogenic, giving rise to the highest proportion of megacolonies (complex structures resembling colonic crypts) compared to CD44-/CD24- cells. CD24+ subpopulation was
also shown to exhibit cancer stem-like properties such
as enhanced chemotherapy-resistance, self-renewal and
tumorigenic capacity both in vitro and in vivo, compared to
CD24- subpopulation isolated from CRC cell lines[80].
To our knowledge only few studies have investigated
the underlying molecular mechanisms and the exact role
played by this cell surface marker in CRC tumorigenesis.
Thus, CD24 has been shown to activate Erk1/2 and p38
MAPKs and to increase the activity of Src and induce
miR-21 expression, which in turn inhibits the expression
of Pdcd4 and PTEN. On the other hand, the expression
of CD24 and Src appears to be suppressed by miR34a
through the downregulation of miR21[81].
Further studies are warranted to clarify the real activity of CD24 in CSCs and the key regulatory molecular

servation that nuclear and cytoplasmic EpICD in solid
epithelial cancers, such as colon, are increased, while the
expression of membrane EpEx, the extracellular domain
of EPCAM, is absent or reduced[74].
EpCAM was initially identified as a marker of human colorectal CSCs by Dalerba et al[18] who focused on
two markers previously identified on human breast CSC:
CD44 and EpCAM. Two main populations of epithelial
cells were sorted from primary human CRCs by FACS:
EpCAMhigh/CD44+ and EpCAMlow/CD44- and their tumorigenic properties were assessed. The results obtained
demonstrated that the injection of 200 to 500 EpCAMhigh/
CD44+ cells in NOD/SCID mice were sufficient to give
rise to a tumor, whereas up to 104EpCAMlow/CD44- cells
failed to form visible tumors. The xenograft tumors from
EpCAMhigh/CD44+ reproduced the histopathology and
phenotypic heterogeneity of the original tumors including
the presence of variable percentages of both EpCAMhigh/
CD44+ and EpCAMlow/CD44- cell populations[18]. They
also verified that human EpCAMhigh/CD44+ cells from
xenogenic colorectal tumors can be further stratified on
the basis of the expression of the protein surface marker CD166, which could be used for the enrichment of
colorectal CSCs[18]. Similar conclusions were also reached
by Dylla et al[75] who suggested that one of the possible
reasons of CRC resistance to chemotherapeutic agents
might be at least in part attributed to the presence of
EpCAM+/CD44+ CSC since residual tumors after chemotherapy are enriched of these cells.
All these findings about EpCAM signaling and its involvement in various cellular processes, provide a strong
basis for further studies to better understand its potential
clinical, prognostic and therapeutic value in CRC patients.
CD24
CD24 is a small, heavily glycosylated mucin-like adhesion
molecule consisting of 27 amino acids with several potential O- or N-linked glycosylation sites, which lead to a
molecular mass ranging between 38 and 70 kDa[76]. CD24
is attached to cell membranes by a phosphatidylinositol
anchor and is expressed physiologically in the developing
pancreas and brain and in pre-B lymphocytes, in regenerating muscle, in normal keratinocytes and in renal tubules[76]. It is physiologically localized in lipid rafts where
it seems to be involved in the regulation of cell adhesion
and signaling[76].
CD24 is expressed in various hematologic malignancies and solid tumors such as neuroblastoma, rhabdomyosarcoma, renal cell carcinoma, breast, ovarian,
prostate, lung, colorectal and gastric cancer[76,77]. The
observations that CD24 is one of the possible ligands of
P-selectin and one of the adhesion receptors expressed
by activated endothelial cells and platelets suggest that
this molecule might play a role in the process of cancer
metastasis[76].
Nestl et al[77] initially reported an increased expression
of CD24 RNA in CRC: they showed that CD24 mRNA
was weakly detectable in normal colonic mucosa but
highly expressed in tumor cells, and to a lesser extent in
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networks involved in its role in colorectal tumorigenesis.

It is a receptor for R-spondin proteins which represent
secreted agonists of the canonical Wnt/b-catenin signaling pathway[89,90].
Lgr5 is a member of the glycoprotein hormone receptor subfamily that includes the thyroid-stimulating,
the follicle-stimulating and the luteinizing hormones receptors[21].
Lgr5 was first identified in human colon cancer cell
lines harboring Wnt activating mutations as a Wnt target
gene[4,91] and was then shown to be overexpressed in other human malignancies such as ovarian, hepatocellular,
esophageal and basal cell carcinomas[92].
Since Lgr5 is one of Wnt target genes, it is not surprising that this protein is found expressed in different
stem cells[5,93]. In the intestine Lgr5 is expressed in mature
intestinal stem cells at the bottom crypt[4,5]; more specifically, Barker et al[4], using in situ hybridization demonstrated that Lgr5 is selectively expressed on few proliferating
cells alternated with Paneth cells at the bottom of the
crypts in the small intestine. These cells, known as crypt
base columnar cells, are cycling cells and represent intestinal stem cells. These findings have suggested that Lgr5
could have an important role in colorectal carcinogenesis
and that it could be an ideal marker of colorectal CSCs.
Several research groups have investigated whether
Lgr5 could play a role in colorectal tumorigenesis and several studies suggested that there is a close correlation between Lgr5 expression and colon cancer progression[90,92].
In fact, Lgr5, which is normally localized to the basal
intestinal crypt area, is expressed only in the peripheral
region of adenomas and ubiquitously in established
adenocarcinomas. It has been hypothesized that the accumulation of genome mutations occurring during the
process of malignant transformation, might lead to loss
of Lgr5+ cells polarity that can thus migrate to the tumor-host interface (carcinoma in situ) and then in all the
tumor (advanced cancer)[94]. The selective expression of
Lgr5 in the peripheral region of adenomas supports the
hypothesis that it might mark intestinal CSCs. In favor of
this hypothesis is the work of Batlle et al[95] that reported
that Lgr5 is selectively expressed on human colon CSCs.
This finding has been further confirmed by Kemper[38]
who demonstrated that Lgr5 identifies the CSC fraction
in CRC and that it is expressed at high levels in spheroid
cultures derived from primary CRC (that are known to be
enriched for CSCs) and decreased following cellular differentiation[38].
Since Lgr5 is expressed at high levels in both colorectal adenomas and adenocarcinomas it likely plays an
important role not only in the early but also in the late
events of tumorigenesis, such as invasion and metastasis.
Moreover, high Lgr5 expression has been shown to correlate with mesenchymal characteristics of tumors, such
as high expression of vimentin and low expression of
miR-200c, and with increased invasiveness and lymph
node metastases[92,94].
Overall, the available evidence suggests that Lgr5
could play a key role in the development and progression

CD29
CD29 (b1-integrin) is a member of the integrin family and consists of a large extracellular domain, a single
transmembrane stretch and a short cytoplasmic domain.
It acts as a receptor for extracellular matrix proteins and
activates signaling molecules and pathways that regulate
cell migration, proliferation, survival, differentiation and
death[82].
In fact, CD29, by binding with fibronectin or Type I
collagen, allows activation of Fak by Src leading to the
activation of Erk that regulates cell proliferation. Erk,
through phosphorylation of myosin light chain (MLC) by
MLC kinase, also regulates cytoskeleton reorganization
and cell motility. Moreover, CD29 regulates cell survival
through the activation of Akt pathway[83].
CD29 has been initially described as an epidermal
stem cell marker, and subsequently as a regulator of spermatogonial stem cells homing and of hematopoietic stem
cells[22]. In normal human colon, CD29 is expressed at
the bottom of the crypts, where it identifies a cell population that is capable of forming colonies in agar. For this
reason, CD29 has been proposed as a stem/progenitor
cell marker[27] and as a marker of colon CSCs. In fact, it
has been shown that CD133+CD29+ colon CSCs are biologically characterized by self-renewal, proliferation and
differentiation[14,20].
CD29, with E-cadherin, mediates cell-cell and cellcollagen interactions that are required for the maintenance of the differentiated phenotype of human CRC
cells. Thus, CD29 downregulation may be responsible of
the switch from differentiated to undifferentiated phenotype in vivo[84]. CD29 seems to be also implicated in the
enhancement of the metastatic activity of CRC cells. In
fact, Okazaki et al[85] showed that CD29 was significantly
increased in vivo in metastases derived from human CRC
cells. CD29 expression appears also to increase in the
passage from adenoma to adenocarcinoma and with increasing tumor stage[86].
CD29 expression may be also associated with overall
survival in CRC patients. In fact, loss of CD29 expression is associated with advanced stage and with poor
prognosis and CD29 expression decreases in metastatic
lesions[87], although other Authors have suggested that
CD29, in combination with CD49b, might contribute
to the acquisition of a metastatic potential in CRC cells.
Finally, CD29 expression has been shown to identify the
population of CRC cells that are more resistant to radio
and chemo-therapy[88]. Further studies are needed to understand the specific role of CD29 as CSC marker as well
as in the progression of CRC.
Lgr5
Lgr5, (Leucine-rich repeat-containing G protein-coupled
receptor 5) also known as Gpr49, is an orphan G protein
coupled receptor, characterized by a large leucine-rich
extracellular domain and seven transmembrane domains.
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of CRC and might represent a useful marker to identify
and/or target CSC in colon cancer.

and radiation-therapy and are indicated to be the cause
of cancer relapse and metastasis: conventional anticancer
therapy wipes out the bulk populations but the surviving CSCs repopulate the tumor (Figure 3). Therefore,
targeting both CSC and the bulk populations is essential
for complete tumor eradication. Thus, the identification
of colorectal CSC markers and their signaling pathway
is crucial for the development of novel therapies which
could specifically target these cells.
The potential therapeutic strategies aimed at selectively target CSCs, which are beginning to be experimentally validated, include the elimination of CSCs through
agents which target specific markers of CSC (such as
monoclonal antibodies) or interfere with CSC-specific
pathways[103].
Todaro et al[104] demonstrated that CD133+ colon CSC
produce and use the cytokine IL-4 to protect themselves
from apoptosis caused by conventional chemotherapy
agents, 5-fluorouracil and oxaliplatin. In fact, the simultaneous treatment with antibodies to IL-4 greatly increased
the antitumoral cytotoxic activity of the drugs.
It has been also reported that a 5-fluorouracil and
oxaliplatin chemoresistant derivative of the HT29 human
CRC cell line displayed an enrichment of CD133+ and
CD44+ cells with an increased expression of the Type 1
insulin-like growth factor receptor (IGF-IR). Treatment
with a monoclonal antibody to IGF-IR induced a significant inhibition of tumor growth, thus demonstrating an
enhanced sensitivity of colon CSC to IGF-IR specific
targeted therapy[105].
More recently, Bach et al[106] used measles viruses, oncolytically active against various types of human cancer,
to generate CD133-specific measles viruses (MV) and to
provide a new CSC-specific anticancer therapy. They were
able to efficiently infect the primary colon spheres to test
the oncolytic activity of CD133-MV on colon primary
tumor cells. The infection caused a rapid loss of CD133+
cells and, when implanted in NSG mice, the CD133MV infected tumor spheres formed tumors smaller than
uninfected tumor spheres. However, no effect in term of
tumor volume was observed when the resected tumors
were transplanted in secondary mice and the re-isolated
tumors contained 70% of CD133+ cells[106].
Given that CD133 is also expressed on normal stem
cells, Bostad et al[107] have developed a site-specific strategy that allows to release the drug only in the tumor area.
They developed an immunotoxin targeting CD133 by
using the photochemical internalization (PCI) technology. The biotinylated anti-CD133 antibodies were mixed
with streptavidin-saporin (sap) to form the model of
anti-CD133-sap immunotoxin. Saporin, a plant toxin, is a
potent ribosome inactivating protein and was used as the
toxin component of the immunotoxin. The aim of this
technology was to avoid the degradation of the drug by
the lysosomes before the drug has interacted with its biological target, and the main advantage should be the accumulation of the photosensitizer preferably in the neoplastic tissue. This report demonstrated that the CD133high
population of WiDr colon cancer cells is more resistant

CD166
Activated leukocyte cell adhesion molecule (ALCAM),
also known as CD166, is a member of a subgroup of
transmembrane glycoproteins in the immunoglobulin superfamily, characterized by the presence of five extracellular immunoglobulin-like domains (VVC2C2C2)[96].
CD166 is able to form low-affinity hemophilic interactions and much stronger heterophilic interactions with
CD6 expressed on T lymphocytes, thymocytes and on a
subset of B cells[97].
Beside hematopoietic cells, expression of CD166
has been reported in a wide variety of tissues and cells
including selected epithelia, lymphoid and myeloid cells,
fibroblasts, neurons, hepatocytes, pancreas acinar and
islet cells[98]. CD166 is also present in a large number of
tumors including breast, lung, colon and prostate cancer
and melanoma[98].
In the small intestine and in the colon, CD166 was
observed at high levels on the surface of cells within
the stem cell niche at the base of the crypt, but little is
known about its endogenous function. However, CD166
seems to be involved in the morphogenesis of tubular
structures by cell-cell and cell-matrix interactions[99].
Expression of CD166 in colon cancer has been analyzed by several groups with conflicting results. Weichert
et al[100] suggested that CD166 up-regulation is an early
event in colon tumorigenesis because it was found in
all adenomas of the colon. Moreover, they reported by
immunohistochemistry both a cytoplasmic and membranous staining for CD166 in CRC and a correlation
between high membranous CD166 expression and poor
prognosis. On the contrary, Horst and collaborators did
not find any correlation between CD166 expression and
CRC patients outcome[101].
The study conducted by Lugli revealed an association
between the loss of CD166 and an increase in tumor size,
lymph node metastasis, tumor infiltration and a shorter
overall survival[67].
These findings have been partially confirmed by a
recent work showing that CD166 expression is a positive
prognostic marker for overall survival in CRC patients.
CD166 expression in well differentiated CRC suggests
a role of the protein in the early stages of tumorigenesis and, since CD166 seems to be involved in cell-cell
and cell-matrix adhesion, its loss may be associated with
reduced cell adhesion and therefore with a higher metastatic potential of tumors[102].
It has been recently suggested that CD166 may contribute to the identification of colorectal CSCs[18] but its
role in CRC tumorigenesis as well as a marker of CSC
remains to be defined.

THERAPEUTICS RELEVANCE OF
COLORECTAL CANCER STEM CELLS
Cancer stem cells are believed to be resistant to chemo-
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to photodynamic therapy than the CD133low population
but the PCI of a CD133-targeting toxin is able to sensitize and destroy these resistant cells. Thus, PCI-based
anti-CSC strategy could be a specific method for a selective killing of CD133+ CSCs while sparing normal stem
cells[107]. Chen et al[108] tested the effects of CD133 monoclonal antibody (Miltenyi) on hepatocarcinoma cells. The
CD133 monoclonal antibody treatment, under extracellular low glucose condition, inhibited the proliferation of
hepatocarcinoma cells, suppressed spheroid and colony
formation, attenuated xenograft tumors and improved
the efficiency of chemotherapy. Moreover, Swaminhatan
and others developed nanoparticles formulated using the
biodegradable poly (D, Llactide- co-glycolide) polymer
and surface functionalized with an anti-CD133 antibody
(CD133NPs). The CD133NPs were loaded with paclitaxel and were able to reduce the fraction of tumor-initiating
cells in vitro and tumor recurrence in the MDA-MB-231
xenograft tumor model[109].
EpCAM has been also suggested as a potential target
for the development of a CSC-specific therapy for CRC.
Several clinical trials have already evaluated the efficacy
of a monoclonal antibody to EpCAM for a targeted
treatment of CRC. Edrecolomab, a murine monoclonal
anti-EpCAM antibody, was the first immunotherapeutic
agent licensed for the use in a large-scale human antitumor immunotherapy trial. In 1994, Riethmüller et al[110]
randomly assigned to adjuvant therapy with Edrecolomab
a series of patients with a resected Dukes’ C CRC: they
showed an improved survival rate, and a reduction of
mortality and disease recurrence[110,111]. These promising
results were not further confirmed. In fact, Punt et al[111]
showed that the addition of Edrecolomab to fluorouracil and folinic acid in the adjuvant treatment of resected
stage Ⅲ CRC did not provide any further improvement
in term of survival, and that the immunotherapy alone
was associated with a significant shorter disease-free survival[111]. Similar findings have been reported by Fields et
al[112] who adopted a combination of fluorouracil-based
therapy and Edrecolomab for the treatment of stage Ⅲ
colon cancer patients, getting poor results.
More recently, Waldron et al[113] have characterized
a biospecific target toxin, which is composed by antiEpCAM and anti-CD133 scFv (single-chain variable
fragment), and have focused on three different types of
carcinoma: head and neck, breast, and colon carcinoma.
The toxin, called deimmunized CD133KDEL (dCD133KDEL), was synthesized using an anti-CD133 scFv
that recognized the loop two of the extracellular domain
of CD133 and both the glycosylated and unglycosylated
forms of CD133. The anti-CD133 scFv was fused with
an anti-EpCAMscFv and with a truncated form of Pseudomonas exotossin A (PE38) and the construct called
dEpCAMCD133KDEL and showed a strong inhibition
of proliferation in CRC cell lines.
CD44 can represent a suitable therapeutic target for
CRC, since it presents two distinct forms between normal
and cancer cells. In fact, the different local environmental pressures are responsible for different splicing and
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post-translational modifications which give rise to different CD44 molecules that can be recognized by specific
agents useful for both diagnosis and therapy[114].
CD44 knockdown was shown to inhibit tumor
growth and metastasis in vivo[61], a finding confirmed
by Du et al[58] who used lentiviral RNA interference to
stably knock down CD44 or CD133 in CRC primary
cells isolated from patients. These Authors reported that
knockdown of CD44 reduced clonal formation, whereas
CD133 knockdown had little effect compared to control.
The combination of curcumin and dasatinib has
been also suggested as a therapeutic strategy for chemoresistant CRC. In fact, the combination therapy with curcumin and dasatinib inhibited the growth of chemo-resistant HT29 and HCT-116 CRC cells, the formation of
colonospheres and extracellular invasion. The expression
of CSC markers CD133, CD44, CD166 and ALDH1
displayed a 25%-30% decrease in cells treated with curcumin and dasatinib thus suggesting that the combination
may be used as a specific CSC targeted therapy to prevent
recurrence of CRC[115].
Another study demostrated that difluorinated-curcumin in combination with 5-fluorouracil and oxaliplatin,
the standard of CRC chemotherapy, was more potent
than curcumin in reducing CD44 and CD166 expression
in chemo-resistant CRC cells. This effect was associated
with growth inhibition, induction of apoptosis and disintegration of colonospheres[116].
Misra et al [114] demonstrated that CD44v6 knockdown reduced the ability of CRC cells to signal through
hyaluronan-CD44v6. They encapsulated plasmidic DNA
coding CD44v6 shRNA into transferrin (Tf)coated
nanoparticles which are recognized by Tf-receptor (TF-R)
present at high level on tumor cells which then internalize the particles by receptor-mediated endocytosis. These
nanoparticles were delivered within pre-neoplastic and
neoplastic colon tissues in the Apc Min/mice model,
causing inhibition of the CD44v6 expression. This inhibition was associated with a reduced adenoma number
and growth through a hyaluronan/CD44v6/ErB2/Cox 2
interaction pathway[114].
Mesoporous silica nanoparticles (MSNs) have been
proposed as nanocarriers for several anticancer treatments. Yu et al[117] have developed a targeted drug delivery
system based on hyaluronic acid (HA) modified MSNs
(HA-MSNs). HA-MSNs have a specific affinity to CD44
overexpressed on CRC cells and can enter cells via the
HA receptor mediated endocytosis pathway. Doxorubicin
(Dox), an anticancer drug, has been encapsulated into
MSNs with or without HA. HCT-116 cells were treated
with free Dox, Dox-HA-MSNs or Dox-MSNs. The cells
treated with Dox-HA-MSNs presented a stronger inhibition of proliferation (51%) compared to the other two
groups[117].
A new potential therapeutic approach targeting
CSCs was suggested by Sagiv et al[118] who showed that
the growth of human CRC cells lines, expressing the
presumptive CSC marker CD24, was inhibited after
treatment with three different anti-CD24 monoclonal
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antibody which showed a synergistic effect with chemotherapeutic agents[19,118].
Downregulation of CD29 expression by antisense oligonucleotide in the HT-29 human CRC cell line reduced
both tumor cells migration in vitro and hepatic metastasis
in vivo[37]. Interestingly, barberine, a botanical alkaloid with
cytotoxic effects on most type of cancer cells, can inhibit
the migration of SW480 and HCT116 CRC cells through
a decrease of CD29 expression level via AMP-activated
protein kinase thus suggesting the possibility to use this
drug to specifically target CD29-expressing CSCs[119].
Targeting of CSC can be also obtained by interfering with the pathways involved in stemness maintenance
such as Wnt, Hedgehog and Notch. Several approaches
for CRC therapy have focused on Wnt pathway inhibition. Wnt family proteins are secreted intercellular signaling molecules that act as ligands to activate a specific
signal transduction pathway. Upon binding of Wnt to its
receptor Frizzled (FZD), the protein Disheveled (Dvl/
Dsh) is activated and inhibits the Glycogen synthase
kinase 3 (GSK-3) activity. The latter binds to axin, APC
and Casein Kinase 1 (CK1), and forms a complex that
binds b-catenin and promotes its degradation. When
Wnt signaling inhibits GSK-3, b-catenin dissociates from
the complex and enters the nucleus, where it binds to the
DNA binding protein Tcf/Lef, becoming a transcription
factor[120]. Efforts have been mainly devoted to the identification of small molecules inhibiting this pathway.
Chen et al[121], in a screen of a synthetic chemical library, identified a new small molecule able to inhibit the
Wnt signaling. This compound, called IWP (inhibitor
of Wnt production), inhibits the activity of Porcupine,
a membrane-bound acetyltransferase, essential for Wnt
production [121]. Similarly, using report-based screening approaches, Huang et al[122] found a small molecule,
XAV939, that inhibits Wnt through the tankyrase inhibition, an event leading to an increase in the stability of
axin and subsequent b-catenin degradation[122].
Pyrvinium, another small molecule promoting the
degradation of b-catenin was identified by Thorne et
al[123]. This molecule, promotes b-catenin phosphorylation
through casein kinase activation. It was shown that pyrvinium treatment of CRC cells bearing APC or b-catenin
mutation inhibits both Wnt signaling and proliferation[123].
Several studies have focused on the identification
of molecules capable of destroying the interaction between Tcf/Lef and b-catenin and therefore of inhibiting
α-catenin-dependent transcription. Three of these compounds were shown to inhibit CRC cells growth both in
vitro and in vivo[124].
Emami et al[125] developed a compound, ICG-001,
which specifically inhibited a co-activator essential for
Wnt pathway activation. Treatment of CRC cell lines
bearing APC or b-catenin mutations with ICG-001 induced cell death in a dose-dependent fashion while not
affecting normal epithelial cells. An analogue of this
compound was recently approved for phase Ⅰ clinical
testing[126].
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The Wnt pathway has been also successfully inhibited
using a specific anti-Wnt monoclonal antibody, which
inhibits the proliferation and induces apoptosis in CRC
cells, even in those with downstream mutations[127]. Numerous groups have tried to inhibit the Wnt pathway by
inhibiting the FZD receptor activity.
A member of FZD family, FZD7, results predominantly expressed in CRC cells and it is implicated in
canonical Wnt signaling in cells with APC or CTNNB1
mutations. The use of specific siRNA to knockdown the
expression of endogenous FZD7 has proved effective in
reducing the metastatic potential of CRC cells[128]. Similar
effects have been obtained using an antibody targeting
FZD7[129]. Remarkable results have been also obtained
using inhibitors of Delta-like ligand 4 (DLL4), an important component of the Notch pathway. Human CRC
xenografts treated with an anti-DLL4 antibody in combination with irinotecan have showed a reduction of CSCs
and of tumor growth whereas treatment with irinotecan
alone increased the percentage of CSCs[130,131].

CONCLUSION
The CSC model of tumorigenesis postulates that tumors
are not cellularly homogenous but display a hierarchical
structure and contain a rare population of cells, the CSC,
that display the same self-renewal and proliferative potentials as normal stem cells associated with the capacity
to give rise to tumors (Figure 2). As previously described,
mounting evidence suggests the existence of a CSC population in human CRC[16,17].
It has been hypothesized that CSC may derive from
transformation of quiescent, normal long-term stem cells
or could result from the de-differentiation of more mature cells[15-17]. In CRC, the first hypothesis is supported by
the observation that normal and cancer stem cells share
similar properties and surface markers (i.e., CD133 and
Lgr5). However, it cannot be excluded that CSC might
derive from cells that, at some specific stages of differentiation, undergo malignant transformation acquiring new
properties including stem-like features. This hypothesis
might explain the different aggressiveness of tumors
which might relate to the different differentiation degree
of cells undergoing the transformation event(s) as evidenced by the different tumor grading[15] (Figure 12).
The ability to identify and isolate CSC is essential to
fully characterize them and to understand the molecular
mechanisms responsible for their establishment and their
maintenance. As mentioned, several approaches have
been used to identify and isolate CSC the most important
being the antibody-based technologies targeting CSCspecific surface markers. However, different antibodies,
techniques and protocols are used in different studies and
these certainly contribute to the conflicting results present in the literature. Thus, it will be important to define
standardized procedures and reagents to identify CSC
in clinical samples. Moreover, several questions remain
unresolved especially regarding the significance of CSC
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Figure 12 Origin of cancer stem cells and tumor heterogeneity. It has been hypothesized that CSCs may derive from transformation of quiescent, normal stem
cells (left) or could result from the de-differentiation of more mature cells which might re-acquire the capability of self-renewal. Other mutations might occur following
transformation in both cases. SC: Stem cell; PC: Progenitor cell; DC: Differentiated cell; C: Cancer; N: Normal; CSCs: Cancer stem cells.

markers and whether they play a direct role in essential
CSC properties such as self-renewal and tumor-initiation
ability or they are just markers of stem-like cells with no
relevant physiological functions[44]. This is a very important issue in view of the possibility to develop specific
anti-CSC therapies.
Indeed, the CSC model of tumorigenesis implies that
targeting of CSC is essential for a complete eradication
of the disease (Figure 3). This consideration fits well with
the disappointing daily experience of oncologists facing
occasional complete responses that do not translate into
cure for patients. Indeed, the model hypothesizes that
CSC must be completely eliminated in order to eradicate
the disease and prevent recurrences/metastases. However, CSC have been reported to be relatively resistant
to standard anticancer therapies, such as radiation and
chemotherapy, which target rapidly proliferating cells[103].
Thus, initial responses to treatment could represent
therapeutic effectiveness against the bulk cancer cells
while sparing rare quiescent CSC which would then be responsible for tumor re-growth both at primary and metastatic sites. According to this model, a better understanding of the biology of CSC is essential to improve efficacy
of anticancer therapies and several groups are pioneering
the possibility of specifically targeting CSC through multiple approaches, as previously described[107,117,123]. A big
issue will be the identification of substantial differences
between normal and cancer stem cells and/or specific
therapeutic strategies that would allow the development
of drugs specifically targeting CSC while sparing normal
counterparts. From this perspective, another important
point to keep in mind is that standard response parameters might not be suitable to evaluate specific CSCtargeting therapies. Indeed, current evaluation criteria
only take in consideration the effects of treatment on
tumor bulk and thus might underestimate the effect of
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a therapy specifically targeting a rare population of cells
within tumor mass. Thus, it will likely be important to reexamine the standard criteria to evaluate response therapy
and other approaches, such as new CSC-specific imaging
techniques, might be needed to this aim. This does not
mean that conventional therapies will no longer have
a place in the future anti-cancer protocols despite the
fact that CSC may be resistant to them. Indeed, it seems
realistic to anticipate that a useful approach to improve
current treatment of solid tumors, including CRC, will be
the combination of a specific anti-CSC treatment with
traditional agents (i.e., 5-fluorouracil and/or oxaliplatin)
that can debulk the mass of cancer cells.
In conclusion, the CSC model of tumorigenesis has
the potential to radically revolutionize the way how we
look at malignant diseases as well as the clinical management of CRC patients. To this aim, it will be essential a
definitive assessment of the roles that putative CSCs play
in the development of human CRC and in specific aspects of malignancy. The ultimate proof of the relevance
of CSCs in tumor development and in the clinical management of CRC cancer patients will be the demonstration that specific targeting of CSCs can improve patients
outcomes, a goal strongly awaited by scientists, oncologists and, especially, patients.
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in key CRC genes, and that this is reflected by different prognostic outcomes. Increasing evidence suggests
that the analysis of DNA methylation in blood or fecal
specimens could represent a valuable non-invasive diagnostic tool for CRC. Moreover, a broad spectrum of
studies indicates that the inter-individual response to
chemotherapeutic treatments depends on both epigenetic modifications and genetic mutations occurring in
colorectal cancer cells, thereby opening the way for a
personalized medicine. Overall, combining genetic and
epigenetic data might represent the most promising
tool for a proper diagnostic, prognostic and therapeutic
approach.
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Core tip: We summarize the most recent findings concerning genetic and epigenetic biomarkers of colorectal
cancer. The article aims to provide an overview of the
currently available diagnostic and prognostic biomarkers of the disease. Attention is also paid to the possible
application of those biomarkers for the choice of the
most proper therapy.

Abstract
Colorectal cancer (CRC) is one of the most common
cancer worldwide and results from the accumulation of
mutations and epimutations in colonic mucosa cells ultimately leading to cell proliferation and metastasis. Unfortunately, CRC prognosis is still poor and the search
of novel diagnostic and prognostic biomarkers is highly
desired to prevent CRC-related deaths. The present
article aims to summarize the most recent findings concerning the use of either genetic or epigenetic (mainly
related to DNA methylation) biomarkers for CRC diagnosis, prognosis, and response to treatment. Recent
large-scale DNA methylation studies suggest that CRC
can be divided into several subtypes according to the
frequency of DNA methylation and those of mutations
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INTRODUCTION
It is now clear that cancer is a multi-step process resulting
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from the accumulation of both genetic and epigenetic
alterations of the genome[1]. Gene mutations and epigenetic modifications have been initially viewed as two separate mechanisms participating in carcinogenesis. However
recent evidence points to a crosstalk between these two
mechanisms in cancer formation, suggesting that gene
mutations have the potential of disrupting several epigenetic patterns and that epigenetic modifications can
drive genome instability and mutagenesis[2,3]. For example,
the whole exome sequencing of thousands of human
cancers revealed unexpected mutations in genes involved
in epigenetic mechanisms, and those mutations have the
potential to disrupt DNA methylation patterns, histone
modifications, and nucleosome positioning[3]. Similarly,
epigenetic inactivation of DNA repair genes, such as
hMLH1, hMSH2, MGMT and BRCA1, is often associated with genome instability and increased frequency of
point mutations of cancer-related genes[2].
Colorectal cancer (CRC) is one of the most frequent
cancers in humans, with over one-million new cases
diagnosed worldwide every year[4]. The disease occurs
sporadically in most of the cases (75%-80%) as a result
of the accumulation of both mutations and epigenetic
modifications of several genes[5], and large-scale DNA
methylation studies suggest that CRC can be divided into
at least three-four subtypes according to the frequency
of DNA methylation and those of mutations in key CRC
genes[6,7]. The sequential process of gene mutations and
epigenetic alterations is believed to drive the progression
toward malignant adeno-carcinomas because those events
affect signalling pathways that regulate hallmark behaviours of cancer. Gene mutations create a clonal growth
advantage that leads to the outgrowth of progressively
more malignant cells, which ultimately manifests itself as
invasive adeno-carcinoma. The 5-year survival rates are
approximately 90% for early CRC patients but decrease
to less than 10% in patients with distant metastases, by
this the need to identify biomarkers to improve the prediction of clinical outcomes in CRC[8]. Further progress is
very much desirable in non-invasive diagnostic methods
to enable early diagnosis, pre- and postoperative staging,
and to assist in selecting the most suitable neo-adjuvant
and adjuvant therapeutic methods and post-treatment.
Novel biomarkers which are absent in healthy persons
and present in CRC are still being investigated, especially
those that can be detected at early development stage of
the disease and used in screening tests. Unfortunately,
no molecule that would meet all of the foregoing criteria
has been identified so far. Carcinoembryonic antigen still
remains the only tumour marker of recognised efficacy in
monitoring patients during and after CRC therapy[9].
There is an increasing interest to identify mutations
in key genes of tumourigenesis, such as APC, CTNNB1,
BRAF and KRAS because they are involved in the Wnt
and the Ras-Raf-MEK-MAPK signalling cascades (MAPK,
mitogen-activated protein kinase; MEK, MAPK/ERK kinase) and therefore play a substantial role in the adenomacarcinoma and in the serrated adenoma pathways. There
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are also attempts to “personalise” chemotherapy based
on presence or absence of specific genetic biomarkers.
For example, therapy with anti-EGFR (epidermal growth
factor receptor) antibodies is desirable in patients with advanced CRC and absence of KRAS or BRAF mutations,
and defining tumours phenotype - microsatellite instability
(MSI) or microsatellite stability (MSS) and testing for the
presence or absence of 18q chromosome deletion is very
much desirable in standard 5-fluorouracil (5-FU)-based
therapy[9,10].
DNA methylation represents one of the most studied
epigenetic marks in CRC[11], since methylation of CpG
islands in the promoter region of a gene might induce
chromatin conformational modifications and inhibit the
access of the transcriptional machinery, thus altering gene
expression levels. Promoter hypermethylation is commonly associated with gene silencing as well as promoter
demethylation with gene expression. The ever-growing
number of genes that show epigenetic alterations in cancer emphasizes the crucial role of these epigenetic alterations, and particularly of DNA methylation, for future
diagnosis, prognosis and prediction of response to therapies[12]. Lao et al[11] (2011) reviewed the genes that seem to
be more commonly methylated in the multi-step process
leading from normal colonic epithelium to adenocarcinoma, observing that some of them are frequently methylated in the passage from a normal colon epithelium to an
aberrant crypt focus, whilst others are methylated in the
passage from an aberrant crypt focus to polyp/adenoma,
or could have a role in CRC progression and metastasis.
Concerning CRC diagnosis, there is increasing interest
in searching for aberrantly methylated genes in plasma
DNA and in the DNA obtained from faecal material, as
non-invasive diagnostic tools[13,14]. Methylation of certain
genes, such as for example those involved in the extracellular matrix (ECM) remodelling pathway, were associated
with worse survival in CRC, suggesting that epigenetic
biomarkers could gain prognostic value[15]. There is also
active research focusing on epigenetic signatures in CRC
for their possible interaction with chemotherapeutic
agents[16].
Given the enormous potential of both gene mutations and DNA methylation biomarkers in CRC diagnosis, staging, prognosis and response to treatment, active
research is currently ongoing to develop rapid, cost effective and reproducible tools for the detection of those
marks[12]. Aim of this article is to review currently available genetic and DNA methylation biomarkers for CRC
diagnosis, staging, prognosis and treatment.

GENETIC BIOMARKERS IN CRC
Genetic and cytogenetic biomarkers
In 1990, Fearon and Vogelstein proposed a model for
colorectal cancer tumourigenesis, which defines the genetic alterations involved in transformation from normal
intestinal mucosa to colorectal carcinoma. This aberrant
transformation is a multi-step process that includes genet-
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ic alterations such as mutation of the APC (adenomatous
polyposis coli gene), located on chromosome 5q, which
is thought to occur early on during the development of
adenomatous polyps, the activation of KRAS (v-Ki-ras2
Kirsten rat sarcoma viral oncogene homolog gene), an
oncogene located on chromosome 12p12, during the adenomatous stage and loss of chromosomal regions 17p
and 18q that contain tumoural suppressor genes as tumour protein p53 (TP53) and DCC (deleted in colorectal
carcinoma), in the transition to carcinoma in situ[17]. A lot
of studies, by different approaches, identified these common alterations described by Fearon and Vogelstein and,
in addition, others changes such as gain of chromosomes
7, 8q, 13q and 20q, together with loss of the 1p, 4,8p and
22q chromosomal regions were also identified[18-20]. Some
studies have suggested that the loss of heterozygosity
(LOH) of 17p and 18q could be associated with more advanced stages of the disease; the loss of 17p and 18q are
believed to play an important role in the pathogenesis of
CRC since these two chromosomes carry genes relevant
to the malignant transformation of the gut epithelium
and also probably play an important role in the metastatic
process. In this regard, recent findings showed that breakpoints in the 17p11.2 chromosomal region were preferentially found in primary colonic tumours in CRC patients
with liver metastases[21,22]. The deletion of the long arm of
chromosome 18 (loss of 18q or LOH of 18q) is the most
common cytogenetic abnormality in CRC and seems to
be associated with poor prognosis as 18q contains several
important tumour suppressor genes, such as SMAD7,
SMAD4, and SMAD2 that are transcriptional mediators
in the TGF-β signalling pathway and DCC[23,24]. Mouse
studies demonstrate that loss of SMAD4 expression
changes the role of TGF-β from growth suppressor to
growth promoter, thus increasing the tumorigenic and
metastatic potential of colorectal cancer cells[25]. Loss
of SMAD activity occurs in 10% of the colorectal cancers and is associated with advanced-stage disease, the
presence of lymph node metastases and shorter overall
survival and it has been shown to be a significant independent prognostic factor for worse recurrence-free
and overall survival, particularly in patients with stage Ⅲ
disease. Patients with stage Ⅲ disease and intact SMAD4
expression with microsatellite instability were found to
have similar outcomes compared with patients with stage
Ⅱ disease, whereas patients with stage Ⅱ disease and loss
of SMAD4 expression without microsatellite instability status had outcomes similar to patients with stage Ⅲ
disease[26]. Retention of SMAD4 expression has also been
found to be a predictive marker for a threefold increase in
benefit from 5-FU-based chemotherapy[27] while the loss
of SMAD4 seems to be a predictive marker for a poorer
response to 5-FU[28]. So this chromosome instability (CIN)
could have a prognostic value, as patients with CIN+ disease have a poorer prognosis[29].

quent in CRC is the microsatellite instability, observed at
the nucleotide level, frequently resulting in deletions or
insertions of a few nucleotides. Microsatellites are polymorphic tandem repeats of short nucleotide sequences
distributed through the genome prone to frame shifts
and base-pair substitutions during replication if DNA
mismatch repair (MMR) genes are impaired. So MSI refers to a clonal change in the number of repeated DNA
nucleotide units in microsatellites and appears in tumours
with deficient mismatch repair due to the inactivation of
the four MMR genes: MSH2, MLH1, MSH6 and PMS2
and while it is typically associated with hereditary nonpolyposis colorectal cancer (HNPCC), most MSI-high tumours occur sporadically[30]. Sporadic MSI tumours tend
to be more proximal, to occur in older females, to be
poorly differentiated and mucinous, and to show marked
lymphocytic infiltration[31,32]. Despite their resistance to alkylating agents and cisplatin, MSI-high tumours have better recurrence-free and overall survival. In patients with
stage Ⅱ disease, MSI-high status was found to confer the
same advantage in long-term outcomes as that conferred
by stage T3 over T4[26]. MSI positive tumours are associated with a better prognosis in all stages of the disease.
Patients with MSI tumours have a significant survival advantage compared with patients with non-MSI tumours[33]
and are associated with resistance to 5-FU chemotherapy
and shorter survival of patients after treatment with
the drug[34,35]. MSI can be thus seen as one of the most
promising positive prognostic markers for CRC patients
and can be detected using a panel of five markers (BAT25,
BAT26, D2S123, D5S346, and D17S2720, particularly
analyzing this 5 loci, MSI-H is defined as instability at 2
loci or more, and MSI-L, as instability at 1 locus) and a
recent study using this panel observed that the presence
of MSI-H was significantly higher in carcinomas than in
adenomas, confirming the prognostic value of MSI in
CRC[36].
APC gene
Mutations in the APC gene are responsible for familial
adenomatous polyposis (FAP) and the majority of sporadic CRC. The APC gene encodes a multifunctional
protein with important roles in Wnt signaling pathway,
intercellular adhesion, cytoskeleton stabilization, cell
cycle regulation, and apoptosis. Mutations of APC may
lead to unregulated transcription of oncogenes such as
c-myc and cyclin D1, thereby promoting tumourigenesis.
Mutations in Wnt/APC/CTNNB1(β-catenin) signalling
pathway members have been found in many CRC and
more than 90% of patients have alterations that affect it.
In light of the critical role of the Wnt/APC/CTNNB1
signalling pathway in maintaining proper colorectal cell
function, it is possible that genetic variants in this pathway might affect CRC progression. A meta-analysis provides a complete and systematic picture of the role of
three APC polymorphisms (D1822V, E1317Q, I1307K)
in the risk of colorectal neoplasia, particularly the I1307K
variant was associated with a significantly increased risk

Microsatellite Instability
Over the CIN, another form of genomic instability fre-
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RAS/RAF/MAPK and PI3K/AKT/mTOR signalling pathways and so the blockage of gene expression and cell cycle progression; B: Mutations in any gene of this
pathway (indicated with a red star) cause a constitutive activation of the pathway leading to gene expression, upregulated proliferation, impaired differentiation and
no response to monoclonal inhibitors. EGFR: Epidermal growth factor receptor; KRAS: v-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog gene; BRAF: V-raf
murine sarcoma viral oncogenes homolog B1; MEK: MAPK/ERK kinase; ERK: Extracellular signal-regulated kinases; PTEN: Phosphatase and tensin homolog; PI3K:
Phosphatidylinositide-3-kinases; AKT: Protein Kinase B (PKB); mTOR: Mammalian target of rapamycin.

for colorectal neoplasia while the E1317Q one was associated with a significantly elevated adenoma risk. This
meta-analysis may provide genetic insight into possible
strategies for the prevention of colorectal neoplasia[37].
A very recent study, applying a comprehensive approach to systematically evaluate the tag single-nucleotide
polymorphisms (tSNPs) in two key genes of the Wnt
pathway, APC and CTNNB1, identified, by survival tree
analysis, a higher-order genetic interaction profile consisting of the APC rs565453, CTNNB1 rs2293303 and APC
rs1816769 and this was significantly associated with overall survival; these SNPs might influence APC/CTNNB1
splicing and expression by altering the consensus splicing
site sequences, the transposable elements, and the transcription factor binding sites. If validated, these biomarkers might be valuable to facilitate the identification of
good treatment[8].
Recently, it was found that, in advanced-stage cancer,
patients with APC mutation/high miR-21, an activator
of the Wnt signaling pathway, had poorer overall survival
so APC mutation and miR-21 expression could be used
to predict the clinical outcome of CRC[38].

a 21-kD protein (p21ras) involved in the G-protein signal
transduction pathway, modulating cellular proliferation
and differentiation. KRAS abnormalities are one of the
earliest events in the stepwise progression of colorectal
neoplasms, being detectable even in histologically unremarkable epithelium and aberrant crypt foci adjacent
to cancers. Mutations of the KRAS oncogene result in
constitutive activation of this signal transduction pathway
and, consequently, unregulated proliferation and impaired
differentiation[39]. The KRAS wild-type (WT) protein is
transiently activated during tightly regulated signal transduction events. The binding of mAbs to EGFR normally induces receptor internalization, causing a direct
inhibition of tyrosine kinase activity and the blockage
of downstream RAS/RAF/MAPK signalling (Figure 1).
However, activating KRAS mutations result in a constitutively active GTP-bound protein which consequently
renders the downstream pathway permanently “switched
on” irrespective of the activation status of upstream receptors including EGFR. In such an instance, the binding
of an anti-EGFR mAb to EGFR and the inhibition of
ligand-mediated receptor activation will fail to elicit any
pathway suppressive effects. This constitutive pathway
activation leads to unregulated proliferation, impaired
differentiation, and resistance to anti-EGFR therapies[40]
(Figure 1). Up to 90% of activating mutations of KRAS
are detected in codons 12 (82%-87%) and 13 (13%-18%),
but less frequently in codons 61, 63 and 146 and they are
generally observed as somatic mutations. The most common types of KRAS mutations in CRC are point mutations, particularly G > A transitions and G > T trans-

KRAS gene
The status of KRAS is generally accepted as a predictive marker for response to established EGFR inhibitors
used for CRC because mutant KRAS is associated with
resistance to anti-EGFR monoclonal antibody (mAb)
immunotherapy with agents such as centuximab or
panitumumab (Figure 1). It is the only established biomarker in clinical practice for CRC. The KRAS encodes
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versions. The codons 12 and 13 code for two adjacent
glycine residues located in the proximity of the catalytic
site[41]. Specific KRAS mutations may be heterogeneous
in their phenotype. For example, codon 12 mutations
were associated with a mucinous phenothype of CRC. By
contrast, CRCs associated with codon 13 mutations were
rather non-mucinous, but were characterized as more
aggressive tumours with a greater metastatic potential[42].
However, a recent study observed that patients with an
isolated p.G12A mutation (no other KRAS mutations)
had aggressive disease (stage Ⅲ or Ⅳ and extensive metastatic or recurrent disease)[43,44].
KRAS mutations have also emerged as a major predictor or resistance to anti-EGFR mAbs, as confirmed by
small data sets[45-47], and both retrospective and prospective trials[48-51]. In these studies, patients with metastatic
CRC harbouring KRAS mutations had no benefits from
treatment with cetuximab or panitumumab either alone
or in combination with standard chemotherapy. This
discovery led to the first practical implementation of
personalized medicine in metastatic CRC, and KRAS
mutations can be considered a highly specific negative
biomarker for benefit of anti-EGFR mAbs. However
it is intriguingly now coming to light that not all KRAS
mutations are equal in their biological characteristics and
their impact on mediating EGFR resistance, and that
not all KRAS mutations will confer resistance to EGFR
inhibitor therapy, probably due to heterogeneity of tumours[52-54].

nases that promote various biological processes including cellular proliferation and survival. Mutations in the
PIK3CA gene, which encodes the p110α catalytic subunit of PI3K, have been identified in many human solid
tumours[62]. In colorectal cancers, PIK3CA mutations,
which are found in 10%-20% of the cases, have been reported to be associated with specific clinicopathological
features and molecular events, tumour proximal colonic
location, mucinous differentiation, KRAS mutation,
high levels CIMP and loss of MGMT expression[63]. It
is unclear whether PIK3CA mutation defines a clinically
and/or biologically relevant subset of tumours as there is
significant overlap with KRAS and BRAF V600E mutation; a recent study observed that the adverse prognostic
effect of PIK3CA mutation on survival was restricted to
patients with a BRAF wild type tumour[63]. The majority of activating PIK3CA mutations map to three sites:
exon 9, codons 542 and 545 in the helical domain, and
exon 20, codon 1047 in the kinase domain. Mutation at
any one of these sites has been shown to result in a gain
of enzymatic function and to promote oncogenic transformation in vitro and in vivo (Figure 1). Co-existence of
PIK3CA exon 9 and 20 mutations is associated with poor
prognosis of CRC patients[64,65]. More recently, PIK3CA
mutation was associated with longer survival in patients
who use aspirin regularly after diagnosis[66].
Loss of PTEN expression (PTEN is a key tumour
suppressor gene involved in the homeostatic maintenance
of PI3K/AKT signalling) was associated with a higher
rate of distant metastasis [67]. However, patients with
PTEN expression had significantly longer overall survival
than patients with PTEN loss tumour[68].
TP53 is a tumour suppressor gene encoding a protein
involved in the regulation of cell division, growth arrest
and apoptosis. A recent study[69] demonstrated that p53
expression was a significant prognostic factor for diseasefree survival for the patients with stage Ⅲ tumour and
also found stage Ⅲ tumours with wt-p53 high expression
were associated with a significantly better prognosis after
chemotherapy, according to previous findings[70].
A very recent study[71], exploring candidate tumour
suppressor genes at chromosome 4q25-q28.2, found
a novel candidate tumour suppressor gene, namely
NDST4, identified at 4q26. This gene was markedly
downregulated in CRC tumours and this genetic aberration was increased considerably in tumours with higher
pathological stages (T3 and T4). NDST4 is one member
of the N-deacetylase/N-sulfotransferase (heparan glucosaminyl) (NDST) family, which is responsible for heparan sulfate (HS) biosynthesis on a core protein to form
heparan sulphate proteoglycans (HSPGs) that contribute
to the tissue structure and function during development
and adult homeostasis. The loss of function of NDST4
might impair the modification of HS chains of specific
HSPGs, leading to more invasive tumour cells through
remodelling of the interaction of cell adhesion receptors
and ligands. The genetic loss of NDST4 might serve as a
biomarker of adverse prognosis for patients with CRC[71].

Other clinicopathological and prognostic biomarkers of
CRC
BRAF (V-raf murine sarcoma viral oncogenes homolog
B1) is a member of the RAF gene family, it encodes a
serine-threonine protein kinase, a downstream effector of
activated RAS[55]. In the past decade, many studies have
shown that BRAF somatic mutation presents in approximately 10% of CRCs[56,57]. A hotspot for BRAF mutation
is the conversion of valine 600 to glutamic acid (V600E)
within the kinase activation domain of the BRAF protein
and this account for 80% of the BRAF mutations in
CRC. This hot spot is suggested to be biologically distinct from other infrequent BRAF mutations, because the
cancer cells having the V600E mutation can grow without functional RAS, and thus the BRAF V600E mutation
has not been found in CRCs with KRAS mutations[58,59].
BRAF mutations have been linked with high grade, right
side tumours, female gender, older age and MSI-H tumours[51]. A distinct pattern of metastatic spread has also
been observed in BRAF mutant tumours, namely higher
rates of peritoneal metastases, distant lymph node metastases and lower rates of lung metastases[60]. A very recent
study demonstrated sex-related differences in the prognostic value of BRAF mutations in CRC, being particularly evident in men, in fact, BRAF mutation was associated with a significantly reduced cancer-specific survival
in overall adjusted analysis[61].
Phosphatidylinositide-3-kinases (PI3K) are lipid ki-
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Genetic biomarkers of response to treatment
During the last few years, chemotherapeutic agents,
such as oxaliplatin, irinotecan, cetuximab, panitumumab,
bevacizumab, aflibercept and regorafenib, have been
approved as an addition to the traditional fluorouracil
(5-FU) treatment, increasing the median overall survival.
The survival of patients with metastatic CRC (mCRC)
progressively improved over the past decades was due
primarily to new chemotherapeutic combinations (5-FU,
irinotecan, oxaliplatin) and the introduction of new
therapies, among which there are two monoclonal antibodies against the receptor of epidermal growth factor
receptor, cetuximab and panitumumab, effectual in the
treatment of mCRC. However, these treatments are toxic
and expensive, by this, the necessity to select patients
most likely to have benefit with the treatment. Several
analyses have revealed that patients with KRAS mutations receiving first and subsequent lines of treatment do
not respond to cetuximab or panitumumab, and that they
show no survival benefit from such treatments (Figure 1).
Therefore, patients with mCRC with KRAS codon 12 or
KRAS codon 13 mutated tumours are presently excluded
from treatment with anti-EGFR mAb. Recent study has
demonstrated, for the first time, that KRAS wt status is
associated with better response to bevacizumab based
chemotherapy and represents a positive prognostic factor for patients with advanced CRC treated in the firstline setting[72]. Codon 12 KRAS and BRAF mutations
predict for adverse outcome of CRC patients receiving
cetuximab[73]. KRAS mutations are, also, predictive of
resistance to anti-EGFR antibodies when combined with
irinotecan[49], response negatively affected also by NRAS,
BRAF and PI3KCA mutations[43,74,75], as well as by a wildtype TP53[76]. So KRAS status has emerged as a major
predictor of resistance to anti-EGFR mAb in the clinical
setting but probably it is not the only to determine this
type of resistance, in fact, a recent meta-analysis showed
that BRAF mutation is associated with poor response
to anti-EGFR mAbs and it is an adverse prognostic biomarker of the survival of patients with mCRC[77]. Regular
aspirin use was associated with lower risk of BRAF wt
colorectal cancer but not with BRAF mutated cancer risk.
These findings suggest that BRAF mutant colon tumour
cells may be less sensitive to the effect of aspirin[78]. In
addition to KRAS and BRAF mutations, loss of PTEN
expression and PIK3CA mutation is likely to be predictive
of a lack of benefit to anti-EGFR therapy in metastatic
colorectal cancer[79] (Figure 1); PTEN expressing tumours
had statistically higher response rate for cetuximab based
treatment than tumours with PTEN loss[68].
CRCs with MSI are reported to have a significantly
better prognosis compared with CRCs without MSI
(non-MSI), while MSI CRCs show resistance to 5-FU
based chemotherapies. Although high frequency MSI
tumours have better stage independent prognosis compared to those with CIN, MMR deficient CRC appears to
be resistant to fluorouracil based treatment, but sensitive
to other therapeutic regimens[80]. A summary of genetic
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biomarkers for CRC is shown in Table 1.

DNA METHYLATION BIOMARKERS IN
CRC
Global DNA hypomethylation and depletion of overall
5-methylcytosine content in CRC tissues was observed for
the first time in 1983, by Feinberg and Vogelstein. It was
observed predominantly at CpG dinucleotides in repetitive sequences, occurring gradually, age-dependently, and
early in carcinogenesis[81]. It was also clear from the beginning that global DNA hypomethylation in CRC tissues
was accompanied by hypermethylation and transcriptional silencing of tumours suppressor genes or genes coding
for DNA repair proteins[82]. Subsequent studies revealed
that hundreds of genes are aberrantly methylated in the
average CRC genome, and their number is ever-growing,
including genes of the Wnt signalling pathway such as
APC, AXIN2, DKK1, SFRP1, SFRP2, WNT5A, the
DNA repair genes MGMT, hMLH1, and hMLH2, cell
cycle-related genes such as CDKN2AINK4a(p14), CDKN2AA-INK4b(p15), and CDKN2AARF(p16), the RAS signalling
genes RASSF1A and RASSF1B, and many more[11,83,84].
Although all CRCs are characterized by the presence of
hypermethylation, a specific subgroup of them, denoted
as the CpG island methylator phenotype (CIMP+),
displays extensive levels of methylated genes[85]. By an
epigenetic point of view, CRCs can be broadly divided
into CIMP+ and non-CIMP tumours, but taking into
account also genetic alterations, several subgroups have
been proposed. For example, Hinoue and coworkers recently proposed the following four subtypes: (1) CIMPhigh tumours exhibiting a very high frequency of cancerspecific DNA hypermethylation associated with MLH1
methylation, microsatellite instability, and the BRAF
V600E mutation; (2) CIMP-low tumours associated with
KRAS mutations and characterized by methylation of a
subset of CIMP-high associated genes; (3) Non-CIMP
tumours characterized by TP53 mutations and frequent
occurrence in the distal colon; and (4) Non-CIMP tumours showing a low frequency of cancer-specific gene
mutation and hypermethylation, and enriched of rectal
tumours[7]. Increasing evidence suggests that several of
those epigenetic modifications can be valuable biomarkers for CRC diagnosis, progression, prognosis, tendency
to metastasis, and response to treatment (Table 2).
Methylation biomarkers of CRC diagnosis
Aberrant patterns of DNA methylation from CRC cells
can be detected in tumours-derived cell-free DNA found
in blood or feces of cancer patients, and there is also
evidence that often DNA methylation profiles in blood
reflect those in CRC tissues[86]. This led researchers to
search for DNA methylation biomarkers in those specimens and to develop blood-based and stool-based noninvasive and cost-effective epigenetic CRC diagnostic
tools[87]. The presence of aberrantly methylated septin 9
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Table 1 Examples of genetic biomarkers for colorectal cancer
Biomarkers

Ref.

Genetic biomarkers
Breakpoints of 17p11.2
Loss of 18q
Loss of SMAD
APC mutations
KRAS mutations
BRAF mutations
PIK3CA mutations
Loss of PTEN
TP53 expression
Loss of NDST4
Candidate biomarkers
Loss of SMAD4
MSI
KRAS, BRAF, PI3KCA, PTEN mutations

Prognosis
Found in primary colonic tumours in CRC patients with liver metastasis
Poor prognosis
Advanced stage disease (Ⅲ), lymph node metastases, shorter overall survival
Poorer overall survival
Heterogeneous phenotype of CRC
Specific phenotype and metastasis
Poor prognosis and specific clinicopathological features
High rate of distant metastasis
Worse prognosis
Adverse prognosis
Chemoresistance/Chemosensitivity
Poorer response to 5-FU
Resistance to 5-FU
Resistance to anti-EGFR mAb

[22]
[23,24]
[26]
[39]
[43,44,45]
[61,62]
[64]
[68]
[70,71]
[72]
[28]
[83]
[46-52,74,75,79-81]

CRC: Colorectal cancer; mAb: Monoclonal antibodies; 5-FU: 5-fluorouracil.

(MINT1 and MINT31) have been consistently found
to be methylated in the passage from a normal colon
epithelium to an aberrant crypt focus. Other genes
(p14, HLTF, ITGA4, p16, CDH1 and ESR1) resulted
frequently methylated in the passage from an aberrant
crypt focus to polyp/adenoma, and four additional genes
(TIMP3, CXCL12, ID4, and IRF8) could have a role in
CRC progression and metastasis[11]. More recent studies revealed additional epigenetic biomarkers linked to
CRC staging and progression. A high degree of LINE-1
hypomethylation was found in early-onset CRC, a clinically distinct form of CRC that is often associated with
a poor prognosis[98]. LINE-1 hypomethylation leads to
the activation of proto-oncogenes in CRC metastasis[99].
There is also indication that the clinical outcome of MSI
CRCs depends on LINE-1 methylation, suggesting that
lower LINE-1 methylation status serves as a significant
prognostic parameter of adverse prognosis[100]. Serrated
adenomas form a distinct subtype of colorectal premalignant lesions that may progress to malignancy along
a different molecular pathway than the conventional
adenoma-carcinoma pathway, and loss of expression of
the slit homolog 2 (SLIT2) gene by promoter hypermethylation and loss of heterozygosity events are significantly
associated with serrated adenoma development[101]. Methylation of the WNT5A gene, a member of the WNT
gene family, has been frequently detected in early gastric
carcinomas[102]. Also somatic mutations, allele loss, and
DNA methylation of the cub and sushi multiple domains
1 (CSMD1) gene, whose function is still unclear, correlate
with earlier clinical presentation in CRC[103].
Concerning CRC prognostic biomarkers, it was
shown that DNA methylation of p14, RASSF1A and
APC genes, defines a poor prognosis subset of CRC
patients independently of both tumour stage and differentiation[104], whilst MGMT methylation seemed to play
a protective role[104], and MLH1 inactivation through hypermethylation was found to be related to improved survival[105]. A meta-analysis of 11 studies indicated that p16

(SEPT9) in plasma is a valuable and minimally invasive
blood-based PCR test (Figure 2), showing a sensitivity and a specificity of almost 90% in the detection of
CRC[13,87,88], and represents a currently commercialized
test as it is able to detect CRC at all stages and locations[89]. Researchers have evaluated the possibility to
include the methylation analysis of additional genes, such
as for example ALX4 and HLTF, to increase the sensitivity of this blood-based test[90,91]. Others are searching
for different blood-based biomarkers than SEPT9. For
example, the methylation status of secreted frizzledrelated protein 2 gene (SFRP2) in CRC tissues, serum
and fecal DNA was able to detect almost 67% CRCs[92],
and recent genome-scale search of DNA-methylation
biomarkers for blood-based detection of CRC revealed
that methylated thrombomodulin (THBD) gene detects
74% of stage Ⅰ/Ⅱ CRCs at a specificity of 80%[93], and
that methylation of the syndecan 2 (SDC2) gene has a
sensitivity of 92% for stage Ⅰ CRC[94].
A stool-based test for the methylation analysis of the
vimentin (VIM) gene is available in the United States
(Figure 2) and has a specificity and sensitivity of almost
80%[14]. Several hypermethylated genes isolated from
stool samples have been utilised as biomarkers for the detection of CRC or colorectal adenomas, including APC,
p16, hMLH1, MGMT, SFRP1, SFRP2 and VIM[95]. Two
meta-analyses of those studies revealed that the sensitivity for the detection of CRC or adenomas ranged from
62% to 75%[95,96]. Recently, hypermethylation of fibrillin-1
(FBN1) was detected in CRC stool samples, and showed
72% sensitivity and 93% specificity for detecting CRC[97].
DNA methylation biomarkers of CRC staging and
prognosis
A few years ago, Lao and Grady reviewed the genes that
seem to be more commonly methylated in the multistep process leading from normal colonic epithelium to
adenocarcinoma. At least six genes (SLC5A8, SFRP1,
SFRP2, CDH13, CRBP1, and RUNX3) and two loci
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Table 2 Examples of DNA methylation biomarkers for colorectal cancer diagnosis, progression, prognosis and treatment
DNA methylation biomarkers
Methylated genes/loci
SLC5A8, SFRP1, SFRP2, CDH13, CRABP1, RUNX3, MINT1,
MINT31, WNT5A
p14, HLTF, ITGA4, CDKN2A/p16, CDH1, ESR1
TIMP3, CXCL12, ID4, IRF8, MGMT, hMLH1
SPARC, miR-34b/c, miR-126, miR-128
Methylation biomarkers
SEPT9, SFRP2, THDB, SBC2
VIM, FBN1
Methylation biomarkers
p14, RASSF1A, and APC
MGMT, hMLH1
p16
HOPX-β
Extracellular matrix genes
(IGFBP3, EVL, CD109 and FLNC)
IGF2 hypomethylation
Polycomb genes (SFRP1, MYOD1, HIC1, and SLIT2)
miR-34b/c, miR-126, miR-128
Candidate biomarkers
TFAP2E
DYPD, TYMP, UMPK, SPARC
UGT1A1
MGMT

Ref.
Frequently methylated in
Normal colon epithelium → aberrant crypt focus

[11,105]

Aberrant crypt focus → polyp/adenoma
Polyp/adenoma → metastasis
Lymphovascular invasion, metastasis
CRC Diagnosis
Blood-based PCR test for the detection of CRC
Stool-based test for the detection of CRC
Prognosis
Poor prognosis
Improved survival
Poor prognosis
Worse prognosis of stage Ⅲ CRC
Worse survival

[11]
[11]
[114-117]

Poor prognosis, short survival
Favourable prognosis in non-CIMP male patients
Invasive tumors
Chemoresistance/Chemosensitivity
No responsiveness to 5-FU, irinotecan, oxaliplatin
Their methylation might affect 5-FU treatment1
Its methylation might affect irinotecan treatment1
Clinical response to dacarbazine is restricted to those with MGMT
hypermethylation

[112]
[113]
[115-117]

[91-97]
[14,100]
[107]
[107,108]
[109]
[110]
[111]

[118]
[16,119]
[119]
[120]

1

Suggested biomarkers from cell culture studies, with limited or no evidence in humans. CRC: Colorectal cancer; miR: micro-RNA; PCR: Polymerase chain
reaction; 5-FU: 5-fluorouracil.

DNA methylation biomarkers and CRC chemotherapy
Epigenetic signatures in CRC are also of interest for their
possible interactions with chemotherapeutic agents. Indeed, the epigenetic silencing of a particular gene might
result in chemosensitivity or chemoresistance toward a
particular therapeutic agent[16]. Crea et al[16] proposed a
panel of genes whose aberrant methylation could contribute to chemosensitivity or chemoresistance to 5-FU,
irinotecan, and oxaliplatin, three of the most frequently
used drugs in CRC treatment. 5-FU antitumor activity is
mainly exerted by inhibiting thymidylate synthase, in the
de novo synthesis of pyrimidines. Increased TYMS expression is one of the major mechanisms of 5-FU chemoresistance, and there is indication that histone acetylation/
deacetylation processes, rather than DNA methylation
of the promoter, might be of relevance in epigenetically regulating TYMS expression in CRC. Several other
genes that participate in pyrimidine metabolism might
represent potential molecular determinants of 5-FU
chemoresistance, including dihydropyrimidine dehydrogenase (DYPD), thymidine phosphorylase (TYMP), and
uridine monophosphate/cytidine monophosphate kinase
(UMPK) genes. Their potential epigenetic contribution to
5-FU resistance in CRC patients is under investigation[16].
Hypermethylation of the gene encoding the transcription factor AP-2 epsilon (TFAP2E) was found in 51%
of CRC patients and resulted in clinical nonresponsiveness to chemotherapy (5-FU, irinotecan or oxaliplatin)[115].
Functional assays showed that TFAP2E chemoresistance
is mediated through its downstream target gene DKK4,

hypermethylation might be a predictive factor for unfavourable prognosis of CRC patients[106]. Homeodomainonly protein X-β gene (HOPX-β ) promoter methylation
was recently shown to be frequent in human cancers and
was suggested to act as a tumours suppressor gene. Particularly, HOPX-β promoter methylation was associated
with worse prognosis of stage Ⅲ CRC patients and also
with poor differentiation[107]. Methylation of genes in the
extracellular matrix (ECM) remodelling pathway, such as
IGFBP3, EVL, CD109 and FLNC, was associated with
worse survival, suggesting that methylation of this pathway might represent a prognostic signature in CRC[108].
Similarly, hypomethylation of the insulin growth factor
Ⅱ (IGF2) differentially methylated region in colorectal
tumours was associated with poor prognosis[109]. Conversely, methylation of the polycomb group target genes,
including SFRP1, MYOD1, HIC1, and SLIT2, resulted in
favourable prognosis in non-CIMP male patients[110].
Lymphovascular invasion of CRC was related to
methylation of the gene encoding the secreted protein
acidic and rich in cysteine (SPARC) in stromal cells[111].
Others analysed DNA methylation in mucosal wash fluid
from patients undergoing colonoscopy, observing that
methylation of the micro-RNA (miR-34b/c) had the
greatest correlation with invasive tumours[112]. Methylation of miR-128 in CRC samples led to an upregulation
of its target gene NEK2 that resulted in lymphatic invasion and peritoneal dissemination[113]. It was also shown
that epigenetic silencing of miR-126 contributes to tumour invasion and angiogenesis in CRC[114].
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likely through promoter methylation, in CRC tissues[119].
Goal of present and future research is to identify those
biomarkers that could allow a feasible, cost-effective and
non-invasive diagnosis of CRC, as well as to understand
which panel of biomarkers can be used to better define
patient’s prognosis and the best choice of available treatments (Figure 2). Several examples are provided within
this review suggesting the need to combine genetic and
epigenetic data for a better diagnostic, prognostic and
therapeutic approach. Integration of those data with
transcriptome and proteome profiles could represent a
valuable strategy to further understand the molecular
pathways involved in CRC, as well as to improve life expectancies and quality of life of the patients.

Blood DNA
Early diagnosis
(example: SEPT9 )

Tumor sample DNA
Prognosis/stating/
choice of therapy
Fecal DNA
Early diagnosis
(example: VIM )
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Figure 2 Sources of epigenetic biomarkers of colorectal cancer. Blood
and fecal DNA samples represent available non-invasive sources of epigenetic
diagnostic biomarkers of colorectal cancer, such as the analysis of methylation
of septin 9 (SEPT9) and vimentin (VIM) genes, respectively. In addition, the
analysis of DNA samples from bioptic tumor tissues could be of relevance for
the best choice of therapeutic intervention.
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Core tip: Although the importance of circulating free
DNA is widely recognized, numerous studies evaluating
its presence in blood and stool samples have reported
analytic variability and non conforming approaches.
Nonetheless, circulating free DNA has shown high potential as a biomarker for the early non-invasive detection of cancer and for monitoring disease progression.
Population studies are now needed to confirm its usefulness for colorectal cancer diagnosis.
De Maio G, Rengucci C, Zoli W, Calistri D. Circulating and stool
nucleic acid analysis for colorectal cancer diagnosis. World J
Gastroenterol 2014; 20(4): 957-967 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v20/i4/957.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i4.957

Abstract
In recent years, the need to identify molecular markers characterized by high sensitivity and specificity in
detecting and monitoring early and colorectal cancer
lesions has increased. Up to now, none of the markers
or panels of markers analyzed have met the rigorous
standards required of a screening program. The important discovery of circulating nucleic acids in biological
fluids has aroused intense scientific interest because
of their usefulness in malignant and non malignant
diseases. Over time, their yield and stability have been
identified and compared with other “standard” biomarkers. The analysis of circulating DNA from blood and
stool is a relatively simple and non-invasive procedure,
representing a very attractive marker to detect genetic
and epigenetic mutations and to monitor disease progression. A correlation between blood and stool biomarkers could also help to enhance currently available
diagnostic approaches. However, various processing
and analytic problems need to be resolved before such
an approach can be applied in clinical practice.
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HISTORY OF CIRCULATING NUCLEIC
ACIDS
Circulating nucleic acids in the plasma of healthy and
diseased individuals were identified[1] a few years before
the discovery of the double helical structure of DNA[2].
Almost 20 years later, circulating DNA was identified in
the serum and plasma of subjects with systemic lupus
erythematosus[3]. Around the same time, circulating DNA
was identified in other diseases characterized by tissue
destruction such as hepatitis, metastatic carcinoma and
miliary tuberculosis, suggesting that serum DNA might
originate from endogenous tissue breakdown[4]. In 1977,
levels of circulating DNA in the serum of individuals
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with different types of cancer were found to be related to
response to radiotherapy treatment. In particular, for the
first time, circulating DNA was more accurately quantified using a sensitive radioimmunoassay based on antiDNA antibodies obtained from lupus erythematosus
patients[5]. This quantification revealed that increased or
high DNA circulating levels were mainly present in patients characterised by a lack of response to treatment.
The presence of extractable amounts of DNA in the
plasma of cancer patients was also identified, suggesting
that circulating DNA may be shed from tumours[6]. Other
researchers reported findings of KRAS and NRAS gene
mutations from the primary tumor in the plasma and serum of individuals with cancer, providing clear evidence
of the origin of circulating DNA from tumors[7-14]. Extracellular nucleic acids, present in different body fluids
such as plasma, serum, bronchial lavage, urine and faecal
fluids, have aroused the interest of the scientific community in recent years[15,16] representing a valid biomarker
for the early, non-invasive detection of cancer or for the
monitoring of disease progression. Early diagnosis is
fundamental to reduce morbidity and mortality, especially
as patients diagnosed at early stages show long-term survival[17].
Unfortunately, the quantity of circulating free DNA
in these body fluids is usually low and its isolation remains a challenge. However, rapid technological advances
have led to an improved sensitivity and specificity for the
detection of cell-free nucleic acids, opening up new possibilities for the non-invasive detection and monitoring
of various malignant diseases[15].

on the endogenous origin of circulating DNA proposed
by Tan et al[3] is widely accepted[4]. Initially, circulating
DNA was thought to be a derivative of increased and abnormal apoptotic pathways in cancerous lesions[24,25] because of its ladder pattern revealed by gel electrophoresis
similar to the one shown by apoptotic cells[26,27]. However,
it must be remembered that apoptosis is a mechanism
apparently lost by proliferating cancer cells and that its
restoral is highly problematic[9,24,27]. Another hypothesis
is that circulating DNA derives from “micrometastatic”
tumor cells shed in the circulation. However, some authors reported that the amount of DNA isolated from
the plasma of cancer patients was very high and did not
correspond to the number of cancer cells present in the
circulation[28,29]. Tumor necrosis is thought to be related
to high amounts of DNA fragments found in the plasma
of patients with large or advanced/metastatic tumors,
suggesting that this mechanism may be related to circulating DNA[5,30,31]. However, other pathways could also be
involved[4], and probably abnormal DNA degradation or
secretion mechanisms may lead to increased DNA levels
and differing DNA fragmentation, contributing to the
presence of high levels of circulating free DNA[24,32] (Figure 1).

ORIGIN OF CIRCULATING FREE RNA
Less is known on the origin of circulating free RNA[33].
More than 25 years ago, RNA in proteolipid complexes
were first identified in the serum of cancer patients[34].
Initially, circulating RNA was found in the serum of
healthy individuals and patients with melanoma, breast
cancer and hepatocellular carcinoma [35-37]. Numerous
studies have reported that specific RNA is present in
the plasma of patients with a variety of cancers and that
these molecules are more stable than expected[38], suggesting that free circulating RNA is probably protected
by vesicles or vesicle-like structures. Apoptosis would also
appear to be involved in the release of circulating free
RNA, and the binding of proteins or phospholipids may
explain the resistance to RNase degradation in the bloodstream[39,40]. Moreover, mRNA and miRNA are found in
particles such as exosomes released into the bloodstream,
which may help to preserve these nucleic acids in the
blood and increase the amount in circulation. In fact, it
has been seen that the higher levels of mRNA identified
in cancer patients than in healthy individuals are mainly
associated with exosome fraction[37].

ORIGIN OF CIRCULATING FREE DNA
Circulating free DNA is a double-stranded molecule of
low molecular weight which, although mainly fragmented
in 70-200 base pairs (bp), also has sections up to 21 kilobases in length[18]. In healthy individuals, apoptosis and
necrosis of lymphocytes and other nucleated cells are
mainly involved in the release of circulating nucleic acids
into the blood. Apoptosis leads to DNA degradation
in which chromosomal DNA is first cleaved into large
fragments (50-300 kb) and then into multiples of nucleosomal units (180-200 bp)[19]. The contents of apoptotic
cells are rapidly ingested by phagocytes or neighbouring
cells[20] and the DNA is consequently completely digested
by DNase Ⅱ in lysosomes[19]. Thus, DNA fragments released by apoptosis may be removed before entering the
circulation[19,20]. However, apoptotic DNA is probably the
primary source of circulating nucleic acids, especially if
we take into account the fact that normal plasma DNA
on electrophoresis exhibits band sizes equivalent to
whole-number multiples of nucleosomal DNA (185-200
bp)[21]. In cancer patients, the origin of circulating nucleic
acids remained unknown for many years. Although increased circulating free DNA levels cannot be regarded as
specific to cancer, different size distributions have been
observed in cancer patients[22,23]. Currently, the hypothesis
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EARLY DIAGNOSIS OF COLORECTAL
CANCER
Colorectal cancer (CRC) incidence and mortality rates
vary markedly around the world. However, rates are substantially higher in males than in females[41], representing
the third most commonly diagnosed cancer in males and
the second in females[42]. CRC is caused by a molecular
alteration in the epithelial cells of the colon, specifically,
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Figure 1 Hypothesis for circulating free DNA development. The primary tumor releases cells into the bloodstream or intestinal lumen. In healthy individuals, apoptosis and necrosis are the main pathways linked to cell degradation and, consequentially, to DNA fragmentation. In cancer patients, in addition to the aforementioned
necrosis and apoptosis, there would seem to be abnormal mechanisms of DNA degradation or secretion that increase levels and fragmentation of DNA. CTC: Circulating tumor cells.

in proto-oncogenes and tumor suppressor genes such as
APC, KRAS, SMAD 2/4 and p53. Epigenetic alterations
have gained recognition as a key mechanism in colorectal carcinogenesis. In particular, hypermethylation of
CpG islands present in gene promoter sequences leads
to the inactivation of tumor suppressor genes. The vast
majority of tumors (about 50%-80%) present chromosomal instability, while a smaller fraction (10%-15%) is
characterized by microsatellite instability (MSI). CRCs
with hypermethylation changes in numerous different
CpG-rich DNA regions are defined as showing CpG
island methylation phenotype (CIMP). CIMP-positive
cancer also seems to be associated with MSI and BRAF
mutations[43,44]. Conversely, hypomethylation of specific
sequences may decrease the fidelity of chromosomal
segregation[45], suggesting that it could be involved in the
chromosomal instability phenotype[46]. DNA methylation
changes probably cause adenomatous precursor lesions
to progress into malignant tumors.
The importance of screening tools to identify early
stage CRC is acknowledged worldwide. Colonoscopy is
currently considered to be the “gold standard” for CRC
screening. However, it is estimated that less than 60% of
eligible individuals over 50 years of age have undergone
this test for various reasons, the main one being the invasiveness of the procedure[47]. The immunochemical fecal
occult blood test (iFOBT), a non invasive screening CRC
approach that uses antibodies against human globulin,
has reduced CRC mortality by 15%-33%[48,49]. However,

WJG|www.wjgnet.com

this test is characterized by frequent false-negative and
false-positive results, and its sensitivity in detecting precursor lesion such as adenomas is very low (10%-20%)[50].

NUCLEIC ACIDS IN SERUM AND PLASMA
Numerous studies have been published on circulating
free DNA in both plasma and serum of different tumor
types including colorectal[51-60]. A summary of the most
important studies on colorectal cancer patients is shown
in Table 1.
It is known that serum contains a higher amount of
free circulating DNA than plasma. Different hypotheses
for this have been put forward, e.g., an unequal distribution of DNA during separation from whole blood[61].
However, differing levels of circulating free DNA have
been observed in experiments using serum and plasma,
and the optimal material to process remains open to debate[31].
The most important serum markers for CRC detection are carcinoembryonic antigen (CEA), carbohydrate
antigen 19-9 (CA19-9) and tissue inhibitor of matrix metalloproteinases (TIMP)-1. However, CEA is currently the
only marker used for prognosis, follow-up and monitoring of disease status. Although high levels of serum CEA
are often associated with an increased risk of recurrence
and poor prognosis. It is not uncommon to detect normal levels in patients with advanced CRC or early stage
patients who subsequently develop recurrence or distant
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Table 1 Summary of studies that have tested DNA integrity and genetic alteration markers in blood samples in colorectal cancer
Study
Flamini et al[17], 2006

Biomarker(s)

Methods

Case analyzed

Serum cfDNA
CEA
cfDNA and CEA

qRT PCR

CRC: 75
HD: 75

Main results

Sensitivity
Specificity
81%
73%
39%
97%
88%
71%
Frattini et al[51], 2006
Plasma cfDNA
DNA Dipstick Kit
CRC: 70
CRC (T0) mean value DNA: 495.7 ng/mL
CRC (FU at 4 mo) mean value DNA: 170.6 ng/mL
HD: 20
CRC (FU at 10 mo) mean value DNA: 240.9 ng/mL
CRC (FU at 10 mo)(DFP) mean value DNA: 136.2 ng/mL
CRC (FU at 10 mo)(RP) mean value DNA: 694.4 ng/mL
HD: mean value DNA 10.3 ng/mL
Altered in only 37% of CRC patients
Umetani et al[61], 2006
Plasma cfDNA
ALU qRT PCR Breast, Colorectal, Thyroid
Mean ± SD value plasma cfDNA: 180 ± 150 pg/μL
Serum cfDNA
Cancer: 22
Mean ± SD value serum cfDNA: 970 ± 730 pg/μL
Thyroid A: 2
[64]
Umetani et al , 2006
Absolute serum
ALU qRT PCR
CRC: 32
CRC (Ⅰ-Ⅱ) mean absolute value DNA: 1.63 ng/μL
CRC (Ⅰ-Ⅱ) mean integrity DNA: 0.22 ng/μL
DNA
HD: 51
CRC (Ⅲ-Ⅳ) mean absolute DNA: 1.73 ng/μL
Integrity serum DNA
CRC (Ⅲ-Ⅳ) mean integrity DNA: 0.22 ng/μL
Alu repeats (2 sites)
Boni et al[52], 2007
Plasma cfDNA
qRT PCR
CRC: 67
CRC: Mean value DNA 57.93 ng/mL
HD: Mean value DNA 0.85 ng/mL
CEA
HD: 67
Evaluated in only 47% of patients
Danese et al[65], 2010
Serum cfDNA
RT-PCR
CRC: 118
Sensitivity
Specificity
83%
92%
CEA
P: 49
36%
100%
HD: 26
Mead et al[31], 2011
Plasma cfDNA
PCR
CRC: 24
AUC: cfDNA: 0.81
AUC (CEA and cfDNA): 0.855
(4 DNA markers)
ELISA
P: 26
P: Sensitivity: 83%; Specificity 72%
CEA
HD: 35
Czeiger et al[66], 2011
Serum cfDNA
Fluorometric
CRC: 38
Sensitivity
Specificity
42%
94%
Assay
HD: 34
da Silva Filho et al[67],
Serum cfDNA
qPCR
CRC not operated on: 27
CRC not operated on: 0.08-62.10 pg/μL
CRC operated on: 0.01-186.7 pg/μL
2013
Alu repeats (2 sites)
CRC operated on: 33
HD: 0.01-26.11 pg/μL
HD: 30
Mean value range (according to different Alu analysis)
cfDNA: Cell-free circulating DNA; HD: Healthy donors; A: Adenomas; P: Polyps; T0: Time 0; FU: Follow up; DFP: Disease free patients; RP: Recurrence
patients; AUC: Area under the receiver-operating characteristic (ROC) curve; qRT PCR: Quantitative real time polymerase chain reaction; ELISA: Enzymelinked immunosorbent assay.

metastases[62]. Thus, the use of CEA assessment for the
early diagnosis and monitoring of CRC is limited by
relatively poor sensitivity and specificity[63]. In 2006, Frattini et al[51] quantified circulating DNA plasma levels of
70 patients submitted to surgery for primary CRC at the
time of surgery and during follow-up and comparing this
marker with CEA. It was found that circulating DNA
levels in all patients at the time of surgery were about
25-fold higher those of 20 healthy donors. Of note, only
37% of patients had altered CEA levels[51]. Moreover,
Boni et al[52] observed a statistically significant difference
in plasma circulating DNA levels between healthy donors
and CRC patients. A significant difference was also observed between circulating DNA and CEA values in CRC
cases, calculated in only 47% of cases[52].
Sensitivity and specificity of serum free circulating
DNA and CEA values were also examined in other studies, confirming high levels of circulating free DNA in
CRC patients with respect to healthy individuals. Conversely, sensitivity values of CEA were around 35%, even
when specificity was higher[17,65]. Sensitivity and specificity
values increased to 88% and 71%, respectively, considering the two markers in combination[17]. Moreover, Frattini
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et al[51] observed that circulating free DNA levels decreased progressively during follow-up in disease-free patients but increased in those who relapsed. This finding is
in line with the first observation on circulating free DNA
made by Leon et al[5] who suggested that the decrease in
free DNA in cancer patients before and after treatment
may be due to the therapy’s inhibitory effect on the proliferation of cancer cells. Conversely, in the early stages
of cancer, when little cell death occurs, circulating DNA
may already be present in higher than normal concentrations.
Analysing two sites of Alu repeats by a quantitative
PCR approach, Umetani et al[64] found that serum DNA
integrity values were higher in 32 CRC patients than in
controls. Interestingly, the serum free circulating DNA
concentration was 4- to 6-fold higher in patients than
in healthy individuals. This ALU sequencing approach
would also appear to be able to discriminate between
healthy individuals, CRC patients who have undergone
surgery and those who have not been submitted to surgical treatment[67].
These studies revealed a higher sensitivity of circulating DNA then CEA quantitation in CRC patients. Serum
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CA19-9, CA72-4 and TIMP-3 are currently being evaluated for screening purposes[68-70], while serum methylation markers such as TAC1, SEPT9 and EYA4 are under
investigation as biomarkers for adenoma and early CRC
detection[71]. In particular, SEPT9 has been investigated
with the aim of improving detection rates of malignant
lesion precursors[72], but sensitivity values do not appear
to be better than those obtained with stool[73]. Ahlquist
et al[73] reported higher SEPT9 values than those of the
stool DNA multimarker test only for stage Ⅳ CRC.
Available data do not, therefore, justify the application of
SEPT9 as a single biomarker for the detection of premalignant and early malignant lesions in a screening population. The analysis of paired samples, i.e., stool DNA multimarker test and plasma SEPT 9, showed a sensitivity of
82% and 14% for adenoma detection, respectively, and
87% and 60% for CRC, respectively[73].
Interestingly, a recent meta-analysis by Yang et al[74]
concluded that stool DNA was not suitable for CRC
screening in average- rather than high-risk individuals, yielding a low detection value for precancerous lesions. Amir et al[75] demonstrated a correlation between
SEPT9_V1 overexpression and drug resistance in various
cancer cell lines. The potential of plasma biomarkers to
identify individuals at risk of developing drug resistance
was also demonstrated by Misale et al[76] in a metastatic
colorectal cancer population.
Cell free mRNA has also been evaluated in plasma,
in particular by the quantification of mRNA levels of
hTERT, a ribonucleoprotein involved in the maintenance
of correct length of telomeric chromosome ends, overexpressed in a wide number of tumors, including colon and
rectal cancers[77,78]. In particular, a correlation has been
found between plasma mRNA levels and tumor stage in
CRC patients, suggesting that plasma RNA quantification
could be useful for early diagnosis and follow up[77,78].

the mucus present on stool surface after defecation may
have been picked up in the distal large bowel, it may also
contain cells derived from the entire colorectal mucosa[85].
This would explain why malignant cells from the cecum
and other right-sided CRCs can be isolated from stool
after defecation[86] despite the luminal contents generally being liquid in the most proximal part of the large
bowel. Stool tests based on isolated colonocytes rather
than blood markers may offer better results due to the
higher rate of neoplastic cell exfoliation, especially when
used alone or in combination with current routine diagnostic tests, such as iFOBT[70]. However, as it is extremely
difficult to discriminate between normal and malignant
cells using standard morphological criteria, considerable
interest has arisen in identifying biomarkers secreted by
CRC cells rather than normal colonocytes[79]. Adenomas and CRC characteristically exfoliate non-apoptotic
colonocytes, unlike normal colonic mucosa, which typically sheds apoptotic colonocytes[87]. The carcinogenetic
process can lead to genetic mutations and/or epigenetic
alterations that prevent normal colonocytes apoptosis[50].
Non-apoptotic colonocytes shed from diseased mucosa
and isolated in the stool can release segments of 200 bp
or more in length of intact DNA (L-DNA), making the
latter a potentially effective stool biomarker.
A number of authors have proposed different methods to develop valid DNA integrity analysis (DIA) assays
to improve sensibility and specificity in the detection of
pre-malignant and malignant lesions. Results from studies
carried out on stool biomarkers since 2000 are summarized in Table 2.
In one of the first studies to focus on this topic,
Boynton et al[91] evaluated the length and integrity of
L-DNA fragments using oligonucleotide-based hybrid
captures with specific target sequences of 200 bp, 400
bp, 800 bp, 1.3 kb, 1.8 kb and 24 kb in PCR reactions;
56% sensitivity and 97% specificity were obtained. The
authors concluded that CRC was related to the presence
of high molecular weight bands[91]. Another approach to
quantify stool L-DNA was carried out using fluorescence
primers, capillary electrophoresis and standard curves
(fluorescence long DNA, FL-DNA)[92]. In this pilot study
on 56 patients and 38 healthy volunteers, FL-DNA evaluation using a cut-off of 25 ng showed a sensitivity of
about 76% and a specificity of 93% compared to a specificity of 97% and a sensitivity of only 50% when a non
quantitative DNA amplification method was utilized[92].
Long DNA has been also evaluated by analysing human Alu repeats using Real Time PCR assay showing a
specificity of 100% but a sensitivity of 44%[96]. To improve accuracy in detecting neoplastic and pre-neoplastic
lesions, different combinations of DNA integrity and
genetic alteration analyses have been proposed in the last
few years. Ahlquist et al[88] explored the feasibility of stool
assays evaluating panels of selected DNA alterations to
discriminate between subjects with colorectal cancer and
healthy individuals. The pilot study, using an assay based
on L-DNA analysis, APC, TP53 and KRAS gene deter-

NUCLEIC ACIDS IN STOOL
Non-invasive, no bowel preparation and the sampling
design are some of the main advantages of molecular
stool analysis. A greater understanding of the molecular
pathogenesis and the natural history of CRC has helped
researchers to improve methods for molecular stool
screening[79]. In 1952, Bader et al[80] reported that cancer
of the rectum, sigmoid and descending colon could be
detected by the cytological analysis of colonocytes. DNA
from colonocytes shed in stool can be used to characterize the colonic epithelium involved in carcinogenesis.
Colonocytes are, in fact, exfoliated continuously into the
fecal stream[81], and their concentration in the intestinal
lumen of CRC patients can increase of 4.5-fold with
respect to healthy individuals[82]. It has been seen that another important stool element are mucus and its cellular
cargo, found on the surface of stool after defecation[83,84].
Colonic mucus would seem to have protective properties
that create a niche in which colonocytes are preserved
in relative abundance[81,84]. For these reasons, although
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Table 2 Summary of studies that have tested DNA integrity and genetic alteration markers in stool samples
Study

Biomarker(s)

Methods
L-DNA (4 sites)
Mutation analysis
MSI
L-DNA (6 sites)
Mutation analysis
MSI
L-DNA (8 sites)
Mutation analysis

Boyton et al[91], 2003

Stool DNA integrity
KRAS, TP53, APC
BAT 26
Stool DNA integrity
KRAS, TP53, APC
BAT 26
Stool DNA integrity
KRAS, TP53, APC
D2S123, D5S346, D17S250
BAT 25, BAT 26
Stool DNA integrity

Calistri et al[92], 2004

Stool DNA integrity

FL-DNA (8 sites)

Whitney et al[93], 2004

Stool DNA integrity
KRAS, TP53, APC
BAT 26

L-DNA (4 sites)
Mutation analysis
MSI

Imperiale et al[94], 2004

Stool DNA integrity
KRAS, TP53, APC
BAT 26

L-DNA (4 sites)
Mutation analysis
MSI

Kutzner et al[95], 2005

Stool DNA integrity
APC
BAT 26
Stool DNA integrity

L-DNA (4 sites)
Mutation analysis
MSI
L-DNA: Alu-assay (2 sites)

Hybrid
Capture
PCR
RT PCR

Stool DNA integrity
Vimentin
Stool DNA integrity
p16
BAT 26
Stool DNA integrity
KRAS, APC, TP53
BAT 26
Stool DNA test 1

L-DNA (4 sites Locus D, Locus Y)
Methylation analysis
L-DNA: (1476 bp fragments)
Methylation analysis
MSI
L-DNA (4 sites)
Mutations Analysis
MSI

RT PCR

Stool DNA integrity
Vimentin
Stool DNA integrity

L-DNA ( 4 sites, Locus D, Locus Y)
Methylation Analysis
FL-DNA (8 sites)

RT PCR

Calistri et al[101], 2010

Stool DNA integrity
iFOBT

FL-DNA (8 sites)
iFOBT

Kalimutho et al[102],
2011

Stool DNA integrity
Calprotectin

L-DNA (4 sites)
ELISA

QdHPLC

Stool DNA integrity
KRAS
NDRG4, BMP3, vimentin,
TFP12/a-actine

L-DNA
Mutations Analysis
Methylation Analysis

QuARTS

Ahlquist et al[88], 2000

Tagore et al[89], 2003

Calistri et al[90], 2003

Zou et al[96],
2006
Itzkowitz et al[97], 2007
Abbaszadegan et al[98],
2007
Ahlquist et al[99], 2008

Itzkowitz et al[47], 2008
Calistri et al[100], 2009

Ahlquist et al[103], 2012

Assay for Long DNA Case analyzed

MSI
L-DNA (6 sites)

Sensitivity

Specificity

Hybrid
Capture
PCR
Hybrid
Capture
PCR
PCR

CRC: 22
A ≥ 1 cm: 11
HD: 28
CRC: 52
AA: 28
HD: 212
CRC: 56
HD: 38

91%
82%

93%
NA

64%

96%

57%
62%

NA
97%

Hybrid
Capture
PCR
Capillary
Electrophoresis
Magnetic
Bead-Based
Sequence-Specific
Purification
Capture
Hybrid Capture
PCR

CRC: 27
HD: 77

56%

97%

CRC: 85
HD: 59
CRC: 86
HD: 100

76%

93%

70%

96%

52%
15%
8%

95%
NA
NA

65%

91%

44%

100%

88%

82%

64%

95%

PCR

PCR

Capillary
Electrophoresis
Capillary
Electrophoresis

CRC: 31
AA: 407
P: 648
HD: 1423
CRC: 57
HD: 44
CRC: 18
HD: 20
CRC: 40
HD: 122
CRC: 25
HD: 20

CRC: 12
25%
96%
A ≥ 1 cm: 135
17%
NA
A < 1 cm: 469
P: 341
4%
NA
HD: 1473
5%
NA
CRC: 82
83%
82%
HD: 363
CRC: 100
79%
89%
HD: 100
CRC: 26
Cancer risk prediction with
A HR: 264
markers combination
A LR: 54
HD: 216
CRC: 28
86%
81%
A: 69
17%
NA
HD: 95
72%
75%
CRC: 252
85%
89%
A ≥ 1 cm: 133
63%
NA
A < 1 cm: 94
54%
NA
HD: 293

L-DNA: Long-DNA; FL-DNA: Fluorescence long DNA; CRC: Colorectal cancer; A: Adenoma; AA: Advanced Adenoma; A HR: Adenoma high risk; A LR:
Adenoma low risk; HD: Healthy donors; HP: Hyperplasic polyps; NA: Not available; RT-PCR: Real time polymerase chain reaction; QdHPLC: Quantitative
denaturing high performance liquid chromatografy; QuARTS: Quantitative allele specific real-time target and signal amplification; MSI: Microsatellite instability.

detecting CRC[94]. However, results from Imperiale’s study
confirmed that molecular analysis identified CRC and adenomas more accurately than the standard FOBT[94]. Another large study performed by Ahlquist some years later
using a similar approach based on L-DNA evaluation,

mination and BAT26 microsatellite instability evaluation,
reported 91% sensitivity and 93% specificity in detecting
CRC[88]. This high accuracy was not confirmed in a large
multicenter study of more than 4000 subjects conducted
by Imperiale, who reported obtaining 52% sensitivity in
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an assessment of 21 tumor-specific point mutations and
BAT 26 microsatellite analysis reported a sensitivity of
only 25% in detecting cancer[99]. However, the author also
showed that sensitivity could be increased to 58% by using a different molecular approach based on 3 broadly informative markers (KRAS mutation, APC mutator cluster
region and vimentin gene methylation)[99]. Around the same
time, Itzkowitz et al[47] used an approach based on the
analysis of vimentin and different-sized DNA fragments of
different loci, obtaining a sensitivity of 83% and a specificity of 82% in detecting CRC. Other combinations of genetic and epigenetic, MSI and DNA integrity markers has
been tested over the past ten years in an attempt to define
an effective assay for CRC detection. Kalimutho et al[102]
used an approach based on quantitative-denaturing high
performance liquid chromatography detection of APC,
BRAF, KRAS and p53 genes to quantify fecal DNA integrity status. Results showed that the four-gene amplification
analysis increased sensitivity with respect to single gene
amplification, calprotectin evaluation or iFOBT, the latter
two assessed using commercial kits[102]. More recently, a
next generation stool DNA test based on a quantitative allele-specific real-time target and signal amplification assay
was developed with the aim of detecting early-stage CRC,
despite the laboriousness and cost of this approach, a
sensitivity of 85% for CRC and a specificity of 89% were
obtained[103]. Long DNA values have also been evaluated
in combination with iFOBT, showing that a combined approach could better predict the presence of tumor or high
risk adenoma lesions in the colon[101].
An interesting study by Kanaoka et al[104] comparing st
ool cyclooxygenase-2 (COX-2) and CEA mRNA levels revealed that faecal CEA mRNA specificity was lower than
that of COX-2. Furthermore, no significant differences in
median faecal CEA mRNA values between CRC patients
and control subjects were detected by Koga et al[105]. Using the RNA extraction method published by Kanaoka et
al[104], Hamaya et al[106], confirmed significantly higher faecal COX-2 mRNA expression levels in CRC patients than
in controls. Moreover, faecal mRNA levels of CEA, E-cad
and CD45 showed significantly higher values in CRC patients than in controls.

analysis of gene alterations are generally expensive and
time consuming. Furthermore, the evaluation of circulating free DNA exclusively derived from tumor cells represents a useful strategy to monitor disease progression.
In fact, molecular alterations present in metastatic and
primary tumors from the same patient can vary, determining different aggressiveness and/or responsiveness to
treatments. Thus, the possibility of monitoring molecular
alterations using simple tests based on nucleic acids obtained from blood samples could permit a more efficient
assessment of disease status and response to treatments.
Unfortunately, the results from studies carried out
in this area also highlight great variability in terms of
DNA and RNA concentration, yield, and sensitivity and
specificity, indicating the presence of various pre-analytic
(serum preparation with or without coagulation accelerator, interval between collection and centrifugation, storage and cryopreservation of samples) and analytic factors
(type of extraction with organic solvents, commercial
kits, use of magnetic beads) that could influence the diagnostic value of the method. In addition, human faecal
RNA is an understudied type of biospecimen due to the
difficulty of sample preservation[107]. In particular, sample
collection, storage and handling are very important issues
for DNA and RNA extracted from stool and could have
a substantial impact on the performance of a specific
test[107,108]. For these reasons, standardization of sample
collection and analysis is fundamental to ensure good
reproducibility and large, multicenter studies are needed
to clarify the role of these molecular markers in a clinical
setting.
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Core tip: Despite several advances in diagnostic and
therapeutic options, colorectal cancer (CRC) continues
to be a major health problem and one of the leading
causes of cancer-related deaths. The inflammatory
milieu has been widely recognized as one of the enabling characteristics of cancer development. Cysteinyl
leukotrienes are pro-inflammatory eicosanoids implicated in chronic inflammatory bowel diseases and CRC
development. Hence, targeting cysteinyl leukotrienes
and their receptors could provide alternative therapeutic approaches or be used in combination with existing
therapies for more efficient treatment of CRC.
Savari S, Vinnakota K, Zhang Y, Sjölander A. Cysteinyl leukotrienes and their receptors: Bridging inflammation and colorectal
cancer. World J Gastroenterol 2014; 20(4): 968-977 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/i4/968.
htm DOI: http://dx.doi.org/10.3748/wjg.v20.i4.968

Abstract
Long-standing inflammation has emerged as a hallmark
of neoplastic transformation of epithelial cells and may
be a limiting factor of successful conventional tumor
therapies. A complex milieu composed of distinct stromal and immune cells, soluble factors and inflammatory
mediators plays a crucial role in supporting and promoting various types of cancers. An augmented inflammatory response can predispose a patient to colorectal
cancer (CRC). Common risk factors associated with CRC
development include diet and lifestyle, altered intestinal
microbiota and commensals, and chronic inflammatory bowel diseases. Cysteinyl leukotrienes are potent
inflammatory metabolites synthesized from arachidonic
acid and have a broad range of functions involved in
the etiology of various pathologies. This review discusses the important role of cysteinyl leukotriene signaling
in linking inflammation and CRC.

INTRODUCTION
Colorectal cancer (CRC) is a global health care burden,
with more than 1 million new cases diagnosed every year.
It is the third most common malignancy and the fourth
leading cause of cancer-related deaths worldwide[1]. A
diet high in fat but low in fiber, excessive alcohol consumption, obesity and lack of physical activity, disruption
of normal gut microbiota and the presence of long-term
inflammatory bowel diseases (IBDs) such as ulcerative
colitis (UC) and Crohn’s disease (CD) predispose to CRC.
Inflammation is a host-driven response to internal and
external stimuli to counter non-self or self-molecules and
maintain tissue homeostasis. However, chronic inflamma-
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tion can be a major health problem in allergic, cardiovascular, fibrotic, local and systemic inflammatory diseases
and several cancers[2-9]. In 1863, Rudolf Virchow was the
first to speculate about the role of long-term inflammation in cancer based on his observations that cancerous
tissues were frequently infiltrated by leukocytes[10]. Current epidemiological data indicate that more than 25% of
all cancers are related to long-term infections and other
types of unresolved inflammation[11-13]. Evidence from
observational studies and randomized trials concerning
the protective action of non-steroidal anti-inflammatory
drugs (NSAIDs) such as aspirin have indicated not only
a reduced long-term risk of esophageal, gastric, biliary,
breast, prostate, lung, and CRC but also a lowered risk
of metastasis[14-18]. Inflammation present in the tumor
microenvironment is characterized by high leukocyte infiltration, ranging in size, distribution and composition,
such as tumor-associated macrophages (TAMs), mast
cells, dendritic cells (DCs), natural killer cells (NKs), neutrophils, eosinophils and lymphocytes[19-21]. These cells
produce a variety of cytotoxic mediators such as reactive
oxygen and nitrogen species, serine and cysteine proteases, membrane-perforating agents, matrix metalloproteinases, pro-inflammatory cytokines, interferons (IFNs) and
increased levels of enzymes such as cyclooxygenase-2
(COX-2), 5-lipoxygenase (5-LOX) and phospholipase A2
(PLA2), hence contributing to carcinogenesis[22-25]. This
review addresses the role of cysteinyl leukotrienes in
inflammation-induced colorectal carcinogenesis.

covery of the role of anti-inflammatory compounds such
as aspirin on prostaglandin metabolism, the scientists
Bengt Samuelsson, John Vane and Sune Bergström were
awarded the Nobel Prize for Physiology and Medicine in
1982.
AA, which is stored as diacylglycerol (DAG), is released from the phosphatidylinositol 4,5-bisphosphate
(PIP2) present in the outer nuclear envelope of cells,
from which it is mobilized into the cytoplasm either by
activation of calcium-dependent cytosolic PLA2 or by the
combined action of phospholipase C (PLC) and DAG
lipase[26,28]. Once in the cytosol, AA can be enzymatically metabolized in a three-directional manner either by
cytochrome P450 or by the COX pathway into prostaglandins, prostacyclins or thromboxanes, or through the
5-LOX pathway into leukotrienes A4 (LTA4), B4 (LTB4),
C 4 (LTC 4), D 4 (LTD 4) and E 4 (LTE 4) (Figure 1). The
last three alternative derivatives to LTA4 are collectively
termed “cysteinyl leukotrienes” (CysLTs) owing to the
presence of a cysteine residue and are structurally similar
but functionally distinct. The role of these eicosanoids in
maintaining intestinal epithelial cell homeostasis is well
documented[29-32]. Various epidemiological, clinical, and
laboratory studies have shown that dysregulation of the
COX and LOX pathways results in chronic inflammation
and subsequently cancer[14,29].

LEUKOTRIENES AND THEIR RECEPTORS
The term leukotriene is derived from the two words leuko
for white blood cells and trienes, meaning three conjugated double bonds, indicating that the ability to generate
LTs from AA is largely restricted to leukocytes[28].
Synthesis of LTs is initiated by 5-LOX in concert
with 5-lipoxygenase-activating protein (FLAP). The latter
does not exhibit any enzymatic activity but facilitates the
interaction between 5-LOX and its substrate AA. The
first step in this pathway is oxygenation of AA to yield
unstable 5-hydroperoxyeicosatetraenoic acid (5-HPETE),
which immediately undergoes dehydration to form LTA4.
Further metabolism of LTA4 either generates LTB4 by the
action of LTA4 hydrolase (LTA4-H) or leads to conjugation with glutathione in the presence of LTC4 synthase
(LTC4-S) or glutathione S-transferase to yield LTC4. After carrier-mediated transport of LTB4 and LTC4 to the
extracellular milieu, LTC4 can be further metabolized to
LTD4 through the cleavage of glutamic acid from the
glutathione moiety, and additional glycine cleavage yields
LTE4[28,33] (Figure 1).
5-LOX is expressed predominantly by neutrophils,
eosinophils, monocytes, macrophages and mast cells.
Although nonleukocytes express 5-LOX and FLAP to
a lesser extent and are not believed to synthesize appreciable amounts of LTs, expression of LTA4-H and/or
LTC4-S, uptake of exogenous LTA4 and further metabolization is possible, via a process referred to as transcellular biosynthesis[34].
CysLT signaling is initiated upon binding of a li-

EICOSANOIDS
Eicosanoids, from the Greek word “eicosa” meaning
“20,” are biologically active lipophilic molecules predominantly metabolized from arachidonic acid (AA), a
20-carbon polyunsaturated essential fatty acid, that are
involved in physiological processes such as inflammation[14]. AA belongs to the ω-6 family of polyunsaturated
fatty acids and is usually found esterified at the second
carbon position in the phospholipids of membranes. It
serves as a precursor to several lipid pro-inflammatory
mediators such as prostaglandins (PGs), prostacyclins,
thromboxanes (TXAs), lipoxins and leukotrienes (LTs),
which have individual as well as overlapping functions in
acute and chronic inflammation[26]. Aberrant AA metabolism is often linked to production of pro-inflammatory
eicosanoids, chronic inflammatory diseases and carcinogenesis. The first eicosanoids were discovered in the
1960s, although in 1930 scientists had found that certain
substances present in biological fluids such as sputum
had the potential to induce contraction and relaxation in
smooth muscles; they termed them“slow-reacting substances of anaphylaxis.” Despite these early observations,
it was not until 1979 that “leukotrienes” were identified
and defined by Samuelsson and co-workers for their biological effects in inflammatory processes[27]. On account
of their fundamental and seminal work on different
eicosanoids, mainly the prostaglandins, and for their dis-
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Figure 1 Overview of arachidonic acid metabolism. Arachidonic acid (AA) is a polyunsaturated fatty acid found in the phospholipids of cell membranes. AA is mobilized into the cytoplasm mostly by the activation of calcium-dependent cytosolic phospholipase A2 (cPLA2). Free AA in the cytosol can be enzymatically metabolized
to eicosanoids through three major pathways: the cytochrome P450, cyclooxygenase (COX) and/or 5-lipoxygenase (5-LOX) pathways. In the P450 pathway, AA is
metabolized to epoxyeicosatrienoic acids (EETs), hydroxyeicosatetraenoic acids (HETEs) and hydroperoxyeicosatetraenoic acids (HPETEs). In the COX pathway, AA
is enzymatically converted to the intermediate prostaglandin H2 (PGH2), which is then sequentially metabolized to prostanoids, including prostaglandins (PGs), such
as PGE2, PGF2, PGD2 and PGI2, and thromboxanes (TXs) such as TXA2 by specific prostaglandin and thromboxane synthases. In the LOX pathway, AA is metabolized by 12- and 15-LOX to 8-, 12- and 15-HPETE or by 5-LOX and 5-lipoxygenase activating protein (FLAP) to intermediary 5-HPETE. 5-HPETE is further processed
to form leukotrienes (LTs), the first of which is the unstable leukotriene A4 (LTA4). LTA4 is subsequently converted to leukotriene B4 (LTB4) by LTA4 hydrolase or together
with glutathione to leukotriene C4 (LTC4) by LTC4 synthase and glutathione-S-transferase. LTC4 is converted by ubiquitous enzymes to form leukotriene D4 (LTD4) and
leukotriene E4 (LTE4). The members of the multidrug resistance-associated protein (MRP) family are efflux transporters for both PGs and LTs. The cysteinyl leukotrienes (CysLTs) LTC4, LTD4 and LTE4 act via G protein-coupled receptors CysLT1R and CysLT2R at the cell surface and induce different signaling mechanisms.

taxis[43-46].
LTB4 also plays a pivotal role in inflammatory processes such as leukocyte chemoattraction, particularly of
granulocytes and T cells, induction of rapid invasion and
recruitment of these cells to the plasma membrane of
endothelial cells, production of reactive oxygen species,
and induction of gene expression[47,48]. LTB4 mediates
its signaling via two GPCRs: BLT1 and BLT2[49,50]. BLT1
binds to LTB4 with an affinity higher than that of the
BLT2 receptor. The tissue distribution of the two receptors is quite different. Whereas BLT1 expression in both
mice and humans has been reported to be predominantly
restricted to peripheral leukocytes, BLT2 expression in
humans appears to be fairly ubiquitous, with the highest

gand to one of the two G-protein-coupled receptors
(GPCRs), CysLT1R and CysLT2R located at the plasma
membrane[35,36], although the presence of other CysLT
receptors such as GPR17, P2Y12, and CysLTER have also
been suggested[37-39]. Both CysLT1R and CysLT2R can also
be localized to the nuclear membrane, since CysLT1R has
a bipartite nuclear localization sequence and CysLT2R
possesses an interferon regulatory 7 (IRF7) site, which in
turn carries a nuclear localization sequence domain[40-42].
While the affinity of CysLT 1R for LTD 4 is high, the
CysLT2R has a low but an equal affinity for LTD4 and
LTC4[35,36]. Functionally, CysLTs induce smooth muscle
contraction, vascular leakage, eosinophil recruitment in
inflammatory diseases, mucus production and chemo-
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level observed in the spleen, liver, and lymphocytes[51].

eases such as asthma, psoriasis, rheumatoid arthritis
and IBD[68], LTB4 has pro-tumorigenic effects in breast
cancer, melanoma, lymphoma, and head and neck carcinoma[69-72]. Increased expression of LTB4 and its receptor
BLT1 have been demonstrated in human CRC tissue[73].
Ihara et al[73] demonstrated significant expression of BLT1
in the colon cancer cell lines Caco-2 and HT-29. Using
both the 5-LOX inhibitor AA-861 and selective BLT1
antagonist U75302 in these cell lines, the authors showed
induction of apoptosis and reduced proliferation [73].
LTB4-stimulated extracellular signal-regulated kinase (Erk)
activation in these cancer cells was also abrogated by
U75302. A subsequent study investigated the effectiveness of another LTB4 receptor antagonist (LY293111) in
combination with gemcitabine, an anti-tumor adjuvant
and radiosensitizer, on the proliferation rate of human
colon cancer cell lines LoVo and HT-29 in an athymic
heterotrophic xenograft mouse model and found a significant reduction in tumor growth due to apoptosis via the
mitochondrial pathway[74]. The findings from these and
several other studies emphasize the role of LTB4 signaling in colon cancer cells and warrant the use of specific
LTB4 receptor antagonists to suppress CRC expansion.
Among the eicosanoids derived from the COX-pathway, PGE2 is the most abundant and extensively studied
in cancer, including CRC[29]. In both the spontaneous
adenomatous polyposis coli (Apc)Min/+ mouse model of
intestinal cancer and the azoxymethane (AOM)-induced
CRC mouse model, PGE2 has been shown to increase
the tumor burden[75,76]. Selective inhibition of PGE2 synthesis, through genetic deletion of microsomal PGES
(mPGES-1), significantly reduced tumor formation in an
ApcMin/+ and AOM-induced mouse model of intestinal
and CRC, respectively, and further established the role of
PGE2 in tumorigenesis[77,78].
Increased expression of the enzymes responsible for
production of PGs and LTs-COX-2 and 5-LOX, respectively has been documented in human colorectal adenocarcinomas compared with adjacent normal mucosa[79-81].
Various clinical trials over the past two decades have
highlighted the use of eicosanoid-depressing and antiinflammatory drugs in the prevention and treatment of
CRC. Two groups of compounds have shown promising
results: aspirin (NSAID) and celecoxib (COX-2 selective
inhibitor)[82].

CYSTEINYL LEUKOTRIENES AND THEIR
RECEPTORS IN COLORECTAL CANCER
IBD and colorectal cancer
Inflammation and CRC initiation and dissemination go
hand in hand[10,52]. The most well-established connection
exists between IBD-both UC and CD- and CRC[53-55].
“IBD” is a name given to a group of prolonged inflammatory disorders of the intestinal tract associated with
debilitating symptoms and epithelial damage. The risk
of developing CRC is 30%-50% higher in patients with
IBD[56,57]. IBDs are characterized by increased leukocyte
infiltration into the intestinal wall, where they can induce non-specific inflammation through activation and
production of AA-derived pro-inflammatory metabolites such as LTs and PGs and subsequent tissue injury.
Thus, the gastrointestinal tract is richly supplied with
these eicosanoids that mediate several gastrointestinal
diseases, including cancers. High levels of LTs such as
LTE4 have been detected in the urine of patients with
UC and CD[58,59]. Among CysLTs, the presence of LTD4
at an IBD site increases the risk of consequential cancer
development, and specific LTD4 antagonists have been
shown to reduce colonic inflammation[60]. Although UC
is fundamentally similar to CD, a few differences exist,
primarily the presentation of a cytokine profile with a T
helper 2 (Th2) antibody-mediated response[61]. CD is an
autoimmune disease associated with T helper 1 (Th1)mediated cytokines such as interleukin-12 (IL-12), IFN-γ
and tumor necrosis factor-alpha (TNF-α)[61,62].
Colitis-associated cancer (CAC) is known to be highly
infiltrated by several cells of the innate immune system,
including neutrophils, mast cells, NKs, DCs and TAMs[63].
Moreover, recent evidence supports the concept that
malignant tumors also recruit a specific subpopulation of
myeloid cells called myeloid-derived suppressor cells[64].
These cells share some characteristics with monocytes,
macrophages, neutrophils, and DCs and help suppress
any potential anti-tumor immune response and tumor
angiogenesis. As in several cancers, including CRC, in
which the major inflammatory cellular components are
macrophages, TAMs contribute immensely to cancer
growth and expansion. TAMs are macrophages that display an M2 type (alternatively activated phenotype) and
secrete high levels of Th2 cytokines, growth factors and
inflammatory mediators that promote tumor growth,
angiogenesis, and metastasis[65,66]. We have observed a
high intra-tumoral density of TAMs in colon cancer tissue compared with the adjacent normal tissue, and M2
macrophages were required for effective colon cancer
cell migration via factors derived from M2 macrophages
and their association with signal regulatory protein alpha
(SIRP-α) through CD47[67].

Cysteinyl leukotrienes, their receptors and colorectal
cancer
Upregulated expression of CysLT1R has been observed
in several human cancers, including transitional cell
carcinoma (TCC) in the bladder, neuroblastomas, and
brain, prostate, breast, and CRCs[6,80,83-86]. We have shown
that high CysLT1R tumor expression is associated with a
poor survival prognosis in breast and CRC patients[80,86],
whereas concomitant low CysLT1R and high CysLT2R
expression indicate a good prognosis in CRC patients[87].
We have also demonstrated high CysLT1R expression in
established colon cancer cell lines[42,80]. The CysLT1R and

Eicosanoids and colorectal cancer
Apart from its role in inflammation-associated dis-
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membrane ruffles through phosphoinositide 3-kinase (PI3K) signaling, which in turn stimulates protein kinase Akt/PKB and the small GTPases Rho and Rac. Akt/PKB
can inhibit glycogen synthase kinase-3 β (GSK-3β), which comprises the destruction complex for cytosolic β-catenin together with Axin and adenomatous polyposis
coli (APC). Inhibition of the destruction complex leads to the accumulation of β-catenin in the cytosol and translocation to the nucleus. In the nucleus, β-catenin interacts primarily with members of the T-cell factor/lymphoid enhancer factor (TCF/LEF) family of transcription factors to activate target genes, leading to the expression
of various proteins, such as cyclin D1, COX-2 and c-Myc, which contribute to diverse cellular processes, including proliferation and migration. LTD4-CysLT1R signaling also regulates cell proliferation via mitogen-activated protein kinase (MAPK)/extracellular signal-regulated kinase (Erk) pathways. LTD4-CysLT1R in turn activates
phospholipase C (PLC), Raf-1 and mitogen-activated protein kinase kinase (MEK-1/2). This activation leads to the translocation of p-Erk from the cytosol to the
nucleus and interaction with p90RSK, which can activate various transcription factors. Conversely, LTD4-CysLT1R mediates survival through protein kinase Cα (PKCα)
and the transcription factor cAMP response element-binding protein (CREB). β-cat: β-catenin.

CysLT2R expression ratio seems to be important in the
disease etiology of CRC. Accordingly, we have shown
that these two receptors are co-localized and form hetero- and homodimers in a human intestinal epithelial cell
line and that LTC4 stimulation of CysLT2R negatively
regulates the plasma membrane expression of CysLT1R
by inducing internalization of the receptor heterodimer
complex[88]. The expression of CysLT1R has also been
positively correlated with the cell survival factors COX-2
and Bcl-x L in tumor specimens from patients with
CRC[80].
We have previously observed that LTD4, via CysLT1R,
induces upregulation of proteins associated with CRC
- such as COX-2, β-catenin, and Bcl-2 - in intestinal epithelial cells[89]. Upregulation of β-catenin expression was
shown to be dependent on phosphoinositide 3 kinase

WJG|www.wjgnet.com

(PI3K)-glycogen synthase kinase 3β (GSK-3β) signaling [30]. Moreover, our previous work has shown that
LTD4-induced CysLT1R signaling results in cell proliferation, survival, and migration through distinct signaling
pathways. LTD 4-induced CysLT 1R-signaling through
cAMP response element-binding protein (CREB) and
p90 ribosomal s6 kinase (p90RSK) was shown to induce
survival and proliferation, respectively, while inducing migration via the PI3K-Rac signaling pathway[90,91] (Figure 2).
COX-2 expression has also been detected in various
colon cancer cells[92], and we have shown that LTD4 via
CysLT1R enhances survival by activating the mitogenactivated protein kinase kinase (Mek)/Erk signaling pathway and increasing COX-2 and subsequent Bcl-2 expression in the colon cancer cell line Caco-2[93]. Furthermore,
we have demonstrated that LTD4 via CysLT1R induces
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via the Erk1/2 pathway[103]. In line with aforementioned
data, we have demonstrated in a nude mouse xenograft
model of colon cancer that reduction of tumor growth
can be accomplished with CysLT1R antagonist treatment.
The molecular mechanisms underlying the observed inhibition of tumor growth was attributed to the reduction in
proliferation, induction of apoptosis and impairment of
angiogenesis[104].
We have also shown that the CysLT1R antagonist
ZM198,615 reduces proliferation in the colon cancer cell
lines Caco-2 and SW480[105]. Cianchi et al[106] reported the
additive effects of the COX-2 selective inhibitor celecoxib, when combined with either the 5-LOX inhibitor
MK886 or CysLT1R antagonist LY171883, in reducing
the proliferative ability of Caco-2 and HT29 cells. The
combined treatment was also shown to induce apoptosis,
whereas none of these compounds had any effect alone.
The COX pathway is the most extensively studied
among eicosanoid pathways in CRC prevention and/or
therapy. However, the cardiovascular side effects associated with long-term usage of NSAIDs and selective
COX-2 inhibitors have raised some concerns. Other approaches are being explored, such as inhibition of 5-LOX
activity. Simultaneous dual inhibition of COX-2 and
5-LOX activity could possibly provide a more effective
and tolerable therapy than COX-inhibition alone. Accordingly, the anti-tumor effects of celecoxib in colon cancer
cells were augmented when combined with inhibition of
5-LOX activity using the FLAP inhibitor MK886[106]. The
combined inhibition of COX-2 and 5-LOX activity have
also shown a more pronounced anti-tumor growth effect
in a cigarette smoke-promoting mouse xenograft model
of CRC[107]. However, targeting either the COX or LOX
pathway alone resulted in a shunt toward the other pathway, except in the latter study, in which a shunt was observed when COX-2 activity was targeted with celecoxib.
The abovementioned studies investigated the effects on
CRC growth targeting the eicosanoid production in epithelial cells. However, the activity of 5-LOX of mast cells
was also shown to be important in intestinal polyp formation in APC∆468 mice. The mast cells were found to utilize
5-LOX to promote proliferation of intestinal epithelial
cells and recruit myeloid-derived suppressor cells to the
polyp site[108]. Another possible effective chemopreventive
option against CRC could be the modification of AA metabolism. ApcMin/+ mice with the fed diets containing highly purified ω-3 polyunsaturated fatty acids were shown
to have their mucosal AA replaced, presumably with a
reduction in the production of pro-inflammatory mediators. Reduced polyp formation could be observed in both
the intestine and the colon of these mice. These effects
were associated with significantly decreased proliferation,
COX-2 expression, and nuclear β-catenin accumulation,
as well as a concomitant increase in apoptosis in the intestinal epithelium[109]. A reduction in size and number of
rectal polyps has also been observed in patients with hereditary CRC (familial adenomatous polyposis, FAP) who
have undergone colectomy and received highly purified
[110]
ω-3-polyunsaturated fatty acids .

increased proliferation and migration in the colon cancer
cell line HCT-116, probably via the GSK-3β/β-catenin
pathway with subsequent increased transcription of the
target genes MYC and CCD1[94]. By contrast, decreased
expression of CysLT2R has been observed in different
colon cancer cell lines (Caco-2 and SW480) compared
with an epithelial intestinal cell line, and LTC4 stimulation
of CysLT2R has been shown to induce differentiation as
demonstrated by increased intestinal alkaline phosphatase activity in Caco-2 cells[42]. In the same colon cancer
cell line, anti-tumorigenic IFN-α was shown to induce
CysLT2R promoter activity and expression, whereas mitogenic epidermal growth factor (EGF) displayed the opposite effect, suppressing CysLT2R promoter activity and
expression. LTC4-mediated CysLT2R signaling suppressed
EGF-induced cell migration, and IFN-α induced expression of the differentiation marker mucin-2 and alkaline
phosphatase activity[95].
These results indicate potential pro- and anti-tumorigenic properties conveyed by CysLT1R and CysLT2R,
respectively, in CRC.

LEUKOTRIENE RECEPTOR ANTAGONISTS
AND LEUKOTRIENE SYNTHESIS
INHIBITORS
CysLT1R antagonists have been used in studies of inflammatory diseases such as rheumatoid arthritis and atherosclerosis[96,97]. The CysLT1R antagonists pranlukast, zafirlukast and montelukast are commercially available and
are currently in clinical use to treat asthmatic patients[98].
Emerging data suggest that the pro-inflammatory CysLTs
might have an important role in solid tumors.
CysLT1R antagonist treatment has been shown to
inhibit tumor growth by inducing apoptosis in a variety
of human urological cancer cell lines (e.g., renal cell carcinoma, bladder cancer, prostate cancer, and testicular
cancer)[99]. Montelukast has been shown to induce early
apoptosis in a bladder transitional cell carcinoma (TCC)
cell line, as well as in three different prostate cancer cell
lines[6,83]. In addition, montelukast has been shown to induce the intrinsic apoptotic pathway, resulting in cleavage
of caspases 3 and 9, and cell cycle arrest in neuroblastoma cell lines[84].
Studies in CysLT1R-deficient mice have revealed its
role in enhanced vascular permeability during an acute
inflammatory response[100]. Pranlukast and montelukast
have been shown to reduce vascular permeability by regulating vascular endothelial growth factor (VEGF) expression in allergen-induced asthmatic lungs of mice[101]. Furthermore, the two abovementioned CysLT1R antagonists
have been shown to inhibit the permeability of peripheral capillaries, thereby preventing tumor metastasis in a
Lewis lung carcinoma metastasis model[102]. Proliferation
and migration of endothelial cells are needed to form
new vessels, a process required in cancer development.
Montelukast has been shown to reduce LTD4-CysLT1Rmediated migration of the endothelial cell line EA.hy926
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CONCLUSION

16

Deregulated AA metabolism creates an imbalance in the
tissue homeostatic events of proliferation, regeneration
and repair, and host defense. Additionally, deregulated
AA metabolism contributes to sustained inflammatory processes that could result in CRC development.
Among the implicated inflammatory mediators are the
eicosanoids, such as CysLTs. Thus, the modification of
CysLT signaling could pave the way for the development
of new personalized medicine for patients with CRC[104].
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Accumulation of aberrant DNA methylation during
colorectal cancer development
Eiji Sakai, Atsushi Nakajima, Atsushi Kaneda
epigenotypes of CRC. In addition, specific DNA methylation already occurs in the normal colonic mucosa,
which might be utilized for prediction of the personal
CRC risk. DNA methylation is suggested to occur at an
earlier stage than carcinoma formation, and may predict the molecular basis for future development of CRC.
Here, we review DNA methylation and CRC classification, and discuss the possible clinical usefulness of DNA
methylation as biomarkers for the diagnosis, prediction
of the prognosis and the response to therapy of CRC.
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Core tip: Colorectal cancer (CRC) is a heterogeneous
disease which involves several distinct molecular carcinogenetic pathways. Recent comprehensive genomewide analyses clarify detailed DNA methylation statuses
of cancer-related genes in CRC. We and others have
investigated the association between DNA methylation
and genetic alterations, and performed classification
of CRC/their precursors, including conventional adenomas, serrated adenomas, non-polypoid colorectal
neoplasms and aberrant crypt foci. In addition, we also
evaluated the usefulness of DNA methylation markers
as surrogate biomarkers for diagnosis, prognosis and
therapeutic application of CRC. Here, we review the
DNA methylation status and classification of CRC to
understand the roles of DNA methylation in colorectal
carcinogenesis.

Abstract
Despite the recent advances in the therapeutic modalities, colorectal cancer (CRC) remains to be one of the
most common causes of cancer-related death. CRC
arises through accumulation of multiple genetic and
epigenetic alterations that transform normal colonic epithelium into adenocarcinomas. Among crucial roles of
epigenetic alterations, gene silencing by aberrant DNA
methylation of promoter regions is one of the most important epigenetic mechanisms. Recent comprehensive
methylation analyses on genome-wide scale revealed
that sporadic CRC can be classified into distinct epigenotypes. Each epigenotype cooperates with specific
genetic alterations, suggesting that they represent
different molecular carcinogenic pathways. Precursor
lesions of CRC, such as conventional and serrated adenomas, already show similar methylation accumulation to CRC, and can therefore be classified into those
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occur at an earlier stage than carcinoma formation, and
is already completed at the adenoma stage. In this review,
we focus on the importance of DNA methylation and
provide an overview of the classification of CRC and
their precursors, and discuss the clinical applications of
aberrant DNA methylation as biomarkers for the diagnosis, prediction of the prognosis and the response to
therapy of CRC.

dx.doi.org/10.3748/wjg.v20.i4.978

INTRODUCTION
Colorectal cancer (CRC) arises through accumulation of
multiple acquired genetic and epigenetic alterations that
cause malignant transformation of normal colonic epithelium to adenocarcinoma[1,2]. These carcinogenetic processes were first described in the model of the adenomacarcinoma sequence[3], and somatic mutations of tumorsuppressor genes (e.g., APC, p53 and DCC) and activating
mutations in the KRAS oncogene are well-known genetic
alterations involved in this model[3-5] (Table 1).
CRC can be biologically divided into those with microsatellite instability (MSI), characterized by DNA replication and repair defects, and those with chromosomal
instability (CIN), characterized by aneuploidy, multiple
chromosomal rearrangements and accumulation of
somatic mutations in oncogenes[6]. These genomic instabilities have been reported to be closely associated with
the molecular heterogeneity of CRC[7], which is a factor
responsible for the significant variability in the prognosis
and treatment response among patients with the same
stage of CRC[8]. Since the distinct molecular subtypes of
CRC are difficult to be accurately distinguished histologically or clinically, technologies that can detect significant
molecular alterations in CRC on genome-wide scale
had been expected to be developed. Recently, exome
sequencing analyses revealed the involvement of many
somatic mutations of genes, including SMAD4, FBXW7,
TCF7L2, and FAM123B[9-11]. Although hundreds of mutations, on average, are found in genomes of CRC, only
a small set of functionally important genes are proposed
to be involved with cancer formation as driver genes in
individual cancer[11]. Whereas key mutational changes are
necessary for the initiation and progression of CRC, the
number of genes silenced by epigenetic mechanisms is
greater than the number of genetic mutations in CRC[11],
suggesting a crucial role of epigenetic alterations.
Recently, we and other groups performed epigenotyping of CRC, by unsupervised hierarchical clustering
method using comprehensive and quantitative methylation data (Table 2). These results demonstrated that CRC
can be clearly clustered into three DNA methylation
epigenotypes[12-14]. Interestingly, each of the epigenotypes
showed a unique association with a variety of genetic
mutations (i.e., BRAF, KRAS and TP53) and the genomic
instability status of sporadic CRC, indicating that they
develop through distinct carcinogenetic pathways. Moreover, the intermediate-methylation subtype with KRAS
mutation showed a poorer prognosis than other subtypes,
suggesting that the DNA methylation status could be
used as prognostic markers. Subsequently, we conducted
epigenotyping of conventional adenomas and serrated
adenomas, and showed that these precursor lesions of
CRC can also be classified into the three epigenotypes[15].
These findings suggested that epigenotype development
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ABERRANT DNA METHYLATION ON
GENE PROMOTERS
Two major types of epigenetic alterations closely linked
to CRC are aberrant DNA methylation and covalent histone modifications[16]. Gene silencing by aberrant DNA
methylation of its promoter region is one of the most
important epigenetic mechanisms to inactivate the expression of tumor-suppressor genes. While the majority
of CpG sites in the genome are known to be methylated
in normal mammalian cells, unmethylated CpG sites are
typically present in the genomic regions known as CpG
islands. CpG islands are reported to overlap the promoter
regions in 60%-70% of genes and tend to be protected
from methylation; however they can be aberrantly methylated during the carcinogenetic process[17]. Investigation
of genes using aberrant methylation as markers is useful
to identify novel tumor-suppressor genes and methylation markers for cancer classification [18-23]. Therefore,
several methods for genome-wide analysis have been developed since the 1990’s[24-28]. These epigenetic alterations
have been noted to play crucial roles not only in cancer
progression, but also in cancer initiation, since the alterations have been identified in the pre-cancerous “normal”
tissues that could modify cancer risk [2,29-31]. Recently,
genome-wide DNA methylation analysis tools have been
developed to reveal the detailed epigenetic backgrounds
of CRC[12-14]. Importantly, gene silencing resulting from
aberrant DNA methylation cooperates with other genetic
mechanisms to alter the key molecular pathways critical
in colorectal carcinogenesis[29] (Figure 1).

CLASSIFICATION OF CRC USING DNA
METHYLATION INFORMATION
CpG island methylator phenotype
In 1999, Toyota et al[21] reported that some CRCs show a
significantly high frequency of aberrant DNA methylation in specific CpG islands, named CpG island methylator phenotype (CIMP). CIMP-positive CRC shows
DNA hypermethylation at a specific subset of genomic
loci[32,33] and is highly enriched for an activating mutation
of BRAF[34,35]. Hypermethylation of CpG islands in gene
promoter regions results in transcriptional repression.
For example, CIMP-mediated gene silencing of the mismatch repair gene MLH1 by promoter hypermethylation
is the molecular basis for MSI in sporadic microsatelliteunstable CRC, and most sporadic microsatellite-unstable
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Table 1 Colorectal carcinogenic pathways and genetic alterations
MSI

Methylation

KRAS

BRAF

TP53

Reports

Adenoma-carcinoma sequence

-

+/-

++

-

+

Serrated pathway

+

++

+

++

+/-

De novo pathway

-

-

+

-

-

Grady et al[1]
Vogelstein et al[3]
Howkins et al[32]
Weisenberger et al[35]
Yashiro et al[58]
Kinney et al[59]

MSI: Microsatellite instability.

Table 2 Reports on colorectal cancer classification by methylation information
Ref.

Marker selection

Methylation analysis methods

Classification method

Methylation phenotypes

Genome-wide (MCA-RDA)

COBRA

Methlation frequency

MethyLight markers

MethyLight

Hierarchical clustering

Ogino et al[39]

Reported markers

MethyLight

Methylation frequency

Shen et al[13]

Reported markers

Hierarchical clustering

Yagi et al[14]

Genome-wide (MeDIP-chip)

Pyrosequence
COBRA
MCA
MSP
MassARRAY

CIMP+
CIMPCIMP+
CIMPCIMP-high
CIMP-low
CIMP-0
CIMP1
CIMP2
CIMP-negative

Hinoue et al[12]

Genome-wide (Infinium 27k)

MethyLight

Hierarchical clustering

Toyota et al[20]
Weisenberger et al[35]

Hierarchical clustering

HME
IME
LME
CIMP-H
CIMP-L
Non-CIMP

CIMP: CpG island methylator phenotype; MCA: Methylated CpG island amplication; RDA: Representation difference analysis; COBRA: Combined bisulfite restriction analysis; MSP: Methylation-specific PCR; MeDIP: Methylated DNA immunoprecipitation; LME: Low-methylation epigenotype; IME:
Intermediate-epigenotype; HME: High-methylation epigenotype.

CRC are therefore CIMP-positive[36]. CIMP-positive CRC
inversely correlates with CRC with CIN[37,38], tends to occur in the proximal colon, and is commonly observed in
women[32], suggesting that they appear to develop distinct
carcinogenetic pathway from CIMP-negative CRC.

methylation data of 27 previously reported gene promoter and genetic alterations, including mutations of
BRAF, KRAS, and p53, Shen et al[13] proposed that CRC
can be classified into three subsets, CIMP1, CIMP2, and
CIMP-negative. This report successfully showed the existence of three clusters of CRC with different molecular
characteristics: (1) CIMP1 with MSI-high (80%), BRAF
mutation (53%) and high-methylation; (2) CIMP2 with
KRAS mutation (92%) and different methylation; and
(3) CIMP-negative with p53 mutation (71%) and absence
of these methylations. Integrated genetic and epigenetic
analysis was found to be important, and genetic markers
performed better than epigenetic markers in their classification of CRC[13].
To clarify whether CRC can be classified into more
than two subsets using information on methylation accumulation alone, we performed comprehensive two-way
unsupervised hierarchical clustering, using quantitative
methylation data of genome-widely selected novel markers that were established through MeDIP-chip analysis.
We demonstrated that CRC can be clearly classified into
three distinct epigenotypes: high-, intermediate-, and lowmethylation epigenotypes (HME, IME, and LME). HME
was strongly correlated to the presence of the BRAF
mutation (71%) and MSI-high (76%), and IME was

DNA methylation markers and CRC epigenotypes
Since the first CIMP markers were identified by Toyota et
al[20,21], many other CIMP markers have been described,
e.g., MLH1, NEUROG1, SOCS1, RUNX3, IGF2 and
CACNA1G[18-22,35]. Using quantitative real-time PCR,
Ogino et al[39] selected five CIMP markers to distinguish
high from low levels of CIMP-mediated gene promoter
methylation, and found that CIMP-low CRC tends to be
associated with male sex and KRAS mutations. CIMPlow appears to be independent of the MSI status, suggesting that CIMP-low might be a different subtype
of CRC from CIMP-high and CIMP-0. However, no
clear difference was observed between CIMP-low and
CIMP-0, because these methylation markers were specific
for CIMP-high and not ideal for identification of the
CIMP-low subtype. Sensitive and specific markers for
CIMP-low were needed to be determined.
According to the results of unsupervised two-way
hierarchical clustering based on the quantitative DNA
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Figure 1 Carcinogenetic pathway and classification of colorectal cancer. Colorectal cancer (CRC) arises through accumulation of multiple acquired genetic and
epigenetic alterations. Adenomas and CRCs can be classified into several sub-groups based on the status of DNA methylation and associated genetic mutations,
suggesting that the different types of CRC developed through different molecular carcinogenetic pathways. DNA methylation accumulation occurs during aberrant cell
expansion and is usually completed at adenoma stage. Non-polypoid colorectal neoplasms are hypothesized to develop through de novo pathway, whereas the epigenetic features of laterally spreading tumors have not yet been fully investigated.

strongly correlated to the presence of the KRAS mutation (63%)[14]. In our analysis, p53 mutation was absent in
HME, but was detected in both IME and LME. It was
noteworthy that the methylation markers were clustered
into two groups: (1) Group-1 markers included most of
the known CIMP markers and showed methylation specifically in HME CRC; and (2) Group-2 markers including novel methylation markers which showed methylation
in both HME and IME. It was also noteworthy that
patients with IME KRAS-mutation(+) CRC showed a
significantly worse prognosis.
Subsequent to our report, Hinoue et al[12] performed
DNA methylation profiling of CRC using Illumina Infinium DNA methylation beadarray, and reported that
CRC can be classified into three distinct epigenotypes
(CIMP-H, CIMP-L and Non-CIMP), consistent with
previous reports[13,14]. Genetic and epigenetic features of
CIMP-H/CIMP-L CRC are also in agreement with those
observed in the CIMP1/CIMP2 CRC[13] and the HME/
IME CRC[14]. According to the frequency of p53 mutation, they proposed that non-CIMP CRC could be classified into two distinct sub-groups; one with a significantly
higher frequency of p53 mutations (65%) and frequent
occurrence in the distal colon, and the other with absence
of both cancer-specific DNA methylation and gene mutations, and more frequent occurrence in the rectum.

from conventional adenomas through the adenomacarcinoma sequence[3], whereas the serrated pathway has
been considered as an alternative pathway distinct from
the adenoma-carcinoma sequence. The serrated pathway
is known to involve mutation of BRAF, MLH1 methylation and CIMP[34,35]. While serrated adenomas are commonly CIMP-high and carry the BRAF mutation[34,40-45],
conventional adenomas rarely exhibit these genetic and
epigenetic alterations[40]. In addition, the risk factors for
CIMP-high serrated adenomas are reported to be similar to those of CRC with CIMP[40]. Serrated adenoma is
therefore considered to be a precursor of CIMP-positive
CRC. Although CIMP-high and BRAF mutation were
frequently observed at the adenoma stage, the prevalence of MLH1 methylation was lower than that of
CRC with CIMP[40-42,45]. Interestingly, MLH1 methylation
was more frequently observed in proximal, large serrated
adenomas[40], suggesting that MLH1 methylation is a late
event in the serrated pathway, and heralds the transition
from serrated adenoma to CRC, involving the mutator
phenotype.
Epigenotype of conventional adenomas
While the genetic and epigenetic features among conventional and serrated adenomas have been demonstrated to
be widely different, existence of DNA methylation phenotypes within conventional adenomas and their correlation to genetic mutations were not fully investigated. We
investigated whether conventional adenomas could be
classified into epigenotypes, and our CRC classification
markers successfully classified conventional adenomas
into two distinct epigenotypes, IME and LME[15]. There
were no remarkable differences in the morphological and

CLASSIFICATION OF PRECURSOR
LESIONS OF CRC
Genetic and epigenetic alterations of serrated adenomas
The majority of sporadic CRC is thought to develop
WJG|www.wjgnet.com
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pathological features among the two epigenotypes. While
IME adenomas showed a significantly high frequency of
the KRAS mutation (62%), LME adenomas did not show
any genetic alterations, similar to the case of LME CRC.
Interestingly, there was no difference in the methylation
level between IME adenoma and IME cancer, suggesting that accumulation of aberrant DNA methylation is
mostly completed at the adenoma stage. This indicated
that additional aberration(s) other than DNA methylation are needed for adenomas to transform into CRC.
The progression of adenomas to CRC is postulated to be
associated with p53 abnormalities[3], and DNA methylation of some genes, e.g., MGMT, CXLC12, TIMP3, ID4
and IRF8, might also be involved in the development to
CRC[46,47].

Therefore, ACF have been recognized as a useful surrogate biomarker for CRC surveillance[72] and been used
in recent chemoprevention trials[73-77]. Histopathologically,
human ACF can be sub-classified into two categories:
dysplastic and heteroplastic[62]. Dysplastic ACF resemble
adenomas and sometimes lack mucin production[78], and
are more common in familial adenomatous polyposis
(FAP) patients than in sporadic CRC patients[79]. In contrast, heteroplastic ACF resemble hyperplastic polyps and
lack dysplasia, and are highly identified in sporadic CRC
patients.
Genetic and epigenetic alterations in aberrant crypt foci
Although all ACF from FAP patients carry the APC mutation[79], both the dysplastic and heteroplastic ACF from
sporadic CRC patients frequently carry KRAS mutation,
but not the APC mutation[79-81]. While BRAF mutation
has rarely been identified in ACF[79,82], Rosenberg et al[83]
reported that heteroplastic ACF with serrated pathology
exclusively exhibit BRAF mutation. Although there was
a report that CIMP-high was less frequently observed in
ACF in sporadic CRC patients[80], the methylation status
of ACF has not been well investigated. In our DNA
methylation analysis in heteroplastic ACF, ACF showed
frequent KRAS mutation, consist with previous reports.
The levels of aberrant DNA methylation were significantly lower compared to adenomas[82], suggesting that
DNA methylation accumulation might be requested during aberrant cell expansion in adenoma formation, but
not in ACF formation.

Genetic and epigenetic alterations of non-polypoid
colorectal neoplasms
Non-polypoid colorectal neoplasms that do not exhibit
a macroscopic protruding appearance have been documented not only in Japan[48-53], but also in western countries[54,55]. They are characterized by lateral extensions
along the luminal wall with a low vertical axis, and such
tumors with a diameter of > 10 mm are called laterally
spreading tumors (LSTs)[48]. The incidence of genetic alterations such as KRAS, BRAF and p53[49,56-58] and MSI[59]
were less common in these non-polypoid colorectal neoplasms than those in conventional adenomas. In addition,
a high percentage of these lesions are reported to exhibit
high-grade dysplasia and rapidly invade the submucosal layer despite their small sizes[50-52,60]. Therefore, nonpolypoid colorectal neoplasms are hypothesized to develop through an alternative carcinogenetic pathway (i.e.,
de novo pathway) different from the adenoma-carcinoma
sequence and the serrated pathway. LSTs are usually categorized into two subtypes based on their macroscopic
morphology: the granular type and non-granular type[48].
Whereas the epigenetic features of LST have not yet
been fully investigated, Hiraoka et al[61] reported frequent
methylation of CIMP-markers and frequent KRAS mutation in the granular type, but not in the non-granular
type. LST might be composed of several subtypes which
exhibit distinct molecular pathway, and further investigations are needed to reveal the genetic and epigenetic
features of nonpolypoid colorectal neoplasms and their
association with colorectal carcinogenesis.

DNA METHYLATION IN APPARENTLY
NORMAL MUCOSA
Some of genes showing aberrant methylation in CRC,
such as ESR1, IGF2 and TUSC3 are also methylated in
histologically normal colonic epithelium. Aberrant DNA
methylation of these genes is considered to increase in an
age-dependent manner, and approximately half of them
have also been shown to be involved in the pathogenesis
of CRC[84-86].
The concept of “field cancerization” was proposed
to explain the multiple primary lesions, local recurrence
and increased susceptibility of normal tissue to malignant
transformation[87]. The field changes occur at the molecular level, and these abnormalities of the normal colonic
epithelium could be potential biomarkers for assessing
the personal risk for future CRC development. Suzuki et
al[88] reported that a higher incidence of hypermethylation
and down-regulation of the SFRP genes, negative regulators of the WNT signaling pathway, were observed in the
normal colonic mucosa from patients with CRC, than in
that from patients without CRC. In addition, Kawakami
et al[89] reported that higher methylation levels of age-related markers, such as ESR1 and MYOD, were observed
in the normal colonic mucosa from patients with CIMPpositive CRC than in that from patients without CRC. It
was reported, in contrast, that lower methylation levels

CLASSIFICATION OF ABERRANT CRYPT
FOCI
Aberrant crypt foci and colorectal carcinogenesis
Aberrant crypt foci (ACF) are microscopic mucosal abnormalities, a subset of which postulated to be the earliest precursors of CRC[62]. ACF show increased expression
of proliferative markers[63], and a significant correlation
has been reported to exist between the presence of ACF
and synchronous advanced neoplasia[62,64-71], suggesting a
positive role of these lesions in colorectal carcinogenesis.
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of these markers were observed in the normal colonic
mucosa from patients with CRC than from patients without CRC[90,91]. Recently, genome-wide DNA methylation
analysis revealed that the gene methylation levels involved
in the metabolic pathways of carbohydtates, lipids and
amino acids were significantly different among normal
colonic mucosa specimens obtained from patients with
and without CRC[92]. While DNA methylation accumulation is expected to contribute to field cancerization in the
colon, further studies are necessary to establish useful
surrogate biomarkers for CRC surveillance.

that they develop through different molecular carcinogenetic pathways. Serrated adenomas are commonly CIMPhigh and carry BRAF mutation, thus postulated to be
precursor lesions of CIMP-positive, MSI-high proximal
CRCs. MLH1 methylation has been suggested to be a
late event in the serrated pathway, and heralds the transition from serrated adenoma to CIMP-positive CRC.
Conventional adenomas can also be classified into two
distinct epigenotypes. DNA methylation accumulation
is mostly completed by the adenoma stage, and conventional adenomas are hypothesized to be precursors of
CIMP1/IME/CIMP-low and CIMP0/LME/Non-CIMP
CRCs. ACF showed significantly lower methylation levels
than adenomas, suggesting that DNA methylation accumulation is a prerequisite for aberrant cell expansion in
adenoma formation, but not in the formation of ACF.
DNA methylation may predict the molecular basis of
CRC, and these markers might be present as useful surrogate markers for the diagnosis, prediction of the prognosis and the response to therapy of CRC. Some genes
already showed aberrant methylation in apparently normal colonic mucosa, and their methylation may be related
to field cancerization of CRC and predict cancer risk.
Continued efforts to investigate the associations between
molecular mechanisms of CRC and genetic/epigenetic
alterations may allow us to understand colorectal carcinogenesis, and lead to the translation of these insights into
clinical practice.

CLINICAL APPLICATION OF DNA
METHYLATION MARKERS
Early CRC detection could contribute to a reduction of
CRC-related mortality. However, strategies such as colonoscopy are invasive, whereas the less-invasive fecal blood
test shows low sensitivity and specificity[93]. Identification
of noninvasively testable, high-quality biomarkers for
CRC is therefore necessary. Recent genome-wide analyses
were conducted to identify candidate DNA methylation
markers for early CRC detection, by comparing the DNA
methylation levels between CRC and/or adenomas, and
matched normal colonic mucosa[93-96]. For example, Mori
et al[94] reported that the methylation status of VSX2
showed a high discriminative accuracy (83% sensitivity
and 92% specificity). These potential biomarkers may allow reliable discrimination of CRC patients from tumorfree patients. Several clinical studies have been carried
out to confirm the usefulness of stool and blood DNAbased methylation markers for early CRC detection[97,98].
In any application, classification marker genes are specifically methylated in some epigenotypes, therefore, genes
that are commonly methylated in all CRCs, regardless of
the epigenotype, would be useful markers for early CRC
detection.
The MSI status has been proposed as a biomarker for
determination of the prognosis and/or the effectiveness
of FU chemotherapy in advanced CRC patients[99]. KRAS
mutation in advanced CRC has been reported to be associated with a poor prognosis[100], and the usefulness of
determining its presence for predicting a lack of response
to EGFR-targeted therapy is well proven[101]. Our previous study revealed that IME CRC with KRAS mutation is
associated with a poor prognosis. DNA methylation biomarkers for prediction of the therapeutic responses of
CRC, however, have not been identified yet. Additional
studies are needed to establish methylation biomarkers
for application in clinical practice, e.g., for prediction of
the prognosis and of the responses to therapy of CRC.

REFERENCES
1

2

3

4

5
6
7

CONCLUSION
8

Recent comprehensive genome-wide methylation analyses
revealed that sporadic CRC can be classified into three
distinct epigenotypes. Each of these CRC epigenotypes
cooperates with specific genetic alterations, suggesting

WJG|www.wjgnet.com

983

Grady WM, Carethers JM. Genomic and epigenetic instability in colorectal cancer pathogenesis. Gastroenterology 2008; 135: 1079-1099 [PMID: 18773902 DOI: 10.1053/
j.gastro.2008.07.076]
Kaneda A, Feinberg AP. Loss of imprinting of IGF2: a
common epigenetic modifier of intestinal tumor risk.
Cancer Res 2005; 65: 11236-11240 [PMID: 16357124 DOI:
10.1158/0008-5472.can-05-2959]
Vogelstein B, Fearon ER, Hamilton SR, Kern SE, Preisinger
AC, Leppert M, Nakamura Y, White R, Smits AM, Bos JL.
Genetic alterations during colorectal-tumor development. N
Engl J Med 1988; 319: 525-532 [PMID: 2841597 DOI: 10.1056/
nejm198809013190901]
Jen J, Kim H, Piantadosi S, Liu ZF, Levitt RC, Sistonen
P, Kinzler KW, Vogelstein B, Hamilton SR. Allelic loss of
chromosome 18q and prognosis in colorectal cancer. N Engl
J Med 1994; 331: 213-221 [PMID: 8015568 DOI: 10.1056/
nejm199407283310401]
White RL. Tumor suppressing pathways. Cell 1998; 92:
591-592 [PMID: 9506511]
Kinzler KW, Vogelstein B. Lessons from hereditary colorectal cancer. Cell 1996; 87: 159-170 [PMID: 8861899]
Dunican DS, McWilliam P, Tighe O, Parle-McDermott A,
Croke DT. Gene expression differences between the microsatellite instability (MIN) and chromosomal instability (CIN)
phenotypes in colorectal cancer revealed by high-density
cDNA array hybridization. Oncogene 2002; 21: 3253-3257
[PMID: 12082642 DOI: 10.1038/sj.onc.1205431]
Siegel R, DeSantis C, Virgo K, Stein K, Mariotto A, Smith
T, Cooper D, Gansler T, Lerro C, Fedewa S, Lin C, Leach C,
Cannady RS, Cho H, Scoppa S, Hachey M, Kirch R, Jemal A,
Ward E. Cancer treatment and survivorship statistics, 2012.
CA Cancer J Clin 2012; 62: 220-241 [PMID: 22700443 DOI:

January 28, 2014|Volume 20|Issue 4|

Sakai E et al . DNA methylation and CRC

9

10

11

12

13

14

15

16
17
18
19

20

21

10.3322/caac.21149]
Cancer Genome Atlas Network. Comprehensive molecular
characterization of human colon and rectal cancer. Nature
2012; 487: 330-337 [PMID: 22810696 DOI: 10.1038/nature11252]
Greenman C, Stephens P, Smith R, Dalgliesh GL, Hunter C,
Bignell G, Davies H, Teague J, Butler A, Stevens C, Edkins
S, O’Meara S, Vastrik I, Schmidt EE, Avis T, Barthorpe S,
Bhamra G, Buck G, Choudhury B, Clements J, Cole J, Dicks
E, Forbes S, Gray K, Halliday K, Harrison R, Hills K, Hinton
J, Jenkinson A, Jones D, Menzies A, Mironenko T, Perry J,
Raine K, Richardson D, Shepherd R, Small A, Tofts C, Varian J, Webb T, West S, Widaa S, Yates A, Cahill DP, Louis
DN, Goldstraw P, Nicholson AG, Brasseur F, Looijenga L,
Weber BL, Chiew YE, DeFazio A, Greaves MF, Green AR,
Campbell P, Birney E, Easton DF, Chenevix-Trench G, Tan
MH, Khoo SK, Teh BT, Yuen ST, Leung SY, Wooster R,
Futreal PA, Stratton MR. Patterns of somatic mutation in
human cancer genomes. Nature 2007; 446: 153-158 [PMID:
17344846 DOI: 10.1038/nature05610]
Sjöblom T, Jones S, Wood LD, Parsons DW, Lin J, Barber
TD, Mandelker D, Leary RJ, Ptak J, Silliman N, Szabo S,
Buckhaults P, Farrell C, Meeh P, Markowitz SD, Willis J,
Dawson D, Willson JK, Gazdar AF, Hartigan J, Wu L, Liu
C, Parmigiani G, Park BH, Bachman KE, Papadopoulos N,
Vogelstein B, Kinzler KW, Velculescu VE. The consensus
coding sequences of human breast and colorectal cancers.
Science 2006; 314: 268-274 [PMID: 16959974 DOI: 10.1126/
science.1133427]
Hinoue T, Weisenberger DJ, Lange CP, Shen H, Byun HM,
Van Den Berg D, Malik S, Pan F, Noushmehr H, van Dijk
CM, Tollenaar RA, Laird PW. Genome-scale analysis of aberrant DNA methylation in colorectal cancer. Genome Res 2012;
22: 271-282 [PMID: 21659424 DOI: 10.1101/gr.117523.110]
Shen L, Toyota M, Kondo Y, Lin E, Zhang L, Guo Y, Hernandez NS, Chen X, Ahmed S, Konishi K, Hamilton SR,
Issa JP. Integrated genetic and epigenetic analysis identifies
three different subclasses of colon cancer. Proc Natl Acad Sci
USA 2007; 104: 18654-18659 [PMID: 18003927 DOI: 10.1073/
pnas.0704652104]
Yagi K, Akagi K, Hayashi H, Nagae G, Tsuji S, Isagawa T,
Midorikawa Y, Nishimura Y, Sakamoto H, Seto Y, Aburatani H, Kaneda A. Three DNA methylation epigenotypes
in human colorectal cancer. Clin Cancer Res 2010; 16: 21-33
[PMID: 20028768]
Yagi K, Takahashi H, Akagi K, Matsusaka K, Seto Y, Aburatani H, Nakajima A, Kaneda A. Intermediate methylation
epigenotype and its correlation to KRAS mutation in conventional colorectal adenoma. Am J Pathol 2012; 180: 616-625
[PMID: 22115708 DOI: 10.1016/j.ajpath.2011.10.010]
Jones PA, Baylin SB. The epigenomics of cancer. Cell 2007;
128: 683-692 [PMID: 17320506 DOI: 10.1016/j.cell.2007.01.029]
Bird A. DNA methylation patterns and epigenetic memory.
Genes Dev 2002; 16: 6-21 [PMID: 11782440 DOI: 10.1101/
gad.947102]
Kaneda A, Kaminishi M, Yanagihara K, Sugimura T, Ushijima T. Identification of silencing of nine genes in human gastric cancers. Cancer Res 2002; 62: 6645-6650 [PMID: 12438262]
Kaneda A, Wakazono K, Tsukamoto T, Watanabe N, Yagi Y,
Tatematsu M, Kaminishi M, Sugimura T, Ushijima T. Lysyl
oxidase is a tumor suppressor gene inactivated by methylation and loss of heterozygosity in human gastric cancers. Cancer Res 2004; 64: 6410-6415 [PMID: 15374948 DOI:
10.1158/0008-5472.can-04-1543]
Toyota M, Ahuja N, Ohe-Toyota M, Herman JG, Baylin
SB, Issa JP. CpG island methylator phenotype in colorectal
cancer. Proc Natl Acad Sci USA 1999; 96: 8681-8686 [PMID:
10411935]
Toyota M, Ho C, Ahuja N, Jair KW, Li Q, Ohe-Toyota M,
Baylin SB, Issa JP. Identification of differentially methyl-

WJG|www.wjgnet.com

22
23

24

25

26
27

28

29

30
31

32

33

34

35

984

ated sequences in colorectal cancer by methylated CpG
island amplification. Cancer Res 1999; 59: 2307-2312 [PMID:
10344734]
Ushijima T. Detection and interpretation of altered methylation patterns in cancer cells. Nat Rev Cancer 2005; 5: 223-231
[PMID: 15719030 DOI: 10.1038/nrc1571]
Ushijima T, Morimura K, Hosoya Y, Okonogi H, Tatematsu
M, Sugimura T, Nagao M. Establishment of methylationsensitive-representational difference analysis and isolation
of hypo- and hypermethylated genomic fragments in mouse
liver tumors. Proc Natl Acad Sci USA 1997; 94: 2284-2289
[PMID: 9122186]
Gu H, Bock C, Mikkelsen TS, Jäger N, Smith ZD, Tomazou
E, Gnirke A, Lander ES, Meissner A. Genome-scale DNA
methylation mapping of clinical samples at single-nucleotide
resolution. Nat Methods 2010; 7: 133-136 [PMID: 20062050
DOI: 10.1038/nmeth.1414]
Hayashi H, Nagae G, Tsutsumi S, Kaneshiro K, Kozaki T,
Kaneda A, Sugisaki H, Aburatani H. High-resolution mapping of DNA methylation in human genome using oligonucleotide tiling array. Hum Genet 2007; 120: 701-711 [PMID:
17024368 DOI: 10.1007/s00439-006-0254-6]
Laird PW. Principles and challenges of genomewide DNA
methylation analysis. Nat Rev Genet 2010; 11: 191-203 [PMID:
20125086 DOI: 10.1038/nrg2732]
Lister R, Pelizzola M, Dowen RH, Hawkins RD, Hon G,
Tonti-Filippini J, Nery JR, Lee L, Ye Z, Ngo QM, Edsall L,
Antosiewicz-Bourget J, Stewart R, Ruotti V, Millar AH,
Thomson JA, Ren B, Ecker JR. Human DNA methylomes at
base resolution show widespread epigenomic differences.
Nature 2009; 462: 315-322 [PMID: 19829295 DOI: 10.1038/nature08514]
Weber M, Davies JJ, Wittig D, Oakeley EJ, Haase M, Lam
WL, Schübeler D. Chromosome-wide and promoter-specific
analyses identify sites of differential DNA methylation in
normal and transformed human cells. Nat Genet 2005; 37:
853-862 [PMID: 16007088 DOI: 10.1038/ng1598]
Baylin SB, Ohm JE. Epigenetic gene silencing in cancer a mechanism for early oncogenic pathway addiction? Nat
Rev Cancer 2006; 6: 107-116 [PMID: 16491070 DOI: 10.1038/
nrc1799]
Feinberg AP, Ohlsson R, Henikoff S. The epigenetic progenitor origin of human cancer. Nat Rev Genet 2006; 7: 21-33
[PMID: 16369569 DOI: 10.1038/nrg1748]
Sakatani T, Kaneda A, Iacobuzio-Donahue CA, Carter MG,
de Boom Witzel S, Okano H, Ko MS, Ohlsson R, Longo DL,
Feinberg AP. Loss of imprinting of Igf2 alters intestinal
maturation and tumorigenesis in mice. Science 2005; 307:
1976-1978 [PMID: 15731405 DOI: 10.1126/science.1108080]
Hawkins N, Norrie M, Cheong K, Mokany E, Ku SL, Meagher A, O’Connor T, Ward R. CpG island methylation in
sporadic colorectal cancers and its relationship to microsatellite instability. Gastroenterology 2002; 122: 1376-1387 [PMID:
11984524]
Whitehall VL, Wynter CV, Walsh MD, Simms LA, Purdie
D, Pandeya N, Young J, Meltzer SJ, Leggett BA, Jass JR.
Morphological and molecular heterogeneity within nonmicrosatellite instability-high colorectal cancer. Cancer Res 2002;
62: 6011-6014 [PMID: 12414620]
Kambara T, Simms LA, Whitehall VL, Spring KJ, Wynter
CV, Walsh MD, Barker MA, Arnold S, McGivern A, Matsubara N, Tanaka N, Higuchi T, Young J, Jass JR, Leggett
BA. BRAF mutation is associated with DNA methylation in
serrated polyps and cancers of the colorectum. Gut 2004; 53:
1137-1144 [PMID: 15247181 DOI: 10.1136/gut.2003.037671]
Weisenberger DJ, Siegmund KD, Campan M, Young J,
Long TI, Faasse MA, Kang GH, Widschwendter M, Weener
D, Buchanan D, Koh H, Simms L, Barker M, Leggett B,
Levine J, Kim M, French AJ, Thibodeau SN, Jass J, Haile
R, Laird PW. CpG island methylator phenotype underlies

January 28, 2014|Volume 20|Issue 4|

Sakai E et al . DNA methylation and CRC

36
37

38

39

40

41

42

43

44

45

46
47

48
49

sporadic microsatellite instability and is tightly associated
with BRAF mutation in colorectal cancer. Nat Genet 2006; 38:
787-793 [PMID: 16804544 DOI: 10.1038/ng1834]
Samowitz WS. The CpG island methylator phenotype
in colorectal cancer. J Mol Diagn 2007; 9: 281-283 [PMID:
17591925]
Cheng YW, Pincas H, Bacolod MD, Schemmann G, Giardina
SF, Huang J, Barral S, Idrees K, Khan SA, Zeng Z, Rosenberg
S, Notterman DA, Ott J, Paty P, Barany F. CpG island methylator phenotype associates with low-degree chromosomal
abnormalities in colorectal cancer. Clin Cancer Res 2008;
14: 6005-6013 [PMID: 18829479 DOI: 10.1158/1078-0432.
ccr-08-0216]
Goel A, Nagasaka T, Arnold CN, Inoue T, Hamilton C,
Niedzwiecki D, Compton C, Mayer RJ, Goldberg R, Bertagnolli MM, Boland CR. The CpG island methylator phenotype and chromosomal instability are inversely correlated
in sporadic colorectal cancer. Gastroenterology 2007; 132:
127-138 [PMID: 17087942 DOI: 10.1053/j.gastro.2006.09.018]
Ogino S, Kawasaki T, Kirkner GJ, Loda M, Fuchs CS. CpG
island methylator phenotype-low (CIMP-low) in colorectal
cancer: possible associations with male sex and KRAS mutations. J Mol Diagn 2006; 8: 582-588 [PMID: 17065427 DOI:
10.2353/jmoldx.2006.060082]
Burnett-Hartman AN, Newcomb PA, Potter JD, Passarelli
MN, Phipps AI, Wurscher MA, Grady WM, Zhu LC, Upton
MP, Makar KW. Genomic aberrations occurring in subsets
of serrated colorectal lesions but not conventional adenomas. Cancer Res 2013; 73: 2863-2872 [PMID: 23539450 DOI:
10.1158/0008-5472.can-12-3462]
Kim YH, Kakar S, Cun L, Deng G, Kim YS. Distinct CpG island methylation profiles and BRAF mutation status in serrated and adenomatous colorectal polyps. Int J Cancer 2008;
123: 2587-2593 [PMID: 18798261 DOI: 10.1002/ijc.23840]
Maeda T, Suzuki K, Togashi K, Nokubi M, Saito M, Tsujinaka S, Kamiyama H, Konishi F. Sessile serrated adenoma
shares similar genetic and epigenetic features with microsatellite unstable colon cancer in a location-dependent manner. Exp Ther Med 2011; 2: 695-700 [PMID: 22977561 DOI:
10.3892/etm.2011.249]
O'Brien MJ, Yang S, Mack C, Xu H, Huang CS, Mulcahy
E, Amorosino M, Farraye FA. Comparison of microsatellite
instability, CpG island methylation phenotype, BRAF and
KRAS status in serrated polyps and traditional adenomas
indicates separate pathways to distinct colorectal carcinoma
end points. Am J Surg Pathol 2006; 30: 1491-1501 [PMID:
17122504 DOI: 10.1097/01.pas.0000213313.36306.85]
Rex DK, Ahnen DJ, Baron JA, Batts KP, Burke CA, Burt RW,
Goldblum JR, Guillem JG, Kahi CJ, Kalady MF, O’Brien MJ,
Odze RD, Ogino S, Parry S, Snover DC, Torlakovic EE, Wise
PE, Young J, Church J. Serrated lesions of the colorectum:
review and recommendations from an expert panel. Am J
Gastroenterol 2012; 107: 1315-129; quiz 1314, 1330 [PMID:
22710576 DOI: 10.1038/ajg.2012.161]
Vaughn CP, Wilson AR, Samowitz WS. Quantitative evaluation of CpG island methylation in hyperplastic polyps.
Mod Pathol 2010; 23: 151-156 [PMID: 19855373 DOI: 10.1038/
modpathol.2009.150]
Kim MS, Lee J, Sidransky D. DNA methylation markers
in colorectal cancer. Cancer Metastasis Rev 2010; 29: 181-206
[PMID: 20135198 DOI: 10.1007/s10555-010-9207-6]
Qi J, Zhu YQ, Luo J, Tao WH. Hypermethylation and expression regulation of secreted frizzled-related protein
genes in colorectal tumor. World J Gastroenterol 2006; 12:
7113-7117 [PMID: 17131472]
Kudo S, Kashida H, Nakajima T, Tamura S, Nakajo K. Endoscopic diagnosis and treatment of early colorectal cancer.
World J Surg 1997; 21: 694-701 [PMID: 9276699]
Minamoto T, Sawaguchi K, Mai M, Yamashita N, Sugimura
T, Esumi H. Infrequent K-ras activation in superficial-type

WJG|www.wjgnet.com

50

51

52

53

54

55

56

57

58

59
60

61

62

63

64

985

(flat) colorectal adenomas and adenocarcinomas. Cancer Res
1994; 54: 2841-2844 [PMID: 8187064]
Minamoto T, Sawaguchi K, Ohta T, Itoh T, Mai M. Superficial-type adenomas and adenocarcinomas of the colon and
rectum: a comparative morphological study. Gastroenterology 1994; 106: 1436-1443 [PMID: 8194688]
Tada S, Iida M, Matsumoto T, Yao T, Aoyagi K, Koga H, Tanoue Y, Fujishima M. Small flat cancer of the rectum: clinicopathologic and endoscopic features. Gastrointest Endosc
1995; 42: 109-113 [PMID: 7590044]
Watari J, Saitoh Y, Obara T, Fujiya M, Maemoto A, Ayabe
T, Ashida T, Yokota K, Orii Y, Kohgo Y. Natural history
of colorectal nonpolypoid adenomas: a prospective colonoscopic study and relation with cell kinetics and K-ras
mutations. Am J Gastroenterol 2002; 97: 2109-2115 [PMID:
12190185 DOI: 10.1111/j.1572-0241.2002.05931.x]
Muto T, Kamiya J, Sawada T, Konishi F, Sugihara K, Kubota
Y, Adachi M, Agawa S, Saito Y, Morioka Y. Small “flat adenoma” of the large bowel with special reference to its clinicopathologic features. Dis Colon Rectum 1985; 28: 847-851
[PMID: 4053897]
Soetikno R, Friedland S, Kaltenbach T, Chayama K, Tanaka
S. Nonpolypoid (flat and depressed) colorectal neoplasms.
Gastroenterology 2006; 130: 566-576; quiz 588-589 [PMID:
16472608 DOI: 10.1053/j.gastro.2005.12.006]
Testoni PA, Notaristefano C, Vailati C, Di Leo M, Viale E.
High-definition colonoscopy with i-Scan: better diagnosis
for small polyps and flat adenomas. World J Gastroenterol
2012; 18: 5231-5239 [PMID: 23066318 DOI: 10.3748/wjg.v18.
i37.5231]
Morita T, Tomita N, Ohue M, Sekimoto M, Yamamoto H,
Ohnishi T, Tada M, Ikenaga M, Miyake Y, Sakita I, Tamaki
Y, Matsuura N, Ito M, Monden M. Molecular analysis of
diminutive, flat, depressed colorectal lesions: are they precursors of polypoid adenoma or early stage carcinoma?
Gastrointest Endosc 2002; 56: 663-671 [PMID: 12397273 DOI:
10.1067/mge.2002.129087]
Saitoh Y, Waxman I, West AB, Popnikolov NK, Gatalica
Z, Watari J, Obara T, Kohgo Y, Pasricha PJ. Prevalence and
distinctive biologic features of flat colorectal adenomas in
a North American population. Gastroenterology 2001; 120:
1657-1665 [PMID: 11375947]
Yashiro M, Carethers JM, Laghi L, Saito K, Slezak P, Jaramillo E, Rubio C, Koizumi K, Hirakawa K, Boland CR. Genetic pathways in the evolution of morphologically distinct
colorectal neoplasms. Cancer Res 2001; 61: 2676-2683 [PMID:
11289147]
Kinney TP, Merel N, Hart J, Joseph L, Waxman I. Microsatellite analysis of sporadic flat and depressed lesions of the
colon. Dig Dis Sci 2005; 50: 327-330 [PMID: 15745095]
Rembacken BJ, Fujii T, Cairns A, Dixon MF, Yoshida S,
Chalmers DM, Axon AT. Flat and depressed colonic neoplasms: a prospective study of 1000 colonoscopies in the
UK. Lancet 2000; 355: 1211-1214 [PMID: 10770302]
Hiraoka S, Kato J, Tatsukawa M, Harada K, Fujita H, Morikawa T, Shiraha H, Shiratori Y. Laterally spreading type of
colorectal adenoma exhibits a unique methylation phenotype and K-ras mutations. Gastroenterology 2006; 131: 379-389
[PMID: 16890591 DOI: 10.1053/j.gastro.2006.04.027]
Takayama T, Katsuki S, Takahashi Y, Ohi M, Nojiri S, Sakamaki S, Kato J, Kogawa K, Miyake H, Niitsu Y. Aberrant
crypt foci of the colon as precursors of adenoma and cancer.
N Engl J Med 1998; 339: 1277-1284 [PMID: 9791143 DOI:
10.1056/nejm199810293391803]
Shpitz B, Bomstein Y, Mekori Y, Cohen R, Kaufman Z,
Neufeld D, Galkin M, Bernheim J. Aberrant crypt foci in human colons: distribution and histomorphologic characteristics. Hum Pathol 1998; 29: 469-475 [PMID: 9596270]
Adler DG, Gostout CJ, Sorbi D, Burgart LJ, Wang L, Har
msen WS. Endoscopic identification and quantification

January 28, 2014|Volume 20|Issue 4|

Sakai E et al . DNA methylation and CRC

65

66

67

68

69

70

71

72

73

74

75

76

of aberrant crypt foci in the human colon. Gastrointest
Endosc 2002; 56: 657-662 [PMID: 12397272 DOI: 10.1067/
mge.2002.128540]
Hurlstone DP, Karajeh M, Sanders DS, Drew SK, Cross SS.
Rectal aberrant crypt foci identified using high-magnification-chromoscopic colonoscopy: biomarkers for flat and
depressed neoplasia. Am J Gastroenterol 2005; 100: 1283-1289
[PMID: 15929758 DOI: 10.1111/j.1572-0241.2005.40891.x]
Kim J, Ng J, Arozulllah A, Ewing R, Llor X, Carroll RE, Benya
RV. Aberrant crypt focus size predicts distal polyp histopathology. Cancer Epidemiol Biomarkers Prev 2008; 17: 1155-1162
[PMID: 18483337 DOI: 10.1158/1055-9965.epi-07-2731]
Moxon D, Raza M, Kenney R, Ewing R, Arozullah A, Mason JB, Carroll RE. Relationship of aging and tobacco use
with the development of aberrant crypt foci in a predominantly African-American population. Clin Gastroenterol
Hepatol 2005; 3: 271-278 [PMID: 15765447]
Rudolph RE, Dominitz JA, Lampe JW, Levy L, Qu P, Li
SS, Lampe PD, Bronner MP, Potter JD. Risk factors for
colorectal cancer in relation to number and size of aberrant crypt foci in humans. Cancer Epidemiol Biomarkers Prev
2005; 14: 605-608 [PMID: 15767337 DOI: 10.1158/1055-9965.
epi-04-0058]
Sakai E, Takahashi H, Kato S, Uchiyama T, Hosono K, Endo
H, Maeda S, Yoneda M, Taguri M, Nakajima A. Investigation of the prevalence and number of aberrant crypt foci associated with human colorectal neoplasm. Cancer Epidemiol
Biomarkers Prev 2011; 20: 1918-1924 [PMID: 21750169 DOI:
10.1158/1055-9965.epi-11-0104]
Seike K, Koda K, Oda K, Kosugi C, Shimizu K, Nishimura M,
Shioiri M, Takano S, Ishikura H, Miyazaki M. Assessment
of rectal aberrant crypt foci by standard chromoscopy and
its predictive value for colonic advanced neoplasms. Am
J Gastroenterol 2006; 101: 1362-1369 [PMID: 16771962 DOI:
10.1111/j.1572-0241.2006.00578.x]
Stevens RG, Swede H, Heinen CD, Jablonski M, Grupka
M, Ross B, Parente M, Tirnauer JS, Giardina C, Rajan TV,
Rosenberg DW, Levine J. Aberrant crypt foci in patients
with a positive family history of sporadic colorectal cancer. Cancer Lett 2007; 248: 262-268 [PMID: 16950561 DOI:
10.1016/j.canlet.2006.08.003]
Uchiyama T, Takahashi H, Endo H, Kato S, Sakai E, Hosono
K, Yoneda M, Inamori M, Hippo Y, Nakagama H, Nakajima
A. Number of aberrant crypt foci in the rectum is a useful
surrogate marker of colorectal adenoma recurrence. Dig
Endosc 2012; 24: 353-357 [PMID: 22925289 DOI: 10.1111/
j.1443-1661.2012.01289.x]
Cho NL, Redston M, Zauber AG, Carothers AM, Hornick
J, Wilton A, Sontag S, Nishioka N, Giardiello FM, Saltzman
JR, Gostout C, Eagle CJ, Hawk ET, Bertagnolli MM. Aberrant crypt foci in the adenoma prevention with celecoxib
trial. Cancer Prev Res (Phila) 2008; 1: 21-31 [PMID: 19138933
DOI: 10.1158/1940-6207.capr-07-0011]
Higurashi T, Hosono K, Endo H, Takahashi H, Iida H,
Uchiyama T, Ezuka A, Uchiyama S, Yamada E, Ohkubo H,
Sakai E, Maeda S, Morita S, Natsumeda Y, Nagase H, Nakajima A. Eicosapentaenoic acid (EPA) efficacy for colorectal
aberrant crypt foci (ACF): a double-blind randomized controlled trial. BMC Cancer 2012; 12: 413 [PMID: 22992267 DOI:
10.1186/1471-2407-12-413]
Higurashi T, Takahashi H, Endo H, Hosono K, Yamada
E, Ohkubo H, Sakai E, Uchiyama T, Hata Y, Fujisawa N,
Uchiyama S, Ezuka A, Nagase H, Kessoku T, Matsuhashi N,
Yamanaka S, Inayama Y, Morita S, Nakajima A. Metformin
efficacy and safety for colorectal polyps: a double-blind randomized controlled trial. BMC Cancer 2012; 12: 118 [PMID:
22443173 DOI: 10.1186/1471-2407-12-118]
Hosono K, Endo H, Takahashi H, Sugiyama M, Sakai E,
Uchiyama T, Suzuki K, Iida H, Sakamoto Y, Yoneda K,
Koide T, Tokoro C, Abe Y, Inamori M, Nakagama H, Naka-

WJG|www.wjgnet.com

77

78

79

80

81

82
83

84
85

86
87

88

89

90

986

jima A. Metformin suppresses colorectal aberrant crypt foci
in a short-term clinical trial. Cancer Prev Res (Phila) 2010;
3: 1077-1083 [PMID: 20810669 DOI: 10.1158/1940-6207.
capr-10-0186]
Takayama T, Nagashima H, Maeda M, Nojiri S, Hirayama
M, Nakano Y, Takahashi Y, Sato Y, Sekikawa H, Mori M,
Sonoda T, Kimura T, Kato J, Niitsu Y. Randomized doubleblind trial of sulindac and etodolac to eradicate aberrant
crypt foci and to prevent sporadic colorectal polyps. Clin
Cancer Res 2011; 17: 3803-3811 [PMID: 21385928 DOI:
10.1158/1078-0432.ccr-10-2395]
Sakai E, Morioka T, Yamada E, Ohkubo H, Higurashi T,
Hosono K, Endo H, Takahashi H, Takamatsu R, Cui C, Shiozawa M, Akaike M, Samura H, Nishimaki T, Nakajima A,
Yoshimi N. Identification of preneoplastic lesions as mucindepleted foci in patients with sporadic colorectal cancer.
Cancer Sci 2012; 103: 144-149 [PMID: 22017323 DOI: 10.1111/
j.1349-7006.2011.02125.x]
Takayama T, Ohi M, Hayashi T, Miyanishi K, Nobuoka A,
Nakajima T, Satoh T, Takimoto R, Kato J, Sakamaki S, Niitsu Y. Analysis of K-ras, APC, and beta-catenin in aberrant
crypt foci in sporadic adenoma, cancer, and familial adenomatous polyposis. Gastroenterology 2001; 121: 599-611 [PMID:
11522744]
Chan AO, Broaddus RR, Houlihan PS, Issa JP, Hamilton
SR, Rashid A. CpG island methylation in aberrant crypt foci
of the colorectum. Am J Pathol 2002; 160: 1823-1830 [PMID:
12000733 DOI: 10.1016/s0002-9440(10)61128-5]
Otori K, Konishi M, Sugiyama K, Hasebe T, Shimoda T,
Kikuchi-Yanoshita R, Mukai K, Fukushima S, Miyaki M,
Esumi H. Infrequent somatic mutation of the adenomatous
polyposis coli gene in aberrant crypt foci of human colon
tissue. Cancer 1998; 83: 896-900 [PMID: 9731892]
Lao VV, Grady WM. Epigenetics and colorectal cancer. Nat
Rev Gastroenterol Hepatol 2011; 8: 686-700 [PMID: 22009203
DOI: 10.1038/nrgastro.2011.173]
Rosenberg DW, Yang S, Pleau DC, Greenspan EJ, Stevens
RG, Rajan TV, Heinen CD, Levine J, Zhou Y, O’Brien MJ.
Mutations in BRAF and KRAS differentially distinguish serrated versus non-serrated hyperplastic aberrant crypt foci
in humans. Cancer Res 2007; 67: 3551-3554 [PMID: 17440063
DOI: 10.1158/0008-5472.can-07-0343]
Ahuja N, Issa JP. Aging, methylation and cancer. Histol Histopathol 2000; 15: 835-842 [PMID: 10963127]
Issa JP, Ottaviano YL, Celano P, Hamilton SR, Davidson
NE, Baylin SB. Methylation of the oestrogen receptor CpG
island links ageing and neoplasia in human colon. Nat Genet
1994; 7: 536-540 [PMID: 7951326 DOI: 10.1038/ng0894-536]
Toyota M, Issa JP. CpG island methylator phenotypes in
aging and cancer. Semin Cancer Biol 1999; 9: 349-357 [PMID:
10547343 DOI: 10.1006/scbi.1999.0135]
Slaughter DP, Southwick HW, Smejkal W. Field cancerization in oral stratified squamous epithelium; clinical implications of multicentric origin. Cancer 1953; 6: 963-968 [PMID:
13094644]
Suzuki H, Watkins DN, Jair KW, Schuebel KE, Markowitz
SD, Chen WD, Pretlow TP, Yang B, Akiyama Y, Van Engeland M, Toyota M, Tokino T, Hinoda Y, Imai K, Herman
JG, Baylin SB. Epigenetic inactivation of SFRP genes allows
constitutive WNT signaling in colorectal cancer. Nat Genet
2004; 36: 417-422 [PMID: 15034581 DOI: 10.1038/ng1330]
Kawakami K, Ruszkiewicz A, Bennett G, Moore J, Grieu
F, Watanabe G, Iacopetta B. DNA hypermethylation in the
normal colonic mucosa of patients with colorectal cancer.
Br J Cancer 2006; 94: 593-598 [PMID: 16421593 DOI: 10.1038/
sj.bjc.6602940]
Belshaw NJ, Elliott GO, Foxall RJ, Dainty JR, Pal N, Coupe
A, Garg D, Bradburn DM, Mathers JC, Johnson IT. Profiling
CpG island field methylation in both morphologically normal and neoplastic human colonic mucosa. Br J Cancer 2008;

January 28, 2014|Volume 20|Issue 4|

Sakai E et al . DNA methylation and CRC

91

92

93

94

95

96

99: 136-142 [PMID: 18542073 DOI: 10.1038/sj.bjc.6604432]
Hiraoka S, Kato J, Horii J, Saito S, Harada K, Fujita H, Kuriyama M, Takemoto K, Uraoka T, Yamamoto K. Methylation
status of normal background mucosa is correlated with occurrence and development of neoplasia in the distal colon.
Hum Pathol 2010; 41: 38-47 [PMID: 19733896 DOI: 10.1016/
j.humpath.2009.06.002]
Silviera ML, Smith BP, Powell J, Sapienza C. Epigenetic differences in normal colon mucosa of cancer patients suggest
altered dietary metabolic pathways. Cancer Prev Res (Phila)
2012; 5: 374-384 [PMID: 22300984 DOI: 10.1158/1940-6207.
capr-11-0336]
Hewitson P, Glasziou P, Watson E, Towler B, Irwig L. Cochrane systematic review of colorectal cancer screening using the fecal occult blood test (hemoccult): an update. Am
J Gastroenterol 2008; 103: 1541-1549 [PMID: 18479499 DOI:
10.1111/j.1572-0241.2008.01875.x]
Mori Y, Olaru AV, Cheng Y, Agarwal R, Yang J, Luvsanjav D, Yu W, Selaru FM, Hutfless S, Lazarev M, Kwon JH,
Brant SR, Marohn MR, Hutcheon DF, Duncan MD, Goel
A, Meltzer SJ. Novel candidate colorectal cancer biomarkers identified by methylation microarray-based scanning.
Endocr Relat Cancer 2011; 18: 465-478 [PMID: 21636702 DOI:
10.1530/erc-11-0083]
Simmer F, Brinkman AB, Assenov Y, Matarese F, Kaan A,
Sabatino L, Villanueva A, Huertas D, Esteller M, Lengauer T,
Bock C, Colantuoni V, Altucci L, Stunnenberg HG. Comparative genome-wide DNA methylation analysis of colorectal
tumor and matched normal tissues. Epigenetics 2012; 7:
1355-1367 [PMID: 23079744 DOI: 10.4161/epi.22562]
Yi JM, Dhir M, Guzzetta AA, Iacobuzio-Donahue CA, Heo
K, Yang KM, Suzuki H, Toyota M, Kim HM, Ahuja N. DNA
methylation biomarker candidates for early detection of
colon cancer. Tumour Biol 2012; 33: 363-372 [PMID: 22238052

DOI: 10.1007/s13277-011-0302-2]
Ahlquist DA, Zou H, Domanico M, Mahoney DW, Yab TC,
Taylor WR, Butz ML, Thibodeau SN, Rabeneck L, Paszat LF,
Kinzler KW, Vogelstein B, Bjerregaard NC, Laurberg S, Sørensen HT, Berger BM, Lidgard GP. Next-generation stool
DNA test accurately detects colorectal cancer and large adenomas. Gastroenterology 2012; 142: 248-56; quiz e25-6 [PMID:
22062357 DOI: 10.1053/j.gastro.2011.10.031]
98 Tóth K, Sipos F, Kalmár A, Patai AV, Wichmann B, Stoehr
R, Golcher H, Schellerer V, Tulassay Z, Molnár B. Detection of methylated SEPT9 in plasma is a reliable screening
method for both left- and right-sided colon cancers. PLoS
One 2012; 7: e46000 [PMID: 23049919 DOI: 10.1371/journal.
pone.0046000]
99 Popat S, Hubner R, Houlston RS. Systematic review of
microsatellite instability and colorectal cancer prognosis. J
Clin Oncol 2005; 23: 609-618 [PMID: 15659508 DOI: 10.1200/
jco.2005.01.086]
100 Maughan TS, Adams RA, Smith CG, Meade AM, Seymour
MT, Wilson RH, Idziaszczyk S, Harris R, Fisher D, Kenny
SL, Kay E, Mitchell JK, Madi A, Jasani B, James MD, Bridgewater J, Kennedy MJ, Claes B, Lambrechts D, Kaplan R,
Cheadle JP. Addition of cetuximab to oxaliplatin-based firstline combination chemotherapy for treatment of advanced
colorectal cancer: results of the randomised phase 3 MRC
COIN trial. Lancet 2011; 377: 2103-2114 [PMID: 21641636
DOI: 10.1016/s0140-6736(11)60613-2]
101 Allegra CJ, Jessup JM, Somerfield MR, Hamilton SR, Hammond EH, Hayes DF, McAllister PK, Morton RF, Schilsky
RL. American Society of Clinical Oncology provisional clinical opinion: testing for KRAS gene mutations in patients
with metastatic colorectal carcinoma to predict response to
anti-epidermal growth factor receptor monoclonal antibody
therapy. J Clin Oncol 2009; 27: 2091-2096 [PMID: 19188670]
97

P- Reviewers: Lakatos PL, Milone M, Sipos F S- Editor: Gou SX
L- Editor: A E- Editor: Ma S

WJG|www.wjgnet.com

987

January 28, 2014|Volume 20|Issue 4|

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748/wjg.v20.i4.988

World J Gastroenterol 2014 January 28; 20(4): 988-996
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

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

TOPIC
BRIEF
HIGHLIGHT
ARTICLE
WJG 20th Anniversary Special Issues (5): Colorectal cancer

Radiofrequency ablation as treatment for pulmonary
metastasis of colorectal cancer
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3 years. Long-term survival data are sparse. Better
survival may be expected for patients with small metastasis, low carcinoembryonic antigen levels, and/or
no extrapulmonary metastasis. The notable advantages
of RFA are that it is simple and minimally invasive;
preserves pulmonary function; can be repeated; and is
applicable regardless of previous treatments. Its most
substantial limitation is limited local efficacy. Although
surgery is still the method of choice for treatment with
curative intent, the ultimate application of RFA may be
to replace metastasectomy for small metastases. Randomized trials comparing RFA with surgery are needed.
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Abstract
Radiofrequency ablation (RFA) causes focal coagulation necrosis in tissue. Its first clinical application was
reported in 2000, and RFA has since been commonly
used in both primary and metastatic lung cancer. The
procedure is typically performed using computed tomography guidance, and the techniques for introducing
the electrode to the tumor are simple and resemble
those used in percutaneous lung biopsy. The most
common complication is pneumothorax, which occurs
in up to 50% of procedures; chest tube placement for
pneumothorax is required in up to 25% of procedures.
Other severe complications, such as pleural effusion
requiring chest tube placement, infection, and nerve
injury, are rare. The local efficacy depends on tumor
size, and local progression after RFA is not rare, occurring in 10% or more of patients. The local progression
rate is particularly high for tumors > 3 cm. Repeat
RFA may be used to treat local progression. Short- to
mid-term survival after RFA appears promising and is
approximately 85%-95% at 1 year and 45%-55% at
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Core tip: Radiofrequency ablation (RFA) for pulmonary
metastasis of colorectal cancer is technically simple.
The procedure rarely results in death. The most common complication is pneumothorax, which occurs in up
to 50% of patients. Severe complications are rare. Local progression after RFA is not rare and occurs in 10%
or more of cases. The short- to mid-term survival after
RFA appears promising and is approximately 85%-95%
at 1 year and 45%-55% at 3 years. Long-term survival
data are sparse. Better survival may be expected for
patients with small metastasis, low carcinoembryonic
antigen levels, and/or no extrapulmonary metastasis.
Hiraki T, Gobara H, Iguchi T, Fujiwara H, Matsui Y, Kanazawa S.
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monly used as a treatment for both primary and metastatic lung cancer. The thermal and electrical conductivity
of air are low, and thus the effects of RFA on the lungs
may be tissue-specific. Accordingly, it has been demonstrated that a given quantity of RF current produces a
larger volume of ablation of tumors in the lungs than in
subcutaneous tissues or the kidneys[10]. Conversely, alveolar air and ventilation may limit the ablation zone in the
surrounding parenchyma, as saline infusion into the lung
parenchyma to reduce alveolar air and bronchial balloon
occlusion enlarged the ablation zone in animal experiments[11,12]. This difficulty in ablating the marginal parenchyma may account for the relatively high frequency of
local progression after RFA of lung cancer.
RFA is indicated in patients who are considered nonsurgical candidates and for whom the treatment of lung
cancer is expected to contribute to prolonged survival.
The procedure is not indicated in patients with poor performance status (e.g., PS ≥ 3), leucocyte count < 3000
cells/μL, uncorrected coagulopathy (e.g., a platelet count
< 50000/μL or a prothrombin time-international ratio
> 1.5), poor pulmonary function (e.g., predicted forced
respiratory volume in 1 sec ≤ 1000 mL), poor cardiac
function (e.g., New York Heart Association Class ≥ III),
uncorrected diabetes (e.g., HbA1c ≥ 7), and uncontrollable extrapulmonary cancer. The procedure is feasible,
but patients with tumors in contact with the heart and
aorta are at a higher risk of local progression[13].
The electrode used for lung RFA is usually either a
multitined expandable electrode or an internally cooled
electrode[14]. The multitined expandable electrode, which
is more commonly used for lung RFA, consists of an array of multiple electrode tines that expand from a single,
centrally positioned large needle cannula. The internally
cooled electrode consists of dual-lumen needles with
non-insulated active tips, in which internal cooling is
achieved by continuous perfusion with chilled saline.
We suggest that the procedure should be performed
by physicians who are familiar with both computed
tomography (CT)-guided intervention and RFA. The
procedure is usually conducted under local anesthesia,
but epidural or general anesthesia may also be used. CT
is the only image-guidance modality that can be used for
lung RFA. CT fluoroscopy permits a near real-time image
display, thereby facilitating the procedure. The techniques
used to introduce the electrode into the tumor under CT
guidance are simple and similar to those used in percutaneous lung biopsy. A prospective multicenter clinical
trial showed that treatment was successfully completed in
99% (105/106) of patients[15]. Multiplanar reconstruction
of CT images is useful for confirming proper positioning
of the electrode. After introducing the electrode into the
tumor, a given RF energy is applied for a variable duration. In our institution, an ablation algorithm based on
electrode type is used; this algorithm has been described
in the literature[16]. The procedure should aim to obtain
an ablative margin of at least 0.5 cm around the tumor
to treat the microscopic extension of cancer cells around

INTRODUCTION
Colon cancer is the third most common cancer and the
second most common cause of cancer-related mortality
in the United States, and 10%-30% of patients with colon cancer have pulmonary metastasis at presentation[1,2].
Even if metastasis is not initially present, the cancer may
recur in the lungs after curative resection of the primary
cancer. Kobayashi et al[3] surveyed 5230 patients who
underwent curative resection for colorectal cancer and
found that 906 patients (17%) developed recurrence at a
median of 1.4 years after surgery. The first recurrence site
in 250 patients (5%) was the lungs, which was the second
most common site of recurrence after the liver (373 patients, 7%). Although lung recurrence is usually accompanied by recurrence at other sites, recurrence was confined
to the lungs in 2%-10% of patients who develop distant
metastases[4,5].
A meta-analysis demonstrated that patients with untreated locally advanced or metastatic colorectal cancer
had a median survival of 8 mo[6]. The International Registry of Lung Metastases[7] revealed that the 5-year survival
rate for patients who underwent complete resection of
lung metastasis was 36%, compared to 13% for patients
who did not undergo complete resection. A large-scale,
multicenter retrospective study in Japan[3] also reported
significantly better survival in patients who underwent
resection for pulmonary recurrence. Thus, surgery is
considered the treatment of choice for curative intent.
However, that study[3] also indicated that less than half
(38%) of the patients with pulmonary recurrence underwent surgical resection. Mitry et al[2] reported that only
4% of patients with synchronous pulmonary metastases
and 14% of patients with metachronous pulmonary metastases were curatively resected. These data indicate that
many patients with pulmonary metastases are not considered suitable for surgery. Therefore, the development of
less invasive local therapies, such as radiofrequency ablation (RFA), may be attractive.

PRINCIPLE AND TECHNIQUES OF LUNG
RFA
RFA causes focal coagulation necrosis in tissue via the
delivery of energy in the form of an alternating electrical current with a frequency of 460-500 kHz in the radio
wave range. The alternating electrical current causes the
agitation of ionic dipolar molecules in surrounding tissue
and fluids, resulting in frictional heating. The exposure of
cells to temperatures of 50-52 ℃ for 4-6 min may induce
cytotoxicity[8]. Between 60 ℃ and 100 ℃, there is a near
instantaneous induction of protein coagulation, which
irreversibly damages key cytosolic and mitochondrial
enzymes, as well as nucleic acid-histone protein complexes[8]. Thus, the aim of the RFA procedure is to generate
temperatures > 50 ℃ in cancer cells.
Since Dupuy et al[9] reported the first clinical use of
RFA to treat lung cancer in 2000, RFA has been com-
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Figure 1 Pulmonary metastasis in a 68-year-old man with colorectal cancer treated with radiofrequency ablation. A: Computer tomography (CT) image before
radiofrequency ablation (RFA) showing a tumor (arrow) 1.1 cm in size in the right middle lobe; B: Positron emission tomography (PET) image before RFA showing
increased fluorodeoxyglucose (FDG) uptake by the tumor (arrow); C: CT fluoroscopic image obtained during RFA showing the treatment of the tumor with a multitined
expandable electrode (arrow); D: CT image 1 mo after RFA showing cavity formation around the ablated tumor (arrow); E: CT image 3 mo after RFA showing cavity
collapse and an increase in the size of the ablation zone (arrow) beyond the tumor size before RFA; F: PET image 6 mo after RFA showing the disappearance of FDG
uptake; G: CT image 24 mo after RFA showing the shrinkage of the ablation zone (arrow) and its appearance as a focal atelectasis.

the macroscopic mass and thereby decrease the risk of
local progression. To obtain an adequate ablative margin,
repositioning of the electrode followed by application of
RF energy (so-called “multiple overlapping ablations”)
may be performed.

before ablation because the lesion includes the ablated
marginal parenchyma surrounding the tumor[17-19]. Thus,
at a given time point during this period, local efficacy
cannot be evaluated by comparing the tumor size with
the pretreatment tumor size. Consequently, CT images
are first obtained in the early period (e.g., 1 mo) after RFA
as a point of reference. Thereafter, it is possible to evaluate local efficacy by comparing the size and geometry of
the ablation zone with the previous CT images. When the
tumor is completely ablated, the ablation zone gradually
decreases in size[20] and typically becomes scar-like tissue.
Local tumor progression is considered to occur when the
ablation zone increases in size[20]. In our experience, in
most cases of local tumor progression, a nodule appears
in the periphery of the ablation zone that always enlarges

RADIOLOGICAL EVALUATION OF LOCAL
EFFICACY
Figure 1 shows radiological images of a pulmonary
metastasis from a colorectal cancer patient treated with
RFA. Local efficacy is evaluated primarily by sequential
follow-up CT scans. During the first 6 mo after RFA,
the size of the ablated lesion may exceed the tumor size
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if untreated. Such a nodule generally exhibits some degree of contrast enhancement that distinguishes it from
the unenhanced necrotic tumor tissue[20]. Thus, contrastenhanced CT images can be helpful in confirming the diagnosis of local progression. However, in our experience,
local progression is diagnosed by careful observation of
the size and geometry of the ablation zones. Therefore,
we are of the opinion that contrast-enhanced CT is preferable but not essential for diagnosing local progression.
Positron emission tomography may also be used to
evaluate local efficacy. Focal areas of increased fluorodeoxyglucose uptake at the ablated zone are suggestive of
local tumor progression. However, attention should be
paid to possible false-positive results during the first 3
mo[17,21] or even at 24 mo[22] after RFA, due to inflammation induced by RFA.

time of the study was 38%. The 1-, 2-, and 3-year overall survival rates were 85%, 64%, and 46%, respectively,
and the median overall survival was 33 mo. The 1- and
2-year local progression-free survival rates were 74% and
56%, respectively. The 1- and 2-year local progressionfree survival rates were 88% and 69%, respectively, for
the patients in which the largest lung metastasis was ≤
3 cm, and 27% and 18%, respectively, for the patients in
which the largest lung metastasis was > 3 cm. The 1- and
2-year overall progression-free survival rates were 61%
and 34%, respectively. The median overall progressionfree survival was 15 mo. Univariate analyses identified the
following factors as significant for local progression-free
survival: the size of the largest lung metastasis, the location of the lung metastases, and post-RFA carcinoembryonic antigen (CEA) levels at 1 and 3 mo. According
to multivariate analysis, a largest lung metastasis of > 3
cm (HR = 8.3) and post-RFA CEA level of > 5 ng/mL
at 1 mo (HR = 3.5) were independently associated with
reduced local progression-free survival. Two factors were
found to be significant for overall progression-free survival: sex and size of the largest lung metastasis. In multivariate analysis, only a largest lung metastasis of > 3 cm
(HR = 5.1) was independently associated with reduced
overall progression-free survival. Yan et al[27] also reported
a learning curve for RFA in which morbidity was reduced. The same group[28] reported the outcomes of an
open-label prospective trial of RFA for 148 nonsurgical
candidates with lung metastases from several primary
cancers; 73% of these patients had primary colorectal
cancer. Although the data for the colorectal cancer patient subgroup was limited, the median overall survival
for patients with colorectal cancer was found to be 60
mo.
Simon et al[29] reported a mixed population comprising
153 nonsurgical candidates with 189 lung cancers, including 18 patients with pulmonary metastasis from colorectal cancer. Although the data from the colorectal cancer
subgroup were scarce, the 1-, 2-, 3-, and 5-year survival
rates for those patients were 87%, 78%, 57%, and 57%,
respectively. Lencioni et al[15] performed a prospective,
multicenter clinical trial of RFA using a mixed population comprising 106 nonsurgical candidates with primary
lung cancer and pulmonary metastasis from various primary cancers. In total, 53 patients had metastases from
colorectal cancer. No procedure-related deaths occurred.
Complete treatment was confirmed for ≥ 1 year in 91%
of the patients with pulmonary metastases from colorectal cancer. The 1- and 2-year overall survival rates for the
patients with colorectal metastases were 89% and 66%,
respectively. The cancer-specific 1- and 2-year survival
rates were 91% and 68%, respectively.
Hiraki et al[30] assessed the outcomes of 27 nonsurgical candidates with pulmonary metastases from colorectal
cancer; these patients comprised a total of 41 RFA sessions. There was no mortality or sequela. Pneumothorax
occurred after 49% of the sessions, and chest tube placement was required after 7.3% of the sessions. Pleural

REVIEW OF STUDIES ON RFA OF
PULMONARY METASTASES FROM
COLORECTAL CANCER
A review of the literature was conducted by searching
the PubMed database. The results were limited to studies
published in English, and the search was performed with
the keywords “colorectal”, “lung”, and “radiofrequency
ablation”. The citations of all electronically identified
articles were further manually searched for potentially
relevant studies. Human clinical studies on the efficacy
of RFA of pulmonary metastases from colorectal cancer
were selected, while animal experiments, case reports,
and reviews were excluded. All relevant articles were subsequently evaluated.
Table 1 summarizes the results for the use of RFA
to treat pulmonary metastases in patients with colorectal
cancer. A group at St. George Hospital in Australia published several reports on the use of RFA to treat pulmonary metastases in patients with colorectal cancer[18,23-28].
In 2003, Steinke et al[18] published their preliminary study,
which mainly focused on morbidity. In total, 20 nonsurgical candidates with 41 pulmonary metastases from
colorectal cancer were treated with RFA. The procedure
resulted in technical failure for 1 tumor. A total of 10
(50%) patients developed pneumothorax, and 5 patients
(25%) required chest tube placement. Intrapulmonary
hemorrhage occurred in 3 (7.5%) of the 40 tumors, but
all cases were self-limiting. In 2007, Yan et al[26] reported
the mid-term outcomes of 55 nonsurgical candidates,
including morbidities, local efficacy, and survival. No
hospital mortality was reported. The periprocedural
morbidity rate was 42%, which included intrapulmonary
bleeding (9%), pneumothorax (29%), pleural effusion
(7%), and persistent pleuritic chest pain for more than 1
wk (4%). Some patients experienced more than 1 adverse
event. In total, 9 patients had pneumothorax that required chest tube placement (16%). The median duration
of hospital stay was 1 d, and the median follow-up period
was 24 mo. The proportion of local progression at the
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Memorial Sloan- 2013 45
Kettering Cancer
Center

Petre et al[33]

2009 78

Mie University

Yamakado et al[32]

2007 71

Multicenter in
Japan

Yamakado et al[31]

Hiraki et al[30]

2007 55

2003 20

Year n

Multicenter in 2008 53
the United States,
United kingdom,
Italy, Germany,
and Australia
Okayama
2007 27
University

St. George
Hospital

Yan et al[26]

Lencioni et al[15]

St. George
Hospital

Center

Steinke et al[18]

Ref.

63
(mean)

66
(mean)

64
(mean)

62
(mean)

63
(mean)

62
(mean)

62
(mean)

1.5

2.5

2.2

1.8

2.2

NA

2.1

0.4–3.5

2.0
(mean)

2.4
(mean)

1.5
(mean)

1.4
(mean)

2.1
(mean)

1.4
(mean)

Mortality and morbidity

Mortality: 0%

18 (median)

NA

Survival
NA

Prognostic factors

Extrapulmonary
metastasis for
OS by univariate
analyses

Extrapulmonary
metastasis and
tumor size for OS
by multivariate
analyses
1-/3-/5-year OS rate: 84%/56%/35%, Extrapulmonary
respectively, Median OS: 38 mo
metastasis and
CEA level for OS
by multivariate
analyses
Mortality: 0%, Overall PTX: 33%,
Primary and secondary
1-/2-/3-year OS rate: 95%/72%/50%,
Number of
PTX requiring chest tube placement: proportion of local tumor
respectively, Median OS: 46 mo,
pulmonary
19%, Overall pleural effusion: 5%,
progression: 13% and 7.2%, 1-/2-/3-year primary and secondary
metastasis for
Pleural effusion requiring chest tube
respectively
local PFS rate: 92% and 95%/77% and OS by univariate
placement: 1.7%, Pneumonia: 1.7%
89%/77% and 89%, respectively
analyses

1-/2-/3-year OS rate: 84%/62%/46%,
respectively, Median OS: 31 mo

1-/2-/3-year OS rate: 96%/54%/48%,
respectively, Mean OS: 33 mo

1-/2-/3-year OS rate: 85%/64%/46%, Tumor size and
respectively, Median OS: 33 mo,
CEA level at 1
1-/2-year local PFS rate: 74%/56%,
month after RFA
respectively, 1-/2-year overall PFS rate:
for local PFS
61%/34%, respectively, Median overall by multivariate
PFS: 15 mo
analyses,
Tumor size for
overall PFS by
multivariate
analyses
Proportion of local tumor
OS 1-/2-year: 89%/66%, CancerNA
progression: 9%
specific survival 1-/2-year: 91%/68%

Proportion of local tumor
progression: 38%

NA

Local efficacy

20 (median) Mortality: 0%, Overall PTX: 49%, PTX
Primary and secondary
requiring chest tube placement: 7.3%, proportion of local tumor
Pleural effusion: 15%,
progression: 31% and 20%,
respectively
1-/2-/3-year primary and
secondary local control
rate: 72% and 85%/56%
and 62%/56% and 62%,
respectively
19 (mean) Mortality: 0%, Overall PTX: 37%, PTX Proportion of local tumor
requiring chest tube placement: 20%,
progression: 17%
Pleural effusion: 14%, > 38  ℃ fever:
20%, Empyema requiring chest tube
placement: 1.4%
25 (mean) Mortality: 0%, Overall PTX: 22%, PTX Proportion of local tumor
requiring chest tube placement: 13%,
progression: 14%,
Pleural effusion requiring chest tube 1-/3-/5-year local control
placement: 1.4%
rate: 90%/79%/79%

NA

Mortality: 0%, Overall PTX: 50%,
PTX requiring chest tube placement:
25%, Self-limiting intrapulmonary
hemorrhage: 7.5%
24 (median) Mortality: 0%, Overall morbidity rate:
42%, PTX: 29%, Pleural effusion: 7%,
PTX requiring chest tube placement:
16%, Self-limiting intrapulmonary
hemorrhage: 9%

14 (median)

Patient No. of tumors Tumor
Follow-up
age (yr) per patient size (cm) period (mo)

Table 1 Summary of studies reporting outcomes of radiofrequency ablation of pulmonary metastases from colorectal cancer
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University
2013 122
68
College London
(median)
Medical School

3.3

1.7
(mean)

NA

Mortality: 0%, Late procedure-related Proportion of local tumor
death: 0.4%, Major complication: 3.9%,
progression: 19%
PTX requiring chest tube placement:
15%, Pleural effusion requiring chest
tube placement: 1.2%, Infection: 2.0%,
Nerve injury: 0.8%

OS 3-year rate: 57%, Median OS: 41 mo

None

effusion was encountered after 15% of the sessions. Local progression after RFA was observed in 31% (15/49) of the tumors; 5 of these locally progressing tumors were completely treated by repeating the procedure. Thus, local progression was observed in 20% of the tumors at the time of study. The primary local control rates were 72% at 1 year,
56% at 2 years, and 56% at 3 years. By repeating the procedure for local progression, the local control rates were improved to 85% at 1 year, 62% at 2 years, and 62% at 3 years.
The 1-, 2-, and 3-year survival rates were 96%, 54%, and 48%, respectively. The mean survival time was 33 mo. Univariate analysis revealed that the presence of extrapulmonary
metastasis at the time of RFA was the only significant factor associated with survival.
Yamakado et al[31] reported the results of a multicenter study in Japan comprising 71 nonsurgical candidates. No mortality was observed. Fever (> 38  ℃) developed in 14
patients (20%), and asymptomatic pleural effusion was observed in 10 (14%) patients. Pneumothorax developed in 26 (37%) patients, 14 (20%) of whom required a chest tube.
Empyema developed in 1 (1.4%) patient. Local tumor progression was observed in 12 (17%) of the 71 patients during the mean follow-up period of 19 mo. The proportion of
patients with local tumor progression was 11% (7/61) in those with tumors ≤ 3 cm and 50% (5/10) in those with tumors > 3 cm. This difference was statistically significant.
The 1-, 2-, and 3-year overall survival rates were 84%, 62%, and 46%, respectively. The median survival time was 31 mo. Univariate analyses revealed that extrapulmonary metastasis, tumor size, and CEA level were significant prognostic factors. The first 2 factors were also significant according to multivariate analysis. Subsequently, Yamakado et al[32]
reported a single-center study involving 78 patients with pulmonary metastases from colorectal cancer. The mean follow-up period was 24.6 mo. Pneumothorax developed in
22% (31/140) of the sessions, and pneumothorax and pleural effusion requiring chest tube placement occurred in 13% (18/140) and 1.4% (2/140) of the sessions, respectively.
Local tumor progression was observed in 11 patients (14%). The 1-, 3-, and 5-year local tumor progression rates were 10%, 21%, and 21%, respectively. The 1-, 3-, and 5-year
local tumor progression rates were 5%, 14%, and 14% in patients with tumors ≤ 3 cm and 53%, 69%, and 69% in patients with tumors > 3 cm. This difference was statistically
significant. The 1-, 3-, and 5-year survival rates were 84%, 56%, and 35%, respectively, and the median survival time was 38 mo. Univariate analyses identified maximum tumor
diameter of ≤ 3 cm, single-lung metastasis, absence of extrapulmonary metastasis, and normal CEA levels as prognostic factors. Multivariate analysis also indicated that the latter 2 variables were significantly independent prognostic factors. The 1-, 3-, and 5-year survival rates were 98%, 83%, and 57%, respectively, in the 54 patients with no extrapulmonary metastases and 97%, 86%, and 63%, respectively, in the 33 patients with negative CEA levels.
Petre et al[33] studied 45 nonsurgical candidates with 69 pulmonary metastases (< 3.5 cm) from colorectal cancer. The median hospital stay was 1 d. There was no periprocedural mortality. Pneumothorax occurred in 33% of the sessions, with 12 (19%) patients requiring a percutaneous chest tube. There were 3 cases of pleural effusion, one of
which required catheter drainage. One patient developed bacterial pneumonia. The median follow-up period was 18 mo after RFA. Of the 69 lesions, local tumor progression
occurred in 9 lesions (13%) at a median of 11.1 mo after RFA. Lesions > 1.5 cm had a tendency toward a higher risk of local progression compared with lesions ≤ 1.5 cm
(HR = 7.03). Among the lesions that progressed, 4 were re-treated with RFA, and the secondary (after repeat ablations) effectiveness rate was 93% (64/69 lesions). The primary
and secondary local tumor progression-free survival rates were 92% and 95%, respectively, at 1 year, 77% and 89%, respectively, at 2 years, and 77% and 89%, respectively, at
3 years. The median overall survival time after the RFA procedure was 46 mo. The 1-, 2-, and 3-year overall survival rates from the time of RFA were 95%, 72%, and 50%, respectively. Univariate analyses using various variables revealed that the only significant prognostic factor was the number of pulmonary metastasis at the time of RFA.
Gillams et al[34] performed 256 RFA procedures in 122 patients with a total of 398 metastases. The major complication rate was 3.9%. There were no cases of prolonged air
leak. The 30-d mortality rate was 0%. There were 10 major complications (3.9%): 3 pleural effusions requiring drain insertion; 5 infections, including 1 delayed infection that
resulted in fatal hemoptysis; and 2 nerve injuries (1 recurrent laryngeal nerve injury and 1 brachial plexus injury). Pneumothorax requiring drainage occurred in 39 (15%) of the

NA: Not available; PTX: Pneumothorax; OS: Overall survival; PFS: Progression-free survival; CEA: Carcinoembryonic antigen; RFA: Radiofrequency ablation.

Gillams et al[34]
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procedures. The local progression analysis included 268
tumors with > 6 mo of imaging follow-up data available
for review. On a tumor-by-tumor basis, 52 (19%) of 268
tumors progressed locally. The mean and median times
to local progression were 9 and 8 mo (range 2-27 mo),
respectively. The median overall survival and 3-year survival rate were 41 mo and 57%, respectively. No significant prognostic factors were identified, although survival
tended to be better in patients with smaller tumors.
In summary, RFA for colorectal pulmonary metastasis
is a safe procedure that rarely results in death. The most
common complication is pneumothorax, which occurs
in up to 50% of procedures. Chest tube placement for
pneumothorax is required after up to 25% of procedures.
Other severe complications, such as pleural effusion requiring chest tube placement, infection, and nerve injury,
are rare. Local tumor progression after RFA is not rare
(10% or more) and is particularly common for tumors
> 3 cm. Short- to mid-term survival after RFA appears
promising, with survival rates of approximately 85%-95%
at 1 year and 45%-55% at 3 years. Long-term (5 years or
more) survival data are sparse. Significant prognostic factors include number and size of pulmonary metastases,
CEA levels, and extrapulmonary metastasis.
The ultimate application of RFA may be to replace
metastasectomy. Accordingly, survival data after surgical
resection of pulmonary metastases from colorectal cancer should be assessed. Pfannschmidt et al[35] systematically reviewed 20 published series of surgical resection
of pulmonary metastases from colorectal cancer. The
postoperative mortality ranged from 0% to 2.4%, and approximately 40% of patients remained alive 5 years after
resection. Fiorentino et al[36] also performed a systematic
review of 51 articles on pulmonary metastasectomy in
colorectal cancer. Most pulmonary metastasectomies
were performed for a single metastasis. The 5-year survival rate after single metastasectomy was approximately
50%, whereas the rate after multiple metastasectomy was
30%. Recently, Gonzalez et al[37] performed a systematic
review of 25 studies involving a total of 2925 patients
and found that the median 5-year survival rate was
43.5%. At present, data for long-term survival after RFA
are too sparse to compare with surgical data, although
the short- to mid-term survival data are promising. In our
opinion, given the high local progression rate for tumors
> 3 cm after RFA, patients with such tumors should undergo surgery whenever operable. As a therapy for small
tumors, RFA may be competitive with metastasectomy,
which must be validated in future trials.

are considered nonsurgical candidates because of comorbidities and/or refusal to undergo surgery. Given that
pulmonary metastases are usually of a multifocal nature
and, consequently, pose a high risk of intrapulmonary de
novo recurrence after therapy, the treatment for pulmonary metastases must be repeatable and should preserve
as much of the parenchyma as possible to preserve pulmonary function. The repeatability of the procedure may
also be a great advantage of RFA. Repeat procedures
may also be used to effectively treat local tumor progression[38]. The influence of RFA on pulmonary function
was found to be minimal[39-41], and RFA may be applied
regardless of previous treatments. Consequently, this
method can be used as a second salvage treatment for recurrence after surgery, radiation therapy, or chemotherapy and in combination with other treatments to eradicate
multiple cancers.
There are also disadvantages of the use of RFA. CT
is used for the procedure, which is associated with radiation exposure to both the patient and the physician.
Thus, the use of CT fluoroscopy, although useful, should
be minimized. The procedure is also accompanied by a
high risk of pneumothorax. The most substantial disadvantage of RFA may be its limited local efficacy.

CONCLUSION
RFA for pulmonary metastasis of colorectal cancer is
safe and minimally invasive. The most common complication, which occurs in up to 50% of cases, is pneumothorax. However, in most cases, this can be treated
conservatively. The local efficacy of RFA depends on the
tumor size, and local progression after RFA is not rare,
occurring in 10% or more of cases. The local progression
rate is particularly high for tumors > 3 cm. The short- to
mid-term survival data after RFA are promising, with 1and 3-year survival rates of approximately 85%-95% and
45%-55%, respectively. Long-term survival data remain
sparse. Better survival may be expected for patients with
small metastasis, low carcinoembryonic antigen levels,
and/or no extrapulmonary metastasis. The ultimate application of RFA may be to replace metastasectomy for
small metastases. Future studies should include randomized trials comparing RFA with surgery.
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pursuit of minimal invasiveness. In the near future, robotic SPLS with natural orifice transluminal endoscopic
surgery’s way of specimen extraction seems to be pursued. It is expected to provide a completely or nearly
complete seamless operation regardless of location of
the lesion in the abdomen.
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Core tip: Single-port laparoscopic surgery (SPLS) has
clear-cut benefits in terms of cosmesis and reduced
wound morbidity. The technical difficulties have been
overcome by novel concepts and maneuvers, including
the concept of inverse triangulation and the maneuvers
of pivoting, spreading out dissection, hanging suture,
and transluminal traction. Cosmetic demerits, caused
by the specimen extraction through the single-port site,
can be selectively overcome by natural orifice specimen extraction, such as using transvaginal or transanal
route. In the near future, robotic SPLS with natural orifice transluminal endoscopic surgery’s way of specimen
extraction seems to be pursued.

Abstract
Single-port laparoscopic surgery (SPLS) is implemented
through a tailored minimal single incision through which
a number of laparoscopic instruments access. Introduction of operation-customized port system, utilization of
a camera without a separate external light, and instruments with different lengths has brought the favorable
environment for SPLS. However, performing SPLS still
creates several hardships compared to multiport laparoscopic surgery; a single-port system inevitably leads
to clashing of surgical instruments due to crowding. To
overcome such difficulties, investigators has developed
novel concepts and maneuvers, including the concept
of inverse triangulation and the maneuvers of pivoting,
spreading out dissection, hanging suture, and transluminal traction. The final destination of SPLS is expected
to be a completely seamless operation, maximizing the
minimal invasiveness. Specimen extraction through
the umbilicus can undermine cosmesis by inducing a
larger incision. Therefore, hybrid laparoscopic technique, which combined laparoscopic surgical technique
with natural orifice specimen extraction (NOSE) - i.e. ,
transvaginal or transanal route-, has been developed.
SPLS and NOSE seemed to be the best combination in
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Past: Emerging as a rising hope
Laparoscopic surgery did not only cosmetically satisfy
patients but also led to improvement in parameters re-
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1). In this paper, we referred to it as SPLS, which is the
most widely used terminology in South Korea.

Table 1 Acronyms of single port laparoscopic surgery
Acronym

Details

eNOTES
LESS
NOTUS
OPUS
SPAS
SPL
SIPLS
SIMPL
SILS
SLIT
SLAPP
SSL
TUES
TULA
TUSPLS

Embryonic natural orifice transluminal endoscopic surgery
Laparo-endoscopic single site surgery
Natural orifice trans-umbilical surgery
One port umbilical surgery
Single port access
Single port laparoscopy
Single instrument port laparoscopic surgery
Single incision multi-port laparoscopic-endoscopic
Single incision laparoscopic surgery
Single laparoscopic incision transabdominal
Single laparoscopic port procedure
Single site laparoscopy
Trans-umbilical endoscopic surgery
Trans-umbilical laparoscopic assisted
trans-umbilical single port laparoscopic surgery

Beneficial effects of SPLS
SPLS is implemented through a tailored minimal single
incision through which a number of laparoscopic instruments access. This single incision site usually functions
as (1) an access port entering into abdominal cavity; (2)
a specimen-extracting orifice; and (3) a pathway for a
drain. The preferred single incision site is the umbilicus.
Umbilicus is the thinnest part of the abdomen; has no
vessel or nerve; and can be regarded as predetermined,
ready-made scar which can hide artificial scar effectively.
Furthermore, centrally located, it can provide a shortcut
to various intra-abdominal organs in all abdominal quadrants. Other sites besides umbilicus, however, can be
utilized as a single incision for various reasons, including
abandoning the umbilicus due to possible adhesion and
making incision at predetermined ileostomy site. We experienced several cases of abdominoperineal resection
and low anterior resection using SPLS other than transumbilical route due to the latter reason, and found it to
be acceptable in terms of operative proficiency and cosmesis[15]; no wound was identified postoperatively except
for the ileostomy site, simulating an even more “scar-less”
operation than using the umbilicus.
Besides cosmetic superiority, the potential benefits
of SPLS is to reduce wound morbidity. The number and
overall size of the wound directly affect wound morbidity, such as injuries of vessels, bowel, and other intraabdominal organs, and trocar site hernia[23]. Weiss et al[24],
in their analysis of 1145 consecutive series of SPLS,
reported that SPLS reduced wound complication more
than CLS (2.38% vs 8.45%, P = 0.015).
Other benefits of SPLS over CLS have not determined yet. Until now, a series of comparative studies
suggested a number of potential beneﬁts of SPLS,
including pain reduction and fastened postoperative recovery[20,25-27], and others did not[28-31]. The severity and
duration of pain after an operation influences postoperative recovery, which is reflected by duration before
re-initiation of a diet, return to normal activity, and the
length of hospital stay. Therefore, the effect of SPLS on
postoperative pain needs to be determined first. Tsimoyiannis et al[25], in a randomized controlled trial comparing
outcomes following cholecystectomies either by CLS
(n = 20) or SPLS (n = 20), showed that SPLS more reduced postoperative pain scores. However, prospective,
large-scaled clinical trials of the short- and long-term
outcomes are essential to determine the precise effects
of SPLS.
SPLS is particularly useful in operations which are
aimed at more than two target organs in different quadrants; for the umbilicus provides a shortcut to reach all
intra-abdominal organs. Combined appendectomy and
cholecystectomy is one of examples. Colorectal surgery
involves the most extensive area in the abdomen because
the colorectum is extensively distributed. Therefore, the

lated with short-term operative outcomes, such as reduction in postoperative pain and duration of ileus, quicker
postoperative recovery, shorter hospital stay, and earlier
return to normal activity[1-7]. Furthermore, a randomized
clinical trial reported a reduction in tumor relapse following laparoscopic surgery, suggesting long-term oncologic benefits[8]. The reasons were attributed to various
potential mechanisms, including a lower stress response
after surgical trauma, an attenuated cytokine response,
minimal tumor handling, accurate application of the notouch technique, and lower complication rates.
Conventional laparoscopic surgery (CLS) usually requires 3-6 small incisions for ports. These incisions are
not only cosmetically unappealing, but also increase the
wound pain and potential wound morbidity, such as abdominal wall bleeding, port-site hernia, and internal organ damage. The ardent pursuit of minimal invasiveness
and the increasing recognition of patient’s satisfaction
has led to the ultimate form of laparoscopic surgery,
single port laparoscopic surgery (SPLS). Ever since the
first attempt of SPLS hysterectomy in 1992[9], SPLS was
adopted by general surgery in procedures such as appendectomy[10], cholecystectomy[11], and adrenalectomy[12].
Colorectal surgeons were also eager to employ the novel
SPLS technique in right hemicolectomy[13,14], sigmoidectomy[15,16], and total colectomy[17,18]. The spectrum of
SPLS applications has extended from benign diseases
to malignant colorectal cancers[13,16,19] and the safety and
feasibility of SPLS in colorectal surgery is supported by
many reports and comparative studies[14,20-22].

Present: Exclamation and
frustration
SPLS nomenclature
The exact nomenclature of laparoscopic surgery, which
is performed through only on minimal incision, has
not been determined. The surgical procedure has been
variously referred depending on the continent, country,
hospital, department, and even individual operator (Table
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Figure 1 Ports designed for single-port laparoscopic surgery. A: Materials for making homemade glove port (two-piece, terminal type); B: OCTO port (Dalim
medical Co., South Korea) (two-piece, terminal type); C: Single incision laparoscopic surgery port (Covidien, United States) (one-piece, preoccupied type); D: Commercial glove port (Sejong medical Co., South Korea) (one-piece, terminal type).

merit of SPLS is pronounced in colorectal surgery. Furthermore, SPLS may be the optimal choice in selected
patients with a history of multiple abdominal operations. Open or laparoscopic surgery can equally put such
patients in the risk of iatrogenic bowel perforation. In
these situations, SPLS can be attempted because a single
minimal incision provides a safe settlement point from
which the dissection can be initiated cautiously.
SPLS poses several challenges, such as the handling
of straight instruments in parallel with the laparoscope
through a small single incision. Technical limitations
of instrumentation in SPLS has led to advancement in
techniques to overcome the limitations. Such technical
advancements are unique to SPLS; difficult or unable to
apply to CLS; and therefore show the potential of SPLS
to outperform CLS.

in colorectal surgery considering the comfortability of
specimen extraction through the port site. We also classified the single ports into the terminal type and preoccupied type according to the presence of a common channel; it can be called as terminal type when laparoscopic
instruments share a common channel in the single port
except for their entrance, and called as preoccupied type
when each individual laparoscopic instrument has its
own independent access to the abdominal cavity. We
preferred the terminal type because it can be used with
smaller incisions and evokes less instrumental clinching.
Camera: Utilization of a camera without a separate external light not only provides more space externally but
also reduces the chance of it being knocked out of place
by a surgeon. We prefer a camera with 5-mm diameter
due to various reasons, such as taking up lesser space
and leaving small incision. The 30-degree telescope provides an extensive vision, especially in the deepest portion of the pelvic cavity.

Instrument for SPLS
Ports: In the beginning, a homemade glove port, which
combines a wound retractor and a surgical glove, has
been utilized. More recently, commercial single ports,
including the OCTO port (Dalim medical Co., South
Korea) and the SILS port (single-incision laparoscopic
surgery port, Covidien, United States) have also been developed and introduced (Figure 1). For convenience, we
categorized the single ports into two subtypes depending on detachability; one-piece (SPLS port, R-port etc.)
type and two-piece (Glove port, OCTO port etc.) type.
We think that the two-piece type is more convenient
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Working instruments: As SPLS is based on well-established laparoscopic foundation, SPLS can be reproduced
using conventional laparoscopic instruments. Fixed
straight instruments are usually preferred in SPLS because they can transmit constant force and maintain
throughout retraction. Numerous articulating devices,
however, have been developed to actively manipulate and
fulfill tasks regardless of instrument position. The prac-
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A

(Figure 2). Inverse triangulation refers to the formation
of an inverted triangle viewed from the operator; one
single-incision port site and two instrumental ends which
are positioned in a crossing-over pattern comprise three
triangles. The two instrumental ends do not encounter,
but assist each other by creating tension. The operation
is carried out with the two instruments crossed-over.
The surgeon’s right hand holds the left-sided instrument
and vice versa. Inverse-triangulation makes it convenient
to perform various kinds of laparoscopic procedure,
including dissection, traction, and resection. And, inverse triangulation does not increase the umbilical pain
because the range of motion of the instruments is restricted within the umbilical port.

B

Figure 2 Concept of triangulation vs inverse triangulation. Triangulation in
multiport laparoscopic surgery allows traction on tissues to improve dissection
along anatomical planes (A). In inverse triangulation of single-port laparoscopic
surgery, the two instrumental ends do not encounter, but assist each other by
creating tension (B). Therefore, the operation is carried out with the two instruments crossed-over.

Pivoting: Colorectum is located extensively in four quadrants of the abdomen, and the umbilicus is located in the
center of four quadrants. Therefore, a pan-abdominal
approach without additional incisions is possible through
the umbilicus. Furthermore, SPLS is advantageous in the
operation which includes more than two target organs in
different quadrants, such as combining splenectomy and
appendectomy. The only requirements in such a situation
are positional changes of the patient and shifts of operation members.

tical utility of their flexibility raises controversy. Judging
from our experience, articulating devices were particularly convenient when utilized with one hand rather than
with both hands and/or when applied to the patients
with a prominent pelvic promontory. Instruments with
longer (44-45 cm) shaft lengths than conventional devices (33-34 cm) are advantageous in the procedures in
the left upper quadrant (LUQ), such as splenic flexure
dissection. Considerable instrumental clinches occurred
outside rather than inside of abdominal cavity. We have
overcome the clinches to a large extent using differentlength instruments and a reduced bulk camera.
An instrument placed through a single port divides
the hole in the port into two. Therefore, when an instrument cannot, or is difficult to reach the targeted organ,
we recommend to draw the instrument completely out
of the abdomen and re-insert it into another compartment bordered by the instrument.

Spreading out dissection: Whether it is laparoscopy or
open surgery, the operation of the patient with multiple
adhesions demands a great deal of hard works. In CLS,
even if a port for camera is successfully entered, insertion of an additional port far apart from the camera port
can be threatening due to potential risk of intestinal injuries. However, SPLS has an advantage over CLS in that
it does not require risky additional port insertion; only
after securement of single-port access, dissection of adherent tissue can be expanded from the single-port site
with safety.
Hanging suture: Application of a hanging suture is
helpful when sustained maintenance of the visual field
overcoming an obstacle is required. For example, the
practice of total mesorectal excision (TME) for rectal cancer is limited during SPLS due to narrow pelvic
cavity and hindering structures. To facilitate TME, the
peritoneal fold (in males) or the uterus (in females) can
be elevated by placing an intracorporeal stitch through
the low abdominal wall (Figure 3). Thereafter, adjusting
patient’s position according to the procedure can further
optimize operative field.

Challenge and response
Performing SPLS is more strenuous than CLS. The environment provided by SPLS inevitably results in motion
limitations and clashing of surgical instruments due to
crowding. Furthermore, SPLS significantly increases
the difficulty of colonic exposure and dissection due to
inability of triangular dissection which has been considered a cornerstone of laparoscopic surgery. Such difficulties prompted the development of instruments and
maneuvers to overcome the limitations. Herein, some of
these attempts, including the maneuvers which were ingenuously developed at our institution, will be discussed.

Transluminal traction: In the low colorectal surgery,
the support of a colorectum, which is determined to
be dissected, can facilitate dissection by way of adjusting the organ’s direction. This support can be provided
by transrectal application of instruments, such as PPH
(Procedure for Prolapsed and Hemorrhoid Endo-Surgery, Ethicon, United States), a circular stapler, an anal
trocar, or colonoscopy (Figure 4).

Inverse triangulation: Laparoscopic surgeons have performed convenient traction and dissection using the concept
of triangulation. SPLS, however, provides the unfavorable
surroundings for triangulation, often resulting in the chopsticks or sword fighting effect due to parallel alignment
of instruments. We have attempted to overcome the limitations using a new concept of “inverse triangulation”
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A

B

Figure 3 Hanging suture. To facilitate operative field during total mesorectal excision, the uterus in female (A) or the peritoneal fold in male (B) were elevated by
placing an intracorporeal stitch through the low abdominal wall.

Figure 4 Transluminal traction. A PPH (procedure for Prolapsed and Hemorrhoid Endo-Surgery, Ethicon, United States) was utilized to support the colorectum during dissection and to facilitate dissection by shifting the colorectum’s location as well.

in the operations of which target organ is localized in a
single quadrant, such as appendectomy, cholecystectomy,
and herniorrhaphy.
SPLS was initially designed to achieve a seamless operation. Reaching a “completely seamless operation” is
the final destination, while maintaining comparable therapeutic outcomes as CLS. In spite of attempts to reduce
the number and size of the skin incision, the bulk of the
specimen inevitably affects the length of incision, mostly
the umbilical incision. Laparoscopic surgeons attempted
to solve this problem by borrowing idea from natural
orifice transluminal endoscopic surgery (NOTES). Consequently, hybrid laparoscopic technique, which combined laparoscopic surgical technique with natural orifice
specimen extraction (NOSE), has been developed[32-41].
Of NOSE, transvaginal[32-37] or transanal[38-41] route of

FUTURE: WAY TO ULTIMITE SCARLESS
SURGERY
SPLS is mainly accomplished by two persons. The operator both holds an organ structure and dissects it with
bimanual manipulation. Therefore, the operator’s contribution is more substantial than any other procedures. An
assistant’s role is, however, usually to steer a laparoscope.
Therefore, the assistant’s role can be replaced by an instrument, such as a camera holder (laparoscopic instrument holder, Sejong medical Co., South Korea) (Figure
5). If the instrument replaces an assistant surgeon, the
surgical team is only comprised of a surgeon and a scrub
nurse. Surgery department often lacks manpower; therefore such instrument-dependent SPLS can overcome the
personal defect. We found it is particularly advantageous
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A

B

Figure 5 Laparoscopic instrument holder. An installation of a laparoscopic instrument holder in operation bed (A). Application of a laparoscopic instrument holder
during single-port laparoscopic surgery (B).

A

B

C

D

Figure 6 Umbilicus-sparing single-port laparoscopic surgery. After making a incision for single-port to the predetermined enterostomy site (A), a single-port was
inserted (B), and operation was accomplished through the enterostomy site (C). Postoperatively, no scar, except for enterostomy, remained (D).

cavity[45-48]. Ideal seamless operation can be designed by
combining these two operative procedures. First, after
making an incision in anus, the dissection proceeds forward, and then the specimen is extracted via anus, and
colo-anal anastomosis is achieved through the anus. Such
an accomplishment can be remarked as one of the most
advanced forms of SPLS[49,50].
The advent of robotic surgery should be addressed
when discussing the future of minimally invasive surgery. Because the robotic surgery is performed using a
laparoscopic approach, an upgraded version of robotic
surgery will be single-port robotic surgery[51]. It seemed
that robotic SPLS combined with NOTE’s way of specimen extraction would be attempted in the near future[52].

specimen retrieval has been preferred in laparoscopic
surgery. SPLS and NOSE are the best combination in
pursuit of minimal invasiveness. In operations which include the formation of a stoma, such as abdominoperineal resection or low anterior resection with diverting ileostomy, SPLS can be initiated through a predetermined
stoma site and the specimen can be extracted through
the stoma site (Figure 6). Therefore, the ideal seamless
operation can be accomplished by this way.
Transanal endoluminal laparoscopic surgery (TELS)
is displayed in the rectal lumen using a port established in
the anus[42-44]. And, laparoscopic assisted transanal transabdominal proctosigmoidectomy is a combined approach
to remove low rectal cancer via the anus and abdominal
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It is expected to provide a completely or nearly complete
seamless operation regardless of location of the lesion
in the abdomen.
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REVIEW

Neuroanatomy of lower gastrointestinal pain disorders
Wim Vermeulen, Joris G De Man, Paul A Pelckmans, Benedicte Y De Winter
to induce sensation or pain. In inflammatory bowel
disease (IBD) and irritable bowel syndrome (IBS) patients, however, long-term neuroplastic changes have
occurred in the brain-gut axis which results in chronic
abdominal pain. This sensitization may be driven on
the one hand by peripheral mechanisms within the
intestinal wall which encompasses an interplay between immunocytes, enterochromaffin cells, resident
macrophages, neurons and smooth muscles. On the
other hand, neuronal synaptic changes along with
increased neurotransmitter release in the spinal cord
and brain leads to a state of central wind-up. Also life
factors such as but not limited to inflammation and
stress contribute to hypersensitivity. All together, the
degree to which each of these mechanisms contribute
to hypersensitivity in IBD and IBS might be diseaseand even patient-dependent. Mapping of sensitization
throughout animal and human studies may significantly improve our understanding of sensitization in IBD
and IBS. On the long run, this knowledge can be put
forward in potential therapeutic targets for abdominal
pain in these conditions.
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Abstract
Chronic abdominal pain accompanying intestinal inflammation emerges from the hyperresponsiveness of
neuronal, immune and endocrine signaling pathways
within the intestines, the peripheral and the central
nervous system. In this article we review how the
sensory nerve information from the healthy and the
hypersensitive bowel is encoded and conveyed to the
brain. The gut milieu is continuously monitored by
intrinsic enteric afferents, and an extrinsic nervous
network comprising vagal, pelvic and splanchnic afferents. The extrinsic afferents convey gut stimuli to
second order neurons within the superficial spinal cord
layers. These neurons cross the white commissure and
ascend in the anterolateral quadrant and in the ipsilateral dorsal column of the dorsal horn to higher brain
centers, mostly subserving regulatory functions. Within the supraspinal regions and the brainstem, pathways descend to modulate the sensory input. Because
of this multiple level control, only a small proportion of
gut signals actually reaches the level of consciousness
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Core tip: This review reports on the neuroanatomy of
gastrointestinal pain disorders. The encoding and conveying of information from the gastrointestinal wall to
the central nervous system is described with emphasis
on the peripheral level, the spinal cord and the higher
brain centers. Besides the basic principles of visceral
hypersensitivity are reviewed taking into consideration
peripheral sensitization (and the main mediators involved) and central wind-up phenomena in order to
better understand the mechanisms involved in chronic
abdominal pain in inflammatory bowel disease and irritable bowel syndrome patients.
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spinal cord segments[16]. Within the spine other body
signals may join and together the information travels via
supraspinal levels to the higher brain centers. Importantly it is known that somatic input outnumbers the
visceral input and that the visceral input is entering the
spinal cord at different segments. This ambiguous signal
transduction from the gut via the three-neuron chain to
the brain explains why the experienced pain has a poor
topological relation and cannot always be pinpointed.
In IBD and IBS, each level of control is susceptible to
neuromodulatory changes or sensitization. Therefore,
we review how stimuli in the healthy and the hypersensitive bowel are detected, encoded, and conveyed to the
brain to be either unconsciously, consciously or painfully
perceived. For reasons of clarity, we will start with a description of the anatomical structures involved.

Vermeulen W, De Man JG, Pelckmans PA, De Winter BY. Neuroanatomy of lower gastrointestinal pain disorders. World J
Gastroenterol 2014; 20(4): 1005-1020 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i4/1005.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i4.1005

INTRODUCTION
Chronic abdominal pain frequently originates from a local inflammatory reaction in the lower gastrointestinal
(GI) tract. Indeed, 50%-70% of patients with inflammatory bowel disease (IBD), encompassing ulcerative colitis
(UC) and Crohn’s disease (CD), present with abdominal
discomfort or pain[1,2]. The bulk of IBD research merely
focuses on treatment algorithms for the achievement
and the maintenance of endoscopic remission of mucosal lesions but this approach insufficiently resolves concomitant pain[3,4]. A retrospective 5 year follow-up study
in CD patients revealed a high prevalence of chronic
narcotic users which exemplifies the analgesic shortcoming[5]. Farrokhyar and colleagues reported symptoms
compliant to Rome Ⅱ diagnostic criteria for irritable
bowel syndrome (IBS) in approximately one-third of
patients with inactive CD[4,6]. IBS entails a heterogeneous
group of functional lower GI disorders characterized
by abdominal pain and altered bowel habits[7]. While
routine diagnostic tests exclude alarming features for
organic pathology, some though not all investigators
discovered subclinical evidence of a low-grade ileitis
and colitis in several IBS patients such as mildly elevated
levels of fecal calprotectin[8,9], an increase in proinflammatory cytokines including IL-6, IL-8, tumor necrosis
factor (TNF)-α and IL-1β[10], colonic lymphocytosis and
mastocytosis[11]. Aside from concerns of some regarding
these findings[12,13], observations linking symptoms to a
bout of enteritis hypothesize that a previous transient
inflammation contributes to IBS etiology[14]. IBD on the
other hand manifests as a chronic uncontrolled immunologic reaction with recurrent flares of inflammation[15].
Hence, there are indications supporting and opposing
overlap between IBD and IBS. A more acknowledged
statement, regardless of the inflammatory origin, is that
the pathology has imprinted changes in the gut-brain
neuronal connection and so manifests in a diffuse and
poorly localized chronic pain in the abdomen. The aforementioned features characterize pain in IBS and IBD patients and are partially attributed to the complex sensory
innervation pattern of the pelvis. The colorectum is extensively innervated, albeit only a low density of extrinsic afferents provides the substantial link with the central
nervous system (CNS) for perception. The extrinsic
colon afferents branch to other organs (e.g., colorectum,
bladder, reproductive organs) within the abdominal cavity and organize into web-like plexuses scattered through
the abdomen. Due to this anatomical organization signals of multiple pelvic organs, rather than restricted to
the colon, converge to a relatively extensive number of
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PERIPHERAL AFFERENT PATHWAYS
SUPPLYING THE GASTROINTESTINAL
TRACT
Intrinsic innervation: the enteric nervous system
The intestinal wall of the esophagus, the stomach, the
small intestine and the colon house a dense neuronal
network (about 108 neurons), the enteric nervous system
(ENS), also referred to as the “little brain-of-the-gut’’.
This intrinsic network comprises enteric nerve cell bodies
of sensory, inter- and motor neurons grouped into ganglia and interconnected by bundles of nerve processes
forming plexuses of which the best characterised are the
myenteric plexus (Auerbach’s plexus) and the submucosal
plexus (Meissner’s plexus)[17-19]. The ENS controls motility, mucosal secretion and absorption, mucosal growth,
local blood flow and the immune function in the gut[18].
The connective link between the CNS and the ENS is
bidirectional: the brain influences the function of the
ENS and vice versa. When the brain encounters stressful
life events, the lower gut gets overstimulated resulting in
diarrhea. When the lower gut responds to food poisoning
with powerful propulsive colon contractions, the body
experiences aversion towards the ingested meal and abdominal cramping pain. With referral to the latter, highamplitude propagating contractions in the ileocecum
and sigmoid colon of IBS patients in response to eating
correlate to abdominal pain[20]. Support to this hypothesis
comes from reports on antispasmodics giving short-term
pain relief in at least a subset of diarrhea-predominant
IBS patients[21]. Likewise, antispasmodic agents may be
effective in IBD, especially in those patients who are in
remission and have mild to moderate chronic pain[22]. Besides their role in ileocolonic dysmotility, intrinsic enteric
afferents containing serotonin, substance P, CGRP can
initiate or intensify neurogenic inflammation upon release
and thereby sensitise adjacent extrinsic gut nerves. The
relevance of the enteric nervous system to pain primarily
lies within the excitation of these extrinsic afferents by
neuropeptides.
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Extrinsic sensory innervation of the gastrointestinal
tract
The extrinsic primary afferents of the GI tract provide
the anatomical connection with the CNS and so a basis
for both nonpainful (e.g., satiety, passage of gas, etc.) and
painful (e.g., inflammation, ischemia, extensive distension)
gut sensations. The GI tract receives a dual innervation
with complementary roles in gut signaling: a splanchnic and a vagal plus pelvic afferent population. These
afferents run alongside the efferent orthosympathetic
(splanchnic nerves) and parasympathetic nervous system
(vagal/pelvic nerves) respectively, but are never referred
to as such[23]. It is assumed that the vagal/pelvic nerves
subserve homeostatic functions, whereas the splanchnic
innervation principally conveys nociception. This simple
dichotomy of function, however, appears far more complex than formerly assumed.

raphe magnus and ventral locus coeruleus. On the one
hand vagal afferents have been shown to facilitate nociceptive transmission[25], whereas on the other hand the
vagal nerve appears to participate in an antinociceptive
descending pathway mediated by nanomolecules such as
but not limited to opioids[28,31]. This discrepancy may be
explained by differences in stimulation parameters: low
intensity stimulation of vagal afferents facilitates, while
high intensity stimulation inhibits nociception[31]. IBD
patients may benefit from chronic vagal stimulation since
the vagal nerve stimulation exerts anti-inflammatory effects. Previous studies in a sepsis model showed that the
vagal nerve regulates the cholinergic tonus so that the
immune response of macrophages and immunocytes is
dampened[32].
Pelvic innervation: The pelvic nerves mainly innervate
pelvic structures: the colorectum, the bladder and the
reproductive organs. Pelvic afferents represent 30%-50%
of the total number of neurons and converge visceral
information onto spinal neurons in the lumbosacral segments L6-S2 of the spinal cord in mice and rats[33]. Their
cell bodies are located in the lumbosacral dorsal root
ganglia (DRG). The pelvic nerve contains serosal, mucosal, muscular (e.g., intraganglionic laminar ending and
intramuscular arrays), muscular/mucosal afferents and is
specialized to detect circular stretch, the primary stimulus
generated by low-intensity colorectal distension or stool
passage[34]. Pelvic afferents transmit similar modalities
of information as the vagal afferent system i.e., physiological sensation (e.g., urgency, desire to defecate, etc.).
In addition, animal data support the idea that they form
the afferent branch of extrinsic gut reflexes such as the
cologastric inhibitory reflex[35,36]. They are a subject of
interest in pain research as a bilateral pelvic nerve section
almost entirely abolished pain-related behavior to noxious colorectal distension in rats[23,34]. Following TNBS
colitis, however, pain responses partially recovered[37].
Hence, the pelvic nerve is involved in normal physiology
and acute pain, rather than in inflammatory pain which is
more specifically mediated by splanchnic afferents. However, animal experiments in rat have shown pelvic fiber
sensitization when a chemical irritant is applied to colonic
tissue, posing a role in nociception of the pelvic nerve
under inflammatory circumstances[36].

Vagal innervation: The vagal nerve is the largest sensory pathway in the body with up to 80% of the fibers
being afferents. The vagal nerve branches to the entire
gut, except the transverse and distal portion of the colon.
The vagal cell bodies reside in the ganglion nodosum and
the central nerve endings terminate in the nucleus of the
solitary tract in the dorsal medulla. Vagal afferents mainly
regulate feeding behavior by upper gut reflexes (e.g., gastric accommodation, gastric emptying, gastric/pancreatic
secretion, emesis) and the perception of hunger, fullness,
satisfaction, bloating and nausea. Three types of vagal fibers were characterized in the mouse by an in vitro vagusgastro-esophageal set-up: mechanoreceptors, tension
receptors and specific chemoreceptors activated by bile.
Vagal mechanical afferent endings within the muscle layers are classified into two types: intramuscular arrays and
intraganglionic laminar endings. Intramuscular arrays run
parallel in either the longitudinal or circular muscle layers
and have been suggested to respond to muscle stretch.
Intraganglionic laminar endings branch extensively in
connective tissue surrounding myenteric ganglia and
convey info about distension and muscle contraction[24].
The tension-sensitive afferents respond maximally at distensions within the physiological range and are activated
by normal peristaltic contractions. This implies that the
vagal afferents take care of physiological perception of
mechanical stimuli[25,26], whereas pain evoked by distension of the upper GI tract is probably mediated via the
splanchnic afferents. However, vagal afferents have been
shown to be implicated in the pain reactions evoked by
gastric acid challenge[27]. The activity of lower gut vagal
afferents modulates spinal transmission. The latter is supported by the observation of increased pain responses to
colorectal distension after subdiaphragmatic vagotomy in
rats[28,29]. In humans, lower thresholds for the perception
of pain have been described in patients who had previously undergone vagotomy in the course of a Billroth I
gastrectomy compared with pain thresholds in healthy
controls[30]. The exact mechanism is still controversial,
but likely involves specific relay nuclei such as the nucleus
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Splanchnic innervations: The splanchnic nerves innervate the entire GI tract and are the functional counterpart of the vagal plus pelvic nerves. Visceral afferents
located in splanchnic nerves project to the spinal cord.
Unlike the pelvic afferents, visceral information from the
colorectum carried by the splanchnic nerves project onto
thoracolumbar segments T10 - L2 in mice and rats[33].
Their cell bodies are located in the thoracolumbar DRG
near the spinal cord, with peripheral projections ending
at various levels within the gut wall. These splanchnic
afferent fibers course through the prevertebral ganglia
(celiac, superior and inferior mesenteric ganglion) where
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Figure 1 Cross section of the spinal
cord. The central branches of the visceral
afferents innervating the lower gastrointestinal tract travel via the dorsal root ganglia (DRG) and project onto the second
order neurons in laminae Ⅰ, Ⅱ, Ⅴ, Ⅹ of
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cending pathways project to higher brain centers where
pathways origin and descend to fine-tune the sensory
input[43,44].

they may form ‘‘en passant’’ synapses with efferent sympathic neurons. From animal data splanchnic afferents
are thought to constitute the main nociceptive pathway from the gut as they signal different modalities of
mechanosensory information[34,38]. In the upper GI tract
splanchnic afferents appear to mediate gastric mechanonociception, but not gastric chemo-nociception which
is mediated by vagal sensory neurons. This is supported
by the finding that in rodents pain-related responses to
gastric distension are blocked by splanchnicectomy, but
not by vagotomy[39]. In the lower GI tract, splanchnic
afferents convey signals of abdominal discomfort. Indeed, the majority of splanchnic afferents of the colon
encountered in mice are located in the serosa (36%) and
mesenteric (50%) membranes, often associated with
mesenteric blood vessels. Likewise, the mucosal spinal
afferents are often found near submucosal blood vessels where they form varicose branching axons. The
bare endings of the submucosa and mesenteric afferents
are likely to respond to distortion of the gut during
stretch or contraction, especially at levels that give rise
to pain[40,41]. Hence, they are tuned to encode stimuli into
the noxious range[34]. In the rat, both anatomical and
functional evidence points to a specific role of splanchnic afferents in pain during colitis[37,42].
Very recently Brookes and co-authors suggest a novel
classification into five “structurally distinct” types of sensory endings within the gut wall forming the anatomical
extrinsic sensory pathways described by these authors as
the vagal pathway, the thoracolumbar spinal pathway projecting via the splanchnic nerves and the lumbosacral spinal pathway projecting via the pelvic and rectal nerves[23].

Ascending pathways
Central ascending pathways involved in bowel sensations
include both pathways ascending in the anterolateral
quadrant (ALQ) of the white commissure and the dorsal
column of the dorsal horn (Figure 1). Pathways ascending in the ALQ transmit noxious cutaneous stimuli and
also carry nociceptive information of visceral origin. This
idea is largely based on anterolateral cordotomies performed in the 20th century to relieve pain due to damage
to the spinal cord by disease or trauma[45]. The pathways
in the ALQ are the spinoreticular, spinomesencephalic,
spinohypothalamic and spinothalamic tracts[46]. The former three tracts mainly subserve regulatory functions
below the level of consciousness. The spinoreticular tract
projects to the dorsal reticular nucleus in the brainstem,
which is involved in the affective-motivational properties (emotional component of pain) of visceral stimulation. The spinomesencephalic tract conveys information
from the spinal cord to the periaqueductal gray (PAG)
and other midbrain regions. The spinohypothalamic tract
conducts sensory information from the spinal cord directly to the hypothalamus. The hypothalamus together
with other parts of the limbic system (amygdala, medial
thalamus, ACC), locus coeruleus and PAG regulate arousal and emotional, autonomic and behavioral responses.
The spinothalamic tract mediates the sensations of pain,
cold and heat, and also contributes to touch sensation.
Projections of the spinothalamic tract have been traced
to the thalamus in humans and in laboratory animals. The
thalamus is a major relay station where multiple somatic
and visceral inputs converge. Before the information is
conveyed via the third order neurons to the cortex, the
thalamus will process the nociceptive information. Human observations coupled with an extensive repertoire of
experimental data suggest that particularly the posterolateral nucleus of the thalamus is involved in the processing
of visceral information, including both innocuous and
noxious visceral inputs. The thalamus, relays to cortical
regions such as the pregenual anterior cingulate cortex
(pACC), mid cingulate cortex, the insula and the somato-

CENTRAL PATHWAYS CONVEYING
VISCERAL SIGNALS FROM THE LOWER
GI TRACT
Extrinsic primary afferents innervating the lower GI
tract primarily synapse with second-order neurons in the
dorsal horn of the thoracolumbar and lumbosacral spinal cord segment. Fibers terminate predominantly in the
superficial laminae Ⅰ and Ⅱ, but also reach deeper layers such as the laminae V and X of the gray matter. As-
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dopamine positively or negatively modulate pain signaling with remarkably opposing effects, depending on the
extent of transmitter release, the receptor type, receptor
affinity and the location in the spinal cord the descending
pathways project towards[47,56,57]. Further, it is shown that
the excitability of spinal dorsal horn neurons to peripheral sensory stimulation are enhanced or increased by
stimulation of the RVM including the reticular formation
of the serotonergic nucleus raphe magnus[58-60]. These
findings support a role of the RVM and raphe magnus in
a facilitatory descending pathway.

sensory cortex. Notably, visceral sensation is primarily
represented in the secondary somatosensory cortex[47].
In these cortical regions the nociceptive signals are processed, integrated and eventually perceived as ‘‘painful’’.
Brain images provided by H(2)(15)O micro positronemission tomography (PET) scanning performed during
colorectal distension in rats suggest that the cerebellum is
also involved in visceral nociception[48], which is supported by findings in healthy humans documenting cerebellar activation in response to painful visceral stimuli such
as distension of the colorectum[49]. A number of recent
studies has pointed to a specific role of the dorsal funiculus
[dorsal column (DC) in animals] in viscerosensory transmission and visceral nociception. Experimental data from
different groups have identified the DC as being more
important in visceral nociceptive transmission than the
spinothalamic, spinohypothalamic, spinomesencephalic
and spinoreticular tracts[50,51]. The bulk of evidence rests
on the great effectiveness of limited midline myelotomy
in reducing intractable pelvic cancer-related pain in humans and on a number of experimental observations in
animals[52]. The DC contains collateral branches of primary afferent fibers that ascend from the dorsal root entry
level to the medulla. In addition, it contains the ascending
axons of tract cells of the dorsal horn. These tract cells
form the postsynaptic DC pathway, which along with
primary afferent axons, travel in the DC and synapses
in the DC nuclei. The postsynaptic DC cells in rats and
monkeys were shown to receive inputs from the colon,
the ureter, the pancreas and epigastric structures[53]. A DC
lesion does not reduce pain caused by noxious cutaneous
stimuli in humans[54], which argues for a selective role of
the DC pathway in visceral pain such as pain evoked by
enteritis.

PRINCIPLES OF VISCERAL
HYPERSENSITIVITY
Visceral hypersensitivity refers to an increased perception of stimuli arising from the viscera. Specific terms
are used to describe the hypersensitivity: allodynia and
hyperalgesia. The perception of pain in response to stimuli
that are normally not perceived as painful is referred to
as allodynia. The term allodynia strictly does not apply
to visceral pain since the visceral organs are normally
almost insensate but the concept of visceral allodynia is
useful to understand sensitization in a variety of gut disorders. An increase in pain perception to stimuli that are
normally perceived as painful is referred to as hyperalgesia[61]. Concerning IBD and IBS, we focus this review on
colorectal hypersensitivity. A hypersensitive colorectum is
considered the hallmark feature of all IBS subtypes[62,63]
as altered rectal perception is documented in 61% of IBS
patients meeting Rome Ⅱ criteria[64]. It is currently the
most widely accepted mechanism for abdominal pain.
Some investigators have even suggested that this physiological hallmark is useful in clinical diagnosis[65]. Based
on the current scientific evidence, the mechanisms of
visceral hypersensitivity have been formulated in a number of hypotheses. These include (1) the sensitization of
peripheral visceral afferent neurons; (2) the sensitization
of spinal cord dorsal horn neurons; (3) the altered descending excitatory and inhibitory influences to the spinal
cord nociceptive neurons; and (4) the misinterpretation
of innocuous sensation as noxious due to cognitive and
emotional biasing (e.g., hypervigilance, pain catastrophizing)[47,66]. The degree to which each of these mechanisms
generate visceral hypersensitivity and therefore pain
symptoms is still unclear. However, it is assumed that
these mechanisms are rather complementary than mutually exclusive.

Descending pathways
It is well recognized that spinal nociceptive transmission
is modulated by descending pathways from various supraspinal structures, including the nucleus raphe magnus,
the periventricular gray of the hypothalamus and the
midbrain PAG. At cortical level, the ACC is the most important source of descending modulatory pathways, projecting to the amygdala and the PAG which is probably
the key pain modulatory region. Descending modulation
of spinal nociceptive processing can be either inhibitory
or facilitatory. In the late 1960s it was shown that focal
electrical stimulation in the midbrain PAG of the rat permitted abdominal surgery in the absence of general anesthesia due to the pain suppressive effects of stimulation
of this specific region[55]. The PAG - rostral ventromedial
medulla (RVM) - dorsal horn circuitry is the best characterized nociceptive modulatory pathway through which
pain is endogenously inhibited. Endogenous opioids are
key mediators in the descending pain inhibitory pathways. Specifically the pACC is assumed to send inhibitory
signals to pontomedullary networks since it contains a
high content of opioids. Additionally, monoaminergic
neurotransmitters such as noradrenaline, serotonin and
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Peripheral sensitization
The gut is not only provided with an extensive neuronal
network, it also houses highly specialized immunocytes
and epithelial cells equipped with the machinery to
participate in sensitization in the event of a potential
threat[67]. In IBD and some IBS subsets, inflammation
likely triggers the peripheral sensitization. Enterochromaffin cells (ECC) and mast cells function as intermediaries between the ‘‘inflammatory soup’’ (e.g., tissue
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to ECC hyperplasia via the presence of IL-13 receptors
on ECC, resulting in an increase in serotonin production[70]. The 5-HT receptor subtypes that are involved in
visceral hypersensitivity are 5-HT3, 5-HT4 and 5-HT2B.
5-HT3 antagonists (alosetron and cilansetron) prevent
the activation of 5-HT3 receptors on extrinsic afferent
neurons and decrease hyperalgesia and abdominal pain
in IBS patients[71]. More recently, evidence emerged that
5-HT4 receptor-mediated mechanisms regulate visceral
sensitivity as tegaserod, a partial 5-HT4 agonist, normalized postinflammatory hypersensitive colon in the rat[72].
In a recent patient study, tegaserod significantly reduced
the inhibitory effects of colorectal distension on the RIII
reflex in 12 of 15 patients[73]. Finally a role for 5-HT2B has
been stated, but needs further verification. Serotonergic
mechanisms are likely implicated in PI-IBS patients based
on an increased number of ECC[74-76], an increased mast
cell population[77], an increased postprandial serotonin
release[78]. The metabolism of 5-HT might also be disrupted in both IBS and IBD. In this regard, it has been
suggested that decreased serotonin-selective reuptake
transporter (SERT) expression in IBD and IBS patients
is associated with GI dysfunction in these disorders[79-81].
SERT, which is expressed on enterocytes, terminates the
actions of serotonin by removing it from the interstitial
space. The role of SERT in GI pathology is further sup-

acidosis, cytokines, arachidonic acid metabolites) and
the neuroenteric system (Figure 2). ECC are interposed
between epithelial cells of the GI mucosa where they act
as sensors or ‘‘taste bottoms’’ of the intraluminal milieu.
EEC contain large numbers of electron-dense secretory
granules with a range of peptides such as but not limited
to serotonin, cholecystokinin and secretin positioned towards their basement membrane. In response to luminal
nutrients, toxins and mechanical stimulation the ECC
release their content into the gut wall which influences
the neuromuscular apparatus. Serotonin release for instance is well known to activate vagal afferent endings
in the upper GI tract serving as an emetic trigger[68]. A
proportion of postinfectious irritable bowel syndrome
(PI-IBS) patients have ECC hyperplasia and multivariate analysis has shown that ECC count is an important
predictor of developing PI-IBS (relative risk 3.8) [4,69].
Also the endocrine cell population in patients with CD
ileitis showed an increase in ECC number, both at affected and nonaffected sites of the ileum. In a study on
colonic tissue, the ECC area was likewise significantly
increased in active CD and UC[47]. The same was found in
colorectal tissue from UC patients in remission. Recently,
a nematode-infected (Trichuris muris) immunodeficient
mice model revealed an interaction between CD4 + T
cells and ECC. The infection evoked Th2 response lead
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ported by the observation that colonic sensitivity to CRD
was attenuated in mice after long-term treatment with
paroxetine, a SERT inhibitor[82]. Polymorphisms of the
serotonin re-uptake transporter gene may also play a role
in disturbance of gut function. IBS patients with deletion/deletion genotype of SERT polymorphism more
often experience abdominal pain compared to those expressing other SERT polymorphisms[83].
Mast cells are bone-marrow derived cells that circulate
in the bloodstream as immature progenitors and maturate and reside within the mucosal and connective tissues
(Figure 2). Mast cells possess a plethora of mediators that
can be rapidly released out of preformed granules like
histamine, serotonin, serine proteases (e.g., tryptase), proteoglycans or that can be de novo synthetized such as prostaglandins (e.g., PGE2, PGD2), leukotrienes (e.g., LTC4,
LTD4), platelet activating factor (PAF), and cytokines (e.g.,
TNFα, IL-6)[84,85]. In mice, serotonin is also present in
mucosal mast cells in the lamina propria and some studies
have suggested that human mast cells may also contain
serotonin especially in conditions associated with mastocytosis[86]. Within the GI wall the close proximity between
mast cells and neurons is intriguing and a bidirectional
interaction between them is generally accepted[67,87,88].
Recently, it was shown that the number of mast cells
close to afferent fibers was significantly increased in rats
with DSS colitis, and that nerve fibers reacted stronger
to compound 48/80-evoked mast cell degranulation[89].
Visceral hypersensitivity, evoked by the chemical irritant
TNBS but also by chronic juvenile stress from maternal
separation, can be treated with the mast cell stabilizer ketotifen and is abolished in mast cell deficient rats[90,91]. In
patients, ketotifen increases the threshold for discomfort
in patients with IBS with visceral hypersensitivity, reduces
IBS symptoms and improves health-related quality of life
regardless from the poor correlation with mast cell activation in biopsies[92]. There is considerable clinical evidence
for mast cell involvement in human IBD. In colorectal
mucosa from patients with CD and UC, the amount of
mast cell tryptase was significantly increased, as was the
number of mast cells in the lamina propria and submucosa[93]. The same observations were made in the afflicted
ileum of CD patients[4,94]. The secretion profile of mast
cells derived from UC patients was also shifted, releasing
greater amounts of histamine, PGs and leukotrienes[95,96].
Moreover, rates of tryptase secretion were increased in
both inflamed and noninflamed tissue from UC patients
indicating that mast cell activation/proliferation can be
altered remote from the site of active inflammation[4,97].
Also in IBS patients sufficient data support a role for
mast cells. Mast cell infiltration was associated with
symptoms of bloating in IBS patients[98]. In addition, activated mast cells in close proximity to colonic nerves were
significantly correlated with the severity and frequency
of abdominal pain or discomfort[99]. The experimental
observation that mast cell mediators, released from the
colonic mucosal biopsies from IBS patients but not of
healthy patients, excite rat nociceptive visceral afferents
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further provide evidence of a pivotal role of mast cells in
IBS hypersensitivity and have been confirmed by several
other groups in different countries[100,101].
Protease-activated receptors (PARs) are a family of
4 receptor types activated by serine proteases such as
thrombin and tryptase (Figure 2). PARs have a widespread distribution throughout the GI tract enabling the
involvement in all the aspects of gut physiology, including
inflammation and nociception. PAR1, 2 and 4 have been
implicated in the modulation of nociceptive mechanisms,
since they are expressed by nociceptive DRG neurons
containing CGRP and SP. However, the function of these
receptors in nociceptive signaling might be opposite.
PAR2 was found to be activated by trypsin and the mast
cell mediator tryptase, whereas PAR1 and 4 are activated
by thrombin[102]. In rodents, PAR1 and PAR4 exert antinociceptive signals whereas PAR2 is clearly a pronociceptive agent regarding both mast cell- and formalin-induced
hyperalgesia in mice[103]. A role for PARs in inflammatory
disorders is evidenced by several studies: the expression
of PAR1 and PAR2 is upregulated in tissues from CD
or UC patients[104,105], the levels of the PAR2 agonists
trypsin and mast cell tryptase are elevated in mouse colon[106], elevated colonic luminal serine protease activity
has been observed in IBS-D patients[107]. The generation
of pain symptoms has been suggested by the observation
that mice injected with mediators released from colonic
biopsies of IBS patients, exhibit enhanced nociceptive responses to CRD, whereas transgenic mice without PAR2
failed to show such mechanical hyperalgesia[107,108]. From
these findings, it would appear that PAR2 antagonists and
PAR1 and PAR4 agonists have potential in the control of
visceral pain and hyperalgesia symptoms in both IBD and
IBS. In mice, PAR2-mediated mechanical hyperalgesia requires sensitization of the ion channel transient receptor
potential vanilloid 4 (TRPV4), since deletion of TRPV4
prevented PAR2 agonist-induced mechanical hyperalgesia
and sensitization[109,110]. Accordingly, mast cell tryptaseinduced PAR2 activation is proposed as a mechanism for
TRPA1 sensitization as it was shown that PAR2-induced
hyperalgesia was absent in TRPA1 knockout mice[111].
Nerve growth factor (NGF) is synthetized by epithelial cells and mast cells when triggered by IL-1β and
TNF α (Figure 2) [112]. NGF influences development
and function of afferents by binding to its high affinity
TrKA receptor. Indeed, NGF can modulate the expression of membrane bound receptors such as TRPV1 and
TRPA1 localized at peripheral afferents. The described
NGF-mediated mechanism could regulate inflammatory hyperalgesia seen in IBD, as hypersensitivity in rats
with inflamed colon can be reversed by anti-NGF antibody treatment[113]. NGF has been implicated in several
chronic inflammatory processes. In CD, NGF mRNA is
increased in 60% and TrkA mRNA in 54% in UC, NGF
mRNA expression was enhanced in 58% (2.4-fold; P <
0.01) and TrkA mRNA expression in 50% of the patients. Enhanced expression of NGF and TrkA in both
neural and non-neural structures suggests activation of
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this neuroimmune pathway in chronic inflammation in
CD and UC[114].
A population of cells that is recently taken into account in the modulation of neuroimmune interactions
are the peripheral glial cells. These cells are capable of
modulating enteric neurotransmission, modulate inflammation and control intestinal barrier function. They are
capable of these interactions as they contain precursors
for neurotransmitters such as GABA and NO; they express receptors for purines and they are able to produce
cytokines (IL-1β, IL-6, TNFα), NGF and neuropeptides
(NKA and SP) after activation[115]. There is recent evidence for a paracrine purinergic neuro-glial communication and also after injection of endotoxins in mice glial
cells are activated[116,117]. Changes in enteric glial cells have
been described in IBD[118]. Recently, the role of glial cells
has been investigated in rectal biopsies of UC patients;
the expression of S100, a marker for enteric glial cells,
was associated with an increase of inducible nitric oxide
synthase expression[119]. Inflammation increases the synthesis of PGs through upregulation of cyclooxygenase-2
(COX-2). For instance, in patients with active CD and
UC a six- to eightfold increase in COX-2 mRNA was
demonstrated in the bowel wall[120]. Although suppression
of PG production in the gut by COX inhibitors carries
the risk of severe GI mucosal damage, blockade of PG
receptors expressed by sensory neurons appears to be
an alternative way of preventing the proalgesic action of
PGs. PGE2 and PGI2 have been proven to be key mediators of inflammatory hyperalgesia. Primary afferent
neurons express PG receptors of the EP1, EP2, EP3, EP4
and IP type. PG receptors are also found at the central
synapse in the spinal cord. For instance, PGE2 is recognized as playing a prominent role in the CNS as well as
peripheral tissues[121].
Perhaps the most intriguing players in peripheral hyperalgesia and pain are the transient receptor potential
(TRP) ion channels of the vanilloid type 1 (TRPV1), the
vanilloid type 4 (TRPV4), the ankyrin type 1 (TRPA1)
and the melastatin type 8 (TRPM8) (Figure 2). These
TRPs are expressed on gut afferents including those that
conduct noxious stimuli to the spinal cord and co-express with the above listed G protein-coupled receptors
(e.g., EP1, 5HT3, BK1, PAR2) and growth factor receptors (e.g., TrKA receptors). Their close proximity allows
the TRPs to couple their activity to mutual downstream
pathways which enables them to integrate a diversity of
stimuli present in the inflammatory milieu[122]. TRPV1,
the best characterized TRP, acts as an immediate sensory
alarm in response to mechanical stretch or distension,
mild acidification (pH < 5.9), noxious heat (> 42 ℃) and
spice ingredients such as capsaicin[123,124]. Also endovanilloids such as anandamide, unsatured N-acyldopamines
and lipoxygenases of arachidonic acid are known to directly activate TRPV1. Many proalgesic factors are associated with TRPV1-induced hyperalgesia (e.g., bradykinin,
5-HT, NGF, PAR2, endogenous metabolites)[125]. Experimental animal models have shown that TRPV-/- mice
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have decreased pain-related responses to colorectal distension, whereas capsaicin application will increase pain
to colorectal distension in animals. These data in animals
suggest the involvement of TRPV1 signalling pathways
in colonic pain. Of clinical relevance is that TPRV1
expression is increased in UC and CD[126]. TRPV1 is
upregulated not only in inflammation but also in the absence of overt inflammation as is typical of functional
GI disorders. This is true for patients with IBS in which
increased density of TRPV1 in the rectosigmoid correlated with pain severity[127]. A similar correlation between
pain intensity and number of mucosal TRPV1-positive
nerve fibers is found in patients with quiescent IBD who
continue to complain of abdominal pain[126,127]. TRPA1 is
a receptor characterized by a long ankyrin repeat at the
N-terminal site that serves as a binding site for a range
of environmental irritants, oxidants and spices such as
mustard oil, wasabi and horseradish[128]. Recent findings
have also found that TRPA1 is involved in cold transduction and mechanosensation[129,130]. Moreover, TRPA1
contributes to inflammatory hyperalgesia via PAR2 activation[111]. Clinically, an autosomal dominant mutation
in the fourth transmembrane of TRPA1 was described
in one family that underlies a familial episodic pain syndrome[131]. Further, TRPA1 is a candidate mechanosensor for mechanical hyperalgesia in colitis and overactive
bladder[130,132]. TRPA1 is almost exclusively present in a
TPRV1-positive population of sensory nociceptors and
does not co-express with TRPV1 in other tissues. In this
regard, a study quantifying TRPA1-positive neurons in
trigeminal ganglia has demonstrated that TRPA1 is expressed in anout 55% of TRPV1-positive neurons while
NGF treatment of trigeminal ganglia increases TRPA1
expression to anout 80% of TRPV1-positive cells. Several lines of evidence has shown that TRPV1 exerts a
modulatory role on TRPA1 channels[133]. With concern
to hypersensitivity of the colon, we recently have shown
that TRPV1 and TRPA1 synergistically decrease visceromotor responses in rats with TNBS colitis but not in
control rats[134].
Central sensitization
Apart from sensitization in the periphery, the gut impulses are modulated or amplified in the spinal cord
and higher brain centers; a process referred to as central
sensitization. The co-morbidity of IBS with disorders
such as but not limited to depression, anxiety, and painful bladder syndrome or of IBD with interstitial cystitis
may originate from central sensitization [16,135,136]. The
leading hypothesis to explain these co-occurrences is a
viscerovisceral and a viscerosomatic cross-sensitization,
with somatic and visceral afferents converging onto the
same second order neuron in the spinal cord or third
order neuron in the supraspinal centers and an overlap
within yet undefined brain fields[137]. Clinical evidence
for a role of CNS sensitization in visceral pain comes
from functional resonance magnetic imaging (fMRI) and
PET studies on referred pain to adjacent structures or at
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remote distance from the (actual) injured organ[138]. More
direct evidence for enhanced spinal processing in IBS
patients has been confirmed through analysis of rectal
distensions on the RⅢ reflex, a nociceptive withdrawal
reflex used as an objective tool to investigate pain processing at the spinal and supraspinal level. Whereas slow
ramp rectal distension induced inhibition of this reflex
in healthy volunteers, it facilitated the reflex in IBS[139].
Proof of altered brain activity has been shown with
brain imaging studies and the potential of this research
should be further explored[140]. The current know-how
on brain imaging can be extensively consulted in review
articles by Van Oudenhove et al[141], Smith et al[142] and
Mayer et al[57,140].

COX-2, the enzyme that forms PGE2 is markedly upregulated in the spinal cord during acute and chronic peripheral inflammation. In the spinal cord, basal release of
PGE2 is increased after peripheral inflammation[150]. Apart
from neuron-neuron interactions, also glial cell-nerve
interactions modulate signaling at the neuronal synapse,
although this research is still in its infancy. Spinal glial
cell activation is believed to be important in facilitation
of nociceptive signals in various pain conditions. Under
physiological conditions, glial cells are quiescent. However, during inflammation glial cells produce a variety of
nociceptive agents such as TNFα, IL-1 and NO[151]. Most
information has been obtained from experimental animal
models of injury[152]. For instance, it has been shown that
neonatal colonic irritation-induced visceral hypersensitivity in rats is accompanied by an increased expression of
OX42, indicating glial cell proliferation. Visceral hypersensitivity was blocked with minocycline, an inhibitor of
glial cell activation[153]. Recently, morphological remodeling of colonic afferent central nerve terminals was proposed in a mice model of hypersensitivity after TNBS
inflammation. However, overall the ‘‘sprouting’’ theory
of central afferent colonic nerve endings as a mechanism
of central sensitization remains controversial[154]. Studies
using functional brain imaging techniques have shown
inflammation-induced modulation of activity in brain regions involved in visceral sensation, such as the ACC of
the limbic system.
Electrophysiological studies in laboratory animals
have shown that ACC sensitization occurs in viscerally
hypersensitive rats[155]. It was revealed that for instance
IBS was associated with decreased gray matter density
in various brain areas, including medial and ventrolateral prefrontal cortex, posterior parietal cortex, ventral
striatum, thalamus, and PAG. Further, IBS patients show
brain responses consistent with hyperresponsiveness to
gut distension in terms of vigilance, arousal and perhaps
sensory sensitization[156]. Taken together, emerging evidence of structural brain changes in IBS is intriguing,
but should be interpreted with great caution until more
knowledge about the nature and implications of the observed alterations becomes available[63,157].
Accumulating evidence also suggests that descending
facilitatory influences may contribute to the development
and maintenance of hyperalgesia and thus contribute to
chronic pain states. In this regard, a role for the RVM
in the maintenance of hyperalgesic states following
peripheral tissue injury activated by NMDA receptors,
neurotensin receptors and NO is established[58]. Impaired
ability to activate the descending pain inhibitory system
has been hypothesized in IBS[57]. Aside from IBS patients,
patients with active UC have been reported with reduced
threshold to perception and reduced maximal tolerance
to anorectal balloon distension[158]. CD children and adolescents suffering from abdominal pain despite remission
had a lower rectal sensory pain threshold compared to
healthy patients in a study conducted by Faure and coworkers[159]. Paradoxically, in other studies conducted in

Sensitized ascending and descending pathways:
Upon repetitive stimulation by extrinsic primary afferent neurons, intracellular signaling cascades are activated
within the spinal dorsal horn neurons. This leads to
amplified responses to both innocuous and noxious
input due to two major mechanisms: the facilitation of
excitatory synaptic responses (so-called wind-up) and the
downregulation of descending inhibitory influences[47,143].
The main mediator of wind-up is the neurotransmitter
glutamate. When the presynaptic release of glutamate is
triggered, glutamate acts on the ligand-gated ion channels NMDA (N-methyl-D-aspartate) receptors, kainate, AMPA (α-amino-5-hydroxy-3-methyl-4-isoxazole
propionic acid) and metabotropic glutamate receptors
(mGLUR) expressed by the dorsal horn neurons. In addition to this direct effect, hyperstimulation of spinal
neurons phosphorylates NMDA receptors which further
increases NMDA receptor responsiveness to glutamate
and increases synaptic strength [144]. AMPA receptor
trafficking from the intracellular stores to the synaptic
plasma membrane has also shown to augment glutamate
responsiveness in a mice model of visceral nociception induced by intracolonic capsaicin[145]. The potential
therapeutic effect of glutamate removal has also been investigated in experimental animal models. In this regard,
it has been shown that ceftriaxone attenuates visceral
hypersensitivity to CRD in rats with DSS and TNBS colitis. This effect was mediated via overexpression of spinal
glutamate transporter-1 which increased removal of extracellular glutamate[146]. Other important mediators of
central sensitization include substance P (SP), PGE2 and
brain-derived neurotropic factor which respectively target
spinal neurokinin-1 receptor expression, PGE2 receptors
and tyrosine kinase B receptors[147]. For example, PGE2
suppresses glycinergic transmission via activation PGE2
receptors of the EP 2 subtype and subsequent PKAdependent blockade of glycine receptors containing the
[148]
α3 subunit (GlyRα3) . The result of this blockade is
the discontinuance of dorsal horn nociceptive neurons
from their inhibitory control by glycinergic neurons. This
PGE2-evoked mechanism facilitates nociceptive input
from the spinal cord. Similarly, a loss of GABAergic synaptic inhibition also increases nociceptive signaling[149].
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chronic quiescent intestinal inflammatory states such as
CD or UC, patients experience attenuated rectal perception and increased threshold for discomfort. UC patients
with mild mucosal inflammation of the rectum had lower
thresholds for discomfort during rectosigmoid distension compared to healthy patients[2]. A central descending
inhibitory mechanism of sensory pathways in chronic
inflammatory states, which would not be active in IBS
patients, might be responsible for this seemingly discrepancy. This concept is further supported by a study
showing that colonic inflammation is not necessarily associated with increased afferent input to the brain and
that, in response to colorectal distension, inhibition of
limbic/paralimbic circuits was observed in UC and control patients, but not in IBS patients[57]. Strong inhibitory
mechanisms counteracting inflammation-induced hypersensitivity can be activated in chronic inflammatory pathologies, but seem to be deficient in patients with IBSassociated visceral hypersensitivity[160].
A recent meta-analysis of published studies on brain
responses to rectal distension have shown differences
between IBS patients and healthy controls[161]. Recently,
Larsson and co-workers have shown that hypersensitive
patients with IBS had greater activation of the insula and
reduced deactivation in the pregenual ACC during noxious rectal distension compared to healthy patients and
normosensitive IBS patients[162].

and IBS.

CONCLUSION
Chronic abdominal pain in IBD and IBS requires notion
of how the lower gut becomes highly sensitive to any
kind of stimulus. Noninvasive markers, including PET
and fMRI, combined with pharmacology are used to
assess hypersensitivity in these pathologies. In support,
functional anatomical and physiological studies in rodents are being conducted[167]. Together these approaches
discovered a significant amount of the neuroanatomical
substrates and molecules in gut hypersensitivity, yet the
degree to which each of these mechanisms contribute
to hypersensitivity remains unknown. In both IBD and
IBS, the complex interplay of sensitization occurs at different sites of action among the brain-gut axis and can
be broadly categorized: sensitization of visceral afferents,
sensitization of spinal cord ascending afferents, altered
descending excitatory and inhibitory influences to the
spinal cord nociceptive neurons and misinterpretation of
non-noxious sensation as noxious due to cognitive and
emotional biasing (hypervigilance)[47].
IBS and IBD have many of the mechanisms and
molecules in visceral peripheral and CNS sensitization in
common. Currently, no unambiguous neuronal marker
exists that discriminates IBD and IBS. However, an inactive descending inhibitory control is hypothesized in IBS,
but not in IBD. A recent study has suggested differences
in coping behavior between IBD and IBS [168]. These
differences among IBD and IBS certainly merit more
appraisal, however, should be interpreted with caution.
There are proportionally less studies on sensitivity in IBD
patients than in IBS patients, therefore making head-tohead comparisons difficult. The shortage of studies on
sensitivity in IBD patients may be attributed to the risk
of jeopardizing remission by the barostat-induced distensions performed for sensitivity measurements. Nevertheless in both cases neuroplastic changes are quite common
and the observed differences may not per se reflect disorder-specific changes, but may be attributed to affective
disturbances, negative emotions in anticipation of/during
visceral stimulation, and altered pain-related expectations and learning processes[63]. Expectation of pain may
explain up to 50% of the variation of pain ratings[169].
Indeed, abdominal pain is not linearly related to peripheral sensory input. A considerable proportion (about one
third) of IBS patients have a normal rectal perception,
and a proportion of both UC and CD patients had increased thresholds for perception and discomfort[2]. Due
to the multi-factorial complexity of sensitization in IBD
and IBS, there is presently a rather limited success of
available therapeutic approaches for IBS and the functional IBS-like symptoms in IBD. Technological progress
that allows mapping of sensitization may be interesting
to screen patients. In patients with peripheral sensitization mechanisms, the combination of anti-inflammatory
properties and analgesic properties within one drug

FUTURE DIRECTIONS
New therapeutic strategies may arise from the progressing identification of molecular prognostic markers and
characterization of the molecular basis of IBD and IBS.
Recently, dysfunction of microRNAs (miRNAs), which
are non-coding RNA molecules that regulate gene expression, was postulated to play a role in IBD and IBS. Wu et
al[163] showed that miRNAs regulate colonic epithelial cellderived chemokine expression and that colonic tissues
from patients with ulcerative colitis have altered miRNA
expression patterns. An increased expression of miR-29a
was also observed in blood microvesicles, small bowel
and colon tissues of IBS patients with increased intestinal
membrane permeability[164]. Recent evidence suggests that
miR-29 expression is upregulated in human dendritic cells
in response to NOD2 signals with concomitant downregulation of interleukin-23[165]. Interestingly, dendritic
cells with NOD2 polymorphisms from Crohn’s disease
patients fail to induce miR-29 upon pattern recognition
receptor stimulation[165]. Moreover, experimental colitis in
miR-29-deficient mice is more severe and associated with
significantly enhanced levels of IL-23 and T helper 17 in
the intestinal mucosa[165]. In respect to visceral pain, it was
recently suggested that epigenetic central mechanisms are
involved in the regulation of stress-induced visceral hypersensitivity in rats[166]. Overall, these results suggest that
modulation of genetic and epigenetic regulatory mechanisms and profiling of miRNAs may represent promising
strategies for the treatment of pain associated with IBD
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seems a promising route for translational research. In patients with CNS disorders, approaches such as cognitive
therapy or anti-depressive agents that decrease anxiety or
hypervigilance might be beneficial.
In summary, the mechanisms of hypersensitivity in
response to bowel inflammation are complex and need
to be further unraveled. Determining the level of sensitization is crucial for the assessment of disease activity
and for tailoring therapy. Several of these already defined
mechanisms can be coined up as potential targets for the
development of therapeutic options for inflammatory GI
pain.
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cance was determined using Student’s t test (SPSS,
Chicago, IL, United States). Values of P < 0.05 were
considered statistically significant.

Abstract

Key words: Portal flow; Portal diversion; Small-for-size
syndrome; Mesocaval shunt

RESULTS: At 24 h after hepatectomy, biochemical and
histological changes were not significantly different between the S1 and S2 groups, but changes in both sets
of variables were significantly less than in the control
group. At 48 h, biochemical and histological changes
were significantly less in the S2 group than in the S1 or
control group. The regeneration index was significantly
higher in the S2 group than in the S1 group, and was
similar to that in the control group. Apoptosis index, serum lipopolysaccharide, and bacterial DNA levels were
significantly lower in the S2 group than in the other two
groups.
CONCLUSION: Diversion of portal inflow using MCS
reduces portal overflow injury. Excessive diversion of
portal inflow inhibits liver regeneration following major
hepatectomy. Maintaining portal inflow at an average
of 3.2 times above baseline helps promote hypertrophy
of the liver remnant and reduce apoptosis.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

AIM: To investigate the impact of portal inflow on liver
remnants in a stable pig model of small-for-size syndrome.

Core tip: We established a model of small-for-size syndrome in pigs undergoing 85%-90% hepatectomy with
mesocaval shunt (MCS) placement to define the optimal portal inflow required to preserve liver regeneration. Our findings indicate that diversion of portal inflow
by MCS reduces injury from portal overflow following
major hepatectomy, whereas excessive diversion of
portal flow can retard liver regeneration. Preservation
of portal inflow to at least 3.2 times above baseline levels appeared to promote hepatocyte hypertrophy and
reduce apoptosis.

METHODS: Twenty pigs underwent mesocaval shunt
(MCS) surgery followed by 85%-90% hepatectomy.
The control group had no shunt placement; the S 1
group had portal flow maintained at an average of 2.0
times the baseline values; and the S2 group had portal
flow maintained at an average of 3.2 times the baseline
flow. The effect of portal functional competition on the
liver remnant was investigated for 48 h postoperatively.
Data were presented as mean ± SD. Statistical signifi-
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IVC

MCS (RV)

INTRODUCTION
Major hepatectomy with partial graft transplantation
causes simultaneous death and regeneration of hepatocytes. Small-for-size syndrome (SFSS) develops following this procedure if the functional liver mass is inadequate to maintain a balance between regeneration and
metabolic demands[1-4]. Portal venous hypoperfusion of
an extremely small residual liver or partial liver allograft
is considered to be one of the most important factors
leading to dysfunction following hepatectomy[5]. Portal diversion to the vena cava, using a mesocaval shunt
(MCS) or portocaval shunt (PCS), is used to relieve
portal hypoperfusion in both experimental and clinical
settings[6-10]. However, the functional competition that
occurs between the portal vein and systemic circulation,
and its impact on the liver remnant have yet to be investigated.
In this study, we established a model of SFSS in pigs
undergoing 85%-90% hepatectomy with MCS placement. Portal vein inflow (PVF) was regulated by modulating the size of the MCS. The study was undertaken
to define the optimal portal inflow required to preserve
liver regeneration.

SMV

Figure 1 Photograph of the vascular anastomosis with the renal vein.
IVC: Inferior vena cava; RV: Renal vein; MCS: Mesocaval shunt; SMV: Superior
mesenteric vein.

eter in the right femoral vein. Normal saline (1 L) and
5% dextrose (500 mL) were administered intravenously
during the surgical procedure. No attempt was made to
lower central venous pressure.
An upper-midline incision was made, and a 16-gauge
catheter was inserted into the main portal vein via the gastroduodenal vein to measure portal vein pressure (PVP).
Two ultrasonic probes (TS420; Transonic Systems, Ithaca,
NY, United States) were used to assist the laparotomy. A
9-mm diameter probe was placed around the main portal vein (downstream of the gastroduodenal vein), and a
3.5-mm probe was placed around the hepatic artery near
its origin from the celiac artery. The origin of the hepatic
artery was isolated by ligation of the right gastric and
gastroduodenal arteries. MCSs with different anastomotic
diameters (5-10 mm) were implanted. Left trilobectomy
was performed, together with partial right-posterior-lobe
resection, without hepatic pedicle occlusion[11]. Parts of
the right posterior and caudate lobes were retained to
leave a residual hepatic volume of 10%-15% of the normal liver volume.
The mesenteric venous inflow was diverted through
an MCS constructed using the prepared left renal vein
with the PVF partly occluded (Figure 1). MCS, PVF and
hepatic artery flow (HAF) were measured before and 30
min after MCS implantation. If the portal vein inflow was
> 3.5 times higher than baseline or if shunt occlusion occurred, the shunt was closed, and the pigs were assigned
to the control group (n = 6). Measurement of portal flow
was repeated 10 min later. If the portal flow was < 1.8
times the baseline value, the shunt was adjusted to increase the portal flow to 1.8-2.3 or 3.0-3.5 times the baseline value. If necessary, an empty balloon with a catheter
was placed around the shunt so that blood flow could be
regulated by expanding the balloon. Animals with a portal flow 1.8-2.3 times the baseline value were assigned to
the S1 group (n = 7). Animals with a portal flow 3.0-3.5
times the baseline value were assigned to the S2 group (n
= 7). Five animals were excluded from the study because
of shunt obliteration or other surgical complications during the observation period.
Forty-eight hours after hepatectomy, the animals were

MATERIALS AND METHODS
Experimental animals
Twenty-five male Bama miniature pigs (15-20 kg), aged
4-6 mo were obtained from the Pig and Poultry Production Institute (Guangxi Province, China). The pigs were
raised from a closed herd and kept under strict quarantine. All experiments were conducted in accordance with
Chinese legislation on protection of animals and complied with the Principles of Laboratory Animal Care (NIH
publication No. 85-23, revised 1985). The study was
approved by the Animal Care and Use Committee and
the Ethics Committee of the Chinese People’s Liberation
Army General Hospital. Every effort was made to minimize any suffering of the animals used in this study.
Surgical procedures
The pigs were deprived of food for 8 h before the operation. Initial sedation was achieved with a deep intramuscular injection of ketamine (15-20 mg/kg) and chlorpromazine (6-8 mg/kg), which were administered 15 min
after atropine (0.01 mg/kg). Oxygen saturation and heart
rate were monitored throughout the operation, and anesthesia was maintained using 1.5% halothane in oxygen
titrated to provide anesthesia.
Central venous access was established using a cath-
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reopened. PVP, PVF and HAF were recorded and blood
and tissue samples were obtained. Local anesthetic (50
mg marcaine in 20 mL) was administered subcutaneously
to the abdominal wound. Halothane was discontinued
postoperatively and a single dose of 375 mg penicillin
was given intramuscularly to all pigs. Normal saline (500
mL) and 10% glucose solution (500 mL) were administered during recovery and daily thereafter.
The pigs were monitored until 48 h after hepatectomy, when they were anesthetized and reopened before
euthanasia. Injury to the sinusoidal endothelial cells, dynamic PVF and HAF, injury and regeneration of the liver
remnant, serum endotoxin levels, and bacterial translocation were compared between the three groups. At the
end of the experiments, the pigs were sacrificed by an
overdose of potassium chloride.

structions.
Hepatic regeneration and apoptosis
Increases in liver volume and PCNA index (PI) were used
to quantify hepatic regeneration. The rate of increase in
liver volume after hepatectomy was evaluated as: regenerated liver volume at sacrifice/estimated remnant liver
volume at operation × 100%. PCNA data were expressed
as the percentage of PCNA-stained hepatocytes per total
number of hepatocytes (PI). The percentage of TUNELpositive cells relative to the total cell count was used to
estimate the apoptosis index (AI). Counts were made in
10 high-power fields for each of the three groups.
Lipopolysaccharide and bacterial translocation
Lipopolysaccharide (LPS) levels were quantitated using
the limulus amebocyte lysate (LAL) assay, which is based
on the methods introduced by Iwanaga and colleagues[15].
The assay was performed using a commercially available
chromogenic LAL endpoint QCL 1000 Kit (Yihua BioScience, Shanghai, China) following the manufacturer’s
instructions. Standards and samples were analyzed in duplicate.

Blood and serum analysis
Serial serum samples were collected during the follow-up
period. Blood sampling was performed preoperatively, at
2 h after hepatectomy, then daily until euthanasia. Serum
levels of alanine aminotransferase (ALT), total bilirubin
(TB), international normalized ratio (INR), hyaluronic
acid (HA), and thymidine kinase (TK) activity were determined. HA levels were monitored to reflect the degree of sinusoidal endothelial damage[12,13]. Values were
determined using the Pharmacia HA radiometric assay
kit (Shanghai Yi Hua Scientific, Inc., China). TK activity
was used as an index of hepatic regeneration[14] and was
measured in serial serum samples using the Liaison TK
assay. Results were expressed as dpm/mL protein (Jingmei
Biotech Co. Ltd., Shenzhen, China).

Real-time polymerase chain reaction assay for total
bacterial quantification
DNA was extracted from blood using the Fast DNA
Spin Kit (Qiagen, Valencia, CA, United States) according
to the manufacturer’s instructions. Total bacterial quantification was performed using 16S rRNA-gene-targeted
primers. The universal primers were 5’-TTCCGGTTGATCCTGCCGGA-3’ forward, 5’-GGTTACCTTGTTACGACTT-3’ reverse[16,17].
Real-time polymerase chain reaction (PCR) was performed on an iCycler IQ real-time detection system coupled to iCycler optical system interface version 2.3 software (Bio-Rad, Veenendaal, Netherlands). Serially diluted
genomic DNA from selected bacterial isolates was used
as a real-time PCR control for total bacterial quantification. PCR bacterial counts were expressed as log10 cells/g
tissue ± SE.

Tissue analysis
Hepatic tissue was sampled in the three groups at 48 h
after hepatectomy. Each biopsy sample was divided into
two sections. One was immediately cut into 1-mm cubes
and fixed in 2.5% glutaraldehyde in cacodylate buffer
(0.1 mol/L sodium cacodylate-HCl, pH 7.4) overnight at
4 ℃ prior to sectioning for transmission electron microscopy (TEM). The other section was preserved in 10%
formaldehyde prior to embedding in paraffin. The tissue
samples were sectioned and stained with hematoxylin and
eosin (HE) using standard histological techniques.
The pigs were sacrificed at 48 h after hepatectomy,
and the patency of the MCS was verified surgically. The
liver was excised, weighed and processed. Hepatic tissue
was sampled for proliferating cell nuclear antigen (PCNA)
staining and in situ terminal deoxynucleotidyl transferasemediated dUTP-biotin nick end labeling (TUNEL).
For histology and morphometry, 4-μm-thick sections, prepared from formalin-fixed, paraffin-embedded
liver tissues, were stained with hematoxylin-phloxin-saffron and periodic acid Schiff staining. PCNA expression
was detected by immunostaining using a monoclonal
anti-PCNA-antibody kit (Jingmei Biotech). In addition,
3-μm sections were stained in situ with TUNEL using
an apoptosis in situ detection kit (Jingmei Biotech Co., Ltd,
Shenzhen, China) according to the manufacturer’s in-
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Statistical analysis
Data were presented as mean ± SD. Statistical significance was determined using Student’s t test (SPSS, Chicago, IL, United States). Values of P < 0.05 were considered statistically significant.

RESULTS
Operative characteristics
The operative characteristics are shown in Table 1. There
were no significant differences among the three groups (P
> 0.05).
Hemodynamic studies
Systemic arterial pressure was monitored throughout
the study. Serial changes in PVF and HAF are shown in
Table 2. At baseline, PVF, HAF and PVP in the three

1023

January 28, 2014|Volume 20|Issue 4|

Wang XQ et al . Portal inflow preservation in SFSS
Table 1 Operative characteristics

Body weight (kg)
Left trilobes (g)
ETL (g)
WRL (g)
ERL(g)
Proportion of ERL

Control group

S1 group

S2 group

P value1

P value2

17.8 ± 3.1
351.2 ± 14.9
443.1 ± 18.8
391.8 ± 19.4
51.3 ± 6.8
11.8% ± 2.3%

18.1 ± 2.9
357.5 ± 17.2
446.9 ± 21.5
389.8 ± 17.4
57.1 ± 8.5
12.8% ± 3.3%

18.5 ± 3.9
365.5 ± 15.8
457.0 ± 19.8
400.8 ± 21.4
56.2 ± 7.1
12.2% ± 3.5%

0.85
0.89
0.77
0.95
0.89
0.87

0.87
0.91
0.86
0.92
0.84
0.83

Control group, no shunt placement; S1 group, portal flow maintained at an average 2.0 times baseline values; S2 group, portal flow maintained at an average
3.2 times baseline flow. Data expressed as mean ± SD. Estimated total liver volume (ETL) = (weight of left trilobes) × 100/80; WRL: Weight of resected liver;
ERL: Estimated residual liver volume. 1The difference between the control group and S2 group; 2The difference between S1 and S2 groups.

Table 2 Changes in portal vein inflow and hepatic artery flow at baseline, 24 and 48 h after hepatectomy, and at euthanasia in the
three groups of animals

PVF, L/min per 100 g
BAS
PH
EUT
HAF, mL/min per 100 g
BAS
PH
EUT
P/A
BAS
PH
EUT
PVP
BAS
PH
EUT

Control group

S1 group

S2 group

P value1

P value2

59.4 ± 11.4
451.8 ± 31.1
220.3 ± 41.3

62.1 ± 11.4
146.8 ± 21.1
69.8 ± 18.6

67.4 ± 11.6
218.8 ± 29.3
125.3 ± 31.6

0.840
0.000
0.000

0.780
0.001
0.000

19.4 ± 4.5
6.1 ± 2.5
5.5 ± 2.1

18.3 ± 3.4
12.1 ± 3.5
11.1 ± 3.4

19.9 ± 4.1
14.9 ± 2.5
13.2 ± 4.2

0.920
0.001
0.000

0.910
0.061
0.052

3.1 ± 0.2
74.0 ± 8.1
40.8 ± 6.6

3.4 ± 0.3
12.1 ± 2.8
6.3 ± 1.2

3.4 ± 0.2
14.8 ± 3.1
9.5 ± 1.8

0.780
0.001
0.000

0.940
0.040
0.001

6.4 ± 1.8
13.8 ± 2.6
15.9 ± 2.5

6.9 ± 1.3
7.6 ± 1.6
8.9 ± 1.2

6.0 ± 0.8
8.7 ± 1.4
9.6 ± 1.5

0.930
0.022
0.001

0.750
0.061
0.042

All flow values are reported in mL/min per 100 g hepatic tissue. BAS: Baseline; EUT: Euthanasia; NS: Not significant; P/A: Portal-to-arterial flow ratio;
PVF: Portal vein inflow; HAF: Hepatic artery flow. 1The difference between the control group and S2 group; 2The difference between the S1 and S2 groups.

groups did not differ significantly. However, at 24 or 48
h after hepatectomy, PVF and portal-to-arterial flow ratio
in the S2 group were significantly lower than in the control group, and significantly higher than in the S1 group.
HAF in the S2 group was significantly higher than in the
control group, and did not differ significantly from that in
the S1 group. PVP in the S2 group was significantly lower
than in the control group, and did not differ significantly
compared with the S1 group.

lial injury, accompanied by sinusoidal dilation, hydropic
changes in hepatocytes and hemorrhage in the hepatic
parenchyma (Figure 3A and C). In the S1 and S2 groups
there was only mild sinusoidal injury to the hepatic microarchitecture and no intraparenchymal hemorrhage
was seen (Figure 3B and D). Serial changes in HA levels
in the three groups are shown in Figure 4. Following
85%-90% hepatectomy, serum HA levels increased in all
three groups. At 2 h after hepatectomy, HA levels were
significantly higher in the control group than in the S1 or
S2 groups.

Hepatocellular injury
Preoperative and serial postoperative measurements of
serum ALT, TB, and INR are shown in Figure 2. During
the first 24 h after hepatectomy, all parameters except
ALT were significantly higher in the control group than
in the S1 group. There were no significant differences in
TB or INR between the groups. However, at 48 h after
hepatectomy, serum ALT, TB and INR were significantly
lower in the S2 group than in the S1 and control groups.

Liver regeneration and apoptosis
The rate of increase in the weight of the liver remnants
was significantly higher in the S2 group than in the control or S1 groups. The rate of increase was lower in the S1
group than in the control group (Figure 5A). There were
also differences between the three groups with respect to
the estimated PI in PCNA-stained tissue at 48 h PH (Figure 5B and C).
At 2 h after hepatectomy, TK activity was significantly
higher in the control group than in the S1 or S2 groups
(Figure 5D). TK levels in the S2 group remained stable,

Sinusoidal endothelial injury
In the control group, there was no portal diversion. Both
HE and TEM examination showed significant endothe-
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Figure 2 Changes in serum alanine aminotransferase, total bilirubin and
international normalized ratio values. A: Alanine aminotransferase (ALT); B:
Total bilirubin; C: International normalized ratio (INR). aP < 0.05 for comparison
between S1 and control groups; cP < 0.05 for comparison between S2 and S1
groups.

and at 48 h after hepatectomy, they were significantly
higher than in the S1 group and comparable to those in
the control group.
At 48 h after hepatectomy, there were high numbers
of TUNEL-positive cells in the liver remnant (Figure 6A).
The AI at 48 h after hepatectomy was significantly lower
in the S2 group than in the control group (Figure 6B).

Figure 3 Sinusoidal endothelial injury following hepatectomy. A and B: Hematoxylin and eosin staining; C and D: Transmission electron microscopy of tissue samples taken 1 h after hepatectomy (× 400 magnification). Structure of the
endothelial lining was preserved (arrow); Sinusoidal endothelial lining destroyed
(arrow head).

creases the size of the hepatic vascular bed and has the
potential to increase portal pressure and vascular resistance, resulting in excessive portal flow and hemodynamic instability[3,4,18]. Similar findings have been reported

DISCUSSION
Animal experiments have shown that hepatectomy de-
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Figure 4 Serial changes in hyaluronic acid levels in the three groups. aP < 0.05 for comparison between S1 and control groups; cP < 0.05 for comparison between S2 and S1 groups. HA: Hyaluronic acid.
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Figure 5 Liver regeneration and apoptosis. A: Percentage increase in liver remnant weights; B: Proliferating cell nuclear antigen (PCNA) staining of liver remnant
(positive cells are indicated by arrows; × 400 magnification); C: Microphotometric evaluation of PCNA index in PCNA-stained tissue 48 h partial hepatectomy. Values
are expressed as mean ± SD; n = 6 in both groups. D: Thymidine kinase (TK) activity. aP < 0.05 for comparison between S1 and control groups; cP < 0.05 for comparison between S2 and S1 groups. PI was used to quantify hepatic regeneration. PCNA data were expressed as the percentage of PCNA-stained hepatocytes per total
number of hepatocytes.

in clinical practice[7,8,19,20] and contribute to high postoperative morbidity and mortality rates[3,6,8]. Furthermore,
severe damage to the sinusoidal endothelial cells of the
remnant liver at 3 h postoperatively has been reported as
one of the main factors responsible for the high mortality rates in dogs undergoing massive hepatectomy[21].
Many studies have shown that diversion of portal
inflow, using PCS, or MCS and splenectomy, can re-

WJG|www.wjgnet.com

lieve overflow injury and improve survival and prognosis[3,4,21-24]. Despite these encouraging results, the use of
PCS is associated with a marked delay in liver regeneration[25,26]. This is thought to be the result of over-reduction of vascular shear stress in the portal vein, possibly
accompanied by diversion of hepatotrophic factors into
the systemic circulation. This technique may also lead to
loss of portal flow between the liver remnant and system-
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Figure 6 Terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick end labeling staining and AI. A: Terminal deoxynucleotidyl transferase-mediated
dUTP-biotin nick end labeling (TUNEL) assay results at 48 h partial hepatectomy (× 400 magnification). Many TUNEL-positive cells (arrows) were present in the liver
remnant; B: Microphotometric evaluation of apoptosis index (AI) in TUNEL-stained tissue at 48 h after hepatectomy. Values are expressed as mean ± SD. aP < 0.05
for comparison between S1 and control groups; cP < 0.05 for comparison between S2 and S1 groups. Percentage of TUNEL-positive cells relative to the total cell count
was used to estimate AI.
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Figure 7 Serial changes in serum lipopolysaccharide levels (A) and blood bacterial DNA levels (B). aP < 0.05 for comparison between S1 and control groups;
c
P < 0.05 for comparison between S2 and S1 groups. LPS: Lipopolysaccharide.

ic shunt. The problem is exacerbated as portal systemic
pressure increases in the regenerating liver. To overcome
these difficulties associated with MCS or PCS, sufficient
portal inflow and pressure needs to be preserved to promote liver regeneration without injuring the sinusoidal
endothelium.
The optimum portal inflow required to stimulate liver
regeneration with minimal or no overflow injury to the
liver remnant remains unknown. This is because opinions
regarding the manageable upper limit of portal pressure
differ between transplant centers. Workers in Japan[27] set
the appropriate PVP at < 20 mmHg, whereas another
study[24] recommended PVP < 15 mmHg for living donor
liver transplantation (LDLT). Another group[28] reported
that small left-lobe grafts with < 40% graft volume/standard liver volume can be used safely with a portal flow
< 25 mmHg. In two other studies of LDLT[20,23], suitable
cutoff values for portal inflow were reported to be 250
and 260 mL/min/100 g tissue.
A previous study in pigs[25] showed that it was necessary to maintain portal vein flow at approximately two
times the baseline value in order to produce a favorable
outcome. However, this study provided no information

WJG|www.wjgnet.com

about the effects of portal functional competition on optimum portal inflow for the liver remnant.
In our study, we demonstrated that using an MCS in
the S1 and S2 groups relieved sinusoidal endothelial injury
relative to that seen in the control group with no shunt.
Liver regeneration (determined by rate of growth and
PI) in the S2 group using a median portal inflow 3.2 times
above baseline, was similar to that in the control group at
48 h after hepatectomy, and was significantly higher than
in the S1 group with a median portal inflow of 2.0 times
baseline. The AI in the S2 group was significantly lower
than in the S1 and control groups, indicating the portal
inflow regimen used in the S2 group supported liver regeneration and reduced apoptosis.
LPS levels indicated that the inflammatory response
at 48 h after hepatectomy was less marked in the S2 group
than in the S1 and control groups, further supporting the
rationale for preserving > 3 times the baseline portal flow
per unit tissue volume.
It has previously been demonstrated that competition
between the portal vein and systemic circulation begins
after a functional MCS has been established[20,23]. In our
study the PVF per unit volume was lower in the S1 and
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be considered to modulate the portal inflow when the risk of SFSS in liver transplantation or extended hepatectomy is high.

S2 groups than in the control group. In these groups, hypertrophy of the liver remnant resulted in an increase in
vascular resistance per unit volume.
In the S1 group, the PVF per unit volume decreased
to the baseline value at 48 h after hepatectomy, whereas
in the S2 group, portal inflow remained twice that at
baseline at the same time point (Table 2). These results
indicate that preserving portal flow at twice the baseline
level was insufficient to sustain hypertrophy of the liver
remnant. However, preserving approximately 3.2 times
the baseline portal flow resulted in a high growth rate and
a PI similar to that in the control group.
Portal overflow injury, LPS/bacterial translocation,
and inflammatory responses represent an important
mechanism of pathogenesis. The liver contains reticuloendothelial cells (Kupffer cells), and it has been shown
that function of the reticuloendothelial system decreases
significantly after major hepatectomy[29,30]. Innate immunity is also significantly impaired following major liver
resection[26,31], and portal hypertension has been shown to
increase LPS absorption and bacterial translocation and
cause severe inflammation[31,32]. In our study the marked
LPS/bacterial translocation and inflammation responses
seen in the control and S1 groups delayed liver regeneration and aggravated apoptosis and injury to the liver remnant (Figure 7). These responses were far less marked in
the S2 group.
Taken together our findings indicate that diversion
of portal inflow by MCS reduces injury from portal
overflow following major hepatectomy, whereas excessive diversion of portal flow can retard liver regeneration.
Preservation of portal inflow to at least 3.2 times above
baseline levels appeared to promote hepatocyte hypertrophy and reduce apoptosis.
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Abstract
AIM: To establish a Chinese esophageal squamous cell
carcinoma (ESCC) cell line with high bone metastasis
99m
99m
potency using
Tc-methylene diphosphonate ( TcMDP) micro-pinhole scintigraphy, X ray and micropositron emission tomography/computed tomography
(PET/CT) for exploring the mechanism of occurrence
and development in esophageal cancer.
METHODS: The cells came from a BALB/c nu/nu immunodeficient mouse, and oncogenic tumor tissue
was from a surgical specimen from a 61-year-old male
patient with ESCC. The cell growth curve was mapped
and analysis of chromosome karyotype was performed.
6
Approximately 1 × 10 oncogenic cells were injected
into the left cardiac ventricle of immunodeficient mice.
The bone metastatic lesions of tumor-bearing mice
99m
were detected by Tc-MDP scintigraphy, micro-PET/CT
and X-ray, and were resected from the mice under deep
anesthesia. The bone metastatic cells in the lesions
were used for culture and for repeated intracardiac inoculation. This in vivo /in vitro experimental metastasis
study was repeated for four cycles. All of the suspicious
bone sites were confirmed by pathology. Real-time
polymerase chain reaction was used to compare the
gene expression in the parental cells and in the bone
metastatic clone.
RESULTS: The surgical specimen was implanted subcutaneously in immunodeficient mice and the tumorigenesis rate was 100%. First-passage oncogenic cells
were named CEK-Sq-1. The chromosome karyotype
analysis of the cell line was hypotriploid. The bone
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most patients die from recurrence or metastasis, with a
5-year survival rate as low as 16% in the United States in
1996-2004, and it was ranked fifth among the five leading
causes of cancer mortality in male patients aged 40-79
years in 2008[2,3]. In China, the situation is even worse[4].
The most common metastatic sites of EC are lung,
liver and bone. The median survival time is < 1 year for
advanced cases. To improve survival for EC patients, a
better understanding of the cellular and molecular carcinogenesis of EC, and especially of the mechanism of
metastasis, is needed. Well-characterized human EC cell
lines and animal models for metastasis are important research resources for studying cancer cell biology, as well
as for developing new strategies against EC. Although
there are many EC cell lines[5-9], a bone metastasis model
is lacking. To enrich the bank of cell lines and animal
models of EC, a new human EC cell line (CEK-Sq-1)
and its clone with a high bone-seeking tendency were
established. Their morphological and biological characteristics and tumorigenicity in vivo were described in this
experimental study, which may provide a useful model
for in vitro and in vivo cellular and molecular research.

metastasis rate went from 20% with the first-passage
oncogenic cells via intracardiac inoculation to 90%
after four cycles. The established bone metastasis
clone named CEK-Sq-1BM had a high potential to metastasize in bone, including mandible, humerus, thoracic and lumbar vertebrae, scapula and femur. The
bone metastasis lesions were successfully detected
by micro-pinhole bone scintigraphy, micro-PET/CT,
and X-ray. The sensitivity, specificity and accuracy of
the micro-pinhole scintigraphy, X-ray, and micro-PET/
CT imaging examinations were: 89.66%/32%/80%,
88.2%/100%/89.2%, and 88.75%/77.5%/87.5%, respectively. Some gene expression difference was found
between parental and bone metastasis cells.
CONCLUSION: This newly established Chinese ESCC
cell line and animal model may provide a useful tool
for the study of the pathogenesis and development of
esophageal carcinoma.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Esophageal squamous cell carcinoma; Cell
line; Bone metastasis; Molecular imaging; Real-time
polymerase chain reaction

MATERIALS AND METHODS
With the patient’s consent, an esophageal squamous
cell carcinoma (ESCC) tumor specimen was surgically
removed from a 61-year-old Chinese man. The tumor
was diagnosed pathologically as T2N1M0 after surgery.
Lymph node metastasis occurred 6 mo later and bone
metastasis 1 year after the operation. Fresh tumor tissue
specimens were cut into small pieces of about 1 mm3 and
soaked with 40000 U/mL penicillin and 1000 μg/mL
streptomycin (Northern China Pharmaceutical, Shijiazhuang, China) for about 5 min.

Core tip: We established a novel esophageal squamous
cell carcinoma cell line from a surgically resected human specimen and its clone with mixed bone metastasis potency by molecular imaging including conventional radiography, bone scintigraphy, and micro-positron
emission tomography/computed tomography after
intracardiac inoculation of the cells into nude mice.
The process was repeated in vivo and in vitro for four
cycles to obtain a bone metastasis clone CEK-Sq-1BM.
Some gene expression difference was compared with
the primary cells and their clone by real-time reverse
transcriptase polymerase chain reaction. This work may
be helpful for research in bone metastases.

Xenograft and cell culture
The specimens were implanted subcutaneously in three
immunodeficient mice and the tumorigenesis rate was
100% after 4 wk. The xenograft tumor was excised after
the mouse was deeply anesthetized and then sacrificed.
The tumor was minced for cell culture in 25-cm2 culture
flasks with 6 mL RPMI 1640 medium (Gibco, Carlsbad,
CA, United States) containing 10% fetal bovine serum
(Gibco), 100 U/mL penicillin and 100 μg/mL streptomycin (Northern China Pharmaceutical). The cells were
cultured at 37 ℃ in an atmosphere with 5% CO2. The
first-passage oncogenic cells were cultured after growing
for 7 d. The cells were named CEK-Sq-1.

Zhao BZ, Cao J, Shao JC, Sun YB, Fan LM, Wu CY, Liang S,
Guo BF, Yang G, Xie WH, Yang QC, Yang SF. Novel esophageal squamous cell carcinoma bone metastatic clone isolated by
scintigraphy, X ray and micro PET/CT. World J Gastroenterol
2014; 20(4): 1030-1037 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i4/1030.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i4.1030

INTRODUCTION

Chromosome analysis
The CEK-Sq-1 cells at the 15th passage at the stage of
proliferation were selected and treated with colchicine
for 4-6 h. The cell suspension was collected and Giemsastained after hypotonic treatment. We selected cells with
well-dispersed chromosomes in metaphase. The chromosome distribution and karyotype features were investigated by analyzing 40 and 15 metaphases, respectively.

Esophageal cancer (EC) is among the top six leading
causes of death from cancer; it exhibits a strikingly uneven geographical distribution, resulting in focal endemic
high-incidence areas in several countries [1], including
Northern China, Northern Iran and South Africa. Considerable advances in diagnosis, surgical techniques and
chemoradiotherapy have been made for EC. Nevertheless, EC remains one of the most lethal cancers and
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Growth characteristics of the cell line
The CEK-Sq-1 cells of the 7th, 24th and 40th passages
were studied to estimate the population-doubling time. A
suspension of 1 × 105 cells was plated into 25-cm2 culture flasks. The number of viable cells from three culture
flasks per passage was measured with a Neubauer hemocytometer every 24 h for 8 d by trypan blue staining. The
growth curve was plotted and the population doubling
time of the CEK-Sq-1 cell line was calculated during the
exponential growth phase of the cells and using online
algorithm software provided at http://www.doublingtime.com.

the current at 2 mA, and the exposure time at 3 s[10].
Micro PET/CT imaging
A high resolution, animal positron emission tomography/computed tomography (PET/CT) scanner (Inveon
micro PET/CT, Siemens Preclinical Solution, Knoxville,
TN, United States) was used to image the BALB/c nunu nude mice. For each imaging session, awake mice were
injected with 0.15-0.2 mCi of 18F-FLT, given tail vein
injection. Each mouse was anesthetized with 5% isofluorane in an induction chamber. Afterwards, the mouse was
placed in the scanner bed in the prone position with the
long axis of the heart parallel and within the FOV of the
scanner. During image acquisition, the mice were anesthetized with 1%-2% isofluorane gas delivered through a
custom face mask.
All micro-PET images were reconstructed with the
standard ordered-subset expectation maximization (OSEM)
method. Reconstructed images were displayed in transverse, coronal and sagittal planes. A total of 512 sequential
tomographic slices were displayed over the imaging object
of interest with each slice measuring 0.11 mm in thickness, and assessed visually using transaxial, sagittal, and
coronal displays. CT images were used for both attenuation correction of emission data and image fusion.

Establishment of the human experimental bone
metastasis clone
The experimental animal study protocols were approved
by the Shanghai Laboratory Animal Science Administration Commission of Shanghai Municipality. All BALB/c
nu/nu nude mice (Shanghai Cancer Institute of Shanghai
Jiaotong University, Shanghai, China) were maintained
in a specific pathogen-free environment. Cells in the
fifth passage were harvested from cell culture flasks and
resuspended at 1 × 107/mL in phosphate buffered solution. Following this, 0.1 mL of the cell suspension was
injected into the left cardiac ventricles of 8-wk-old male
mice using 29 G needles. The mice were anesthetized as
previously described [10].
To begin with, the bone metastasis rate was 20%
(2/10) for the fifth passage cells. The bone metastasis
tumor clones were dissected and the cells cultured. On
the second cycle of inoculation, about 40% (4/10) of the
transplanted mice had bone metastasis. Starting with the
fourth cycle, 90% of the transplanted mice had observable bone metastasis. Most of the bone metastasis sites
were in the mandible, spine and four limbs; the other
bone metastasis sites were the skull and ribs. The fourth
cycle of the bone-seeking cells was named CEK-Sq1BM.

Histological examination
Every tumor-bearing nude mouse was sacrificed with
deep anesthesia 45 d after inoculation and cut into eight
skeleton sites (mandible, spine and both scapula, humerus, femur) for histological diagnosis. Bone metastasis
clones were observed by radionuclide scintigraphy and
radiography, and the bony tissue was dissected and formalin soaked, decalcified, embedded in paraffin, cut in
thin sections, and stained with hematoxylin and eosin
(H&E). Each of the slides was examined independently
by two pathology specialists.
Real-time PCR
Total RNA was extracted from parental CEK-Sq-1 and
CEK-Sq-1BM cells with TRIzol reagent (Gibco). Quantitative real-time reverse transcriptase-polymerase chain
reaction (RT-PCR) was used to validate gene expressions
of the bone metastasis cells. Reverse transcription was
performed using the Reverse Transcriptase Kit (Promega,
San Luis Obispo, CA, United States) following the manufacturer’s instructions. We performed a set of real-time
PCR assays with the approximation method using the ∆
∆CT method. In the ∆∆CT method, GAPDH served as
the endogenous control and the examined genes were
CDH1 (E-cadherin), SERPINA1, SERPINE2, FN1,
POU5F1 (OCT4) and AR. The quantitative real-time
PCR was performed in triplicate using SYBR Green Mastermix (TaKaRa, Kyoto, Japan) on the ABI Prism 7900
Sequence Detection System (Applied Biosystems, Foster
City, CA, United States). PCR conditions were 95 ℃ for
15 s, 45 cycles of 95 ℃ for 20 s, 60 ℃ for 20 s and 72 ℃
for 20 s. The PCR primer sequences are shown in Table 1.

Bone metastatic imaging
BALB/c mice were deeply anesthetized with an intraperitoneal injection of 75-100 mg/kg thiopental. Bone
metastasis was evaluated by in vivo imaging weekly micropinhole bone scitigraphy with 99mTc-methylene diphosphonate (99mTc-MDP; Shanghai Syncor Pharmaceutical,
Shanghai, China) starting 4 wk after inoculation. Static
planar images of the entire skeleton were acquired 5-6
h after tail vein injection of 111 MBq (3 mCi), or 0.1
mL 99mTc-MDP on a GE Hawkeye 4 Infinia Functional
Imaging Scanner (GE Medical Systems, Waukesha, WI,
United States) with a pinhole collimator. The pinhole insert had been designed and built for obtaining ultra-high
resolution images, with an aperture diameter of 1 mm.
Radiography images were used as controls. Conventional
radiographs were obtained with a Philips Optimus Bucky
Diagnost TS X-ray System (Philips Healthcare, Eindhoven, The Netherlands). Bone metastases were determined using the radiograph tube voltage fixed at 40 kVp,

WJG|www.wjgnet.com

1032

January 28, 2014|Volume 20|Issue 4|

Zhao BZ et al . ESCC bone metastasis clone molecular imaging
Table 1 Primers for real-time polymerase chain reaction
Gene name
POU5F1
FN1
CDH1
SERPINE2
SRPINA1
AR

Forward primer

Reverse primer

GTAGGTTCTTGAATCCCGAATG
CTGCTGGGACTTCCTATGTGGT
CTTCTGCTGACCTGTCTGATG
TCAGCACCAAGACCATAGACAG
AACGATTACGTGGAGAAGGGTA
ATTGAGCCAGGTGTAGTGTGTG

TCTGCTTTGCATATCTCCTGAA
GGTTTCCTCGATTATCCTTCTTG
GTCACACACGCTGACCTCTAAG
CGGATGAAAAACAGAAAAGGTC
GGTAAATGTAAGCTGGCAGACC
GGAGTTGACATTGGTGAAGGAT

Number of cells (100000)

A

Passage 7
Passage 24
Passage 40

9
8
7
6
5
4
2
1
0
1

2

3

4

t /d

5

6

Figure 2 Growth curve of the CEK-Sq-1 cell line at passages 7, 24 and 40.

B

2

1

Figure 1 Morphology of human esophageal squamous cell carcinoma cell
line CEK-Sq-1. A: First passage oncogenic cells (× 100); B: After four cycles,
the bone-seeking subline CEK-Sq-1BM was harvested.

3

6

7

8

13

14

15

19

20

9

21

5

4

22

10

11

12

16

17

18

X

Y

Figure 3 Chromosomal imbalances of CEK-Sq-1 shows the DNA overrepresentation on chromosomes 1-3, 7, 8, 12, 14, 16–19, X and Y.

RESULTS

about 46 h.

Morphologic characterization
The CEK-Sq-1 cells from the xenograft tumor were adherent and tended to form a monolayer with epithelial
features. Many morphologically distinct populations were
found, such as small rounded, polygonal and spindle cells.
Such heterogeneous cell types were observed from the
first-passage oncogenic cells in culture (Figure 1A). The
morphology of the cells remained unchanged even after
40 passages. After four cycles in vivo/in vitro, the boneseeking clone CEK-Sq-1BM was harvested (Figure 1B).

Karyotype
Karyotypic study revealed both numerical and structural
abnormalities in this ESCC cell line. The modal number
of chromosomes ranged from 58 to 68, with a median of
64. Most of the analyzable metaphases were hypotriploid
(Figure 3).
Bone metastasis images
The bone metastasis lesions were detected by 99mTc-MDP
micro-pinhole bone scintigraphy, X-ray, and micro-PET/
CT. CEK-Sq-1BM was obtained after four cycles of the
in vivo/in vitro repeat. The suspicious bone metastasis sites
were scanned weekly under anesthesia 4 wk after inoculation of CEK-Sq-1 cells. The bone metastasis images
of CEK-Sq-1BM mice were acquired by X-rays, micropinhole bone scintigraphy and micro-PET/CT (Figures
4 and 5). The whole-body X-ray image showed osteo-

Growth curve and doubling time
Figure 2 shows the growth curve and population doubling time of the established ESCC cell line; the population doubling was calculated from the growth curve. The
analyzed cells were from the 7th, 24th and 40th passages.
The population doubling time of the ESCC cells was
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A

Table 2 Sensitivity, specificity and accuracy with different
2
techniques for pathology using χ test
Micro-pinhole
BS (n = 7)
Histology +
-

+
18
4

2
32

X- ray
(n = 7)
+
6
0

13
37

B

Micro-PET/CT
(n = 7)
+
16
4

3
33

PET/CT: Positron emission tomography/computed tomography.

A

B

Figure 5 18F-FLT micro-PET/CT images of CEK-Sq-1MB mouse. A: Arrow
indicates 18F-FLT uptake positivity in the cells (2 × 106) injected subcutaneously
into the left lateral subcutis of the mouse for 3 wk; B: Arrows indicate the mandibular and thoracic vertebral metastatic lesions of the cells after intracardiac
injection in mice for 4 wk.

C

A

Figure 4 Whole-body X-ray and micro-pinhole bone scintigraphy images
of experimental bone metastasis in mice. A: X-ray image, upper arrow indicates the hot spot of the left humeral osteoblastic metastatic lesion, and the
lower arrow indicates the cold spot of the left scapular osteolytic metastatic
lesion and circle around the osteogenic reaction; B: Micro-pinhole bone scintigraphy images of the same mouse in the POST position. The osteoblastic metastatic lesion (upper arrow) showed greater accumulation of 99mTc-methylene
diphosphonate (99mTc-MDP), and the osteolytic lesion (lower arrow) combined
with osteogenic reaction showed less; C: The arrow indicates a mandibular lesion in another mouse with accumulation of 99mTc-MDP.

B

blastic metastasis concurrent with osteolytic in a CEKSq-1 BM mouse at 6-8 wk (Figure 4A). The difference
of osteoblastic and osteolytic metastasis presented in the
same mouse by micro-pinhole bone scintigraphy (Figure
4B). The mandibular lesions of another model mouse
accumulated 99mTc-MDP (Figure 4C). All of the suspicious bone metastasis sites were evaluated by histological
examination after the mice were sacrificed, and the sensitivity, specificity and accuracy of micro-pinhole bone
scintigraphy, X-ray, and micro-PET/CT imaging examinations were: 89.66%/32%/80%, 88.2%/100%/89.2%,
and 88.75%/77.5%/87.5%, respectively (Table 2).

Figure 6 Histological features of the the mandibular (A) (hematoxylin
and eosin, × 100) and lumbar vertebral (B) (hematoxylin and eosin, × 200)
metastatic lesions.

Histological examination
Figure 6 shows the histological examination of mandible
(A) and lumbar vertebrae (B), confirming the bone metastasis sites (stained with H&E, magnification × 100 and
200, respectively).

cer invasion and metastasis are complex multistep processes[11]. Cancer cells invasion into blood vessels initiates
metastasis, and the vessels also provide the routes for
systemic spread of cancer cells[12]. Low apoptosis leads
to clonal expansion and continuous selection of progressively more malignant cell populations[13]. Cell-cell adhesion plays an important role in metastasis too[14]. Thus, to

Real-time PCR analysis of CEK-Sq-1 and CEK-Sq-1BM
Ratios of CEK-Sq-1BM compared to CEK-Sq-1. Can-
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mainly detect osteolytic metastases, which is also the
limitation of X-rays, which is the most commonly used
method to search for bone metastasis, requiring about
30%-75% reduction in bone density to visualize a metastasis[19].
During the lifespan of a tumor-bearing mouse, which
is generally 30-60 d, the metastasis sites may not be observed by X-rays because of limited bone density reduction. For detecting bone metastasis with bone scintigraphy, at least a 5%-10% change in the ratio of lesion to
normal bone is required to detect an abnormality. It has
been estimated that bone scintigraphy can detect malignant bone lesions 2-18 mo earlier than plain radiography,
and bone scintigraphy sensitivities in detecting bone metastases vary between 62% and 100% with specificity of
78%-100%. This is because the alteration in osteoblastic
action and/or blood supply occurs at an earlier stage
than the difference in bone density needed to produce a
radiographic change[20,21]. For bone metastasis examination, bone scintigraphy could have a similar sensitivity
and specificity to PET/CT, but with a relative economic
advantage leading to more common use in clinical and
experimental research[22].
We established an experimental lung adenocarcinoma
bone metastasis cell line and mouse model in 2009 with
a gamma camera using 99mTc-MDP micro-pinhole bone
scintigraphy, which was the first and is still the only lung
adenocarcinoma model[10]. The same technique was used
to establish this new EC cell line with high bone metastasis potency. All of the suspicious bone metastasis
sites were confirmed by pathological examination, with
a sensitivity of 89.66% and a specificity of 88.2%, which
demonstrates the advantage of micro-pinhole bone scintigraphy over X-rays.
The formation of bony metastases is a multi-gene,
multi-step synergistic process that includes intravasation
of tumor cells from the primary site into the bloodstream, survival while in the circulation, adhesion to endothelial cells within the target organ, and extravasation
from the bloodstream into the surrounding tissue[23] or
marrow cavity. Cell-cell adhesion molecules SERPINE2
and SERPINA1 have been proven to play important roles
in the increased metastasis and invasion potency of lung
adenocarcinoma, pancreatic and colorectal tumors[10,24,25].
FN1, a cellular adhesion factor, is associated with tumor
metastasis and forms a highly interactive network in
ESCC[26]. In renal cancer[27], melanoma[28] and non-small
cell lung cancer[29], FN1 is required for cell invasion and
metastasis. CDH1 is a 120-kDa transmembrane glycoprotein belonging to the Super family of Ca2-dependent
cell adhesion molecules and its role remains controversial
in malignant progression[30,31]. In addition, E-cadherin
is one of the cell surface markers of human embryonic
stem cells (hESCs)[32]. The bone metastasis and primary
tissue sections of prostate cancer were stained by immunohistochemistry using specific antibody to CDH1,
which showed CDH1 overexpression in bone metastasis[33]. CDH1 upregulation may be related to osteolytic or

Log2 ration of CEK-sq-1BM
compare to CEK-Sq-1

12
10
8
6
4
2
0

POU5F1

FN1

CDH1 SERPINE2 SERPINE1
Gene name

AR

Figure 7 Expression changes of genes determined in CEK-Sq-1BM cells
compared with CEK-Sq-1 cells.

examine that CEK-Sq-1BM had metastasis capacity compared with that of the CEK-Sq-1, we performed realtime PCR to detect changes in gene expression. Genes
associated with cell adhesion molecules, such as CDH1,
SERPINA1, SERPINE2, FN1, POU5F1 and AR were
examined.
As shown in Figure 7, the expression of CDH1, AR,
FN1 and POU5F1 was increased in CEK-Sq-1BM compared to that in CEK-Sq-1 cells, while the expression of
SERPINE2 and SERPINA1 was moderately increased.
We selected these genes that were overexpressed in cancer metastasis by real-time PCR analysis, and confirmed
their high expression in CEK-Sq-1BM cells. This indicated that the clone did indeed have metastatic capacity
compared to its parental CEK-Sq-1 cells.

DISCUSSION
EC is one of the least studied and deadliest cancers
worldwide; the treatment of EC, especially advanced
stage, remains challenging. Therefore, cell lines and human xenograft models that accurately mimic human EC
are needed to elucidate the biological characteristics of
these tumors. However, the available and useful cell lines
and animal models of ESCC remain limited, especially
for metastatic models.
The first melanoma bone metastasis animal model
was established early in 1988[15]. Breast cancer[16], prostate
cancer[17], and small cell lung cancer bone metastasis models[18] were then successfully established. However, to the
best of our knowledge, no experimental EC bone metastasis models have been reported so far. One of the important reasons may be the lack of a highly potent bone
metastasis cell line. Second, the modeling methods are
labor intensive, involving anesthesia, cancer cell injection
into the left cardiac ventricle of mice, and then resuscitation. Third, 99mTc-MDP micro-pinhole bone scintigraphy
and micro-SPECT/CT, which can detect osteoblastic
metastases with great sensitivity, have only recently been
developed. Fourth, 18F-fluoride micro-PET/CT scans
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mixed bone metastasis. POU5F1, a member of the POU
(Pit-oct-unc) family of transcriptional factors, is essential
for maintenance of the stem character in hESCs. The
expression of POU5F1 has been proven to increase the
risk of metastasis and markedly enhance resistance to
cytotoxic agents[34]. These hESC markers (E-cadherin and
OCT4) may promote the initiation, progression, and differentiation of human cancers. Androgen receptors (ARs)
are probably of importance during all phases of prostate
cancer growth and assessment of breast cancer prognosis,
but their role in bone metastases is largely unexplored[35,36].
In conclusion, we established a new ESCC cell line,
CEK-Sq-1, from ESCC tissue, which had high bone
metastatic potency. To the best of our knowledge, no
investigations have been reported of cell lines and bone
metastasis animal models with EC tumors. This newly established cell line and animal model may provide a useful
tool for the study of the pathogenesis of EC.

The authors first showed the morphology of the newly established ESSC cell
line and molecular imaging of its bone-seeking clone. Most importantly, the
authors showed the karyotype of this cell line, identified the type of bone metastasis and hypothesized markers, which is especially important.

REFERENCES
1

2
3
4
5

ACKNOWLEDGMENTS
6

We thank Chengmo Zhu, MD; Jixiao Ma, MD; Meiping
Shi, MD; Jiuxian Feng, MD; Ning Zheng, PhD; Yifeng Jiang, MD; Zhichun Zheng, MD for scientific suggestions
and technical help. We thank the technicians of radiology
department at Shanghai Chest Hospital of Shanghai Jiaotong University for their supports.

7

COMMENTS
COMMENTS
Background

8

Esophageal cancer (EC) is among the top six leading causes of death from recurrence or metastasis, with a 5-year survival rate as low as 16% in the United
States. In China, the situation is even worse, especially in the north. The most
common metastatic sites of EC are lung, liver and bone. To improve survival
for EC patients, a better understanding of the cellular and molecular carcinogenesis, especially of the mechanism of metastasis, is needed, but a bone
metastasis model is lacking. The authors established a new human EC cell line
(CEK-Sq-1) and its clone with a high bone-seeking tendency. Their morphological and biological characteristics and tumorigenicity in vivo were described in
this experimental study. The results may provide a useful model for in vitro and
in vivo cellular and molecular research.

9

10

Research frontiers

The cells came from oncogenic tissue in a BALB/c nu/nu immunodeficient
mouse and from a surgical specimen from a 61-year-old male Chinese patient with esophageal squamous cell carcinoma (ESCC). The oncogenic cells
were injected into the left cardiac ventricle of immunodeficient mice. The bone
metastatic lesions of tumor-bearing mice were detected by 99mTc-methylene
diphosphonate (99mTc-MDP) scintigraphy, micro-positron emission tomography/computed tomography and X-rays, and were resected from the mice under
deep anesthesia. The bone metastatic cells in the lesions were used for culture
and repeated intracardiac inoculation. This in vivo/in vitro study was repeated
four times. All of the suspicious bone sites were confirmed by pathology. Realtime polymerase chain reaction was used to compare the gene expression in
the parental cells (CEK-Sq-1) and in the bone metastatic clone (CEK-Sq-1BM).

11

12

13

Innovations and breakthroughs

A novel ESCC cell line (CEK-Sq-1) and its bone metastasis clone (CEK-Sq-1BM)
were established from a Chinese patient by molecular imaging. Some differences in gene expression and the characteristics of the bone metastatic lesions
were revealed, which could form the basis for further research into ESCC.

14
15

Applications

This study established a new research method that could be used for studies
on ESCC, including tumor cells, animal models and tumor markers.

WJG|www.wjgnet.com

16

1036

Jemal A, Center MM, DeSantis C, Ward EM. Global patterns of cancer incidence and mortality rates and trends.
Cancer Epidemiol Biomarkers Prev 2010; 19: 1893-1907 [PMID:
20647400 DOI: 10.1158/1055-9965.EPI-10-0437]
Jemal A, Siegel R, Ward E, Hao Y, Xu J, Thun MJ. Cancer
statistics, 2009. CA Cancer J Clin 2009; 59: 225-249 [PMID:
19474385 DOI: 10.3322/caac.20006]
Siegel R, Naishadham D, Jemal A. Cancer statistics, 2012. CA
Cancer J Clin 2012; 62: 10-29 [PMID: 22237781 DOI: 10.3322/
caac.20138]
Yang L, Parkin DM, Li L, Chen Y. Time trends in cancer
mortality in China: 1987-1999. Int J Cancer 2003; 106: 771-783
[PMID: 12866039 DOI: 10.1002/ijc.11300]
Shimada Y, Imamura M, Wagata T, Yamaguchi N, Tobe T.
Characterization of 21 newly established esophageal cancer
cell lines. Cancer 1992; 69: 277-284 [PMID: 1728357]
Zhang QB, Gao YP, He JT, Zhang TT, Lin P, Zhang J, Wang
XJ. Establishment of a novel human esophageal squamous
cell carcinoma cell line (ESC-410) and its partial biological
characterization. Dis Esophagus 2011; 24: 120-126 [PMID:
20819098 DOI: 10.1111/j.1442-2050.2010.01106.x]
Hu YC, Lam KY, Law SY, Wan TS, Ma ES, Kwong YL, Chan
LC, Wong J, Srivastava G. Establishment, characterization,
karyotyping, and comparative genomic hybridization analysis of HKESC-2 and HKESC-3: two newly established human
esophageal squamous cell carcinoma cell lines. Cancer Genet
Cytogenet 2002; 135: 120-127 [PMID: 12127396 DOI: 10.1016/
S0165-4608(01)00580-5]
Sarbia M, Bösing N, Hildebrandt B, Koldovsky P, Gerharz
CD, Gabbert HE. Characterization of two newly established
cell lines derived from squamous cell carcinomas of the oesophagus. Anticancer Res 1997; 17: 2185-2192 [PMID: 9216685]
Mok CH, Chew EC, Riches DJ, Lee JC, Huang DP, Hadgis
C, Crofts TJ. Biological characteristics of a newly established
human oesophageal carcinoma cell line. Anticancer Res 1987;
7: 409-415 [PMID: 3631894]
Yang S, Dong Q, Yao M, Shi M, Ye J, Zhao L, Su J, Gu W,
Xie W, Wang K, Du Y, Li Y, Huang Y. Establishment of an
experimental human lung adenocarcinoma cell line SPC-A1BM with high bone metastases potency by (99m)Tc-MDP
bone scintigraphy. Nucl Med Biol 2009; 36: 313-321 [PMID:
19324277 DOI: 10.1016/j.nucmedbio.2008.12.007]
Liotta LA, Wewer U, Rao NC, Schiffmann E, Stracke M,
Guirguis R, Thorgeirsson U, Muschel R, Sobel M. Biochemical mechanisms of tumor invasion and metastases. Prog Clin
Biol Res 1988; 256: 3-16 [PMID: 2835781]
O’Reilly MS, Holmgren L, Shing Y, Chen C, Rosenthal RA,
Moses M, Lane WS, Cao Y, Sage EH, Folkman J. Angiostatin:
a novel angiogenesis inhibitor that mediates the suppression of metastases by a Lewis lung carcinoma. Cell 1994; 79:
315-328 [PMID: 7525077 DOI: 10.1016/0092-8674(94)90200-3]
Reya T, Morrison SJ, Clarke MF, Weissman IL. Stem cells,
cancer, and cancer stem cells. Nature 2001; 414: 105-111
[PMID: 11689955 DOI: 10.1038/35102167]
Mareel M, Leroy A. Clinical, cellular, and molecular aspects
of cancer invasion. Physiol Rev 2003; 83: 337-376 [PMID:
12663862]
Arguello F, Baggs RB, Frantz CN. A murine model of experimental metastasis to bone and bone marrow. Cancer Res
1988; 48: 6876-6881 [PMID: 3180096]
Sasaki A, Boyce BF, Story B, Wright KR, Chapman M, Boyce

January 28, 2014|Volume 20|Issue 4|

Zhao BZ et al . ESCC bone metastasis clone molecular imaging

17

18

19
20

21
22

23
24

25

26

27

R, Mundy GR, Yoneda T. Bisphosphonate risedronate reduces metastatic human breast cancer burden in bone in nude
mice. Cancer Res 1995; 55: 3551-3557 [PMID: 7627963]
Rabbani SA, Harakidas P, Bowlin T, Attardo G. Effect of
nucleoside analogue BCH-4556 on prostate cancer growth
and metastases in vitro and in vivo. Cancer Res 1998; 58:
3461-3465 [PMID: 9699681]
Miki T, Yano S, Hanibuchi M, Kanematsu T, Muguruma H,
Sone S. Parathyroid hormone-related protein (PTHrP) is responsible for production of bone metastasis, but not visceral
metastasis, by human small cell lung cancer SBC-5 cells in
natural killer cell-depleted SCID mice. Int J Cancer 2004; 108:
511-515 [PMID: 14696114 DOI: 10.1002/ijc.11586]
Even-Sapir E. Imaging of malignant bone involvement by
morphologic, scintigraphic, and hybrid modalities. J Nucl
Med 2005; 46: 1356-1367 [PMID: 16085595]
Blake GM, Park-Holohan SJ, Cook GJ, Fogelman I. Quantitative studies of bone with the use of 18F-fluoride and 99mTcmethylene diphosphonate. Semin Nucl Med 2001; 31: 28-49
[PMID: 11200203 DOI: 10.1053/snuc.2001.18742]
Rybak LD, Rosenthal DI. Radiological imaging for the diagnosis of bone metastases. Q J Nucl Med 2001; 45: 53-64 [PMID:
11456376]
Virk MS, Petrigliano FA, Liu NQ, Chatziioannou AF, Stout
D, Kang CO, Dougall WC, Lieberman JR. Influence of simultaneous targeting of the bone morphogenetic protein pathway and RANK/RANKL axis in osteolytic prostate cancer
lesion in bone. Bone 2009; 44: 160-167 [PMID: 18929692 DOI:
10.1016/j.bone.2008.09.009]
Chambers AF, Groom AC, MacDonald IC. Dissemination
and growth of cancer cells in metastatic sites. Nat Rev Cancer
2002; 2: 563-572 [PMID: 12154349 DOI: 10.1038/nrc865]
Buchholz M, Biebl A, Neesse A, Wagner M, Iwamura T,
Leder G, Adler G, Gress TM. SERPINE2 (protease nexin I)
promotes extracellular matrix production and local invasion
of pancreatic tumors in vivo. Cancer Res 2003; 63: 4945-4951
[PMID: 12941819]
Bergeron S, Lemieux E, Durand V, Cagnol S, Carrier JC,
Lussier JG, Boucher MJ, Rivard N. The serine protease inhibitor serpinE2 is a novel target of ERK signaling involved
in human colorectal tumorigenesis. Mol Cancer 2010; 9: 271
[PMID: 20942929 DOI: 10.1186/1476-4598-9-271]
Wong FH, Huang CY, Su LJ, Wu YC, Lin YS, Hsia JY, Tsai
HT, Lee SA, Lin CH, Tzeng CH, Chen PM, Chen YJ, Liang
SC, Lai JM, Yen CC. Combination of microarray profiling
and protein-protein interaction databases delineates the minimal discriminators as a metastasis network for esophageal
squamous cell carcinoma. Int J Oncol 2009; 34: 117-128 [PMID:
19082484]

28

29

30

31
32

33

34

35

36

Waalkes S, Atschekzei F, Kramer MW, Hennenlotter J, Vetter G, Becker JU, Stenzl A, Merseburger AS, Schrader AJ,
Kuczyk MA, Serth J. Fibronectin 1 mRNA expression correlates
with advanced disease in renal cancer. BMC Cancer 2010; 10:
503 [PMID: 20860816 DOI: 10.1186/1471-2407-10-503]
Bittner M, Meltzer P, Chen Y, Jiang Y, Seftor E, Hendrix
M, Radmacher M, Simon R, Yakhini Z, Ben-Dor A, Sampas
N, Dougherty E, Wang E, Marincola F, Gooden C, Lueders
J, Glatfelter A, Pollock P, Carpten J, Gillanders E, Leja D,
Dietrich K, Beaudry C, Berens M, Alberts D, Sondak V. Molecular classification of cutaneous malignant melanoma by
gene expression profiling. Nature 2000; 406: 536-540 [PMID:
10952317 DOI: 10.1038/35020115]
Han S, Ritzenthaler JD, Sitaraman SV, Roman J. Fibronectin
increases matrix metalloproteinase 9 expression through
activation of c-Fos via extracellular-regulated kinase and
phosphatidylinositol 3-kinase pathways in human lung
carcinoma cells. J Biol Chem 2006; 281: 29614-29624 [PMID:
16882662 DOI: 10.1074/jbc.M604013200]
Chung Y, Law S, Kwong DL, Luk JM. Serum soluble E-cadherin is a potential prognostic marker in esophageal squamous cell carcinoma. Dis Esophagus 2011; 24: 49-55 [PMID:
20807231 DOI: 10.1111/j.1442-2050.2010.01093.x]
Bae KM, Parker NN, Dai Y, Vieweg J, Siemann DW. E-cadherin plasticity in prostate cancer stem cell invasion. Am J
Cancer Res 2011; 1: 71-84 [PMID: 21968440]
Kolle G, Ho M, Zhou Q, Chy HS, Krishnan K, Cloonan N,
Bertoncello I, Laslett AL, Grimmond SM. Identification of
human embryonic stem cell surface markers by combined
membrane-polysome translation state array analysis and immunotranscriptional profiling. Stem Cells 2009; 27: 2446-2456
[PMID: 19650036 DOI: 10.1002/stem.182]
Sethi S, Macoska J, Chen W, Sarkar FH. Molecular signature
of epithelial-mesenchymal transition (EMT) in human prostate cancer bone metastasis. Am J Transl Res 2010; 3: 90-99
[PMID: 21139809]
Zhang X, Han B, Huang J, Zheng B, Geng Q, Aziz F, Dong
Q. Prognostic significance of OCT4 expression in adenocarcinoma of the lung. Jpn J Clin Oncol 2010; 40: 961-966 [PMID:
20462980 DOI: 10.1093/jjco/hyq066]
Crnalic S, Hörnberg E, Wikström P, Lerner UH, Tieva A,
Svensson O, Widmark A, Bergh A. Nuclear androgen receptor staining in bone metastases is related to a poor outcome
in prostate cancer patients. Endocr Relat Cancer 2010; 17:
885-895 [PMID: 20688881 DOI: 10.1677/ERC-10-0059]
Ni M, Chen Y, Lim E, Wimberly H, Bailey ST, Imai Y, Rimm
DL, Liu XS, Brown M. Targeting androgen receptor in estrogen receptor-negative breast cancer. Cancer Cell 2011; 20:
119-131 [PMID: 21741601 DOI: 10.1016/j.ccr.2011.05.026]
P- Reviewer: Xu XC S- Editor: Wen LL
L- Editor: Kerr C E- Editor: Wu HL

WJG|www.wjgnet.com

1037

January 28, 2014|Volume 20|Issue 4|

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748/wjg.v20.i4.1038

World J Gastroenterol 2014 January 28; 20(4): 1038-1047
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

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

BRIEF ARTICLE

Fecal immunochemical test accuracy in average-risk
colorectal cancer screening
Vicent Hernandez, Joaquin Cubiella, M Carmen Gonzalez-Mao, Felipe Iglesias, Concepción Rivera,
M Begoña Iglesias, Lucía Cid, Ines Castro, Luisa de Castro, Pablo Vega, Jose Antonio Hermo,
Ramiro Macenlle, Alfonso Martínez-Turnes, David Martínez-Ares, Pamela Estevez, Estela Cid, M Carmen Vidal,
Angeles López-Martínez, Elisabeth Hijona, Marta Herreros-Villanueva, Luis Bujanda,
Jose Ignacio Rodriguez-Prada; the COLONPREV study investigators
Correspondence to: Joaquín Cubiella, MD, PhD, Department
of Gastroenterology, Complexo Hospitalario Universitario de
Ourense, C/ Ramón Puga 52-54, 32005 Ourense,
Spain. joaquin.cubiella.fernandez@sergas.es
Telephone: +34-98-8385399 Fax: +34-98-8385399
Received: September 13, 2013 Revised: October 18, 2013
Accepted: November 12, 2013
Published online: January 28, 2014

Vicent Hernandez, Felipe Iglesias, Lucía Cid, Luisa de Castro, Jose Antonio Hermo, Alfonso Martínez-Turnes, David
Martínez-Ares, Pamela Estevez, M Carmen Vidal, Jose Ignacio Rodriguez-Prada; the COLONPREV study investigators,
Department of Gastroenterology, Complexo Hospitalario Universitario de Vigo, 36200 Vigo, Spain
Joaquin Cubiella, Concepción Rivera, Ines Castro, Pablo
Vega, Ramiro Macenlle, Estela Cid, Department of Gastroenterology, Complexo Hospitalario Universitario de Ourense,
32005 Ourense, Spain
M Carmen Gonzalez-Mao, Angeles López-Martínez, Department of Clinical Analysis, Complexo Hospitalario Universitario
de Vigo, 36200 Vigo, Spain
M Begoña Iglesias, Department of Pathology, Complexo Hospitalario Universitario de Vigo, 36200 Vigo, Spain
Elisabeth Hijona, Marta Herreros-Villanueva, Luis Bujanda,
Department of Gastroenterology, Donostia Hospital, Biodonostia
Institute, University of the Basque Country UPV/EHU, CIBERehd, 20010 San Sebastian, Spain
Author contributions: Hernandez V is the guarantor of the article. Hernandez V, Cubiella J, Gonzalez-Mao MC and Iglesias F
participated in the planning of the study; Hernandez V, Cubiella
J, Gonzalez-Mao MC, Iglesias F, Rivera C, Iglesias MB, Cid L,
Castro I, de Castro L, Vega P, Hermo JA, Macenlle R, MartínezTurnes A, Martínez-Ares D, Estevez P, Cid E, Vidal MC, LópezMartínez A, Hijona E, Herreros-Villanueva M, Bujanda L, Rodriguez-Prada JI took part in the execution of the study; Hernandez V,
Cubiella J analyzed the study; Finally, all authors read the manuscript, made comments and approved the final version submitted.
Supported by Grants from the Conselleria de Sanidade of
Xunta de Galicia, No. PS09/74; Asociación Española contra el
Cáncer (Fundación Científica), Instituto de Salud Carlos III,
No. PI08/90717; Obra Social de Kutxa, Diputación Foral de Gipuzkoa, No. DFG 07/5; Departamento de Sanidad del Gobierno
Vasco, EITB-Maratoia, No. BIO 07/CA/19; Acción Transversal
contra el Cáncer del CIBERehd (2008); CIBERehd funded by the
Instituto de Salud Carlos III; and Dirección Xeral de Innovación
e Xestión da Saúde Pública, Conselleria de Sanidade, Xunta de
Galicia

WJG|www.wjgnet.com

Abstract
AIM: To assess the fecal immunochemical test (FIT)
accuracy for colorectal cancer (CRC) and advanced
neoplasia (AN) detection in CRC screening.
METHODS: We performed a multicentric, prospective,
double blind study of diagnostic tests on asymptomatic
average-risk individuals submitted to screening colonoscopy. Two stool samples were collected and the fecal
hemoglobin concentration was determined in the first
sample (FIT1) and the highest level of both samples
(FITmax) using the OC-sensor™. Areas under the curve
(AUC) for CRC and AN were calculated. The best FIT1
and FITmax cut-off values for CRC were determined. At
this threshold, number needed to scope (NNS) to detect a CRC and an AN and the cost per lesion detected
were calculated.
RESULTS: About 779 individuals were included. An AN
was found in 97 (12.5%) individuals: a CRC in 5 (0.6%)
and an advanced adenoma (≥ 10 mm, villous histology or high grade dysplasia) in 92 (11.9%) subjects. For
CRC diagnosis, FIT1 AUC was 0.96 (95%CI: 0.95-0.98)
and FITmax AUC was 0.95 (95%CI: 0.93-0.97). For
AN, FIT1 and FITmax AUC were similar (0.72, 95%CI:
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0.66-0.78 vs 0.73, 95%CI: 0.68-0.79, respectively, P
= 0.34). Depending on the number of determinations
and the positivity threshold cut-off used sensitivity
for AN detection ranged between 28% and 42% and
specificity between 91% and 97%. At the best cut-off
point for CRC detection (115 ng/mL), the NNS to detect a CRC were 10.2 and 15.8; and the cost per CRC
was 1814€ and 2985€ on FIT1 and FITmax strategies
respectively. At this threshold the sensitivity, NNS and
cost per AN detected were 30%, 1.76, and 306€, in
FIT1 strategy, and 36%, 2.26€ and 426€, in FITmax
strategy, respectively.

contrast, fecal immunochemical tests (FIT) are highly
specific for detecting human blood of colonic origin[7],
some use an automated analysis for reading test results[7],
and they have shown a higher sensitivity and specificity for CRC and AN[8-14]. Despite the superiority of FIT
over guaiac based methods, its accuracy in average-risk
population screening and the optimal number of stool
samples or cut-off level has not been properly assessed.
To our knowledge, only four studies (performed on three
different cohorts of patients) have assessed the FIT accuracy in average-risk patients who were screened with
colonoscopy[13-16].
The COLONPREV study (ClinicalTrials.gov,
NCT00906997), designed to compare the efficacy of onetime colonoscopy and biennial FIT for reducing CRCrelated mortality at 10 years in asymptomatic, average-risk
individuals, offered an ideal framework to develop diagnostic tests studies, as a group of individuals were randomly assigned to colonoscopy screening[17]. So, we performed a prospective, nested study on individuals invited
to the COLONPREV study to assess the accuracy of FIT
to detect CRC and AN, as well as to establish the optimal
number of FIT, the best cut-off value for CRC detection,
and the resource consumption per lesion detected.

CONCLUSION: Performing two tests does not improve
diagnostic accuracy, but increases cost and NNS to detect a lesion.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Colorectal neoplasms; Early detection of
cancer; Sensitivity and specificity; Adenoma; Occult
blood; Cost-benefit analysis
Core tip: Our study has determined fecal immunochemical test (FIT) diagnostic accuracy, number needed to
scope and cost per lesion detected in colorectal cancer
(CRC) screening programs. FIT is highly sensitive for
CRC detection, allowing a drastic reduction in the cost
per lesion detected when compared with direct screening colonoscopy. These data are relevant to design CRC
screening programs in this setting.

MATERIALS AND METHODS
Study design
A multicentre, prospective, blinded, cohort study of diagnostic test was performed in three tertiary hospitals in
Spain between 1st January 2010 and 30th June 2011, aiming
to assess the accuracy of FIT for AN and CRC detection
in average-risk population.

Hernandez V, Cubiella J, Gonzalez-Mao MC, Iglesias F, Rivera
C, Iglesias MB, Cid L, Castro I, de Castro L, Vega P, Hermo JA,
Macenlle R, Martínez-Turnes A, Martínez-Ares D, Estevez P,
Cid E, Vidal MC, López-Martínez A, Hijona E, Herreros-Villanueva M, Bujanda L, Rodriguez-Prada JI; the COLONPREV
study investigators. Fecal immunochemical test accuracy in
average-risk colorectal cancer screening. World J Gastroenterol
2014; 20(4): 1038-1047 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i4/1038.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i4.1038

Study population
Asymptomatic men and women aged 50 to 69 years,
included in the COLONPREV study in Galicia and
Euskadi were invited to participate in this diagnostic
test study if they were offered a colonoscopy during the
inclusion period. Exclusion criteria have been described
elsewhere[17] and included personal history of CRC, adenoma or inflammatory bowel disease, family history of
hereditary or familial CRC (i.e., > 2 first-degree relatives
with CRC or one diagnosed before the age of 60 years),
severe comorbidity, previous colectomy, FIT screening
in the past 2 years, sigmoidoscopy or colonoscopy within
the past 5 years, or symptoms requiring additional workup. Individuals were also excluded if they did not accept
the study or refused to undergo the colonoscopy.

INTRODUCTION
Colorectal cancer (CRC) is the third most common cancer worldwide and the second leading cause of cancerrelated death [1]. Evidence of effectiveness of CRC
screening in average-risk population is available from
randomized controlled trials for guaiac fecal occult blood
tests[2,3] and sigmoidoscopy[4,5], and it has been shown that
it is cost-effective or even cost-saving[6].
Although guaiac fecal occult blood tests are effective in CRC screening, several drawbacks have been described: low sensitivity for advanced colorrectal neoplasia
(AN) and need of diet and medication restriction[7]. In

WJG|www.wjgnet.com

Study interventions
All participants collected 2 stool samples from 2 consecutive days the week before the colonoscopy was scheduled.
FIT was assessed using the automated OC-sensor™
(Eiken Chemical Co, Tokyo, Japan), without diet or medication restrictions. Samples were processed as previously
described[18]. In each patient fecal hemoglobin (ng/mL of
buffer), in the first sample (FIT1) and the highest level of
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the two samples (FITmax) was determined. Laboratory
staff were blinded for the colonoscopy result, and endoscopists performing the colonoscopy were blinded for
the FIT result.
Bowel cleansing, sedation and colonoscopy procedure
was performed according to the Spanish Guidelines on
Quality of Colonoscopy in CRC Screening[19]. Polyps
were categorized as non-neoplastic or neoplastic (adenomas). Adenomas of 10 mm or more in size, or with
villous architecture (> 25%), or with high-grade dysplasia
or intramucosal carcinoma were classified as advanced
adenomas. Invasive cancer was considered when malignant cells were observed beyond the muscularis mucosa.
Advanced colorectal neoplasia was defined as advanced
adenoma or invasive cancer. Tumor staging was performed according to the AJCC classification[20]. Patients
were classified according to the most advanced lesion.

using non-parametric tests (Mann-Whitney or KrukalWallis tests) in quantitative variables. To compare overall
diagnostic accuracy for AN and CRC in both FIT1 and
FITmax strategies the receiver operating characteristics
(ROC) curve were drawn, and the χ 2 test for homogeneity of the corresponding area under the curve (AUC)
was used. The best cut-off value of FIT1 and FITmax
for CRC detection was determined with the Youden index. For each FIT testing strategy, sensitivity, specificity,
positive and negative predictive value (PPV, NPV), as
well as positive and negative likelihood ratio for the best
cut-off and for prestablished positivity thresholds (50,
75, 100, 150 and 200 ng/mL) were calculated. Sensitivity
and specificity for AN at the best CRC detection cut-off
point was compared with the rest of thresholds using
McNemar test[32].
The EPIDAT 3.1 software (Dirección Xeral de Innovación e Xestión da Saúde Pública, Santiago de Compostela, Spain) was used to perform sample size calculation,
ROC curves drawings and comparisons. Statistical analyzes were performed using the SPSS statistical software,
version 15.0 (SPSS Inc., Chicago, IL, United States). A P
value < 0.05 was considered statistically significant.

Sample size calculation
Reported FIT sensitivity and specificity for AN in asymptomatic individuals was, respectively, 27.1% and 96.1%[21],
while in patients undergoing a colonoscopy for any reason, these figures were 50.9%-67% and 88%-91.4%[22,23].
The prevalence of AN in average-risk, asymptomatic
individuals ranges from 6.3% to 10.5%[24-27]. Taking these
parameters into account, a sample size ranging from 724
to 1350 individuals would provide a 10% accuracy at a 5%
bilateral significance level.

RESULTS
Baseline characteristics
Overall, 851 subjects enrolled in the COLONPREV
study were included in this FIT accuracy study. Fifty-four
individuals did not complete the colonoscopy and 18 did
not returned the FIT kit, so the evaluable population was
779 individuals: 386 male/393 female, mean age 57.55 ±
4.55 years. Hemoglobin concentration was 58.3 ± 278.4
ng/mL of buffer in the first determination and 57.3 ±
308.5 ng/mL in the second determination.
Invasive carcinoma was detected in 5 (0.6%) individuals (3 TNM Ⅰ; 1 TNM Ⅱ, 1 TNM Ⅲ), advanced
adenomas in 92 (11.7%), and non advanced adenomas
in 202 (25.9%). Therefore, AN was found in 97 (12.5%)
patients. In 480 cases (61.6%) no neoplastic lesion was
found; among them 124 had hiperplastic polyps, 6 had an
inflammatory polyp, diverticula were found in 92 cases
and an ulcerative colitis was detected in one patient.

Analysis of resources and cost-benefit analysis
For each positivity threshold and strategy, the number
of subjects needed to scope (NNS) to detect an AN or a
CRC and the direct cost per lesion detected were determined. The analysis costs were calculated on the basis of
the published colonoscopy costs in Spain (colonoscopy,
70€; colonoscopy with biopsy, 140€)[28] and FIT determination cost (3.2€).
Other aspects
The study was approved by the Galician Clinical Research
Ethics Committee, under resolution dated 28th May 2009
(Code 2009/153). Patients’ clinical histories were accessed
for study purposes in accordance with the research protocols laid down by clinical documentation departments.
All patients provided written informed consent.
Finally, to design the study and to write this original
article the QADAS quality assessment tool for diagnostic
tests, the STARD checklist and the STROBE checklist
for cohort study were used[29-31].

Diagnostic accuracy of FIT
In patients with invasive CRC, FIT1 and FITmax (998 ±
1075.44, 1257.4 ± 1531.8) were significantly higher than
in patients with advanced adenomas (233.14 ± 543.1 vs
325.3 ± 747.7, P = 0.05), non-advanced adenomas (42.4
± 224.6 vs 76.7 ± 303.5, P < 0.001) or no neoplastic lesions (21.8 ± 150 vs 41.7 ± 216.5, P < 0.001). FIT1 and
FITmax were similar in patients with non advanced adenomas and no neoplasms. Patients with CRC or AN had
significantly higher FIT1 and FITmax than patients without these lesions (Figure 1).
Accuracy of FIT1 and FITmax was analyzed using ROC curves (Figure 2). For CRC diagnosis, the

Statistical analysis
The data were included in a specifically designed database (www.coloncruzer.es). Continuous variables were
described using means and standard deviation, and categorical variables by the absolute number and percentage. Comparisons to identify differences in fecal hemoglobin concentrations between groups were performed
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Figure 1 Fecal hemoglobin (ng/mL) according to the most advanced lesion. Values expressed as mean ± SD. Mann-Withney test. FIT: Fecal immunochemical
test; FIT1: Fecal hemoglogin concentration in the first stool sample; FITmax: Highest fecal hemoglobin concentration of two stool samples.
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Figure 2 Receiver operating characteristics curves of fecal immunochemical test-1 and -max for advanced neoplasia and invasive cancer. FIT: Fecal immunochemical test; FIT1: Fecal hemoglogin concentration in the first stool sample; FITmax: Highest fecal hemoglobin concentration of two stool samples; AUC: Area
under the curve. 1P = 0.034 with respect to FITmax in the homogeneity area test.

AUC of FIT1 was 0.97 (95%CI: 0.94-0.99) and that of
FITmax was 0.95 (95%CI: 0.92-0.99). The best cut-off
value for CRC diagnosis was 115 ng/mL for both FIT1
and FITmax. For AN diagnosis the AUC of FIT1 was
similar to that of FITmax (0.72, 95%CI: 0.66-0.77 vs
0.73, 95%CI: 0.67-0.79, respectively; homogeneity area
test P = 0.27). The best cut-off value for AN diagnosis
was 8 ng/mL in the FIT1 strategy and 20 ng/mL in the
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FITmax strategy.
Performance characteristics of FIT1 and FITmax
Table 1 describes sensitivity, specificity, PPV, NPV, LLR
+ and - to detect a CRC at different FIT1 and FITmax
positivity thresholds. As shown, both strategies show a
high sensitivity and specificity for CRC, although FITmax decreases specificity and PPV, without increasing
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Table 1 Performance characteristics of fecal immunochemical test-1 and -max for colorectal cancer detection at different positive
thresholds n (%)
Hemoglobin
concentration (ng/mL)
50
75
100
115
150
200

2

FIT strategy

Individuals
with a positive
1
result

Sensitivity

FIT13
FITmax4
FIT13
FITmax4
FIT13
FITmax4
FIT13
FITmax4
FIT13
FITmax4
FIT13
FITmax4

67 (8.6)
101 (13.0)
61 (7.8)
89 (11.4)
55 (7.1)
82 (10.5)
51 (6.5)
79 (10.1)
48 (6.2)
70 (9.0)
45 (5.8)
59 (7.6)

100 (90-100)
100 (90-100)
100 (90-100)
100 (90-100)
100 (90-100)
100 (90-100)
100 (90-100)
100 (90-100)
80 (35-100)
80 (35-100)
80 (35-100)
80 (35-100)

Specificity

2

92 (90-94)
88.60 (85-90)
93 (91-95)
89 (87-91)
94 (92-95)
90 (88-92)
94 (92-96)
90 (88-93)
94 (93-96)
91 (89-94)
95 (93-96)
93 (91-95)

Positive
predictive
2
value

Negative
predictive
2
value

7 (0-15)
5 (0-10)
8 (0-16)
6 (0-11)
9 (1-18)
6 (0-12)
10 (1-19)
6 (0-12)
8 (0-17)
6 (0-12)
9 (0-18)
7 (0-14)

100 (100-100)
100 (100-100)
100 (100-100)
100 (100-100)
100 (100-100)
100 (100-100)
100 (100-100)
100 (100-100)
100 (100-100)
100 (100-100)
100 (100-100)
100 (100-100)

Positive likelihood
2
ratio
12.48 (9.83-15.85)
8.06 (6.69-9.72)
13.82 (10.74-17)
9.21 (7.53-11.28)
15.48 (11.84-20.24)
10.05 (8.13-12.43)
16.83 (12.71-22.7)
10.46 (8.42-12.99)
14.07 (8.33-23.76)
9.38 (5.72-15.40)
15.10 (8.89-25.66)
11.26 (6.78-18.69)

Negative
likelihood
2
ratio
0.21 (0.04-1.22)
0.22 (0.04-1.26)
0.21 (0.04-1.22)
0.22 (0.04-1.24)

1

Values are expressed as absolute numbers and percentage; 2Values are expressed as percentage and its 95%CI; 3Fecal hemoglobin concentration in the first
sample; 4Higher fecal hemoglobin concentration of the two samples. FIT: Fecal immunochemical test.

1

Table 2 Performance characteristics of fecal immunochemical test-1 and -max for advanced neoplasia detection at different
thresholds
3

Hemoglobin
concentration
(ng/mL)

FIT
strategy

Individuals
with a
positive
2
result

Sensitivity

50

FIT16
FITmax7
FIT16
FITmax7
FIT16
FITmax7
FIT16
FITmax7
FIT16
FITmax7
FIT16
FITmax7

67 (8.6)
101 (13.0)
61 (7.8)
89 (11.4)
55 (7.1)
82 (10.5)
51 (6.5)
79 (10.1)
48 (6.2)
70 (9.0)
45 (5.8)
59 (7.6)

35 (25-45)
42 (32-53)
33 (23-43)
40 (30-51)
32 (22-42)
37 (27-47)
30 (20-40)
36 (26-46)
28 (18-37)
32 (22-42)
28 (18-37)
28 (18-37)

75
100
115
150
200

P4

0.06
0.03
0.2
0.1
0.5
1

0.5
0.1
0.5
0.08

Specificity

3

95 (93-97)
91 (89-93)
96 (94-97)
93 (91-95)
96 (95-98)
93 (91-95)
97 (95-98)
94 (92-95)
97 (96-98)
94 (92-96)
97 (96-99)
95 (94-97)

P5

Positive
predictive
3
value

Negative
predictive
3
value

Positive likelihood
Negative
3
3
ratio
likelihood ratio

0.001
< 0.001
0.01
0.03
0.5
0.5

51 (38-63)
41 (31-51)
52 (39-66)
44 (33-55)
56 (42-70)
44 (33-55)
57 (42-71)
44 (33-56)
56 (41-71)
44 (32-57)
60 (44-75)
46 (32-59)

91 (89-93)
92 (90-94)
91 (89-93)
92 (89-94)
91 (89-93)
91 (89-93)
91 (88-93)
91 (89-93)
90 (88-93)
91 (88-93)
90 (88-93)
90 (88-93)

7.24 (4.72-11.13)
4.98 (3.44-6.72)
7.76 (4.92-12.23)
5.48 (3.82-7.87)
9.08 (5.57-14.80)
5.50 (3.76-8.05)
9.27 (5.56-15.46)
5.59 (3.79-8.26)
9.04 (5.33-15.34)
5.59 (3.67-8.51)
10.55 (6.04-18.41)
5.93 (3.72-9.45)

1
0.06
0.1
< 0.001

0.68 (0.59-0.79)
0.63 (0.53-0.75)
0.70 (0.61-081)
0.65 (0.55-0.76)
0.71 (0.61-0.81)
0.67 (0.58-0.79)
0.72 (0.64-0.83)
0.68 (0.59-0.79)
0.74 (0.66-0.84)
0.72 (0.63-0.83)
0.74 (0.65-0.84)
0.76 (0.67-0.86)

1

Advanced neoplasia: advanced adenomas (adenoma > 1 cm in size, with high-grade dysplasia, or with villous component > 25) or colorectal cancer;
Values are expressed as absolute numbers and percentage; 3Values are expressed as percentage and its 95%CI; 4Significance of the sensitivity differences
when compared with the optimal cut-off point in McNemar test. Differences with P < 0.05 are considered statistically significant; 5Significance of the
specificity differences when compared with the optimal cut-off point in McNemar test. Differences with P < 0.05 are considered statistically significant;
6
Fecal hemoglobin concentration in the first sample; 7Higher fecal hemoglobin concentration of the two samples. FIT: Fecal immunochemical test.
2

Cost-benefit analysis
When direct colonoscopy screening was analyzed, the
NNS to detect a CRC and an AN were 155.8 and 8.2, respectively. The NNS to detect a CRC or an AN decreased
from the lowest positivity threshold to the best cut-off
value, and then rose again. At 115 ng/mL, in the FIT1
strategy, the NNS to detect a CRC and an AN were 10.2
and 1.76. At the same cut-off point, in FITmax strategy,
the NNS to detect a CRC and an AN increased to 15.8
and 2.26 respectively, as shown in Table 3.
Cost-benefit analysis is displayed in Table 3. The cost
per CRC and AN detected in the direct colonoscopy
screening strategy was 16898€ and 889€. In contrast in
the optimal cut-off point, cost per CRC detected was
reduced between 89.2% and 82.3% and cost per AN detected was reduced between 65.6% and 52.1%, depend-

the sensitivity or NPV. Table 2 describes sensitivity,
specificity, PPV, NPV, LLR positive and negative to detect an AN at different FIT1 and FITmax cut-off points.
Depending on the number of determinations and the
positivity threshold cut-off used sensitivity for AN detection ranged between 28% and 42% and specificity between 91% and 97%. In only one determination strategy,
statistically significant differences in specificity between
115 ng/mL, 50 ng/mL (P = 0.001) and 75 ng/mL (P
= 0.01) were detected. In FITmax strategy, statistically
significant differences in specificity were found between
115 ng/mL, 50 ng/mL (P < 0.001), 75 ng/mL (P = 0.03)
and 200 ng/mL (P < 0.001). Finally, in FITmax strategy,
we found statistically significant differences in sensitivity
between 115 ng/mL, 50 ng/mL (P = 0.03) and 200 ng/
mL (P = 0.008).
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studies[14,15] were carried out in the setting of oportunistic screening. Recently, a Dutch study has assessed FIT
accuracy in a cohort of individuals participating in a
population-based screening study[16]. Our study was also
carried out on asymptomatic average-risk individuals, participating in a population-based screening study[17], which
would allow us to obtain relevant information for CRC
screening programs. At the best cut-off value, with oneday FIT, we found that diagnostic accuracy for AN detection is similar to that found in the studies performed on
average-risk individuals with a quantitative FIT[13-16]. With
respect to CRC, we found a higher sensitivity when compared to previous studies[13,16], but this could be explained
by the low number of CRC detected in our cohort.
The performance characteristics of FIT can be
adapted to screening variables (prevalence of CRC,
participation rates, endoscopic resources), by modifying positivity threshold or by analyzing several stool
samples[13,15,33-37]. However, only three studies[13,15,16] have
assessed the accuracy of FIT at several cut-off points
in an average-risk screening study. Moreover, the study
by Park et al[13] is the one that also analyzed more than
one stool sample per patient. As previously reported,
we found that sensitivity was higher at the lower positivity threshold and, conversely, specificity increased when
increasing the positivity threshold. With respect to the
number of FIT performed, we decided to analyze only
two stool samples per patient, as the ongoing regional
screening programs in our country test for one or two
stool samples[38]. When comparing 1-d FIT with 2- or
3-d FIT, no clear benefit of several-day sampling has
been described, except in a Japanese study in which a
qualitative FIT was used[35]. Two studies conducted on
referral cohorts (with symptomatic or high risk patients),
in which FIT and colonoscopy was performed in all
the participants, did not find superiority of 2- or 3-d
sampling over single sampling[33,34]. Studies performed in
screened average-risk population (that underwent colonoscopy only if FIT was positive), have shown that 2-d
sampling could be superior to 1-sampling in different
characteristics (depending on the criteria to consider a
result as positive) at a particular cut-off level, but they
also found that 1-d testing could perform as well as 2-d
strategy by changing the threshold of positivity[39-43]. In
the study by Park et al[13], AUC for CRC was better with
three or two test than with only the first day FIT. In our
cohort, however, the AUC for CRC was similar for FIT1
and FITmax, and this could be explained by the fact that
all CRC in our cohort were detected with the FIT1 best
cut-off.
Modifying the positivity threshold or the number
of stool samples to be analyzed not only affect the FIT
accuracy, but it also has a great impact on the colonoscopy workload and on the efficiency of the screening,
as it influences the rate of patients with a positive test
and the PPV. In our study we found that the positivity rate was higher (13%) with the FITmax strategy at
the lowest positivity threshold. The same results are

Table 3 Number of colonoscopies needed to detect one
lesion and cost per lesion (€) according to positivity threshold
and fecal immunochemical test testing strategy
Lesion

CRC

Advanced
neoplasia1

Positivity
threshold
(ng/mL)
0
50
75
100
115
150
200
0
50
75
100
115
150
200

No. need to
scope
FIT1
FITmax
155.80
13.40
20.20
12.20
17.80
11.00
16.40
10.20
15.80
12.00
17.50
11.25
14.75
8.20
1.97
2.46
1.91
2.28
1.77
2.28
1.76
2.26
1.78
2.26
1.67
2.19

Cost per lesion
detected (€)

Cost
increment
(€)
FIT1
FITmax
16898
2206
3489
58.16
2038
3223
58.15
1912
3055
59.78
1814
2985
64.55
2163
3451
59.55
2075
3083
48.58
889
317
425
34.07
312
413
32.37
302
424
40.40
306
426
39.22
312
445
42.63
311
456
46.62

1

Advanced neoplasia: advanced adenomas (adenoma > 1 cm in size with
high-grade dysplasia or with villous component > 25) or colorectal cancer.
FIT: Fecal immunochemical test; CRC: Colorectal cancer.

ing on the number of FIT determinations. Finally, using
two FIT determinations increased cost per CRC detected
between 48.58 and 64.55%, and cost per AN detected
between 32.37% and 46.62% when compared with only
one FIT determination.

DISCUSSION
In this diagnostic tests study we have assessed the accuracy of FIT to detect AN and CRC in an average-risk
cohort, and have compared the performance characteristics, endoscopic resources needed and cost-benefit of
two FIT testing strategies (one-day vs two-day sampling).
FIT only detected 30%-36% of AN, although its accuracy to detect CRC was very high (100% sensitivity and
90%-94% specificity). Furthermore, two-day sampling
strategy did not enhance FIT accuracy and increased resource consumption compared to one-day sampling.
Our study has several strengths. First, it was performed on average-risk individuals participating in a
pragmatic, population-based CRC screening study [17],
with all participants undergoing a colonoscopy. Second,
it includes an estimation of direct costs, allowing us to
perform a cost-benefit analysis.
Studies addressed to assess FIT accuracy by performing FIT and colonoscopy to all the participants
are scant[13-16,21-23,33-37]; some were performed on patients
scheduled for colonoscopy because of symptoms or increased risk of CRC[22,23,33,34], others were performed on
asymptomatic patients but included subjects with family
risk or younger than 50 years[21,35-37]. To our knowledge
only four studies (performed on three different cohorts)[13-16] have assessed the accuracy of FIT in averagerisk individuals who were offered colonoscopy as CRC
screening strategy. A Korean study[13] and two German
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found in studies that compared one-day FIT with 2 or
3-d FITmax strategy[33,34,39-41,43]. Finally, as the colonoscopy workload accounts for about 40% to 50% of total
screening costs[44,45] modifying the positivity rate and the
PPV has relevant consequences. Several studies have assessed this issue with controversial results. We decided
to assess the cost benefit analysis by calculating the cost
per detected lesion, and as in previous studies[37,46], intermediate thresholds were the most cost-effective for oneday and two-day sampling, being the most cost-effective
strategy one-day sampling with a positivity threshold of
115 ng/mL. Our study does not pretend to compare
cost-effectiveness among different screening strategies.
In fact, we have only made a cost-benefit analysis inside
a diagnostic test study. In fact, when cost-effectiveness
is assessed by simulation models[47-49], in which screening and treatment costs are related to life-years gained,
the most cost-effective strategies are those that allow to
detect the greatest number of lesions (lowest positivity
threshold and 2-d sampling), provided there is unlimited
colonoscopy capacity[47].
As commented previously, FIT sensitivity for AN
ranges between 28% and 42% according to the number
of determinations and the cut-off point used. Although
this is a limitation in the context of a diagnostic test we
must be aware of two conditions that favours FIT as a
screening test for CRC. First, this effect is diminished
by the lower participation rate in the colonoscopy group
than in the FIT group. Moreover, in a recently randomized controlled study, the first round of FIT screening
detected about half the number of advanced adenomas
that were detected by colonoscopy in the first round[17].
Besides, the recurrent nature of FIT screening may
reduce the apparent advantage of colonoscopy. In a recently published studies after 4 rounds of CRC screening
with FIT, the positive predictive value of the FIT for AN
was 40% at the first round, and approximately 33% in the
subsequent rounds[50].
Our study has several limitations. First, our sample
size was near the lowest range to assess the true accuracy
of FIT with a 10% accuracy. However, the prevalence
of AN in our series was higher than previously reported,
and with that prevalence, our sample size and the previously reported sensitivity and specificity[21], the accuracy
achieved in this study was estimated in 8.82%. Second,
the number of invasive cancer was low and all of them
were detected by FIT1, and this could bias our results.
Despite this, the accuracy for AN is similar to that reported previously in average-risk screening[13,15], which
makes us consider our results reliable in this setting.
In conclusion, our study shows a low sensitivity of
FIT to detect AN, but a high specificity. Its accuracy for
CRC detection is high in the setting of average-risk CRC
population. With respect to the number of samples, 2-d
sampling does not improve the accuracy for CRC, but
increases the sensitivity for AN detection, at the expense
of increasing the direct costs per lesion detected.

WJG|www.wjgnet.com

ACKNOWLEDGMENTS
Clinical investigators: Galicia: Mª Belén Aguado, Ana
Alonso, M Teresa Alves, Celia Cabalerio, Ana Belén
Fernández, Javier Fernandez-Seara, Ana Cruz González,
Mª Dolores González, Simoneta González, Pilar Iglesias,
Ángeles López-Martinez, Carmen Méndez, Isabel
Pérez, Carmen Portasany, Mar Rionda, Rosa Rodríguez,
Manuel Rubio, Miriam Vázquez, José Ángel Vázquez,
Pablo Vega, Mª Carmen Vidal. Basque Country: María
E Alkiza, Jone Altzibar, Pilar Amiano, Juan Arenas,
Edurne Artiñano, Ángel Cosme, Isabel Egitegi, Kepa
Elorriaga, José L Elósegui, José M Enriquez-Navascués,
Cristina Erce, Inés Gil, María A Gutiérrez-Stampa,
Mariluz Jaúregui, Eva Laredo, Roberto Martínez, Maria J
Mitxelena, Isabel Montalvo, Carlos Placer, Isabel Portillo,
Cristina Sarasqueta. We acknowledge Dr. Enrique Quintero and Dr. Antoni Castells, national coordinators of the
COLONPREV study, their support and valuable comments on the manuscript.

COMMENTS
COMMENTS
Background

Colorectal cancer (CRC) is the third most common cancer worldwide and the
second leading cause of cancer-related death. Evidence of effectiveness of
CRC screening in average-risk population is available from randomized controlled trials for guaiac fecal occult blood tests and sigmoidoscopy, and it has
been shown that it is cost-effective or even cost-saving.

Research frontiers

Despite the superiority of fecal immunochemical tests (FIT) over guaiac based
methods, its accuracy in average-risk population screening and the optimal
number of stool samples or cut-off level and the resource consumption per lesion detected has not been properly assessed.

Innovations and breakthroughs

In this diagnostic tests study authors have assessed the accuracy of FIT to
detect advanced colorectal neoplasia and CRC in an average-risk cohort, and
have compared the performance characteristics, endoscopic resources needed
and cost-benefit of two FIT testing strategies (one-day vs two-day sampling).
FIT only detected 30%-36% of advanced neoplasia (AN), although its accuracy to detect CRC was very high (100% sensitivity and 90%-94% specificity).
Furthermore, two-day sampling strategy did not enhance FIT accuracy and
increased resource consumption compared to one-day sampling.

Applications

Authors analyzed in this population different FIT strategies: 1 or 2 tests and
different positive thresholds; not only to evaluate diagnostic accuracy but also
endoscopic resources required and cost per lesion detected. Thus, analyzing
two samples does not improve diagnostic accuracy and, instead, increases the
costs by augmenting the number of colonoscopies needed to detect a CRC or
an AN. Their cost-benefit analysis may allow health authorities to define the
recommended strategy according to endoscopic resources.

Terminology

Average-risk population: Asymptomatic individuals aged 50-69 years with no
familial history of CRC. Fecal immunochemical tests are based on the reaction
of monoclonal or polyclonal antibodies specific for human hemoglobin, albumin
or other fecal blood components.

Peer review

This is a multicentric study aimed at assessing accuracy of FIT in the detection of CRC and AN in patients undergoing CRC screening. The authors have
compared specificity and sensitivity of two measures, one in the first sample
and the other on the highest level of both samples. The authors showed a low
sensitivity of FIT to detect AN, but a high specificity, which reach the highest
level in the setting of average-risk CRC population. Two days sampling does
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not improve the accuracy for CRC, but increases the sensitivity for AN detection
even though is more expensive. The study is well designed and well written and
the results are interesting.
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identification of associated anomalies, clinical manifestations, and histological findings from liver biopsies.
The baseline data are reported using descriptive statistics, and differences between groups were assessed by
Fisher’s exact test and Student’s t test when indicated.
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RESULTS: Fifty-five cases (28 females; 27 males) of
infantile cholestasis (IC) were included in this study.
The mean serum total bilirubin and direct bilirubin at
presentation were 13.6 ± 5.9 and 7.3 ± 3.4, respectively. Forty cases (72.7%) were the product of term
pregnancies. Common associated clinical findings were
acholic stool in 33 cases (60.0%), hepatomegaly in
30 cases (54.5%), and dark-colored urine in 21 cases
(38.2%). Biliary atresia (BA) was the most frequent
diagnosis, found in 32 cases (58.2%), followed by intrahepatic bile duct paucity found in 6 cases (10.9%),
metabolic disease in 6 cases (10.9%), idiopathic neonatal hepatitis in 5 cases (9.1%), choledochal cyst in
2 cases (3.6%), liver cirrhosis in 2 cases (3.6%), and
progressive familial intrahepatic cholestasis and portal
fibrosis each in 1 case (1.8%). The mean times for
jaundice onset and liver biopsy were 43.8 and 102.0 d,
respectively. In BA, the mean age at jaundice presentation was 21 d and for liver biopsy was 87.5 d, representing a mean delay of 66.5 d.

Abstract
AIM: To determine the frequencies of diagnoses confirmed by liver biopsy in infants with cholestasis in an
Iranian pediatric hospital.

CONCLUSION: A significant delay was found between
IC presentation and liver biopsy, which is detrimental
in conditions that can cause irreversible liver damage,
such as BA.

METHODS: This was a retrospective study conducted
in a tertiary referral children’s hospital in Iran. We
retrieved all pathology reports of liver biopsies from
children less than two years of age who had presented
for evaluation of cholestatic jaundice from March 2001
to March 2011. Additional specimen samples obtained
from archived pathology blocks were reviewed by a
pathologist blinded to the final diagnosis. These results
were compared with the pathology reports from chart
records to ensure consensus and eliminate any inconsistencies in final diagnoses. A structured checklist was
used to gather information on multiple variables including age, sex, gestational age at birth, birth weight, age
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suggest BA, while derangement in lobular architecture
and ballooning of hepatocytes in association with focal hepatic necrosis along with the presence of multinucleated giant cells is highly indicative of neonatal hepatitis[6,9,10]. In practice, the main purpose for liver biopsies
in infants with cholestasis is to define whether biliary
obstruction is present or not. Furthermore, a liver biopsy
can help with the determination of the severity of hepatocellular injury and assessment of the prognosis[6,8].
The literature suggests that since 1970, there has been
a shift from identifying idiopathic neonate hepatitis (INH)
as the most common cause of cholestasis to more clearly
defined disorders such as PFIC and bile acid synthetic
defects[6]. Unfortunately, there is a paucity of data on the
prevalence of diverse etiologies of cholestasis in nonwestern countries, especially in the middle east area[11-13].
This study was conducted to determine the frequency of
different diagnoses confirmed by liver biopsy in infants
with cholestasis admitted to a pediatric hospital in Iran.

der characterized by abnormal direct hyperbilirubinemia
after the second week of life. While biliary atresia (BA),
progressive familial intrahepatic cholestasis, and idiopathic neonatal hepatitis are among the most prevalent
causes, BA specifically needs early surgical intervention to avoid cirrhosis. This makes liver biopsy a crucial
procedure for timely surgical consideration. We found
that there was a significant delay from the time that
jaundice was noted to the time of liver biopsy in those
eventually diagnosed with BA. These results demonstrate that an early diagnostic approach is prudent to
avoid irreversible hepatic complications.
Talachian E, Bidari A, Mehrazma M, Nick-khah N. Biopsy-driven diagnosis in infants with cholestatic jaundice in Iran. World
J Gastroenterol 2014; 20(4): 1048-1053 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i4/1048.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i4.1048

MATERIALS AND METHODS

INTRODUCTION

In this retrospective study, we retrieved all pathology reports on liver specimens from children of less than two
years age who were admitted to the Ali-Asghar Children’s
Hospital between March 2001 and March 2011. The corresponding hospital files were reviewed and those with
cholestatic jaundice identified. A structured checklist was
used to gather information on: age, sex, gestational age at
birth, birth weight, age at which hyperbilirubinemia manifested, presence of associated anomalies, clinical manifestations, and histological findings from liver biopsies.
The final diagnoses were obtained from hospital files.
Original pathology reports were compared with the study
pathologist’s interpretation and both were correlated with
a final diagnosis to avoid inconsistencies. SPSS version 18
statistical software was used to analyze the data. Descriptive statistics were employed to report frequencies and
means ± SD. To show differences between groups we
used a Fisher’s exact test and Student’s t test as indicated;
P < 0.05 was considered significant.

Jaundice, also known as icterus, is a common heterogeneous condition in neonates that usually resolves by the
end of the second week after birth[1]. Icterus lasting beyond 2 wk of life, and especially if it is of the conjugated
type, is perceived as clinically significant[2,3]. Conjugated
serum bilirubin is considered abnormal if measured more
than 1 mg/dL when total bilirubin is less than 5 mg/dL,
or more than 20% of the total bilirubin in cases of more
severe hyperbilirubinemia[3-5].
Cholestasis caused by diminished canalicular bile flow
is clinically characterized by persistent conjugated hyperbilirubinemia[5]. Anatomical approaches to diagnosing
cholestatic jaundice, which categorize the causes as either
intrahepatic or extrahepatic, can be useful in the clinical setting, however not all conditions, including biliary
atresia (BA), fit into a single category. Therefore, a more
plausible classification separates the causes into functional and structural types. Using this strategy, functional
derangements include metabolic, infectious, toxic, hemodynamic and idiopathic insults and structural abnormalities encompass biliary atresia, choledochal cysts and bile
duct strictures[6].
BA usually presents in the first few weeks of life[7].
Progressive familial intrahepatic cholestasis (PFIC) begins
in infancy with a mean age for jaundice onset of about 3
mo, although some patients do not develop jaundice until
much later, even into adolescence[6]. The common causes
of infantile cholestasis vary with age of onset, with the
relative frequency of any individual diagnosis shifting
when moving from a neonatal to a late infancy period[5,6].
When evaluating infants with conjugated hyperbilirubinemia, liver biopsy is the most reliable and definitive
procedure[4,5]. Liver histopathology provides important
clues to the correct diagnosis with a diagnostic yield as
high as 95%[5,6,8]. Specimens displaying a proliferation of
bile ducts, biliary plugs, portal tract edema and fibrosis
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RESULTS
In total, 55 infants with cholestatic jaundice and available
biopsy reports were entered into the study. Twenty-eight
(51%) were female and 27 (49%) were male. Although
the mean time for the onset of jaundice was 43.8 d, the
mean time for taking liver biopsy was 102 d after birth,
representing a notable delay in attempting to perform diagnostic liver biopsy. The baseline clinical and laboratory
characteristics can be found in Table 1.
Liver biopsies from 32 infants had firm histopathological evidence of BA, making it the most common
cause of cholestasis, with no significant sex difference (P
= 0.45). Twenty-four (75%) of these BA cases were in
infants from term pregnancies with normal birth weights.
The next most frequent diagnoses were paucity of bile
ducts, metabolic disorders, and INH (Table 2). The pau-
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of prolonged cholestatic jaundice in neonates and accounts for 40%-50% of all pediatric liver transplants[4,6,7].
The majority of infants diagnosed with BA in our study
had normal birth weights from term pregnancies, in
agreement with results from Mowat et al[14], showing that
only one infant out of 32 had been born prematurely. A
tendency for female preponderance was noted a tendency
for female preponderance was noted (Table 3). All cases
displayed jaundice, with common occurrences of acholic
stool, hepatomegaly and dark colored urine, consistent
with previous reports in the literature[4,13-15]. While congenital malformations have been reported in one-third
of BA cases[16,17], only 13% of the infants included in this
study had congenital anomalies.
INH is a differential diagnosis for BA, as both conditions are characterized by conjugated hyperbilirubinemia presented early after birth and are associated with
hepatomegaly. In this study, five cases of INH were
identified, all of which displayed hepatomegaly, which is
often a presenting feature of liver disease. Three of the
infants diagnosed with INH were premature and of low
birth weight, two features that are frequently reported
in INH[4,14]. Interestingly, two infants had acholic stools.
Although acholic stool is a cardinal feature of biliary
obstruction, it may also occur as a result of severe bile
secretory failure at the level of the hepatocyte[14]. Thus,
liver biopsy is required for accurate diagnosis in most
cases[4,7,8,18-20].
While BA and INH cannot be distinguished based
on clinical features, such as hepatomegaly, splenomegaly,
coagulopathy or acholic stool[7,14,19], they can differ with
regard to their course, prognosis and management[4,18].
While INH has a variable and sometimes a self-limiting
course[17,18], BA is a relentlessly progressive disease requiring surgical intervention and/or liver transplantation[4,16,21]. In our case series, all of the five INH cases had
progressive jaundice before liver biopsy. However, our selected population was confined to those who underwent
liver biopsy, therefore we assume a selection bias which
could have caused overrepresentation of a subgroup of
INH cases whose cholestasis progressed such that a biopsy procedure was attempted. Noteworthy, there was a
mean time lapse of 66.5 d in BA and 55 d in INH from
the time jaundice first came to clinical attention to the
time that diagnostic liver biopsy was performed, in comparison to a previous study reporting a mean delay of
120.8 d in BA and 65.9 d in INH[22].
Since unmanaged biliary atresia may result in cirrhosis
within a few weeks, a prompt and accurate diagnosis is of
outmost importance[23]. Therefore, neonatal cholestasis
beyond the second week of life should be considered as
a serious condition that needs urgent investigation and
possible liver biopsy[5,24,25]. Causes for delayed intervention, as identified in a study by Mieli-Vergani et al[26],
include a lack for follow-up of neonatal jaundice, inadequate investigation of hemorrhagic disease, misdiagnosis
of breast milk jaundice, pigmented stools and decreased
serum bilirubin. For many cases, delayed recognition and
referral for specialty care remain major barriers to timely

Table 1 Clinical and laboratory characteristics of the 55
infants with cholestasis included for analysis of biopsy
diagnosis
Variable

Mean ± SD

Range

38.4 ± 2.7
2785 ± 658
43.8 ± 93

31-41
1300-3980
1-630

102 ± 110
13.6 ± 5.9
7.3 ± 3.4
1244 ± 800
280 ± 223
238 ± 486
412 ± 508
14.6 ± 4.5
39.2 ± 10
3.5 ± 0.9
10 ± 1.9
381 ± 164

8-690
3.9-36
2.4-19
9.5-3379
36-1009
16-3510
35-1981
11-38
26-82
1.3-5.4
6.9-16.4
76-700

Gestational age (wk)
Birth weight (g)
Age when jaundice came to clinical
attention (d)
Age at liver biopsy (d)
Total bilirubin (mg/dL)
Direct bilirubin (mg/dL)
Alkaline phosphatase (IU/L)
AST (IU/L)
ALT (IU/L)
GGT (IU/L)
PT (s)
PTT (s)
Albumin (g/dL)
Hgb (g/dL)
Platelet × 103/µL

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGT:
Gamma-glutamyl transpeptidase; Hgb: Hemoglobin; PT: Prothrombin
time; PTT: Partial thromboplastin time.

city of bile ducts was an isolated finding in five of the
six observed cases, however one male had Alagille’s syndrome, characterized by a ventricular septal defect, hypertelorism, a prominent forehead and cholestatic jaundice.
Six cases were affected by metabolic disease, comprised
of five cases with glycogen storage disease and one case
with galactosemia. Another frequent cause of conjugated
hyperbilirubinemia in our series was INH, affecting 5
infants (9%). Three of these were premature with a birth
weight of less than 2500 g.
Frequencies for a set of selected variables for individual diagnoses (including sex, birth weight, perinatal findings, clinical findings and jaundice course) are shown in
Table 3. Jaundice was invariably present and acholic stool,
hepatomegaly and dark-colored urine were all common.
Reported in Table 4 are the frequencies of some laboratory findings including hemoglobin, platelet and liver
function tests for different disease entities. The highest
levels of hyperbilirubinemia were detected in PFIC with
a mean value of 28 mg/dL followed by BA with a mean
of 14.4. Alkaline phosphatase levels were elevated in all
diagnostic categories without statistically significant differences between the subgroups. Levels of gamma-glutamyl transpeptidase, however, were significantly higher in
cases with BA (Fisher’s exact test, P < 0.05). Coagulopathy was seen in several subgroups, but the lone abnormal
coagulation test with a significant prediction for a specific
group was the partial thromboplastin time (PTT), which
was abnormal in those proved to have cirrhosis by liver
biopsy (Fisher’s exact test, P < 0.05).

DISCUSSION
The results of this study show that BA was the most
common cause of cholestasis, identified in 58% of the
liver biopsies examined. BA is the most common cause
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Table 2 Diagnoses from liver biopsies and their frequencies in cases of infantile cholestasis n (%)
Biopsy findings
BA
Paucity of bile ducts
Metabolic disease
INH
Choledochal cyst
Liver cirrhosis
PFIC
Portal fibrosis

Frequency

Mean gestational
age in weeks

Mean birth weight in
grams

32 (58)
6 (11)
6 (11)
5 (9)
2 (3.6)
2 (3.6)
1 (1.8)
1 (1.8)

38.4
39.0
39.4
36.4
40.0
38.5
40.0
34.0

2850
2600
3380
2230
2750
1950
3300
1400

Mean age when jaundice came to
clinical attention (range)

Mean age at liver
biopsy in days

21 (1-120)
20.5 (1-60)
221 (44-630)
38 (3-90)
20 (15-26)
10 (9-13)
135
30

87.5
59
266
93
82
34
165
45

BA: Biliary atresia; INH: Idiopathic neonatal hepatitis; PFIC: Progressive familial intrahepatic cholestasis.

Table 3 Frequencies of selected variables for each diagnosed cause of infantile cholestasis n (%)
Variable
Sex
Maturity
Birth weight
Perinatal findings

Clinical findings

Jaundice temporal course

Frequency

BA

INH

Paucity of Choledochal Metabolic Cirrhosis
PFIC and
bile ducts
cyst
disease
portal fibrosis

Female
Male
Preterm
Term
Low
Normal
Bacterial infection
Congenital anomalies
Parenteral nutrition

28 (50.9)
27 (49.1)
15 (27.3)
40 (72.7)
15 (27.3)
40 (72.7)
5 (9.0)
10 (18.0)
1 (2.0)

20
12
8
24
7
25
3
4
0

3
2
3
2
3
2
0
1
0

1
5
1
5
1
5
0
1
0

1
1
0
2
1
1
0
2
0

2
4
1
5
0
6
1
0
0

0
2
1
1
2
0
0
2
1

1
1
1
1
1
1
1
0
0

Seizure
Meconium stained amniotic fluid
Fetomaternal hemorrhage
Apnea
Others
Nil

3 (5.5)
4 (7.2)
1 (2.0)
1 (2.0)
13 (23.0)
31 (56.0)

3
2
1
1
7
18

0
0
0
0
1
4

0
2
0
0
2
3

0
0
0
0
1
0

0
0
0
0
0
5

0
0
0
0
2
0

0
0
0
0
0
1

Dark urine
Acholic stool
Hepatomegaly
Splenomegaly
Clubbing
Failure to thrive
Ascites
Jaundice
Pruritus
Progressive
Intermittent
Continuous

21 (38.0)
33 (60.0)
30 (54.5)
17 (31.0)
1 (2.0)
14 (25.5)
8 (14.5)
55 (100)
3 (5.5)
33 (60.0)
4 (7.2)
6 (10.9)

13
22
19
12
0
9
4
32
1
17
3
3

3
2
5
2
0
1
1
5
0
5
0
0

4
4
1
0
0
1
1
6
0
2
1
1

0
2
0
0
0
0
0
2
0
2
0
0

1
3
4
2
1
2
1
6
1
4
0
1

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

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

BA: Biliary atresia; INH: Idiopathic neonatal hepatitis; PFIC: Progressive familial intrahepatic cholestasis.

surgical intervention[7,22], adversely affecting nutritional
support, control of complications such as ascites, and
cost. Accordingly, it has been recommended that infants
presenting with acholic stools should be referred to a pediatric gastroenterologist for urgent evaluation to rule out
BA[2,27,28]. Attempts to restore biliary flow, such as with
the Kasai procedure, should be performed in BA cases
before two months of age[7,29,30] in experienced centers to
increase the chance for a successful surgery[8,31,32].
Coagulopathy, measured by prothrombin time (PT)
and PTT, is a serious complication that may be present in infantile cholestasis[4,6,33]. Obstructed biliary flow
may cause fat malabsorption, resulting in a deficiency in
vitamin K, a fat soluble vitamin. If the symptomatic prolongation of the PT and PTT remains uncorrected after
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vitamin K administration, this may indicate a hepatocellular injury that is secondary to biliary obstruction, as
occurs in patients with prolonged jaundice[25], rather than
a vitamin K deficiency. In the current study, we found
abnormal PTT was significantly more common in those
diagnosed with cirrhosis after a liver biopsy.
There are a number of limitations in extrapolating
the results of this study. Our case series is composed of
a highly selective group of infants with progressive cholestasis who underwent liver biopsies at the Ali-Asghar
Children’s Hospital. As a result, an undefined number of
cases with a self-limiting course or diagnosed by other investigations have not been included in this study, thereby
underrepresented the frequency of benign cases. The results of this study are most relevant for cases of progres-
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Table 4 Mean laboratory findings from each diagnosed cause of infantile cholestasis
Cause

Total bilirubin Direct bilirubin ALP in IU/L AST in IU/L ALT in IU/L GGT in IU/L PT in sec PTT in sec Hgb
in mg/dL
in mg/dL
in g/dL

BA
INH
Paucity of bile ducts
PFIC
Choledochal cyst
Metabolic disease
Cirrhosis
Portal fibrosis

14.4
10.5
11.5
28.0
11.5
13.8
11.6
8.0

8.0
6.0
6.5
13.0
5.2
6.7
5.3
5.1

1230
1343
1475
1455
1667
843
1710
453

313
287
223
65
212
205
226
380

310
113
250
57
170
114
45
120

597a
310
44
66
-

14.0
16.0
18.0
12.0
13.0
13.0
16.0
13.5

38
44
37
39
33
34
76a
39

9.7
10.0
11.0
9.5
8.5
9.5
12.0
10.0

Platelet

× 103/µL

390
406
410
700
300
355
200
187

a

P < 0.05. ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGT: Gamma-glutamyl transpeptidase; Hgb: Hemoglobin; PT: Prothrombin time; PTT: Partial thromboplastin time.

conditions that are frequently diagnosed.

sive conjugated hyperbilirubinemia that are candidates for
liver biopsy. Two counterpart studies that mainly recruited cases from clinical diagnosis rather than liver biopsies,
found INH, not BA, to be the most common cause of
infantile cholestasis[12,13]. While some familial INH cases
may represent unrecognized underlying inborn errors,
specifically defects in synthesis or transport of bile acids,
the sporadic INH is usually transient and has a rather
favorable outcome[14,34-36], which is in stark contrast to the
serious complications caused by BA.
In summary, we found that BA was the most common cause of infantile cholestasis as determined by liver
biopsies. Additionally, there was a significant delay from
the recognition of jaundice to the time of liver biopsy,
averaging approximately two months. Considering the
rapid progression of BA to cirrhosis along with the potentially curative role of early surgical intervention, an
emphasis should be placed on obtaining prompt diagnostic testing in all infants presenting with conjugated hyperbilirubinemia that lasts beyond the first two weeks of life.

Terminology

Infantile cholestasis is a liver condition in neonatal infants describing direct
hyperbilirubinemia that persists or appears after 14 d of life. Direct hyperbilirubinemia refers to conjugated serum bilirubin of more than 1 mg/dL when the
total bilirubin is less than 5 mg/dL or if conjugated bilirubin accounts for greater
than 20% of total serum bilirubin in cases of more severe hyperbilirubinemia.
Biliary atresia is a potentially life-threatening blockage of bile ducts that occurs
in infants.

Peer review

The authors examined the frequencies of diagnoses made from liver biopsies
of infantile cases of cholestasis. The analysis shows that a very serious and
potentially life-threatening condition is the most common cause of pediatric
liver disease in the population examined. This identification suggests that liver
biopsies should be more routinely considered in cases of IC, as early intervention is crucial for successful recovery. The authors document a significant delay
between the appearance of conjugated jaundice in pediatric patients and the
liver biopsy, which is required for an accurate diagnosis. Therefore, it is recommended that neonatologists and pediatricians conduct prompt diagnostic workups in all infants presenting with conjugated jaundice beyond the second week
of life.
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RESULTS: Intra-gastric infusion of mid- and high-concentration triacetin induced an increase in the proximal
stomach receptive volume, and the average increase
induced by the high-concentration at 0-4 min after
infusion was significantly greater than that induced
by the vehicle control (62.4 ± 9.8 vs 18.4 ± 4.7, p <
0.01). The mid- and high-concentration triacetin also
produced a temporary inhibition of the gastric antral
contractions at 2 min after infusions; however, only the
fasted group showed triacetin-induced antral contractile inhibition that was significantly greater than that in
the vehicle control group (p < 0.05). In addition, only
the fasted group showed a high-concentration triacetininduced increase in duodenal contractions at 9-10 min
that was significantly different from that in the vehicle
control group (p < 0.05).

Abstract
AIM: To examine the effect of intra-gastric triacetin on
both upper gastrointestinal motility and proximal gastric
tone in conscious dogs.

CONCLUSION: Intra-gastric infusion of 1.0%-2.0%
triacetin delays gastric emptying by increasing proximal stomach receptive volume, temporarily inhibiting
gastric antral contractions and facilitating duodenal
contractions.

METHODS: Three beagle dogs under sedation were
surgically implanted with gastrocutaneous fistula in the
gastric body and force transducers in the gastric antrum and duodenum. Beginning at week-2 after insertion, the animals were either fasted for 24 h or fed a
liquid meal 2-3 h before the experiment. With the animals fully conscious, a polyethylene bag was inserted
into the proximal stomach through the gastrocutaneous fistula, followed by 15 min of air inflation (minimal
distending pressure of ＋2 mmHg) and then 20 mL of
a low-, mid- or high-concentration triacetin solution
(0.5%, 1.0% and 2.0%) or warm water (vehicle control). The proximal stomach receptive volume and gastric antral and duodenal contractions were measured
over 10 min. The experiment was repeated twice per
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Key words: Gastrointestinal motility; Barostat; Proximal
gastric relaxation; Short-chain triglycerides
Core tip: Intra-gastric infusion of short-chain triglycerides, such as triacetin, has been shown to delay gastric
emptying in conscious dogs, but the influence on upper
gastrointestinal motility is unknown. The current study
examined time-dependent changes in motility following
intra-gastric triacetin administration at various doses in

1054

January 28, 2014|Volume 20|Issue 4|

Oosaka K et al . Triacetin alters upper gastrointestinal motility

conscious dogs and evaluated the effects of a fasted

vs fed state. Compared to infusion of water (vehicle)

Abdominal wall

alone, the 1.0% and 2.0% triacetin doses induced a
significant increase in the proximal stomach receptive
volume, a temporary inhibition of gastric antral contractions, and an increase in the duodenal contractions in
fasted dogs.

Infusion tube

Bag
Antrum

Pressure
sensor
Cylinder
Gastric fistula

Oosaka K, Tokuda M, Furukawa N. Intra-gastric triacetin alters
upper gastrointestinal motility in conscious dogs. World J Gastroenterol 2014; 20(4): 1054-1060 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v20/i4/1054.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i4.1054

Force transducers
Duodenum

Figure 1 Schematic representation of canine experimental model.

liquid is known to be facilitated by both the proximal gastric tone and antrum motility, both of which may also be
influenced by the fasted/fed (postprandial) state. To determine whether triacetin can alter upper gastrointestinal
motility during the observed delay of gastric emptying
in conscious dogs a barostat and force transducers were
applied to fasted and fed animals in the study described
herein, and the effects of triacetin on upper gastrointestinal motility and the proximal gastric tone were comparatively analyzed.

INTRODUCTION
Triacetin is both the shortest-chain triglyceride (SCT),
containing fatty acids with two carbons, and the only triglyceride that is soluble in water up to 6%. Its approval
by the Food and Drug Administration as a safe human
food ingredient has led to a series of studies examining
its potential as a therapeutic agent for total parenteral
nutrition[1-6]. While these studies have shown that triacetin
can improve nitrogen balance[1] and protein metabolism[2],
with a lack of toxicity[3], they have also shown minimal effects on mineral metabolism[4,5] due to the feature of water solubility. In an in vivo study by Lynch et al[6], wherein
rats were fed diets containing triacetin to determine the
effects on total adiposity, fat distribution and body composition, triacetin was shown to provide energy without
accumulation in the body by decreasing adipocyte size.
However, this field of research is relatively new and further investigations on the nutritive capacities and related
mechanisms of triacetin are still in progress.
A number of other studies have examined the effects
of long-chain triglycerides (LCTs) on gastrointestinal motility, demonstrating their effect of delaying gastric emptying and characterizing their feature of slow absorption.
Specifically, it was shown that when digestive products
of LCTs, such as mono- or diglycerides and long-chain
fatty acids, are present in the duodenum and jejunum,
the gastric emptying rate slows down[7,8], and that digestion and absorption of LCTs into the lymphatic system
is dependent upon modification by bile salts. Moreover,
Hunt et al[9] reported that gastric emptying is slower for
12- to 18-carbon fatty acids than for those composed of
2 to 10 carbons, suggesting that gastric emptying may be
regulated in a manner that allows for optimal intestinal
digestion and absorption of foodstuffs.
The processes of digestion and absorption of SCTs
differ greatly from those of LCTs. SCTs do not require
bile salts for digestion. Their passive diffusion from
the gastrointestinal tract to the portal system has led to
speculation that gastric emptying should not be delayed
by SCTs. However, when triacetin was directly infused
into the stomachs of conscious dogs, the gastric emptying rate was delayed remarkably[10]. Gastric emptying of a
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Barostat

MATERIALS AND METHODS
Animal preparation
All animal care and experimental procedures were approved by the Animal Research Committee of the Kawasaki Medical School (Japan) and conducted in accordance
with the Guide for the Care and Use of Laboratory Animals[11]. Three female beagle dogs (weight: 10-11 kg; age:
1-1.5 years) were anesthetized with medetomidine hydrochloride (20 µg/kg, subcutaneous) and pentobarbital
sodium (25 mg/kg, intravenous). A midline laparotomy
was performed, and a stainless steel gastrocutaneous
fistula (inner diameter: 15 mm; length: 80 mm) was inserted into the middle corpus, with the placement ensuring exteriorization on the left side of the abdomen. Two
force transducers were then sewn onto the wall of the
gastric antrum and duodenum, following the direction of
the circular muscle. The force transducer on the antrum
was sutured at approximately 3 cm from the pyloric ring,
while the force transducer on the duodenum was sutured
at approximately 5 cm distal to the pyloric ring (Figure 1).
The lead wires of the force transducers were positioned
to ensure percutaneous exteriorization of the bilateral
scapulae lower margins. The animals were allowed to
recuperate for two weeks, with daily monitoring for procedure-related complications, before experimentation was
initiated.
Experimental procedure
The fully conscious prepared animals were evaluated in
either the fasting phase (after 24 h fasting) or in the post-

1055

January 28, 2014|Volume 20|Issue 4|

Oosaka K et al . Triacetin alters upper gastrointestinal motility

prandial phase (2-3 h after feeding of a high-calorie, highprotein liquid diet). For each phase, the experimental
procedure was initiated by opening the gastrocutaneous
fistula and aspirating any contents from the stomach; the
mean aspirated volume from the postprandial stage was
29 ± 2.3 mL (n = 24), with a residual ratio of 11%-13%.
A polyethylene bag (diameter: 12-13 cm; capacity: 0-1000
mL) fitted with a double-lumen polyvinyl tube was then
inserted through the gastrocutaneous fistula into the
proximal stomach and slowly inflated with 400-500 mL
of air to ensure proper positioning. After complete deflation of the bag, a polyvinyl tube was introduced into the
stomach through the gastrocutaneous fistula, to allow for
infusion of a triacetin solution or vehicle control (water).
The double-lumen tube and the infusion tube were fixed
with adhesive vinyl tape. Thereafter, the conscious dogs
were placed in a sling with their legs touching the ground
so that they were supported upright without pressure
on the abdomen. The double-lumen tube was then connected to a barostat (Isobar-3; G and J Electronics, Toronto, Canada) and the bag was gradually inflated from 2
to 5 mmHg in 1 mmHg stepwise 1 min increments. The
minimal distending pressure (MDP) was determined by
increasing the intra-gastric pressure to the point where
volume variations were induced by respiratory motions.
In this study, bag volumes of 30-100 mL were required
for the respiratory motions to influence intra-gastric pressure in the dogs; therefore, the MDP was maintained at
approximately 3 mmHg throughout the experiment.

of the gastric distension were designated as the basal volume before intra-gastric infusion of either the triacetin
solutions or water. To evaluate the effect of triacetin on
the proximal stomach receptive volume at a constant distending pressure, the mean values of the 1 min interval
after the infusion were compared with the mean values
of the basal volume. In addition, the differences between
the basal volume and the volume after the infusion were
calculated at 1 min intervals, with the triacetin data for
the periods between 0-10 min compared to those of water. The effect of triacetin on contractility was evaluated
by plotting the relative values of gastrointestinal contractility size that were obtained at every minute interval
and calculating the area under the curve (AUC). As per
the method described by Furukawa et al[12], the average
of the 1 min intervals of AUC from 3 to 5 min after the
onset of distension was used as the control value. The
changes in relative magnitudes of the contractions from
the control values after the infusion were then compared
between the triacetin and water administrations. These
results were expressed as mean ± SE The significance
of intergroup differences was assessed by ANOVA with
Bonferroni-Dunn post-hoc testing.

RESULTS
Effects of intra-gastric triacetin on proximal gastric tone
Fasting phase: A slight increase was observed in the
intra-gastric bag volume immediately after the infusion
of water, but was not significantly different from the preinfusion volume (Figure 2A). Infusion of 0.5% triacetin
did not produce a significant increase in the receptive
volume, and only a slight distention of the intra-gastric
bag was observed that was similar to that seen for the
water infusion (data not shown). In contrast, infusion of
1.0% triacetin led to a rapid increase in the intra-gastric
bag mean volume, from the mean basal volume of 129.3
± 10.2 mL to a peak of 189.8 ± 14.5 mL at 1 min (n =
8). In addition, infusion of 2.0% triacetin led to a similar
rapid increase, from the mean basal volume of 109.4 ±
7.2 mL to 179.1 ± 16.2 mL at 1 min (n = 7) and a peak
of 181.2 ± 14.1 mL at 2 min (n = 7). These increases in
the receptive volume induced by 1% and 2% triacetin infusions were significantly greater than the water infusion
(Figure 2A).

Experimental design
This study used a barostat to examine the acute effects
on fundic relaxation and gastric antral and duodenal contractions in conscious dogs in accordance with the methods of Furukawa et al[12]. Briefly, the intra-gastric bag was
insufflated with air for 15 min, with the additional +2
mmHg bringing the MDP to 5 mmHg. After the initiation of insufflation for 5 min, 20 mL of pre-warmed (37
℃) 0.5%, 1% or 2% triacetin or water were infused directly into the stomach over a period of 30 s through an
infusion tube in the gastrocutaneous fistula. At the same
time as the infusions, the force transducers were used
to continuously measure the gastric antral and duodenal
contractions.
For each animal, the experimental procedures were
performed twice per week over a period of several
months. Each animal received at least one infusion of
each of the triacetin solutions as well vehicle before completion of the experimental course. The total numbers of
fasting and postprandial phase experiments were nearly
identical for all three dogs.

Postprandial phase: In the postprandial phase, a slight
increase in the receptive volume was observed that was
similar to that seen during the fasting phase. Infusions
of 1.0% and 2.0% triacetin led to rapid increases in the
receptive volume, which were greater than those induced
by the water infusion but the differences did not reach
statistical significance (Figure 2B).

Statistical analysis
During the 15 min gastric distension performed at a
MDP of +2 mmHg, the intra-gastric bag volume was
calculated as the gastric tone over 1 min intervals. According to Furukawa et al[12], the mean values of three
intra-gastric bag volumes at 3, 4 and 5 min after initiation
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Time-related effects of intra-gastric triacetin on proximal
gastric tone
Fasting phase: At 0-2 min after infusion of 1.0% triacetin, the increase in the receptive volume (56.5 ± 10.1,
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Figure 2 Effect of triacetin on the proximal gastric tone in fasting and postprandial phases. The receptive volume (representative of gastric tone) before and
after infusion in fasted (A, C) and fed (B, D) animals is presented. Data are expressed as mean ± SE (A, B) aP < 0.05 for 1% triacetin, cP < 0.05 for 2% triacetin vs
before infusion. (C, D) aP < 0.05, bP < 0.01 for 1% triacetin vs water; cP < 0.05, dP < 0.01 for 2% triacetin vs water. The point of infusion is indicated by an arrow.

n = 8) was significantly greater than that induced by the
infusion of water alone (24.4 ± 3.7, n = 12). At 0-4 min
after infusion of 2.0% triacetin, the increase in the receptive volume (62.4 ± 9.8, n = 7) was significantly greater
than that induced by the infusion of water alone (18.4 ±
4.7, n = 12) (Figure 2C).

and 2.0% triacetin inhibited the duodenal contractions
for nearly the entire 10-min measurement period in both
phases, with the exception of 2.0% triacetin inducing a
significant increase (vs water alone) in duodenal contractions at 9-10 min after the infusion.

DISCUSSION

Postprandial phase: During the postprandial phase, the
increases in the receptive volume induced by triacetin were
also larger than those induced by water alone but the differences did not reach statistical significance (Figure 2D).

The current study demonstrated that direct infusion of
triacetin into the stomach of conscious dogs alters upper gastrointestinal motility. Proximal gastric volume was
also increased by the infusion, which reflects stimulation
of gastric relaxation. Finally, the triacetin was shown to
inhibit gastric antral contractions but induce duodenal
contractions.
Induction of gastric relaxation of the proximal stomach involves two mechanisms. First, gastric relaxation
is stimulated by intra-gastric filling (possibly by expansion of the gastric wall[13]), regardless of the substance
involved (solids or liquids). This process is referred to
as gastric accommodation and is responsible for an increased volume tolerance without perception but may
also contribute to maintaining satiation signals at acceptable volume loads. Second, physical (e.g., osmotic
pressure) and chemical (e.g., H+, lipids) parameters of
the stomach and duodenum environments can enhance
gastric relaxation via factors related to the nervous system
or hormonal axes[14,15]. In the current study, triacetin did
not appear to influence osmotic pressure, since the 0.5%,
1.0% and 2.0% triacetin was administered as hypotonic
solutions. Moreover, the 20 mL volume that was infused

Effects of triacetin on gastric antral and duodenal
contractions
Infusion of water alone produced no obvious changes in
the gastric antral contractions, in neither the fasting and
postprandial phases (Figure 3). In contrast, both 1.0% and
2.0% triacetin induced a temporary inhibition of the gastric antral contractions at 2 min after the infusion. Only the
triacetin-induced inhibition in the fasting phase was significantly different from the contractions observed with the
water infusion. However, after the 2 min time point, there
was a tendency for facilitation of the gastric antral contractions only for the 2.0% triacetin in both the fasting and
postprandial phases but the differences from the waterrelated contractions did not reach statistical significance.
At 1-4 min after the water infusion, a temporary facilitation of the duodenal contractions was observed in both
the fasting and postprandial phases (Figure 4). For all
time points thereafter, water induced only inhibition of
the duodenal contractions. In contrast, infusion of 1.0%
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Figure 3 Effects of triacetin on gastric antral contractions in fasting and postprandial phases. The antral contractions recorded at every 1 min after infusion in (A)
fasted and (B) fed animals are presented as the relative magnitudes of change from the average values at 3 min before infusion. Data are expressed as mean ± SE
a
P < 0.05 for 1% triacetin vs water, cP < 0.05 for 2% triacetin vs water.

into the stomach was not expected to cause expansion
of the gastric wall. The triacetin infusion and subsequent
absorption in the stomach and duodenum appeared to
primarily affect upper gastrointestinal motility. However,
the observation of duodenal facilitation occurring immediately after the infusion of triacetin suggests that the
absorption-related process plays a smaller role than triacetin’s chemical stimulation of the gastric and duodenal
mucosa to causes the gastric relaxation.
Gastric antrum and duodenum contractions have
distinctive mechanisms and patterns. For example, LCTmediated effects on contractility are region specific. Particular LCTs capable of inhibiting antral contractility[16]
have also been shown to facilitate stimulation of contractions in segments of the upper duodenum[17]. In the
current study, the triacetin infusion first led to inhibition
of gastric antral contractions, which was followed by an
increase at later time points of the infusion. Moreover,
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the infusion appeared to facilitate duodenal contractility.
Since there was only a short period of inhibition of the
antral contractions, it remains unclear whether this inhibition was responsible for causing the delay of gastric emptying. However, such modulations of the gastric antrum
and duodenum are expected to induce the closing of the
pylorus, which may be the ultimate cause of the delayed
gastric emptying. With regard to the observed diphasic alterations (i.e., inhibition and facilitation) in the gastric antrum, the initial inhibition may be induced by stimulation
of gastric antral mucosa, while the subsequent facilitation
may be induced by stimulation of the duodenal mucosa.
LCTs are known to stimulate release of the hormone
cholecystokinin (CCK), which acts to reduce proximal
gastric tone[18] and inhibit gastric emptying[19] via activation of the CCK receptors on the vagal afferent nerves.
In turn, the inhibitory vagal afferents in the brainstem are
activated[20]. SCTs, on the other hand, produce very little
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Figure 4 Effects of triacetin on duodenal contractions in fasting and postprandial phases. The duodenal contractions recorded at every 1 min after infusion in (A)
fasted and (B) fed animals are presented as the relative magnitudes of change from the average values at 3 min before infusion. Data are expressed as mean ± SE
a
P < 0.05 for 2% triacetin vs water.

to no effects on CCK release[21]. Therefore, the mechanism of effect for triacetin, a SCT, may differ from that
of the LCTs.
In the current study, the effects of triacetin related
to fasting and fed states were also examined. While the
results were largely similar for both the fasted and postprandial phases, statistically significant differences were
only observed in the fasted animals. It is possible that
the up-regulated hormonal factors that occur during the
postprandial phase may have interfered with the triacetin,
masking the effects.
In conclusion, our current results indicate that triacetin rapidly induces a temporary relaxation in the proximal
stomach that is followed by contraction in both the gastric antrum and duodenum. This mechanism of triacetin
may differ from that of LCTs, but further investigations
are needed to confirm this distinction.
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COMMENTS
COMMENTS
Background

Gastric emptying is adjusted very precisely by gastrointestinal motility, so it is
very important to examine the change of gastrointestinal motility after administrated the dietary ingredient. The authors reported preliminarily that an infusion
of triacetin, which is expected as a new nutritional ingredient, into the stomach
delayed the gastric emptying rate in conscious dogs. However, it is still unclear
whether triacetin can change upper gastrointestinal motility during a delay of
gastric emptying.

Research frontiers

Triacetin has been generally recognized by the Food and Drug Administration
as being a safe human food ingredient. In the area of gastrointestinal motility
with triacetin, the research hotspot is the change on the proximal gastric tone
and the upper gastrointestinal motility.

Innovations and breakthroughs

In this study, to research the effect of triacetin on the gastric tone of the proximal
stomach in conscious dogs, the authors used a polyethylene bag to measure
the receptive volume of the proximal stomach at a constant pressure before
and after the intra-gastric infusion of triacetin. Moreover, to determine the effect
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of triacetin on the upper gastrointestinal contractile activities, the authors used
force transducers to measure the gastric antral and duodenal contractions. The
animals were either fasted for 24 h or fed a liquid meal 2-3 h before the experiment. Triacetin rapidly induces a temporary relaxation in the proximal stomach
that is followed by contraction in both the gastric antrum and duodenum. The
effect of triacetin was largely similar for both the fasted and postprandial phases,
statistically significant differences were only observed in fasted animals.

10
11

Applications

Intra-gastric infusion of 1.0%-2.0% triacetin delays gastric emptying by increasing proximal stomach receptive volume, temporarily inhibiting gastric antral
contractions and facilitating duodenal contractions.

12

Peer review

This manuscript reports novel information on the effect of short-chain triglycerides on gastric emptying in conscious dogs. The Authors demonstrate convincingly that Intra-gastric infusion of 1.0%-2.0% triacetin induced an increase of
the receptive volume of the proximal stomach, and caused temporary inhibition
of the gastric antral contractility, which are suggestive of a retardation of gastric
emptying.
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the overall eradication rate was 80.9%. The cure rate
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CONCLUSION: PPI pretreatment did not affect H.
pylori eradication rate, regardless of the medication
period.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Proton pump inhibitors (PPIs) are widely used
for long periods. It is important to know whether longterm PPI pretreatment can influence Helicobacter pylori
(H. pylori ) eradication rates. There have been debates
about the effect of PPI pretreatment on H. pylori
eradication rate, although most previous studies have
focused on the relatively short-term use of PPI. Our
study investigated the impact of PPI pretreatment on
H. pylori eradication rates based on different periods of
treatment, including long-term pretreatment. Our data
showed that PPI pretreatment did not affect H. pylori
eradication rates, regardless of the medication period.

Abstract
AIM: To investigate whether proton pump inhibitor
(PPI) pretreatment influences Helicobacter pylori eradication rate.
METHODS: We retrospectively reviewed H. pylori -infected patients who were treated with a standard triple
regimen (PPI, amoxicillin 1 g, and clarithromycin 500
mg, all twice daily for 7 d). The diagnosis of H. pylori
infection and its eradication was assessed with the rapid
urease test, histological examination by silver staining,
13
or the C-urea breath test. We divided the patients into
two groups: one received the standard eradication regimen without PPI pretreatment (Group A), and the other
received PPI pretreatment (Group B). The patients in
Group B were reclassified into three groups based on
the duration of PPI pretreatment: Group B-Ⅰ (3-14 d),
Group B-Ⅱ (15-55 d), and Group B-Ⅲ (≥ 56 d).
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who were treated with a standard triple regimen from
September 2009 to December 2011. The regimen consisted of PPI (lansoprazole 30 mg, esomeprazole 40 mg,
or rabeprazole 20 mg), amoxicillin 1 g, and clarithromycin
500 mg, all twice daily for 7 d. Patients who completed
the treatment and the assessment of eradication were
enrolled in the study. Consumption of > 90% of the prescribed drugs was defined as good compliance and was
accepted as the completion of treatment. The enrolled
patients underwent upper gastrointestinal endoscopy
before eradication treatment. The exclusion criteria were
previous eradication therapy (n = 11), use of H2 receptor
antagonists or antibiotics within the past 4 wk (n = 58),
being < 18 years (n = 3), and having an unknown history
of recent medication (n = 35).

INTRODUCTION
Several guidelines recommend standard triple therapy
consisting of two antimicrobial agents, such as amoxicillin with clarithromycin or metronidazole, and a proton
pump inhibitor (PPI) as the first choice treatment for
Helicobacter pylori (H. pylori) infection[1-3]. The addition of
a PPI to an antibiotic-containing regimen is known to
boost the H. pylori eradication rate[4]. By increasing the
intragastric pH, PPIs lower minimal inhibitory concentration (MIC) values and improve the chemical stability of
antibacterial agents[5-7].
Although the inclusion of PPIs in the eradication regimen has been proven to be beneficial for curing H. pylori
infection, it is still controversial whether PPI pretreatment
influences the eradication rate. There was a recent study
which showed that increasing the intragastric pH level by
PPI pretreatment might improve the efficacy of H. pylori
eradication[7]. Meanwhile, meta-analysis demonstrated that
PPI pretreatment did not have any beneficial effect on H.
pylori eradication[8]. Furthermore, some studies reported
that PPI treatment before administering a single antibacterial agent, such as amoxicillin, decreases the eradication
rate[9-11]. These findings have been explained by the fact
that pretreatment induced the transition of H. pylori into
coccoid dormant forms that are less vulnerable to the actions of antibiotics[12,13].
At present, endoscopic resection has been extensively
applied to treat gastric neoplasms as a curative modality.
This procedure inevitably results in a large iatrogenic ulcer, which subsequently poses the risk of gastric bleeding
or perforation. To prevent these complications, PPIs are
generally administered for > 4 wk[14,15]. However, recently
there have been concerns raised about the possible adverse effects of long-term PPI treatment, including nutritional deficiencies, cardiovascular risk with PPI/clopidogrel co-prescriptions, and bone fractures[16,17]. Long-term
PPI therapy should be used only in robust indications, and
careful assessment of the risks and benefits is required.
In many cases, patients who received endoscopic resection with long-term PPI treatment need H. pylori eradication therapy because of its prophylactic effect on the
development of metachronous gastric cancer[18-20]. From
a clinical point of view, it is important to know whether
long-term PPI pretreatment influences the H. pylori eradication rate. Previous studies have mostly focused on the
effect of short-term PPI on H. pylori eradication, therefore, the effect of long-term PPI pretreatment is not yet
clear. Our study was conducted to investigate the impact
of PPI pretreatment on H. pylori eradication based on different periods of treatment duration, including long-term
pretreatment.

Assessment of H. pylori status
H. pylori infection was diagnosed according to one of the
following tests: (1) rapid urease test (CLO test; Ballard
Medical Products, Draper, UT, United States) by gastric
mucosal biopsy from the body at the gastric angularis and
greater curvature of the antrum; (2) histological examination by Warthin-Starry silver staining; and (3) 13C-urea
breath test (Helifinder; Medichems, Seoul, South Korea).
The assessment of eradication was performed at least 4
wk after the completion of 1 wk of the standard regimen. The 13C-urea breath test was generally used for the
assessment of eradication, and rapid urease tests and histological examination were only used if repeat endoscopy
was clinically indicated for other reasons.
Study design
We divided the patients into two groups: one received the
standard eradication regimen without PPI pretreatment
(Group A), and the other received the regimen with PPI
pretreatment (Group B). PPI pretreatment in this study
implied an intake of daily PPI (lansoprazole, rabeprazole,
esomeprazole, or omeprazole) for ≥ 3 d before eradication therapy. Patients who received the eradication regimen
within 3 d after the cessation of PPI pretreatment were
enrolled in Group B, and those who received > 3 d were
assigned to Group A. The rationale of these criteria was
based on previous studies that demonstrated that the maximum effect of PPIs on the intragastric pH level occurred
at least 3 d after the start of intake, and that the intragastric pH returned to the normal baseline level by 4 d after
the cessation of PPI treatment[21,22]. Patients in Group B
were reclassified into three groups based on the duration
of PPI pretreatment: Group B-Ⅰ (3-14 d), Group B-Ⅱ
(15-55 d), and Group B-Ⅲ (≥ 56 d). We also collected
data from medical charts including demographic characteristics, diagnosis, types of PPI used in the pretreatment
or eradication regimen, and eradication assessment methods. These factors might be potentially associated with
eradication rate, thus, they were applied for adjustment.

MATERIALS AND METHODS
Patients
We retrospectively reviewed H. pylori-infected patients

WJG|www.wjgnet.com

Statistical analysis
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Patients who completed the treatment and assessment of
Helicobacter pylori eradication (n = 1197)
September 1, 2009-December 31, 2011

Exclusion
Previous eradication therapy (n = 11)
Use of H2RA or antibiotics within past 4 wk (n = 58)
Age < 18 yr (n = 3)
Unknown history of recent medication (n = 35)
Included patients (n = 1090)

Group A
Patients without
PPI-pretreatment (n = 573)

Group B
Patients with
PPI-pretreatment (n = 517)

Eradication success:
n = 454 (79.2%)

Eradication success:
n = 420 (81.2%)

Group B-1
3-14 d (n = 146)

Group B-2
15-55 d (n = 274)

Group B-3
56 d or more (n = 97)

Eradication success:
n = 117 (80.1%)

Eradication success:
n = 224 (81.8%)

Eradication success:
n = 79 (81.4%)

Figure 1 Flow of the study. A total of 1197 patients were investigated in the study period, and 573 patients in Group A [without proton pump inhibitors (PPI) pretreatment] and 517 in Group B (with PPI pretreatment) were included in the analysis. Patients in Group B were reclassified into three groups based on the duration of PPI
pretreatment: Group B-1 (3-14 d), Group B-2 (15-55 d) and Group B-3 (≥ 56 d). H2RA: H2 receptor antagonist.

also investigated using adjusted logistic regression analysis. The analysis was performed using SAS software (SAS
Institute, Cary, NC, United States), and statistical significance was accepted as P < 0.05.

Table 1 Clinical characteristics and eradication rates of the
two groups n (%)

Age
Sex
Diagnosis

mean ± SD (yr)
Male
Iatrogenic ulcer
Peptic ulcer
Non-ulcer
disease
PPI in the
Lansoprazole
eradication
30 mg
Esomeprazole
regimen
40 mg
Rabeprazole
20 mg
Eradication
13C-urea
assessment
breath test
Rapid
method
urease test
Histological
examination
Eradication rate

Group A
without PPI
pretreatment
(n = 573)

Group B
with PPI
pretreatment
(n = 517)

P value

51.8 ± 12.2
343 (59.9)
31 (5.4)
438 (76.4)
104 (18.2)

51.2 ± 13.4
351 (67.9)
107 (20.0)
395 (77.1)
15 (2.9)

0.453
0.007
< 0.001

439 (76.6)

410 (79.3)

0.021

92 (16.1)

56 (10.8)

42 (7.3)

51 (9.9)

525 (91.6)

408 (78.9)

37 (6.5)

106 (20.5)

11 (1.9)

3 (0.6)

454 (79.2)

420 (81.2)

RESULTS
After excluding 107 individuals from a total of 1197
patients enrolled in this study, we finally analyzed 1090
patients including 138 with iatrogenic ulcers caused by
the endoscopic resection of gastric neoplasms. The retrospective assessment flow is presented in Figure 1. The
mean age of the study group was 51.5 ± 12.8 years and
63.7% were male. The overall eradication rate was 80.2%.
Among the analyzed patients, 573 were enrolled in
Group A and 517 in Group B. The baseline characteristics of the two groups are summarized in Table 1. The
cure rate in Group B (81.2%, 420/517) was not significantly different from that in Group A (79.2%, 454/573,
P = NS). In addition, the eradication rates were also not
significantly different between Group A and B in any diagnostic subgroup; 87.1% (27/31) vs 76.6% (82/107) for
iatrogenic ulcers, 77.6% (340/438) vs 82.3% (325/395)
for peptic ulcer, and 83.7% (87/104) vs 86.7% (13/15)
for non-ulcer disease (all P = NS). PPI pretreatment did
not affect the eradication rate even after adjusting for age,
sex, diagnosis, type of PPI in the eradication regimen,
and eradication assessment methods (odds ratio, 1.14;
95% confidence interval, 0.83-1.58).

< 0.001

0.407

PPI: Proton pump inhibitors.

egorical data are presented as quantities and proportions.
A χ 2 test or Fisher’s exact test was used to analyze categorical data and the two-sample independent t test was
used to analyze continuous data. Eradication rates were
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Eradication rate (%)

100

Table 2 Types of proton pump inhibitors used in the
pretreatment in Group B n (%)

80
60

79.2%

80.1%

81.8%

81.4%
Lansoprazole
Rabeprazole
Esomeprazole
Omeprazole

40
20

Group B-Ⅰ
3-14 d
(n = 146)

Group B-Ⅱ
15-55 d
(n = 274)

Group B-Ⅲ
≥ 56 d
(n = 97)

P value1

80 (54.8)
56 (38.4)
8 (5.5)
2 (1.4)

174 (63.5)
82 (29.9)
17 (6.2)
1 (0.4)

62 (63.9)
29 (29.9)
4 (4.1)
2 (2.1)

0.294

1

Fisher’s exact test was used.

0
Group
Pretreatment
Number

A
0-2 d
n = 573

B-Ⅰ
3-14 d
n = 146

B-Ⅱ
15-55 d
n = 274

B-Ⅲ

the long-term use of PPIs and H. pylori eradication therapy.
Although many studies have supported H. pylori eradication because of its prophylactic effect on the development
of metachronous gastric cancer, these authors did not
consider the effect of PPI pretreatment and the appropriate period for eradication therapy[18-20]. In the present study,
we demonstrated that the eradication rates in long-term
pretreatment groups were not different from those in the
non-pretreatment and short-term pretreatment groups.
This finding was observed in a recent study which showed
that pretreatment with lansoprazole for 6-8 wk did not influence the eradication rate in peptic ulcer patients[25].
It seems that contrary to the negative effect of PPI
treatment before the dual eradication regimen consisting
of amoxicillin and PPI[9-11], PPI pretreatment does not affect the eradication rate in the clarithromycin-added triple
regimen. Clarithromycin is known to be the most effective single agent against H. pylori[26], and has additive antibacterial activity when used with amoxicillin or PPIs[27].
By adding this powerful antibacterial agent to the regimen, the eradication rate does not seem to be affected by
PPI pretreatment.
The main factor affecting the eradication rate of H.
pylori might be its clarithromycin resistance as opposed
to host factors[28,29]. Clarithromycin-resistant strains are
barely eradicated with any dose of clarithromycin or
PPI[30]. An in vitro study showed that the MIC values of
clarithromycin for resistant strains remained high at various pH levels[31]. This finding implied that increases in
intragastric pH by PPIs might not affect the eradication
rates of clarithromycin-resistant strains. In Korea, the
primary resistance rate of H. pylori to clarithromycin has
been reported to be about 20%[32]; a level that is similar
to the rates of eradication failure in our study. To rule out
the possible confounders of clarithromycin resistance,
we suggest that future studies are needed in patients with
clarithromycin-sensitive strains.
CYP2C19 genotype status may also be associated
with the eradication rate of H. pylori. A previous study reported that the eradication rate in extensive metabolizers
was lower than that in poor metabolizers, and extensive
metabolizers were successfully retreated with high doses
of PPI[33]. We expected that PPI pretreatment might
improve the eradication rate in extensive metabolizers
because these people show a comparatively slower acid
inhibitory effect after PPI use[34]. However, PPI pretreatment did not improve the overall eradication rate. We

≥ 56 d

n = 97

Figure 2 Helicobacter pylori eradication rates in different groups, bars
indicate 95% confidence intervals. Eradication rates were not significantly
different among Group A [without proton pump inhibitors (PPI) pretreatment], BⅠ (PPI pretreatment for 3-14 d), B-Ⅱ (15-55 d), and B-Ⅲ (≥ 56 d) (P = 0.838).

The types of PPI for the pretreatment therapy in
Group B-Ⅰ, B-Ⅱ and B-Ⅲ are shown in Table 2. The
eradication rates in these three groups were 80.1%
(117/146), 81.8% (224/274) and 81.4% (79/97), respectively. The eradication rates were not significantly different among these groups and Group A (P = NS; Figure 2).

DISCUSSION
The purpose of this study was to investigate the influence
of PPI pretreatment on the rate of H. pylori eradication.
There was no significant difference in the eradication rate
between patients with and without pretreatment. PPI
pretreatment did not affect the eradication rate, even after
adjusting for various factors associated with eradication
therapy. The present study also showed that the eradication
rate was not affected by the duration of PPI pretreatment.
Generally, 80% and 85% cure rates based on intention-to-treat and per-protocol analysis, respectively, are
regarded as the thresholds for acceptable results of H.
pylori eradication[23]. In Korea, the eradication rates with 1
wk standard triple therapy have been reported to be similar[24]. In this regard, it is important to have a thorough
knowledge of the factors that affect eradication rate, and
we supposed that PPI pretreatment might be one of the
possible factors. However, the present study showed that
PPI pretreatment did not affect the eradication rate. Generally, patients with gastric neoplasms have lower gastric
acid secretory function as compared with those with peptic ulcers, particularly duodenal ulcers. This possibly contributed to the similarity of the eradication rates between
the study groups. Our findings were not different from
the results of a previous meta-analysis[8].
Meanwhile, previous studies have mostly focused on
the effect of the short-term use of PPIs. Therefore, the
influence of long-term PPI pretreatment has not yet been
elucidated. The effects of long-term PPI use are significant especially in the field of endoscopic resection therapy
because the patients who receive this treatment need both
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term pretreatment.

could explain this result by the fact that the frequency of
CYP2C19 extensive metabolizers in East Asians is lower
than that of Caucasians[35,36], and therefore the effect in
extensive metabolizers might not be fully reflected in the
outcomes of our study. For the maximized effect of PPI
pretreatment, CYP2C19 genotyping should be considered
in future clinical research.
As a retrospective analysis, this study had several
limitations. In particular, the enrolled patients received
different types of PPI in the pretreatment and H. pylori
eradication regimens, and underwent different methods
for assessing the eradication. These inconsistencies for
various factors were a weak point in our study. We tried
to overcome these limitations by the enrollment of a
large number of patients and by performing multivariate
analysis. Additionally, any potential adverse effects of the
PPIs were not investigated in our study. PPIs, however,
were not prescribed for more than 6 mo in any patient
(the longest, 168 d); and the adverse effects of long-term
PPI treatment might be rare. Prospective and controlled
studies are needed to confirm the present findings and
complement the limitations of the study.
Guidelines recommend that the 13C-urease breath test
should be used for confirmation of eradication except
in cases where repeat endoscopy is indicated[1,3]. In our
study, the rapid urease test and histological examination
were performed only in limited cases needing repeated
endoscopy (14.4%). Although these tests have > 90%
sensitivity and specificity in predicting H. pylori status
after antibiotic treatment[37], the 13C-urease breath test
should be considered for confirming eradication.
In conclusion, PPI pretreatment did not affect the
H. pylori eradication rates, regardless of the length of the
medication period. Even after the long-term use of PPI
treatment, H. pylori eradication can be attempted without
worrying about its effect on eradication therapy.

Applications

PPI pretreatment did not affect the H. pylori eradication rates, regardless of
medication period. Even after long-term use of PPI treatment, H. pylori eradication can be tried without worrying about its effect on eradication therapy.

Peer review

The study aimed to answer the clinical question as to whether PPI pretreatment
influences H. pylori eradication; especially when treatment was > 1 mo. This
study had a large cohort size.
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Phase Ⅰ study of postoperative radiotherapy combined with
capecitabine for gastric cancer
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(mg/m ) of 625 (level Ⅰ, n = 6), 700 (level Ⅱ, n = 6),
800 (level Ⅲ, n = 6), 900 (level Ⅳ, n = 0) and 1000
(level Ⅴ, n = 0). DLT was defined as grade 4 leukopenia or neutropenia, grade 3-4 thrombocytopenia or
anemia and grade 3-4 non-hematological toxicity.
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RESULTS: Between October 2007 and August 2009,
18 patients (12 men, 6 women; median age, 54 years)
were enrolled in the study. The median number of positive LNs was 6, and total number of resected LNs was
19. Twelve patients underwent R0 resection (66.7%).
Fifteen patients received adjuvant chemotherapy under
the leucovorin, fluorouracil and oxaliplatin (FOLFOX4)
regimen. Six patients each were enrolled at dose levels Ⅰ, Ⅱ and Ⅲ. Grade 1-3 leukopenia (16 patients,
88.9%), anorexia (15, 83.3%) and nausea (15, 83.3%)
were the most common toxicities. Grade 3 anorexia/
nausea and grade 4 vomiting occurred in one level-Ⅰ
patient. Grade 3 anorexia and nausea occurred in one
level-Ⅱ patient. One level-Ⅲ patient developed grade 4
neutropenia, while another developed grade 3 radiation
esophagitis. No abnormal liver or renal function examinations were observed. Three patients did not finish
chemoradiotherapy because of DLTs and two without
DLTs received sequential boosts (total dose, 55.8 Gy).

Abstract
AIM: To determine the maximum tolerated dose (MTD)
and dose-limiting toxicity (DLT) of capecitabine combined with postoperative radiotherapy for gastric cancer.

CONCLUSION: The MTD of capecitabine was 800 mg/
2
m twice daily concurrent with IMRT for gastric cancer
after surgery. The DLTs were anorexia/nausea, vomiting, neutropenia and radiation esophagitis.

METHODS: We enrolled patients with any T stage and
node-positive gastroesophageal or gastric adenocarcinoma after complete resection with negative margins
(R0) or microscopic (R1) or macroscopic (R2) resection.
Intensity modulated radiotherapy (IMRT) using a fiveto-seven-field, coplanar, sliding window technique was
delivered to the tumor bed (T4b), anastomosis site,
duodenal stump and regional lymph nodes (LNs) to a
total dose of 45 Gy (1.8 Gy/fraction, 5 d/wk). Patients
with R1 or R2 resection received 10.8 Gy as a boost.
Capecitabine was administered twice daily on every radiotherapy treatment day in a dose-escalation schedule
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Core tip: Postoperative chemoradiotherapy is a good
option for patients with locally advanced, gastric cancer
who have undergone R0 and D0-1 lymphadenectomy.
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Although some studies have evaluated conformal RT
combined with 5FU infusion or conventional RT combined with capecitabine as postoperative treatments for
gastric cancer, a new regimen of IMRT with concomitant
capecitabine has not yet been investigated[9,15,16].
The aim of this single-institution, phase Ⅰ, clinical trial was to assess the feasibility and toxicity of a postoperative regimen involving the dose escalation of capecitabine
combined with IMRT for locally advanced gastric cancer.

To avoid acute side effects and make the drug safer,
a combination of the use of advanced techniques such
as intensity modulated radiotherapy and mature chemotherapy regimens with capecitabine is highly recommended, especially in China which accounts for 40%
of the world’s gastric cancer patients. The aim of this
single-institution, phase Ⅰ, clinical trial was to assess
the feasibility and toxicity of a postoperative regimen
involving dose escalation of capecitabine combined with
IMRT for locally advanced gastric cancer.

MATERIALS AND METHODS
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Eligibility
The eligibility criteria included the following: (1) pathologically confirmed adenocarcinoma; (2) postoperative
classification of anyTN + M0 according to the 7th edition
of the American Joint Committee on Cancer TNM Classification[17]; (3) World Health Organization performance
status of ≤ 1 and age ≤ 70 years; (4) no prior or concurrent malignancy (except non-melanoma skin cancers
or in situ carcinoma of the cervix); (5) no history of abdominal radiation; and (6) hemoglobin level ≥ 10.0 g/L,
leukocyte count ≥ 3.5 × 109/L, neutrophil count ≥ 1.5
× 109/L, platelet count ≥ 100 × 109/L and normal liver
and kidney function.
The pretreatment workup consisted of physical examination, chest X-ray, abdominal and pelvic computed
tomography (CT) scans (chest CT was included for
proximal lesions), and a complete blood count and biochemical profile. Patients with heart disease that required
medication, other severe comorbidities or psychiatric history which rendered them incapable of complying with
the treatment regimen were excluded.
After being informed and having given their written
consent, all patients who underwent R0/R1/R2 resection
with pathologically proven, locally advanced gastric adenocarcinoma (anyTN + M0) were enrolled in this study.
Patients who were administered any adjuvant chemotherapy before or after CRT were included in the study.

INTRODUCTION
Gastric cancer is the fourth most common cancer worldwide[1]. In China, gastric cancer has the third highest
mortality rate among all cancers according to the latest
Chinese Cancer Registry Annual Report[2]. A complete
resection with negative margins (R0) remains the cornerstone of treatment for resectable gastric cancer. Nonetheless, less than 50% of patients will have an R0 resection
of their primary tumor[3]. Therefore, long-term survival
is poor, especially in patients with stage Ⅲ or Ⅳ gastric
cancer. Based on the results of Intergroup study (INT)
0116, concurrent chemoradiotherapy (CRT) has been
considered as the gold standard of treatment for patients
with locally advanced gastric cancer who have undergone
radical surgery (R0) and less than a D2 lymphadenectomy
has been achieved[4]. In addition, postoperative radiotherapy (RT) with concurrent fluoropyrimidine is the main
treatment for patients with residual disease after a microscopic (R1) or macroscopic (R2) resection, according to
the National Comprehensive Cancer Network (NCCN)
guidelines for gastric cancer[5,6].
The 5-fluorouracil (5FU) analog, capecitabine, has
been widely used for gastric cancer treatment, either
in chemotherapy regimens or in concurrent CRT. The
results using capecitabine were found to be comparable
to 5FU, and this drug carries a considerably safer sideeffects profile and a more convenient oral route of administration[7-11].
According to INT 0116, the significant toxicities of
capecitabine were of great concern when this drug was
applied in routine clinical practice. However, conventional
RT with anteroposterior opposing fields (AP-PA) to the
upper abdomen contributed to the observed severe acute
toxicities. The recently developed RT techniques, three
dimensional conformal therapy (3DCRT) and intensity
modulated radiotherapy (IMRT), are greatly superior to
conventional RT because they spare more normal tissue and critical organs outside the radiation field[12-14].
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Radiotherapy
IMRT was selected because of its superior protocol
design, which potentially reduces toxicities by reducing
radiation exposure to adjacent normal structures. Patients
were required to be fasted for 4 h before the CT simulation and take an oral positive contrast (300 mL) 30 min
before CT simulation to make the small intestine visible.
To decrease variability in distention due to gastric filling, a
standard meal (300 mL of ready-to-eat canned porridge)
was given to the patients 15 min before CT scanning and
before each daily treatment. Intravenous administration
of contrast was added for the IMRT; the patients were
placed in a supine position with thermoplastic immobilization during IMRT with a 6-MV photon beam.
The gross tumor volume (GTV) encompassed either
the visible, residual primary tumor or lymph nodes (LNs)
based on the CT and/or positron-emission tomographyCT findings in patients who had undergone R2 resection
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the first three patients, three additional patients were assigned to receive the same dose level. If none of the first
three patients initially receiving a given dose level developed a DLT, or if only one of six patients had DLT, the
dose was increased to the next level. If a second patient
experienced a DLT at the same level, then the escalation was stopped, and the maximum tolerated dose was
defined as the level at which the DLT occurred in this
protocol.

Table 1 Clinical target volume for elective nodal regions
2
depending on the location of the primary gastric tumor
Tumor location

CTV for elective nodal regions

Upper 1/3 or gastroesophageal junction
Middle 1/3
Lower 1/3

110, 1-3, 7, 9-11
1-3, 5-13, 141, 16a
3, 5-9, 11p, 12-13, 141, 16a

1

No. 14 was included in the clinical target volume (CTV) only when the
surface or parenchyma of the pancreas was involved by the tumor; 2According to the guidelines issued by the Japanese Gastric Cancer Association. 110: Paraesophageal lymph nodes (LNs) in the lower thorax; 1: Right
paracardial LNs; 2: Left paracardial LNs; 3: LNs along the lesser curvature; 5: Suprapyloric LNs; 6: Infrapyloric LNs; 7: LNs along the left gastric
artery; 8: LNs along the common hepatic artery; 9: LNs around the celiac
artery; 10: LNs at the splenic hilum; 11: LNs along the splenic artery (11p:
LNs along the proximal splenic artery); 12: LNs in the hepatoduodenal
ligament; 13: LNs on the posterior surface of the pancreatic head; 14: LNs
along the root of the mesentery; 16a: LNs around the abdominal aorta
(above the level of the inferior border of the left renal vein).

Safety assessment
Adverse events were coded in accordance with the National Cancer Institute Common Terminology Criteria for
Adverse Events, version 3.0. DLTs were defined as follows:
grade 4 leukopenia or neutropenia, grade 3-4 thrombocytopenia or anemia and grade 3-4 non-hematological toxicity.
During treatment, patients were observed daily by
their radiation oncologist and underwent weekly physical
examinations as well as assessments of weight. Blood was
tested for routine analysis at least once weekly, while liver
and renal function were assessed every 2 wk. Antacid
and gastric mucosa protectants were administered on a
prophylactic basis. Anti-emetics and antidiarrheal agents
were prescribed when needed.

or the confirmable microscopic area in patients who had
a R1 resection. The delineation of the clinical target volume (CTV) for each patient depended on the extension
and location of the primary tumor and the guidelines for
the involved LN region issued by the Japanese Gastric
Cancer Association[18]. Generally, the CTV included the
GTV (if present), anastomoses, duodenal stump, tumor
bed (only for stage T4b, if present) and regional LNs
(Table 1). The remnant stomach was not routinely included within the radiation field. The planning target volume
(PTV) consisted of the CTV with a 0.5-0.7 cm margin
in the radial direction and a 1 cm margin in the superiorinferior direction. For R1 or R2 resection, the GTV (if
visible) plus a 0.5-0.7 cm three-dimensional extension
formed a boost planning GTV. Dose constraints for organ at risk (OAR) were as follows: V30 (volume receiving
a dose of 30 Gy or more) < 40% for the liver, V20 <
30% for both kidneys or a mean dose of < 20 Gy, V30
< 30% for the heart and the maximal dose for the spinal
cord planning OAR volume was 40 Gy. With regards to
the small bowel and colon, the maximal dose was less
than the prescribed dose, and V50 < 10% was used for
patients receiving an additional boost. An experienced
physicist designed the IMRT plans using a five-to-sevenfield, coplanar, sliding window technique on the Pinnacle
system, version 3.0 (Figure 1).
A total irradiation dose of 45 Gy was delivered in daily 1.8-Gy fractions (5 d a week over 5 wk) to R0 patients,
and a sequential 10.8-Gy boost was delivered in six fractions to either the visible residual tumor (R2 resection) or
the confirmed microscopic area (R1 resection).

Statistical analysis
The trial was designed using a conventional dose-escalation schema with the primary endpoint of defining the
MTD of capecitabine when combined with IMRT. The
second endpoint was about the calculation of overall
survival (OS), which was defined from the date of surgery to the date of death or last follow-up. Locoregional
recurrence (LRR) was defined as any recurrence in the
tumor bed, anastomoses, stumps, gastric remnant or a
recurrence in the regional lymphatics and locoregional
control (LRC) was calculated accordingly. Survival curves
were calculated with the Kaplan-Meier method by means
of the SPSS for Windows program, version 15.0 (SPSS,
Chicago, Illinois, United States).

RESULTS
Between October 2007 and August 2009, 18 patients (12
men, 6 women) were enrolled in the study. The patient
characteristics are presented in Table 2. The median age
was 54 years (range, 29-66 years). All patients had metastatic LNs; the median number of positive LNs was 6
(range, 1-15), and the total number of resected LNs was
19 (range, 5-35). Twelve patients underwent R0 resection (66.7%). Fifteen patients received adjuvant chemotherapy under the leucovorin, fluorouracil and oxaliplatin (FOLFOX4) regimen, with a median number of 6
cycles (range, 3-11); of these 15 patients, seven received
FOLFOX4 therapy before CRT, and the rest received it
after CRT.

Chemotherapy
Capecitabine was administered twice daily (after breakfast
and after dinner) from the beginning to the end of the
duration of RT, in a dose-escalation schedule of 625 mg/
m2 (level Ⅰ), 700 mg/m2 (level Ⅱ), 800 mg/m2 (level Ⅲ),
900 mg/m2 (level Ⅳ) and 1000 mg/m2 (level Ⅴ).
If a dose-limiting toxicity (DLT) occurred in one of
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Dose escalation and toxicity
Six patients each were enrolled at dose levels Ⅰ, Ⅱ and
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Figure 1 Distribution of 6-field intensity
modulated radiotherapy plan. Isodose distributions are shown in three orthogonal planes
through the middle of the planning target volume
(PTV). The isodose levels are shown colored
lines over the computed tomography images,
with the green area indicating the PTV.

Table 2 Characteristics of the patients (n = 18) n (%)

Table 3 Dose-limiting toxicities of chemoradiotherapy

Characteristic

Level

Median (range)
Men
Location of primary tumor
Upper 1/3
Middle 1/3
Lower 1/3
Surgery type
Proximal partial gastrectomy
Distal partial gastrectomy
Total gastrectomy
Extent of dissection
R0 (D1, D2)
R1
R2
Tumor differentiation
Well
Moderately
Poorly
Signet ring cell
Yes
No
Adjuvant chemotherapy
Yes
No
Stage (AJCC 7th)
Ⅱ
Ⅲ

Capecitabine
2
(mg/m ,
bid)

n

No. patients
with the
DLT

DLT (G3/4)

Ⅰ

625

6

1

  Ⅱ

700

6

1

4 (22.2)
12 (66.7)
2 (11.1)

  Ⅲ

800

6

1
1

Nausea,
vomiting,
anorexia
Nausea,
anorexia
Neutropenia
Radiation
esophagitis

12 (9, 3) (66.7)
2 (11.1)
4 (22.2)

DLT: Dose-limiting toxicity; RT: Radiotherapy.

Value
54 (29-66)
12 (66.7)
4 (22.2)
2 (11.1)
12 (66.7)

5.4

45
36
43.2

to be the MTD. The DLTs met at levels Ⅰ, Ⅱ and Ⅲ
(Table 3) were grade 3 anorexia and nausea (levels Ⅰ and
Ⅱ), grade 4 vomiting (level Ⅰ), grade 4 neutropenia and
grade 3 radiation esophagitis (level Ⅲ).
Grade 1-3 leukopenia (16 patients, 88.9%), anorexia
(15, 83.3%) and nausea (15, 83.3%) were the most common toxicities. No renal or liver toxicity occurred in
any patient. The detected grade 1-4 toxicities have been
shown in Table 4.
Of the 12 patients with R0 resection, 45 Gy was delivered to nine patients as planned, including one patient
who developed a DLT at level Ⅱ but finally completed
the entire treatment protocol. The remaining three patients completed CRT with 5.4, 36 and 43.2 Gy, owing to
the occurrence of DLTs. Of the six patients with R1/R2
resection, two received sequential boosts for a total dose
of 55.8 Gy without any DLTs. The remaining patients
did not receive boosts because of difficulty in contouring
the location of the residual tumor area without the placement of clips during surgery.

1 (5.6)
3 (16.7)
14 (77.8)
9 (50.0)
9 (50.0)
15 (83.3)
3 (16.7)
3 (16.7)
15 (83.3)

AJCC: American Joint Committee on Cancer.

Ⅲ. Grade 3 anorexia and nausea and grade 4 vomiting

were observed in one of six patients at the first level after
only three fractions of radiation had been performed.
At level Ⅱ, one of the first three patients encountered
grade 3 anorexia and nausea. After upgrading to level Ⅲ,
one patient developed grade 4 neutropenia, and another
patient of the subsequent three patients developed grade
3 radiation esophagitis. The trial was then ended, and no
patient was upgraded to levels Ⅳ and Ⅴ. Therefore, level
2
Ⅲ (capecitabine, 800 mg/m , twice daily) was determined

WJG|www.wjgnet.com

RT dose when
DLT occurred
(Gy)

Survival and relapse
During a median follow-up of 45 mo (range, 5-58 mo),
five patients died: four of progression of gastric cancer
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Table 4 Grade 1-4 toxicities n (%)

Overall survival (%)

80

Toxicity
Nausea
Vomiting
Diarrhea
Stomatitis
Anorexia
Fatigue
Weight loss
HFS
Esophagitis
Leukopenia
Neutropenia
Anemia
Thrombocytopenia
ALT/AST
Renal

60
40
20
0

0

12

24
36
Time (mo)

48

60

Figure 2 Overall survival rates, according to the Kaplan-Meier technique.

and one of pulmonary embolism. The 4-year LRC and
OS rates were 93.8% and 68.1%, respectively (Figure 2).

Grade 3-4

13 (72.2)
5 (27.8)
2 (11.1)
3 (16.7)
13 (72.2)
13 (72.2)
7 (38.9)
3 (16.7)
0
14 (77.8)
3 (16.7)
3 (16.7)
5 (27.8)
0
0

2 (11.1)
1 (5.6)
0
0
2 (11.1)
0
0
0
1 (5.6)
2 (11.1)
1 (5.6)
0
0
0
0

HFS: Hand foot syndrome; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase.

a recommended and effective treatment for gastric cancer
according to NCCN guidelines[6].
In our specialized cancer hospital, most surgeons perform D1 or D2 lymphadenectomy, which accounts for
the high 5-year LRR rate of 27.6%[23]. This result is not
comparable to those of studies from Japan and Korea
due to the inferior performance of the D2 lymphadenectomy[7,11,24]; therefore, postoperative CRT should be
introduced in our hospital as a standard of care. Unfortunately, this regimen is still not well accepted or routinely
performed. One of the reasons for this might be the
concern about the high rate of side effects of postoperative CRT based on the INT 0116 report.
In the INT 0116 study, 54% and 32% patients developed grade 3/4 hematological and gastrointestinal
toxicities, respectively. Three patients (1%) suffered toxic
deaths, and 31% did not complete the treatment due
to toxicities[4]. However, these outcomes were obtained
in the era of two-dimensional RT with a large AP-PA
field. We currently utilize two methods to avoid these
outcomes. Firstly, 3DCRT or IMRT provides excellent
coverage of the target volume while avoiding normal tissue. Leong et al[14] reported that 3DCRT provides more
adequate coverage of the target volume with 99% PTV
receiving 95% of the prescribed dose, compared to 93%
PTV using AP-PA fields. The doses to the kidneys and
spinal cord were much lower with the conformal technique. Furthermore, IMRT could deliver more efficient
doses to the target volume while reducing the dose to
the kidneys when compared with the conventional technique[25].
Secondly, the exclusion of the remnant stomach from
the radiation field could significantly reduce the acute side
effects without compromising long-term survival rates (DFS,
with remnant stomach irradiated vs without, 70.4% vs 71.0%,
P = NS; OS, 72.3% vs 72.9%, P = NS)[26]. Our analysis also
revealed that only 4.7% out of 297 patients with locally
advanced gastric cancer developed a recurrence in the
remnant stomach after a D1 or D2 lymphadenectomy[23].

DISCUSSION
Our results suggest that postoperative CRT with oral
capecitabine and 45 Gy IMRT was well tolerated in locally advanced, gastric cancer patients after a partial or
total gastrectomy. The most frequent adverse events were
leukopenia, anorexia and nausea, although most of these
were at grade 1 or 2. DLTs included grade 3 nausea, anorexia and radiation esophagitis and grade 4 neutropenia
and vomiting. The MTD of oral capecitabine was determined to be 800 mg/m2 twice daily.
The benefit of postoperative CRT for locally advanced gastric cancer remains controversial. The benefits
or drawbacks of this treatment mainly depend on whether a D2 or D0-1 lymphadenectomy has been performed.
Differing results regarding D1 or D2 lymphadenectomy
have been reported from both Western and Eastern
studies[19-21]. Two large, randomized, clinical trials, INT
0116 and the ARTIST study, have provided compelling
evidence on this topic. Since INT 0116 was published
in 2001, the application of concurrent CRT has become
widespread. This was the first study to provide evidence
demonstrating that combined CRT following R0 resection and D0/D1 lymphadenectomy improves disease-free
survival (DFS) and OS. Even after 10 years of followup, updated aanalysis of the INT 0116 study still show a
strong, persistent benefit of adjuvant CRT in terms of
DFS and OS, because the reduction of LRR may reduce
the overall relapse in the majority of patients[22]. Recently,
a large, prospective, randomized trial (ARTIST) from
Korea indicated a 3-year DFS benefit for postoperative,
concurrent CRT in patients with positive LNs after R0
resection and D2 lymphadenectomy compared with those
who received chemotherapy alone[7]. Although this result
was obtained via a subgroup analysis, further studies that
focus on LN-positive patients with R0 resection and D2
lymphadenectomy are warranted. Owing to its remarkable control of LRR, fluoropyrimidine-based postoperative CRT following R1 or R2 resection is unquestionably
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capecitabine in combination with IMRT. The dose limiting toxicities observed
in this study were anorexia, nausea and vomiting, neutropenia and radiation
esophagitis. A Phase Ⅱ study will then be established to determine the treatment efficacy of this regimen.

More importantly, capecitabine was demonstrated to
be a safer and more effective regimen than 5FU, which
was used as part of the concurrent chemotherapy regimen in INT 0116. In the past 10 years, capecitabine
has been implemented extensively in the treatment of
colorectal, breast and gastric cancer, either as a single
agent or combined with other chemotherapeutic and
targeted agents. Oral capecitabine has shown comparable
results to those of 5FU infusion, with a much safer side
effects profile and without the need for an invasive delivery route. Therefore, capecitabine has been recognized as
a standard of care for the treatment of advanced gastric
cancer worldwide[6,27,28]. Moreover, a German, randomized, non-inferiority, phase Ⅲ trial of 392 rectal cancer
patients concluded that capecitabine could replace 5FU
in adjuvant or neoadjuvant CRT regimens for patients
with locally advanced rectal cancer, with a non-inferior
OS (P = 0.0004), a significantly lower distant metastasis
rate (P = 0.04) and better DFS rate (P = 0.07)[28].
The combined current literature indicates that postoperative CRT is a good option for patients with locally
advanced gastric cancer who have undergone R0 and
D0-1 lymphadenectomy. To avoid acute side effects and
make the drug safer, a combination of an appropriate irradiation field, and the use of advanced techniques such
as 3DCRT or IMRT and mature chemotherapy regimens
with capecitabine is highly recommended.
In the present study, we considered that postoperative CRT with 800 mg/m2 oral capecitabine twice daily
combined with IMRT with a dose of at least 45 Gy in 25
fractions was feasible and safe. The recommended dose
of capecitabine was similar to that used in the RT phase
of the CRT group in the ARTIST trial (capecitabine, 825
mg/m2 twice daily during RT treatment)[7]. Although the
number of patients in our study was limited, the results
of a 4-year follow-up show LRC and OS rates as high as
93.8% and 68.1%, respectively, which are very promising.
A phase Ⅱ study is ongoing, and its results are eagerly
awaited.

Terminology

IMRT is a method of radiotherapy that is delivering radiation to precise tissue
areas that is greatly superior to conventional radiotherapy as it spares more
normal tissue outside the radiation field.

Peer review

This is a very interesting phase Ⅰ trial about capecitabine combined with IMRT
for locally advanced gastric cancer. Although the small number of patients
involved, the trial was well done and the conclusions are according to another
trial published and are correct. This is an interesting issue because utilize IMRT
in the treatment for locally advanced gastric cancer and it will be very important
to do a phase Ⅱ trial.
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tween G-CSFR and G-CSFR patients. G-CSFR expression was positively correlated with poor radiotherapy
response (58.8% vs 75.6%, P = 0.014, r = 0.219). The
+
proportion of well-differentiated tumors in G-CSFR and
G-CSFR patients was 24.7% and 36.6%, respectively.
Sphincter preservation was observed in 57.6% of G-CS+
FR patients and 78.5% of G-CSFR patients. Significant
correlations were found between G-CSFR expression
and tumor differentiation (24.7% vs 36.6%, P = 0.019,
r = 0.210), as well as sphincter preservation (57.6% vs
78.5%, P = 0.044, r = 0.180).

Abstract

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

CONCLUSION: The expression of G-CSFR before preoperative irradiation may predict the radiosensitivity of
rectal cancer.

AIM: To evaluate whether granulocyte colony-stimulating factor receptor (G-CSFR) expression before preoperative irradiation can predict the radiosensitivity of
rectal cancer.

Key words: Radiotherapy; Rectal cancer; Radiosensitivity; Predictive factor; Tumor
Core tip: It is unknown whether the expression of
granulocyte colony-stimulating factor receptor (G-CSFR)
can predict tumor response or sphincter preservation
in patients with rectal cancer receiving preoperative
radiotherapy. This study found that the expression of
G-CSFR before preoperative irradiation may predict the
radiosensitivity of rectal cancer.

METHODS: The expression of G-CSFR was examined,
using immunohistochemistry, in biopsy specimens from
126 patients with locally advanced rectal adenocarcinoma before preoperative irradiation. Radiosensitivity
was then evaluated according to the Rectal Cancer
Regression Grading. Endoscopic inspection was used to
detect the tumor area in each patient. General patient
information, such as age, gender, lymph node status,
tumor size and degree of differentiation was recorded.
A statistical analysis was then performed to evaluate
the correlation between clinical or pathological parameters and G-CSFR expression in tumors.

Yang XD, Huang P, Wang F, Xu ZK. Expression of granulocyte colony-stimulating factor receptor in rectal cancer. World
J Gastroenterol 2014; 20(4): 1074-1078 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i4/1074.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i4.1074

RESULTS: According to endoscopic inspection, the
2
2
tumor area ranged from 4 to 48 cm (median, 15 cm ).
+
Positive G-CSFR immunoreactions (G-CSFR ) were observed in 85 specimens, and negative (G-CSFR ) in 41.
No significant differences were found in age, gender,
tumor invasion, lymph node status and tumor size be-
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INTRODUCTION
Colorectal cancer is one of the most common can-
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cers in humans and the second leading cause of cancer
death[1,2]. Each year there are approximately 42000 newly
diagnosed cases in the United States alone, and 1 million
worldwide[3]. As the main treatment option is confined to
surgery, preoperative radiotherapy has been used to improve the outcome of surgery in patients with rectal cancer. Studies have shown that the local recurrence rate was
20%-60% in patients with locally advanced rectal cancer
treated with surgery alone, whereas adjuvant radiotherapy
improved local control and survival rate[3]. Other studies
also showed the benefits of preoperative radiotherapy[4,5].
When comparing the benefits of neo-adjuvant radiotherapy with adjuvant radiotherapy, the former therapy is superior because it decreases tumor bulk, enhances sphincter preservation and reduces acute toxicity. As a result,
preoperative pelvic radiotherapy resulted in a 4%-30%
pathological complete response and a partial response in
30%-60% of cases[3-5].
Partial response after neo-adjuvant radiation therapy
occurs in 46.7% of patients, and of these patients, 17.9%
have complete responses. A previous study demonstrated that response to preoperative radiotherapy varies,
depending on clinical factors such as tumor stage, total
dose, fractionation schedules, concomitant chemotherapy treatment or time between radiation and surgery[6].
The study also suggested that although tumor-nodemetastasis classification was useful for staging patients
and selecting them for specific treatments, it was not
sufficient: patients at the same stage may have different
outcomes[6]. Therefore, additional prognostic biomarkers
are needed for the clinical management of patients with
rectal cancer. Significant research effort has been devoted
to developing molecular targeted therapies or searching
for molecular markers that are useful either in predicting
treatment outcome or in selecting patients for specific
molecular targeted therapies, based on particular tumor
characteristics[7].
A previous study in our laboratory demonstrated that
granulocyte colony-stimulating factor receptor (G-CSFR)
was expressed in most human colorectal cancers, was
involved in the development of human colorectal cancer
and may be associated with more aggressive cancer[8].
However, little data on the effect of G-CSFR expression on response to pelvic radiotherapy in the preoperative setting are available. Thus, in the present study, we
determined the expression level of G-CSFR in locally
advanced rectal cancer and assessed whether G-CSFR expression could predict tumor response in patients treated
with preoperative radiation therapy.

nosis of adenocarcinoma of the rectum, with the inferior
margin of the tumor less than 10 cm from the anal verge;
(2) clinically staged as locally advanced rectal cancer; (3)
administration of preoperative radiotherapy followed by
surgical resection; and (4) available tissue samples of the
diagnostic biopsy and tumor specimen for review and
immunostaining. From September 2002 to October 2007,
126 patients with locally advanced rectal adenocarcinoma
were administered preoperative radiotherapy in the First
Affiliated Hospital of Nanjing Medical University (Nanjing, China). All patients were free of distant metastases
at the time of diagnosis. Assessment of local extension
was based on clinical and radiographic evaluations. Diagnostic studies consisted of colorectal endoscopy, abdominopelvic computed tomography (CT), chest X-ray,
endoscopic ultrasonography and routine laboratory studies. The patients were staged according to the American
Joint Committee on Cancer Staging.
Immunohistochemical assay of G-CSFR
Consecutive sections (4 µ m) of formalin-fixed and
paraffin-embedded tissue specimens were used for immunohistochemistry. The sections were stained using a
labeled streptavidin-biotin peroxidase method (LSAB2
Kit; Dako Japan Inc., Kyoto, Japan) comprising a mouse
monoclonal anti-G-CSFR antibody (Serotec Ltd, United
Kingdom; dilution 1:80). The slides were immersed in
0.3% hydrogen peroxide/methanol for 10 min to deplete
endogenous peroxidase. Then, nonspecific binding sites
were blocked with 0.3% normal goat serum for 10 min.
The primary antibody was then applied, and the sections
were incubated overnight at 4 ℃. After washing with
phosphate-buffered saline (PBS, 0.01 mol/L pH 7.4), the
secondary antibody (biotinylated goat-anti-mouse IgG)
was applied to the tissue sections, which were incubated
at room temperature for 10 min. After washing with PBS,
a streptavidin peroxidase reagent was applied and the
sections were incubated at room temperature for 10 min.
Finally, the reaction product was visualized by developing
the color following incubation of the slides in a solution
of 0.3% hydrogen peroxide and 3-amino-9-ethylcarbazole
chromogen. The sections were lightly counterstained with
hematoxylin. Negative controls were parallel sections in
which the primary antibody was replaced with the same
volume of PBS. The immunoreactions were graded as
negative (0), weakly positive (1), moderately positive (2),
or strongly positive (3), according to the immunostaining
intensity. Two independent pathologists who had no preknowledge of this study read all the slides. In the case
of disagreement between the two pathologists, a third
pathologist read the slides, discussed the results with his/
her two colleagues, and then made the final decision.

MATERIALS AND METHODS
Patient selection and pretreatment evaluation
All patients gave informed consent before their inclusion
in the study, and the Ethics Committee of the hospital
approved all the human studied, which were performed
in accordance with the ethical standards. The inclusion
criteria were as follows: (1) histologically confirmed diag-
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Preoperative radiotherapy and surgical modalities
Physical examination, endorectal ultrasound and pelvic
CT were used to stage the patients. Preoperative radiotherapy was delivered to the pelvis with 60CO. The clinical target volume included the tumor, the entire rectum,
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Table 1 Relationship between granulocyte colony-stimulating
factor receptor expression and clinicopathological factors
Clinicopathological Cases
parameters
Age (yr)
< 60
≥ 60
Gender
Male
Female
Pathological stage
LNLN+
T3
T4
Size (cm2)
> 15
≤ 15
Differentiation
Well
Moderate
Poor
Sphincter
preservation
Yes
No
Distance from anal
verge (cm)
5-10
<5
Pathological
response
Complete
Partial
No response

P value

G-CSFR

r

0
41

1
26

2
28

3
31

67
59

20
21

17
9

15
13

15
16

NS

54
72

18
23

10
16

11
17

15
16

NS

72
54
38
88

21
20
13
28

12
14
6
20

20
8
9
19

19
12
10
21

66
60

18
23

14
12

15
13

19
12

NS

36
55
35

15
17
9

6
15
5

10
13
5

5
10
16

0.019

0.210

81
45

32
9

15
11

17
11

17
14

0.044

0.180

82
44

28
13

17
9

19
9

18
13

NS

37
44
45

18
13
10

7
10
9

5
11
12

7
10
14

NS

Figure 1 Pre-radiotherapeutic tumor under endoscopy.

NS

tumor cells, as “partial response”, and grade 5, defined as
absence of tumor response, as “no response”.
Statistical analysis
The Kendall’s tau-b and the Spearman test were used to
examine the correlation between various clinical or pathological parameters and the expression of G-CSFR in tumors. The correlation was evaluated using the Spearman
test. P values less than 0.05 were considered statistically
significant. All calculations were performed using SPSS
12.0 for Windows.

RESULTS
0.014

General patient information, such as age, gender, lymph
node status, tumor size and degree of differentiation
are summarized in Table 1. There were 54 men and 72
women, aged from 30 to 90 years (median, 60 years).
According to the endoscopic inspection, the tumor area
ranged from 4 to 48 cm2 (median, 15 cm2) (Figure 1). The
results of G-CSFR immunostaining are also summarized
in Table 1. Positive immunoreactions (G-CSFR+) of cytoplasmic staining in tumor cells were observed in 85 of
126 pre-radiation biopsy specimens, while 41 were negative (G-CSFR-). No significant differences were found
in age, gender, tumor invasion, lymph node status and
tumor size between G-CSFR+ patients and G-CSFR- patients. There were 36 well differentiated tumors, 55 moderately differentiated tumors and 35 poorly differentiated
tumors.
Significant correlations were found for the pathological response, tumor differentiation and the proportion
of sphincter preservation between G-CSFR+ patients
and G-CSFR- patients. In this study, the proportion of
sphincter preservation was 57.6% (49/85) in G-CSFR+
patients, compared to 78.5% (32/41) in G-CSFR- patients (P = 0.044, r = 0.180). The proportion of well
differentiated tumors in G-CSFR+ patients was 24.7%
(21/85), while that in G-CSFR - patients was 36.6%
(15/41) (P = 0.019, r = 0.210). The distance from the
anal verge to the inferior margin of the tumor was 5 - 10
cm in 82 patients, whereas the distance was less than 5
cm in 44 patients. Various responses to radiotherapy were

0.219

G-CSFR: Granulocyte colony-stimulating factor receptor; NS: Not
significant; LN: Lymph nodes.

the anterior wall of the sacrum, the posterior wall of the
prostate or vagina, and the perirectal, presacral, hypogastric, actuator, and iliac lymph nodes. The standard anterior-posterior/posterior-anterior fields received 45 Gy, and
then two opposed lateral boost fields up to 50.4 Gy were
used. All patients received conventional fractionation of
1.80 Gy/d, and five fractions per week. Physical examination, endorectal ultrasound and pelvic CT were used to
restage the patients four to six weeks later. The patients
then received total mesorectal excision by a group of
surgeons in our hospital. Subsequently, the pathological
response was evaluated in postsurgical specimens and
graded according to the method described by Mandard
et al[9]. This method was used to assess the pathological
response after neo-adjuvant radiotherapy in rectal cancer
on a scale of 1-5, based on the presence of residual tumor cells and the extent of fibrosis. The two pathologists
who were blinded to the study assessed the grade of tumor response. We considered grade 1, which is defined as
the absence of residual tumor cells and fibrosis extending
through the layers of the rectum, as “complete pathological response”. We considered grade 2-4, which are characterized by the presence of various amounts of residual
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A

B

Figure 2 Post-radiotherapeutic tumor. A: The original tumor shrank and the level of peripheral necrosis was elevated; B: Complete response to radiation therapy in
postoperative samples. The tumor cells were replaced by fibrosis and necrosis.

G-CSFR may be influenced by locally expressed G-CSF.
G-CSF can be produced either by white blood cells,
which frequently infiltrate colorectal tumors, or by cancer
cells themselves, as shown in cultured bladder carcinoma
and astrocytoma cell lines[13,14]. Downstream G-CSF signaling in non-hematopoietic cells is not well understood,
although it has been intensively studied in hematopoietic
cells[15]. The proliferative effect of G-CSF in colorectal
cancer in vivo and in vitro, and the mechanism involved
were not studied. Interestingly in our study, a significant
correlation was found between G-CSFR expression on
pre-radiation biopsy and tumor differentiation. This indicated that the G-CSF/G-CSFR signaling pathway may
be involved in the development of rectal cancer, and that
G-CSFR levels may be correlated with either aggressive
disease or a poor prognosis. G-CSFR may mediate a cytoprotective response to reduce cell sensitivity to radiation,
similar to the mechanism of accelerated proliferation in
hematopoietic tumor cells. Therefore, preoperative radiotherapy may be able to eradicate G-CSFR- tumor cells,
whereas G-CSFR+ tumor cells may remain active because
of their radio-resistance.
In conclusion, our study indicates that there is a significant correlation between G-CSFR expression and
tumor radiosensitivity. Examination of G-CSFR expression suggested that pre-radiation biopsy specimens could
predict the radiosensitivity of locally advanced rectal
cancer before pre-operative irradiation, and that G-CSFR
expression was associated with a lack of pathological
complete response. Overall, our analysis of G-CSFR expression is helpful in determining a subgroup of high-risk
patients suitable for more therapeutic modalities, such as
appropriate monoclonal antibodies against G-CSFR.

seen in the 126 post-radiation rectal cancer specimens. In
hematoxylin-stained slides, 81 patients (64.3%, 81/126)
responded to pelvic preoperative radiotherapy. Of these
patients, 37 (29.4%, 37/126) achieved a complete pathological response, with no residual tumor in the resected
specimens, and the cancer cells were completely replaced
by fibrosis, necrosis, or calcified tissue (Figure 2). Partial responses were seen in 44 patients (34.9%, 44/126).
Response to pelvic radiotherapy was observed in 75.6%
(31/41) of G-CSFR - patients and 58.8% (50/85) of
G-CSFR+ patients (P = 0.014, r = 0.219). Only 19 (22.4%,
19/85) G-CSFR+ patients achieved complete pathological response, compared with 43.9% (18/41) of G-CSFRpatients. Multivariate analysis showed that G-CSFR status
was a significant predictor of complete remission.

DISCUSSION
Mitotic or clonogenic cell death is considered to be the
major mechanism of most solid tumors response to clinical radiotherapy[10]. With increased knowledge of cell
cycle regulation, apoptosis and DNA repair, attempts
have been made to identify molecular markers capable of
predicting the radiation sensitivity of tumors. Markers,
including p53, have been studied in cell cycle regulation,
apoptosis and resistance to radiation[11,12]. However, it is
questionable whether these constituents can be used to
predict radiotherapy response. In the present study, we
followed patients in an attempt to identify a new specific
molecular marker for radiotherapy sensitivity.
Our study is the first to examine the relationship
between G-CSFR expression and tumor radiosensitivity
in rectal cancer. The results demonstrated that G-CSFR
overexpression was significantly associated with a poor
response to radiotherapy, although the exact mechanism
involved in this relationship remains unknown. Our
previous study proved that G-CSFR expression was upregulated in colorectal cancer cells compared with normal mucous membranes[8]. The current findings further
reinforce our understanding of the mechanistic role of
G-CSF/G-CSFR signaling in colorectal cancer. It is possible that the behavior of colorectal tumors expressing
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hypertension patients and control participants, as well
as between portal hypertension patients with varying
degrees of severity. In addition, we established a rabbit hepatic schistosomiasis portal hypertension (SPH)
model and analyzed liver morphology, fibrosis grade,
plasma and liver tissue H2S concentrations, as well as
cystathionine γ-lyase (CSE) activity and phosphorylated
extracellular signal-regulated kinase (pERK)1/2, B cell
lymphoma (Bcl)-2 and Bcl-XL expression in portal vein
smooth muscle cells, in addition to their H2S-induced
apoptosis rates.

Abstract

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

RESULTS: In portal hypertension patients, endogenous H2S levels were significantly lower than those in
healthy controls. The more severe the disease was, the
lower were the H2S plasma levels, which were inversely
correlated with PVD and Child-Pugh score. Liver tissue
H2S concentrations and CSE expression were significantly lower in the SPH rabbit livers compared with the
control animals, starting at 3 wk, whereas pERK 1/2
expressions gradually increased 12-20 wk after SPH
model establishment. In portal vein smooth muscle
cells, increasing H2S levels led to increased apoptosis,
while Bcl-2 and Bcl-XL expression decreased.
CONCLUSION: H2S prevents vascular restructuring
caused by excessive proliferation of smooth muscle
cells via apoptosis induction, which helps to maintain
normal vascular structures.

AIM: To investigate the association between endogenous hydrogen sulfide (H2S) and portal hypertension
as well as its effect on vascular smooth muscle cells.

Key words: Portal hypertension; Apoptosis; B-cell lymphoma-2; B-cell lymphoma-XL; Cystathionine γ-lyase;
pERK 1/2; Hydrogen sulfide

METHODS: Portal hypertension patients were categorized by Child-Pugh score based on bilirubin and
albumin levels, prothrombin time, ascites and hepatic
encephalopathy. Plasma H2S concentrations and portal
vein diameters (PVDs) were compared between portal

WJG|www.wjgnet.com

Core tip: In portal hypertension patients, endogenous
hydrogen sulfide (H2S) levels were significantly lower
than those in healthy controls. H2S plasma level reductions correlated with portal vein diameter and Child-
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shown that it plays an important role in the development
of primary hypertension and in the regulation of cardiovascular system functions and structures. The CSE/H2S
pathway participates in the pathophysiological processes
of cardiovascular diseases, such as hypoxic pulmonary
arterial hypertension and high pulmonary blood flow,
leading to pulmonary arterial hypertension [11]. H2S is
an important vasoactive substance, thus, increasing attention has focused on its role in the development of
portal hypertension. A 2003 study by Poliakova et al[12]
found that a mixture of gases containing H2S could induce biochemical restructuring of rat livers. Both longterm exposure (> 2 wk) to a low dose and short-term
exposure to a high dose of the H2S-containing gaseous
mixture could lead to reversible changes in the liver.
Although there have been studies about H2S involvement in cirrhosis-induced portal hypertension, detailed
mechanisms remain unclear. Some researchers[13-15] have
speculated that H2S participates in portal hypertension
through the following three pathways: (1) regulation
of smooth muscle relaxation; (2) inhibition of vascular
smooth muscle proliferation; and (3) induction of vascular smooth muscle apoptosis. In this study we collected
data about endogenous H2S levels and other clinical
data from patients with portal hypertension and also
established rabbit portal hypertension as well as primary
portal vein smooth muscle cell models in order to study
correlations between H2S and portal hypertension and
its mode of action.

Pugh score. In a rabbit hepatic schistosomiasis portal
hypertension model, liver tissue H2S concentrations and
cystathionine γ-lyase expression were significantly reduced and phosphorylated extracellular signal regulated
kinase 1/2 expression gradually increased. Increasing
H2S levels led to increased apoptosis of portal vein
smooth muscle cells, while B-cell lymphoma-2 (Bcl-2)
and Bcl-XL expression decreased. We suggest that H2S
prevents portal hypertension though apoptosis induction of otherwise excessive proliferating smooth muscle
cells.
Wang C, Han J, Xiao L, Jin CE, Li DJ, Yang Z. Role of hydrogen sulfide in portal hypertension and esophagogastric junction
vascular disease. World J Gastroenterol 2014; 20(4): 1079-1087
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i4/1079.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i4.1079

INTRODUCTION
Cirrhosis is a common chronic liver disease with various causes, and in the late stage, the main symptoms are
liver function impairment and portal vein hypertension,
which eventually lead to esophagogastric junction vascular diseases. Major critical pathophysiological processes
accompanying the progression of cirrhosis are structural
changes in the liver tissue and changes in vasoactive substance activation[1]. Recent studies have shown that the
gaseous molecule hydrogen sulfide (H2S) has biological
signaling characteristics similar to NO and CO, and is involved in pathophysiological processes leading to portal
hypertension through multiple mechanisms. H2S, following NO and CO, is the third discovered endogenous gas
signaling molecule, while various studies since the 1990s
have shown that endogenous H2S exists in many mammalian tissues and organs[2-5], serving as vascular and
digestive tract smooth muscles relaxant, affecting longterm potentiation (LTP) induction in the hippocampus[6],
regulating the secretion of corticotrophin-releasing
hormone (CRH) in the hypothalamus[7], inhibiting the
proliferation of vascular smooth muscle cells[8], and inducing smooth muscle relaxation in the human corpora
cavernosum [9]. In mammals, there are two pathways
for endogenous H2S production: enzymatic and nonenzymatic. In the enzymatic pathway, which is the major
source of endogenous H2S, it is produced by cysteine
breakdown through the actions of cystathionine-Bsynthase (CBS) and cystathionine-γ-lyase (CSE). In the
non-enzymatic pathway, glucose undergoes glycolysis
and then combines with sulfur in the blood, thereby
producing a small amount of H2S. CBS and CSE are expressed in a tissue-specific manner; hepatocytes express
both enzymes, whereas hepatic stellate cells (HSCs) express only CSE, and sinusoidal endothelial cells express
neither[10]. Endogenous H2S participates in the regulation of smooth muscle relaxation, therefore, it has been
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MATERIALS AND METHODS
Inclusion and exclusion criteria
This study included 200 patients with cirrhosis-induced
portal hypertension who were treated in the Department of General Surgery of the Tongji Hospital, Tongji
Medical College, Huazhong University of Science and
Technology, from December 2008 to December 2011.
Clinical data and blood samples were collected from all
200 patients (140 males and 60 females, mean age 44
± 14 years) and pathological studies identified 77 cases
of hepatitis-induced cirrhosis, 82 of schistosomiasis-induced cirrhosis, 32 of cirrhosis of mixed causes, two of
Caroli disease, four of portal vein cavernous transformation, and three of alcohol-induced cirrhosis. The control
group comprised 100 healthy individuals examined at
Tongji Hospital during the same period, consisting of
50 men and 50 women aged 47 ± 13 years. Exclusion
criteria were chronic illnesses such as hypertension and
pulmonary arterial hypertension, which could affect
endogenous H2S levels. Diagnosis of portal hypertension was made according to published guidelines[16] and
portal vein diameter (PVD) was determined by Doppler
ultrasound; if PVD was ≥ 1.3 cm and accompanied
with cirrhosis, the patient was diagnosed with portal
hypertension. Child-Pugh scores were evaluated based
on bilirubin and albumin levels, prothrombin time, and
the presence of ascites and hepatic encephalopathy. All
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participants gave their written informed consent and the
study was approved by the Ethical Committee of the
Tongji Hospital.

100.00

80.00

H2S detection
Upon admission, 3 mL venous blood was collected from
all participants in both groups, stored in sealed tubes for
2 h, and centrifuged at 3000 r/min for 10 min to separate the plasma and stored again at -70 ℃ in eppendorf
(EP) tubes (Eppendorf, Hamburg, Germany). Plasma
and liver tissue H2S contents were measured according to
Chunyu et al[17]. The resultant supernatant was analyzed
using a UV spectrophotometer at 665 nm and calculated
with a standard curve obtained from NaHS solutions.
Plasma H2S concentrations were expressed in μmol/L
and liver tissue H2S contents were shown in nmol/mg
wet tissue/min. All measurements were performed in
triplicate and results were expressed as mean ± SD.

H2S
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Figure 1 Negative correlation between H2S plasma levels and portal vein
diameters in patients with portal hypertension. r = -0.478, P < 0.05.

tivity was determined in a 1.0-mL volume by incubation
of 100 mmol/L potassium phosphate buffer, pH 7.5,
4.0 mmol/L L-cystathionine, 0.125 nmol/L pyridoxal
5’-phosphate, 0.32 nmol/L NADH, 1.5 U lactate dehydrogenase, and 25 or 50 μL of the 20000 g supernatant
prepared from liver homogenate in a 1.5 mL semi-micro
quartz cuvette ( 10 mm light path) at 37 ℃. The decrease
in OD340 gave a linear response to decreasing NADH
concentrations, corresponding to lactate synthesis via
L-cysteine-derived pyruvate accumulation and lactate dehydrogenase activity.

Animal experiments
Thirty healthy adult long-eared white rabbits (purchased
from Tongji Medical College, Huazhong University of
Science and Technology, Wuhan, China) with a body
weight of 2.5-3.5 kg, regardless of sex, were randomly
divided into a control (n = 10) and model (n = 20)
group.
Model establishment
The animal model was established in the Schistosomiasis
Research Facility, Hubei Provincial Disease Prevention
and Control Center. Abdominal patches were used to
infect the rabbits with schistosomal cercariae to induce
a rabbit SPH model. The Schistosoma japonicum cercariae
were collected from snails in Hubei Province. A 2 cm ×
2 cm patch was collected into the abdominal region of
the rabbits, creating a wound (Figure 1A). During wound
cleansing, the cercariae were counted under a microscope (180 ± 10/rabbit) and the coverslips with the cercariae were located on the exposed skin for 15-20 min,
leading to acute schistosomiasis infection. After infection, the animals were kept in rabbit rooms in the Tongji
Hospital Laboratory Animal Facility. The control rabbits
were treated similarly, apart from not being infected with
the cercariae.

Liver hematoxylin and eosin staining
The rabbit liver tissues were fixed in a 10% formalin
solution, embedded in paraffin, cut into 4-μm slices,
stained with hematoxylin and eosin (HE), and sealed
with neutral resin. Liver histology was observed under a
microscope.
Masson’s trichrome staining of liver tissues
The rabbit liver tissues were fixed in a 10% neutral formalin solution, embedded in paraffin, sliced, stained with
potassium dichromate, acid fuchsin and aniline blue, and
sealed with neutral resin. Morphological changes in the
liver tissue were observed under an optical microscope.
Collagen fibers were stained blue-green, muscle fibers
and cellulose were stained red, and nuclei were stained
blue to black.

Sample collection
At 8, 12 and 16 wk after infection, five or six animals
from the model group and three from the control group
were randomly selected and peripheral venous blood
samples were collected from the ear vein. The animals
were sacrificed using air embolism; after which, portal
vein blood was drawn and samples from liver and spleen
tissues as well as portal vein blood vessels were taken.
The tissue samples were stored in liquid nitrogen, while
the blood samples were stored in a freezer.

Cell culture
Portal vein smooth muscle cells were grown in complete
culture medium at 37 ℃ for 1-2 d and cell growth was
monitored under a microscope. Cells were replated at
80%-90% confluence. Culture medium was changed on
the basis of the actual cell growth.
Immunofluorescence and tissue cell apoptosis staining
assays
Portal vein smooth muscle cells were inoculated on glass
slides after conventional digestion. On the next day, the

Measurement of CSE activity in liver tissues
Using the method reported by Stipanuk et al[18], CSE ac-
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liters of the samples were subjected to SDS-PAGE and
the protein was transferred to polyvinylidene difluoride
membranes via wet electroblotting (21 V, 40 min). After
2 h blocking at room temperature in 5% bovine serum
albumin, primary antibodies (Santa Cruz Biotechnology, Santa Cruz, CA, United States) for Bcl-XL (1:400),
Bcl-2 (1:400) and pERK1/2 (1:500) were added and the
membranes were incubated for 2 h at room temperature
and kept at 4 ℃ overnight. Samples were washed in
Tris-buffered saline-Tween 20 (TBST), incubated with
horseradish-peroxidase-conjugated secondary antibodies at room temperature for 90 min, and washed again
with TBST. The membranes were placed in an imaging
system to measure the signal intensities using chemiluminescent reagents.

Table 1 Comparison of age, liver enzymes and plasma H2S
levels between portal hypertension patients and healthy
controls

Age (yr)
Albumin (g/dL)
TB (µmol/L)
ALT (U/L)
PVD (cm)
H 2S
Child–Pugh score
A (H2S) n = 48
B (H2S) n = 125
C (H2S) n = 27

Portal hypertension group
(n = 200)

Control group
(n = 100)

43.6 ± 14.4
33.0 ± 3.7
31 ± 24
37 ± 29
1.5 ± 0.4a

47.1 ± 12.6
38.4 ± 4.1
14 ± 13
25 ± 26
1.1 ± 0.3
43.5 ± 6.2

42.6 ± 4.7a
33.5 ± 7.7b,c
22.2 ± 7.9c,d,f

Significantly different compared with the control group, aP < 0.05, bP < 0.01;
Compared with Child-Pugh score A group, both Child-Pugh score B and
C groups had significantly lower values, cP < 0.05, dP < 0.01; Compared
with the Child-Pugh score B group, the Child-Pugh score C group had
a significantly lower value, fP < 0.01. TB: Tris-buffered; ALT: Alanine
aminotransferase; PVD: Portal vein diameter.

Electron microscopy
Rabbit liver samples were cut into 1 mm3 pieces, fixed
in 2.5% phosphate-buffered glutaraldehyde for 2 h, and
washed in phosphate buffer for 30 min. Samples were
fixed in osmium tetroxide for 2 h and then washed in
phosphate buffer for 30 min. Samples were incubated in
50% ethanol for 15 min, 70% ethanol for 40 min, 90%
ethanol for 15 min, 90% acetone/90% ethanol (1:1)
for 15 min, 90% acetone for 15 min, 100% acetone for
3 × 10 min, 100% acetone/embedding medium (1:1)
overnight, pure embedding medium for 5 h, and embedded overnight. Sample slices were stained with toluidine
blue and cut into ultrathin 100 nm slices. Samples were
stained with uranyl acetate and lead nitrate and observed
under a transmission electron microscope to observe ultrastructural pathological changes.

cells were washed gently with PBS and 3.7% formaldehyde solution was added for 30 min at room temperature, after which they were washed three times with PBS
for 2 min each. The cells were permeated for 10 min
with 0.1% Triton-X-100 solution (prepared in PBS) and
blocked with 10% goat serum (prepared in PBS) for 30
min, followed by incubation with rat α-smooth muscle
actin (SMA) antibody (1:200 in PBS) at room temperature for 2 h. After washing three times with PBS, for 5
min each, the cells were incubated with fluorescent secondary antibody (1:200 dilute by PBS; Sigma, Shanghai,
China) at room temperature in darkness for 1 h, followed by three times with PBS for 5 min each. Finally,
we detected the fluorescence intensity using a fluorescence microscope (440/510 nm, excitation/emission)
after adding fluorescent mounting medium.

Statistical analysis
Data were analyzed using SPSS version 12.0 software.
Quantitative variables were described using mean ± SD
in the case of normal distribution and each sample was
measured at least three times. Possible differences between groups were evaluated using analysis of variance
(ANOVA) in the case of continuous data. In the case
of overall significant differences as a result of ANOVA,
pair-wise t tests were conducted using the closed testing procedure. Analysis of PVD and endogenous H2S
concentrations was done by linear correlation. Statistical
significance was considered if P < 0.05.

Flow cytometry and apoptosis assay
Cultured portal vein smooth muscle cells at 80% confluence were harvested from 6-cm dishes, washed with
PBS, and collected into 5 mL centrifuge tubes in triplicate. Cells (1 × 106) were prepared for apoptosis assays
with an Annexin V/FITC Apoptosis Dectection Kit,
according to the manufacturer’s instructions (Invitrogen,
Carlsbad, CA, United States) and then analyzed by flow
cytometry.

RESULTS

Western blotting
Rabbit portal vein-tunica media dissections were prepared for detecting phosphorylated extracellular signalregulated kinase (pERK)1/2 expression levels, and
primary portal vein smooth muscle cells were used for
analyzing B-cell lymphoma-XL (Bcl-XL) and Bcl-2, as
well as β-actin expression. Protein concentrations were
equalized after total protein extraction with lysate buffer and loading buffer was added, and samples were
boiled and stored at -20 ℃ for further use. Ten micro-

WJG|www.wjgnet.com

Plasma H2S concentration in portal hypertension
patients and controls
There was no significant difference in age between the
control and portal hypertension groups. However, in
the portal hypertension group, endogenous plasma H2S
levels were significantly lower than those in the control
group, correlating with disease severity. Furthermore,
plasma H 2S concentrations correlated inversely with
PVD (r = -0.478, P < 0.05) (Table 1, Figure 1).
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Figure 2 Liver hematoxylin and eosin and Masson’s trichrome staining of rabbits in portal hypertension model group and control group. A: Rabbit portal
hypertension model; B: Relationship between rabbit portal hypertension progression and H2S concentration; C: Normal rabbit liver tissue [hematoxylin and eosin (HE)
staining]; D: Schistosomiasis portal hypertension (SPH) rabbit liver sample with concentric arrangement of fibrous larval nodules and fibrous connective tissue in the
portal area (HE staining); E and F: Masson’s trichrome staining: collagen fibers are stained blue-green; muscle fibers and cellulose are stained red; and nuclei are
stained blue to black; E: Normal liver tissue; F: SPH liver tissue with large amount of collagen fibers (arrow). All histological images are shown with × 40 magnification.

Liver morphology and H2S changes in the rabbit hepatic
SPH model
During the progression of schistosomiasis-induced cirrhosis in rabbits, plasma H2S concentrations showed a
clearly descending trend and starting from week 3, there
were significant differences compared to the control
group (Figure 2B). Furthermore, HE staining of the
SPH rabbit livers showed that the liver hepatocytes of
the control group were neatly arranged with no significant proliferation of fibrous tissue in the portal areas
and lobular structures were maintained (Figure 2C). In
contrast, in the portal areas of the SPH rabbit livers,
fibrous larval nodules were arranged in concentric rings

WJG|www.wjgnet.com

and there were also significant proliferation and widening of the fibrous connective tissues in the portal areas
with hyaline appearance (Figure 2D). There was a small
amount of collagen fibers in the central venous tissue of
normal livers (Figure 2E), whereas in the SPH rabbit livers, a larger amount of collagen fibers stained blue-green
(arrow) (Figure 2F).
H2S and CSE concentrations in SPH rabbit and control
liver tissues
CSE activity and H2S concentrations were both lower
in the SPH rabbit livers (Table 2). In order to elucidate
whether the H2S-related differences had an effect on
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A

Table 2 H2S concentration and cystathionine γ-lyase activity
in rabbit liver tissues

H2S concentration
(nmol/mg wet
tissue/min)
CSE
(mmol/mg per
min)

8W
12W
16W
8W
12W
16W

35

SPH

413.66 ± 57.38
435.31 ± 442.46
420.79 ± 31.52
120.64 ± 9.37
178.23 ± 19.32
118.35 ± 9.82

326.43 ± 33.67
236.57 ± 26.39a
158.64 ± 41.77a
114.71 ± 11.34
263.32 ± 28.97a
82.67 ± 7.48a

Statistically significant differences compared with the control group, P <
0.05. SPH: Schistosomiasis portal hypertension; CSE: Cystathionine γ-lyase.
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Figure 3 Western blotting analysis of phosphorylated extracellular signalregulated kinase 1/2 expression levels in schistosomiasis portal hypertension and control rabbit portal vein-tunica media dissections. aP < 0.05,bP <
0.001.

Figure 4 (A) Smooth muscle cell apoptosis under varying H2S concentrations, observed by flow cytometry, (B) Protein levels of the apoptotic
factors Bcl-2 and Bcl-XL in primary rabbit portal vein smooth muscle cells
and (C) in primary human portal vein smooth muscle cells. bP < 0.001.

cell proliferation-related proteins, we measured pERK
1/2 expression levels in dissected SPH rabbit liver portal vein-tunica intima tissues and found that pERK 1/2
protein levels increased significantly with disease progression in the rabbit portal hypertension model (Figure
3).

derwent significant apoptosis under normal H2S concentrations (50 μmol.L), which was reduced without
H2S (Figure 5A and B). Under the electron microscope,
we observed that with 50 μmol/L H2S in the medium,
the nuclear membrane in some cells disintegrated, the
nucleoplasm condensed, and the cells clearly underwent
irreversible cell death. In contrast, when smooth muscle
cells were cultured without H2S, the nucleus was round
or had minor indentations, there was abundant evenly
distributed euchromatin and the nucleolus was clearly
visible. The mitochondria were round or kidney-shaped
and the overall structural integrity was maintained (Figure
5C and D). These results indicated that a certain concentration of H2S leads to vascular smooth muscle cell
apoptosis.

H2S inhibits anti-apoptotic Bcl-2 and Bcl-XL gene
expression and triggers apoptosis in healthy liver cells
We collected primary rabbit portal vein smooth muscle
cells and after cultivation, added H2S to the medium to
observe its effect on apoptosis and Bcl-2 and Bcl-XL
expression. Flow cytometry revealed that, with increasing concentrations of H2S in the cell culture medium,
the apoptosis rate of the portal vein smooth muscle cells
also increased (Figure 4A). In addition, with increasing
H2S concentration, there was also decreased expression
of the anti-apoptotic genes Bcl-2 and Bcl-XL (Figure 4B
and C).
Our immunofluorescence apoptosis assay showed
that vascular smooth muscle cells of the omentum un-
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DISCUSSION
Portal hypertension is one of the two most serious
conditions resulting from cirrhosis. Signs include open-

1084

January 28, 2014|Volume 20|Issue 4|

Wang C et al . H2S prevents portal hypertension

A

B

C

D

Figure 5 Effect of H2S concentrations on portal vein smooth muscle cell apoptosis rates. A: Immunofluorescence assays showed significant apoptosis in
normal rabbit omentum vascular smooth muscle cells under normal H2S (50 μmol/L) concentration; B: There was significantly less apoptosis in the cells without H2S
(magnification × 40); C: Under an electron microscope, with normal H2S concentrations, rupturing of the nuclear membrane and condensation of the nucleoplasm was
observed, indicating irreversible cell death; D: In cells without H2S substitution, the mitochondria appeared intact and the structural integrity was maintained.

ing of the systemic portal collateral circulation, splenomegaly, hypersplenism and ascites. Portal hypertension
arises when liver fibrosis and regenerative nodules create
pressure on the liver sinusoids and hepatic veins, thus
increasing portal vein resistance. Impaired liver function and an imbalance of various vasoactive substances,
which can result from multiple causes, are important
factors in maintaining and exacerbating portal hypertension[19]. The main cause of increased resistance is that
contraction of sinusoidal endothelial cells increases resistance in the liver sinusoids and contraction reactivity of
intrahepatic blood vessels, leading to increased contractility in the portal venous system. Increased liver sinusoidal resistance is in turn dependent on HSC contraction.
It is reported that portal hypertension can be caused
by increased production of vasoconstrictors and decreased production of vasodilators. H2S is an important
vasodilator in the hepatic microcirculation and causes
relaxation of vascular smooth muscles[20,21]. In a previous study, NaHS solutions were injected into the abdominal cavity of rats with cirrhosis for 5 d, and NaHS
was perfused through the liver tissue outside the body.
NaHS significantly relaxed vascular smooth muscles and
reduced HSC contraction, thus reducing intrahepatic resistance[10]. These results showed to a certain extent that
treatment with exogenous H2S can reverse the excessive
intrahepatic resistance caused by decreased production
of endogenous H2S in cirrhosis. Our study also showed
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in line with the previous findings that patients with
portal hypertension had lower endogenous H 2S concentrations than healthy controls, and that the lower the
concentration, the more severe was the disease, while
plasma H2S concentrations were inversely related with
PVD. Our SPH results showed that rabbits with schistosomiasis-induced portal hypertension had lower plasma
H2S concentrations after 3 wk than the control group
had, and CSE activity in their tissue declined. A previous
article reported that reduced CSE expression in cirrhotic
liver contributed to the development of increased intrahepatic resistance and portal hypertension[10]. Hepatocyte apoptosis plays an important role in normal liver
development and in various liver diseases [22,23]. When
HSCs proliferate, they produce extracellular matrix and
collagen, which leads to liver fibrosis, and it has been
reported that H 2S induces apoptosis [24] and inhibits
HSC activation[25], which reduces vascular restructuring
and aggravates hypertension. We found that H2S led to
reduced expression of antiapoptotic Bcl-2 and Bcl-XL
proteins, in addition to elevated apoptosis.
In summary, we found that portal hypertension pa
tients had significantly lower serum H2S concentrations
and that disease severity and PVD were correlated with
H2S concentration. In addition, our SPH model revealed
that liver cirrhosis led to low serum and liver tissue
H2S concentrations, and reduced liver tissue CSE activity, while pERK1/2 expression gradually increased. In
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conclusion, we suggest that H2S deprivation may play a
role in the initiation, progression and exacerbation of
cirrhosis-related portal hypertension through reduction
of portal vein smooth muscle cell apoptosis and concomitant pathological blood vessel restructuring.
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was diagnosed by pancreatic CEUS and 5 lesions were
diagnosed by splenic CEUS. By splenic CEUS, 4 cases
were diagnosed as splenic artery embolism and 1 as
splenic arterial stenosis. The accuracy of splenic CEUS
in diagnosis of SACs in SAP was 41.7% (5/12), which
was higher than that of pancreatic CEUS (0%).
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Abstract
AIM: To assess the value of contrast-enhanced ultrasound (CEUS) in diagnosing splenic artery complications (SACs) after acute pancreatitis (AP).

Core tip: We prospectively investigated splenic contrastenhanced ultrasound (CEUS) in diagnosis of splenic
artery complications in acute pancreatitis (AP). The
diagnostic yield of splenic CEUS for detecting splenic
artery complications (SACs) in AP was higher than that
of pancreatic CEUS. Splenic CEUS is a supplementary
method for pancreatic CEUS when an AP patient needs
pancreatic CEUS examination, which can decrease
missed diagnosis of SACs.

METHODS: One hundred and eighteen patients with
AP were enrolled in the study. All patients were examined by CEUS and contrast-enhanced computed tomography (CECT). CECT was accepted as a gold standard
for the diagnosis of SACs in AP. The diagnostic accuracy
of splenic CEUS and pancreatic CEUS was compared
with that of CECT. Splenic infarction was the diagnostic
criterion for splenic artery embolism and local dysperfusion of the splenic parenchyma was the diagnostic
criterion for splenic arterial stenosis. The incidence of
splenic sub-capsular hemorrhage, splenic artery aneurysms, and splenic rupture was all lower than that of
SACs.

Cai DM, Parajuly SS, Ling WW, Li YZ, Luo Y. Diagnostic
value of contrast enhanced ultrasound for splenic artery complications following acute pancreatitis. World J Gastroenterol
2014; 20(4): 1088-1094 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i4/1088.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i4.1088

RESULTS: Nine patients were diagnosed as having
SACs after AP by CECT among the 118 patients. The
patients with SACs were diagnosed with severe acute
pancreatitis (SAP). Among them, 6 lesions were diagnosed as splenic artery embolism, 5 as splenic artery
aneurysms, and 1 as splenic arterial stenosis. No lesion
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INTRODUCTION
Contrast-enhanced ultrasound (CEUS) has become an
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three years of experience in CEUS evaluation for pancreatic diseases, performed the examinations. All patients
were asked to fast before ultrasound examination. Firstly,
gray scale sonography and color Doppler flow imaging were performed to observe the size and shape of
the pancreas and spleen, peri-pancreatic fluid collection,
echogenicity of the parenchyma, and the inner diameters
of the splenic artery. Then, CEUS was started at a low
mechanical index (GE MI: 0.12; PHILIPS MI: 0.06).
SonoVue suspension of 1.5-2.0 mL was administered as
a bolus injection through the antecubital vein, followed
by a flush with 5 mL saline solution. Real-time contrastenhanced imaging was recorded on the hard disk when
the suspension (SonoVue) was injected, and the times
were calculated simultaneously. Based on the entire arterial pancreatic or splenic system, the contrast phase was
identified as the arterial phase (0-30 s after contrast agent
injection) and the venous phase (starting at 31 s after
contrast agent injection). When a sonologist finished
pancreatic CEUS, the other sonologist started splenic
CEUS successively. And the results of SACs by pancreatic CEUS and by splenic CEUS were recorded.
The splenic CEUS images for SACs were correlated
with the pathophysiologic results (Table 1). The results
of splenic lesions were transformed into corresponding
SACs and recorded immediately.

Table 1 Splenic lesions and splenic artery complications
Splenic lesions
Splenic infarction/subcapsular hemorrhage
Local dysperfusion of splenic parenchyma
Splenic artery aneurysms
Splenic rupture

Splenic artery complications
Splenic artery embolism
Splenic artery stenosis
Splenic artery aneurysms
Splenic artery embolism

important imaging method to evaluate the degree of severity and predict the prognosis of diseases[1]. Acute pancreatitis (AP) can be examined by CEUS to identify the
necrosis range of the pancreas, which is related to treatment and prognosis. Splenic artery complications (SACs)
have a low morbidity in AP. Although SACs are rare
complications in AP and most patients present few clinical symptoms, it may lead to a severe outcome. Rupture
of splenic artery aneurysms is frequent and sometimes
occurs as the first symptom, and sometimes it is fatal[2].
So, it is of great clinical significance to determine the
diagnostic accuracy of CEUS for SACs in AP. However,
the sensitivity of gray scale ultrasound and color Doppler ultrasound is low, and few studies have reported on
CEUS[3]. In this article, we discussed the diagnostic value
and accuracy of splenic CEUS for SACs in AP.

MATERIALS AND METHODS

Computer tomography
A 64-slice spiral computer tomography (CT) (Philips Brilliance; Philips Medical Systems, Cleveland, OH, United
States) system or 16-slice spiral CT system (Somatom
Sensation 16; Siemens, Erlangen, Germany) was used in
this study. The contrast agent used was iopamidol (Iopamiro; Bracco Imaging) or iopromide (Ultravist; Bayer
Schering, Germany) at a concentration of 37 gI/100 mL.
The range of CECT scanning was from the chest to
the pelvic floor. Iopamidol or iopromide was injected
with a total amount of 90-120 mL to each patient at a
rate of 3 mL/s with a power injector through the antecubital vein.

Patient data
This study was conducted with the approval of the Ethics
Committee of West China Hospital and informed consent was obtained from all the patients. We collected 129
in-patients with AP treated at our hospital from March
2010 to March 2013. Eleven patients were excluded from
the study either because the gray scale sonography of the
pancreas hardly displayed meteorism or because patients
had a history of splenic disease. Of the remaining 118
patients included in the study, there were 69 males and 49
females, with a mean age of 41.27 ± 12.15 years (range,
15-79). All patients were examined by pancreatic CEUS
to diagnose the SACs in AP. Splenic CEUS was also used
to diagnose the splenic lesions. All contrast-enhanced
computed tomography (CECT) and CEUS examinations
were performed at an interval of 72 h. The study protocol was kept blind for doctors performing CEUS and
CECT.

RESULTS
The 118 patients were diagnosed with AP by CECT;
among them only 9 patients (including 12 lesions) were
diagnosed as having SACs. Among the 118 patients, there
were 38 patients with mild AP and 80 with severe AP
(SAP). All SACs patients were from the SAP group. Six
cases were diagnosed as splenic artery embolism; 5 cases
as splenic artery aneurysms and 1 case as splenic arterial
stenosis by CECT. Three patients had splenic artery embolism with splenic artery aneurysms found by CECT. In
the splenic CEUS group, SACs were found in 5 cases, including 4 cases of splenic artery embolism (Figure 1) and
1 case of splenic arterial stenosis (Figure 2). And in the
pancreatic CEUS group, all lesions of SACs were misdiagnosed (Table 2). The diagnostic accuracy of splenic
CEUS for SACs in AP was 41.7% (5/12), which was ob-

Sonographic examination
A LOGIQ E9 (GE Healthcare, Milwaukee, WI, United
States) ultrasound system with a C1-5 MHz probe or a
PHILIPS IU22 (Philips Medical Systems, Bothell, WA,
United States) ultrasound system with a C5-2 MHz transducer was selected. Both the ultrasound systems were
equipped with harmonic contrast pulse sequencing apparatus. The contrast agent used was SonoVue (BraccoSpa,
Milan, Italy) and the suspension contained stabilized sulfur hexafluoride microbubbles.
Two sonologists, who had over ten years of experience in abdominal conventional ultrasound and over
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Figure 1 A 22-year-old man with splenic artery embolism. A: Enhanced-contrast computed tomography showing splenic artery embolism (dotted arrow), and the
lesion of splenic infarction (solid arrow); B, C: Gray scale ultrasonography and color Doppler ultrasonography of the spleen showed no obvious lesion of splenic infarction; D: Some regions with no enhancement appeared in the splenic arterial phase (solid arrow) on contrast enhanced ultrasound (CEUS); E: A wedge-shaped splenic
infarction with no enhancement was displayed in the splenic venous phase (solid arrow) on CEUS.

viously higher than that of pancreatic CEUS (0%, 0/12).
By splenic CEUS, 4 cases were diagnosed as splenic
infarction, including 1 case complicated with sub-capsular hemorrhage, and 1 case of focal dysperfusion of
the splenic parenchyma (Table 3). The CEUS imaging
of splenic infarction showed that in some regions, no
enhancement appeared after contrast agent injection in
the splenic artery phase and venous phase, and hence infarcted splenic parenchyma was displayed as a hypoechoic
area. The shape of splenic infarction varied from wedgeshaped (3 cases) to round or irregular (1 case).
Sub-capsular hemorrhage is a complication of splenic
artery embolism. CEUS imaging of sub-capsular hemorrhage showed an anechoic region under the splenic subcapsule, which could differentiate better than pancreatic
ultrasound, and there appeared an anechoic region and
no enhancement after contrast agent injection in the
splenic arterial phase and venous phase. There was one

WJG|www.wjgnet.com

case diagnosed by CEUS as splenic infarction in the
splenic CEUS group.
The imaging of focal dysperfusion of the splenic parenchyma revealed a region where the degree of enhancement inside the lesion area was lower than that of normal surrounding splenic parenchyma in the arterial and
venous phases (especially the venous phase). The region
of focal dysperfusion of the splenic parenchyma was displayed as a slightly hypoechoic area on CEUS, which did
not appear on pancreatic ultrasound. Hence, a case of
SAC was diagnosed by splenic CEUS, and there was no
evidence of splenic rupture during his stay in hospital.
Five cases of splenic artery aneurysms were all missdiagnosed by pancreatic CEUS and splenic CEUS in AP.
Because the whole splenic artery is difficult to display
by ultrasound, especially the region which is close to the
hiluslienis, gray scale ultrasound or CEUS may be necessary to identify the size or the location of splenic artery
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Figure 2 A 26-year-old woman with splenic arterial stenosis. A: Enhanced-contrast computed tomography showing splenic arterial stenosis (dotted arrow) and a
focal splenic parenchyma region showed low enhancement (solid arrow); B, C: Gray scale ultrasonography and color Doppler ultrasonography showed no obvious lesions in the spleen; D: No obvious lesion was displayed in the splenic arterial phase on contrast enhanced ultrasound (CEUS); E: Some regions of focal dysperfusion
of the splenic parenchyma showed low enhancement in the splenic venous phase (dotted arrow).

severity index (CTSI) and has been regarded as a substitute for CECT[6,9]. Only a few cases have been reported
worldwide about CEUS for SACs compared with CECT
for splenic venous complications[11-13]. The reason may be
that the splenic artery is located between the tail of the
pancreas and the hilum of the spleen with the body of
the stomach in front. Gray scale sonography is influenced
greatly by meteorism in the gastrointestinal tract, and
diagnosis is sometimes difficult[14]. Because the quality of
CEUS depends on the gray scale sonography, its quality
is consequently affected, and the diagnostic accuracy for
SACs is often ignored compared with CT or MRI[15].
Although the whole splenic artery is difficult to be
displayed directly by ultrasound, we convert the observational objective to evaluate the lesions of the splenic
artery indirectly. The diagnostic criteria for SACs were defined by observing the pattern of images obtained from
the splenic CEUS. Blood supply to the spleen is solely
from the splenic artery. Any lesions or changes in the
splenic artery may result in splenic parenchymal infarction. In AP, splenic parenchymal infarction occurs due to

aneurysms.

DISCUSSION
AP is a common abdomen emergency and SACs in AP
are rarely seen with a low incidence[4]. Due to the low
sensitivity of ultrasound in diagnosing SACs, the missed
diagnosis of the complications is often ignored[5], even
by CEUS[6]. CECT was regarded as the gold standard to
evaluate AP, especially the degree of severity[7,8]. CEUS
changes the conventional viewpoint that ultrasound can
only examine AP roughly[1,9], such as the pancreas size,
shape, and peri-pancreatic fluid collection[10]. With the
development of contrast agents, corresponding contrastenhanced software and ultrasound equipment, CEUS is
being utilized in more and more diseases, including pancreatic diseases, especially examination of SAP because
it can display pancreatic parenchymal necrosis and the
degree of necrosis, and the extra-pancreatic acute fluid
collection. Previous studies concluded that ultrasound
severity index (USSI) has a strong correlation with CT

WJG|www.wjgnet.com
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Table 2 Splenic artery complications examined by three
methods in acute pancreatitis

CECT
Pancreatic CEUS
Splenic CEUS

Splenic artery
embolism

Splenic artery
aneurysms

Splenic artery
stenosis

6
0
4

5
0
0

1
0
1

Table 3 Splenic artery complications by splenic contrast
enhanced ultrasound in acute pancreatitis
Imaging of splenic CEUS

CECT: Contrast-enhanced computed tomography; CEUS: Contrast enhanced ultrasound.

4
1
1
0
0

CEUS: Contrast enhanced ultrasound.

SACs. SACs are infrequent complications with pancreatitis, which mainly occur in chronic pancreatitis and SAP[16].
Mortelé et al[17] found that the incidence of splenic infarction in AP was about 7%, and there was a strong relationship between this complication and the severity of pancreatitis. In our study, 6 cases were diagnosed as splenic
infarction by CECT. The incidence of splenic infarction
in AP was 5.1% (6/118) and all cases with the complications were SAP. The findings in our study are consistent
with the results reported by Mortelé et al.
SACs include splenic artery embolism, splenic artery
aneurysms and splenic arterial stenosis[18]. SACs can lead
to splenic infarction, sub-capsular hemorrhage, splenic
rupture, or splenic aneurysm rupture. Color Doppler
ultrasound is less sensitive to display acute infarction
because there is no difference between the echo area of
infarcted and normal parenchyma[19]. Acute splenic arterial stenosis is the main presentation of SAP. With the
development of CEUS, splenic trauma or aortic aneurysm rupture can be diagnosed in clinical practice[20-22].
The microcirculation of the splenic parenchyma can
be displayed by CEUS and it is possible to observe the
ischemic alteration of the splenic parenchyma. These
characteristics guarantee the diagnosis of acute infarction
as early as possible and SAPs indirectly. The sensitivity
of splenic CEUS for detecting SACs has increased obviously, and the accuracy rate was 41.7% (5/12, including 4
cases of splenic artery embolism and 1 case of splenic arterial stenosis) in diagnosing SACs compared with CECT.
There were no SACs diagnosed by pancreatic CEUS,
indicating that pancreatic CEUS is a low sensitive method
to diagnose SACs in AP. This finding also demonstrates
that splenic CEUS is an indispensable technique in diagnosis of SACs in AP. It is of great clinical significance
to optimize methods of diagnosis for AP complications,
such as CEUS. Splenic CEUS is a felicitous supplement
to overcome the disadvantage of pancreatic CEUS for
SAPs in AP.
However, this study of diagnosis for splenic artery
aneurysms is not satisfactory. In this study, all cases of
splenic artery aneurysms were miss- diagnosed. We finally analyzed the reason for missed diagnosis of splenic
artery aneurysms. The longest diameter of splenic artery
aneurysms was less than 2 cm and the location was far
from the hilum of the spleen so that sonologists could
not observe the lesions, even by CEUS. And there were
2 cases of splenic infarction which were miss-diagnosed
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Splenic infarction
Subcapsular hemorrhage
Splenic parenchymal dysperfusion
Splenic rupture
Splenic artery aneurysms

by splenic CEUS. We retrospectively analyzed the reasons
why splenic CEUS missed the diagnosis. The reason was
that the splenic infarction in 2 cases was located close to
the diaphragm and at the sub-capsular area of the spleen,
where ultrasound imaging would be obstructed by the
ribs. Sonologists did not notice the missed area, which
was just located in the shadow of the imaging. By controlling the quality of ultrasound imaging and avoiding
the influence of the ribs, the incidence of missed diagnosis would be decreased.
The ultrasound contrast agent (suspension made of
5 mL normal saline mixed with SonoVue dry powder)
was administered by intravenous injection at 1.5-2.0 mL
for each pancreatic CEUS examination. Pancreatic CEUS
examination generally did not run out of the suspension.
Usually the remaining suspension of about 1.0-2.0 mL
was sufficient for splenic CEUS examination. Therefore,
it is economic to perform the splenic CEUS after pancreatic CEUS examination. Splenic CEUS examination
could diagnose not only splenic artery lesions but also
any other pathological changes, such as pancreatic pseudocysts in the splenic parenchyma[23,24].
Although CECT is the gold standard in diagnosing
AP, ultrasound has an important position in pancreatitis
examination[25]. When the patient’s condition is not fit for
CECT, such as iodine allergy, unavailability for bedside
examination, and cases of renal insufficiency, CEUS is an
effective substitute for CECT examination[26,27].
In conclusion, splenic CEUS diagnosis of SACs in AP
was better than pancreatic CEUS because it had a higher
diagnostic accuracy than the latter. In splenic CEUS
examination, the contrast agent can be utilized more effectively and economically. Splenic CEUS can obviously
increase the diagnostic accuracy for SACs in AP, which
is simple, convenient, efficient, safe, and partly solves the
disadvantages of other modalities in diagnosis of SACs
in AP. Splenic CEUS is a supplementary method for pancreatic CEUS when AP patients need pancreatic CEUS
examination, which can decrease the missed diagnosis of
SACs.
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CEUS has been used to reflect the necrosis range of the pancreas in AP. The
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diagnostic value of splenic CEUS for SACs in AP has not been investigated or
reported in the English-language literature.
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The diagnostic value of splenic CEUS for SACs in AP was discussed in this
study. When the splenic parenchyma shows a lower enhanced area than the
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Contrast enhanced ultrasonography (CEUS) is the application of an ultrasound
contrast agent to traditional color Doppler sonography. Microbubble contrast
agents produce a unique sonogram with increased contrast due to the high
echogenicity difference. CEUS can be used to image blood perfusion in organs
and tissues.
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Jun-Li Li
database templates. The quality of the data from individual papers was also assessed. The effects of chemotherapy
were compared with those of chemotherapy in combination with DC-CIK immunotherapy. The pooled analysis
was performed using the data from random or fixed-effect
models.
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RESULTS: Seven trials matched our inclusion criteria (n
= 533). The overall analysis showed significant survival
benefit [one-year overall survival (OS), P < 0.0001; twoyear OS, P = 0.009; three-year OS, P = 0.002] in favor
of DC-CIK immunotherapy combined with chemotherapy. Disease-free survival (DFS) rate was improved after
the combination of DC-CIK immunotherapy and chemotherapy (one-year DFS, P < 0.0001; two-year DFS, P =
0.002; three-year DFS, P = 0.02). An improved overall
response rate (P = 0.009) was also observed in patients
who received DC-CIK therapy. Furthermore, the analysis
of T-lymphocyte subsets in peripheral blood indicated
+
that the number of CD4 T cells significantly increased
in the DC-CIK plus chemotherapy group (P < 0.05).
CONCLUSION: The combination of DC-CIK immunotherapy and chemotherapy was superior in prolonging the
survival time and enhancing immunological responses.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Abstract

Key words: Dendritic cells; Cytokine-induced killer cells;
Meta-analysis; Colon cancer; Immunotherapy

AIM: To investigate whether autologous dendritic cell
(DC)-cytokine-induced killer (CIK) cell therapy is able
to improve the therapeutic efficacy of chemotherapy in
colon cancer.

Core tip: A growing body of knowledge on tumor immunosurveillance and loss thereof has contributed to the
refinement of anti-tumor immunotherapy. The aim of
our meta-analysis was to determine whether an association exists between dendritic cell (DC)-cytokine-induced
killer (CIK) cell therapy combined with chemotherapy
and chemotherapy alone. Our analysis demonstrates
that DC-CIK therapy improved 1, 2 and 3-year overall

METHODS: We conducted a systematic review of published papers from the sources of MEDLINE, the Cochrane
Central Register of Controlled Trials, EMBASE, the Wanfang Database, the China Science and Technology Periodical Database and China Journal Net. Published data were
extracted independently by two authors using predefined
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A2 (EphA2)-specific T-cell immunotherapy may be a
promising approach for the treatment of EphA2-positive glioblastoma[6]. Furthermore, αβ and γδ T cell-based
immunotherapy has been found to improve treatment
efficacy in osteosarcoma, especially at the recurrent and
metastatic stages[7]. A multi-center historical cohort study
indicated that the effectiveness of immunotherapy in
advanced lung cancer is limited, but may extend life span
under certain conditions. Moreover, immunotherapy can
maintain good quality of life in patients until near the
time of death[8]. The bedside medication administration
of Sipuleucel-T (Provenge, Dendreon) was the first-in
class therapeutic autologous vaccine to be approved for
the treatment of men with asymptomatic or minimally
symptomatic castrate-resistant metastatic prostate cancer in the spring of 2010[9]. This product represents the
culmination of basic immunological and prostate cancer
investigations for decades, and 13 years of clinical trials[10]. Another immunotherapeutic drug, the cytotoxic
T-lymphocyte antigen 4 antibody, Ipilimumab, has been
demonstrated to improve OS in patients with metastatic
melanoma in two phase Ⅲ trials[11,12] and was approved
in March of 2011. These important drug development
milestones provide solid evidence that targeting of the
immune system can lead to clinically relevant immune responses, thus extending the life span of cancer patients.
Challenging issues for all adoptive immunotherapy
strategies include the obtainment of sufficient numbers
of immune effectors, recognition of tumor targets and
possible restriction to specific human leukocyte antigenshaplotypes. Such hurdles have also been encountered
in immunotherapy trials for colon cancer. CIK cells are
ex vivo-expanded T lymphocytes that share phenotypic
and functional properties with both natural killer and T
cells. It has been reported that secretory glycoprotein
90K-specific cytotoxic T lymphocytes (CTLs) generated
by 90K-pulsed dendritic cells (DCs) are useful effector
cells for immunotherapy in colon cancer[13]. Mucin 1
(CD227)-specific CTLs have also been shown to cause
complete rejection of tumor cells, when in the therapeutic regimen, and tumor burden was significantly reduced[14]. CTLs specific for the tumor-associated antigen,
CEP55, can efficiently recognize colon cancer stem-like
cells or tumor-initiating cells which highly express the
stem cell markers, SRY-box 2, POU class 5 homeobox
1, leucine-rich repeat-containing G protein-coupled receptor 5 and aldehyde dehydrogenase 1 family member
A1 in vitro and in vivo[15]. DCs are rare leucocytes that
are uniquely potent in their ability to capture, process
and present antigens to T cells. They selectively migrate
through tissues to reach lymph nodes and spleen where
initiation of the immune response takes place. DC-based
vaccinations are an attractive candidate adjunct therapy
to treat colon cancer patients. It has been demonstrated
that signal transducers and activators of transcription
3-depleted DC vaccination induces effective systemic
anti-tumor effects through high antigen (Ag) -specific T
cell responses accompanied by systemic T helper 1 immune responses in a murine colon cancer model[16]. DCs

survival, 1, 2 and 3-year disease-free survival, overall
response rate and immune indices in colon cancer. In
all, the combination of DC-CIK immunotherapy and chemotherapy was superior in prolonging the survival time
and enhancing immunological responses, suggesting
the possible application of this promising adjuvant immunotherapy in colon cancer.
Wang ZX, Cao JX, Liu ZP, Cui YX, Li CY, Li D, Zhang XY, Liu
JL, Li JL. Combination of chemotherapy and immunotherapy for
colon cancer in China: A meta-analysis. World J Gastroenterol
2014; 20(4): 1095-1106 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i4/1095.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i4.1095

INTRODUCTION
Colorectal cancer is the third most commonly diagnosed
cancer in humans. As dietary habits have changed in
recent years, the number of cases of colon cancer have
been increasing faster in the Eastern world[1,2]. Although
surgical resection is the first choice worldwide, colorectal
cancer can also be treated effectively with chemotherapy,
radiation therapy, or both to improve patient survival.
However, 25% of patients that present with metastatic
disease have a five-year survival of only 10%. A variety
of therapeutic strategies for metastatic colon cancer have
been evaluated over the last decade, however, most patients in advanced stages of the disease have little hope
of longer survival. Therefore, an effective approach for
the treatment of colorectal cancer patients with metastasis and post-operative cancer recurrence is critical. In recent years there has been great interest in cancer immunotherapy, which has the potential to control metastatic
disease, prolong time to recurrence, and ultimately serve
as a preventive measure.
Adoptive immunotherapy holds great promise in the
scenario of potential new approaches for the treatment of
solid tumors that are refractory to conventional therapies.
Recently, the effectiveness of immunotherapy in the treatment of numerous forms of cancers has been studied.
For instance, it was reported that adoptive cell transfer of
ex vivo-activated autologous tumor-reactive Tc1 or Tc17 T
cells can mediate effective anti-tumor immunity and tumor
regression in melanoma[3]. Cytokine-induced killer (CIK)
cell therapy is also able to induce complete clinical responses in renal cell carcinoma (RCC) patients, and was
demonstrated to be safe and effective in these patients[4].
A systematic review and meta-analysis of randomized
controlled trials in multiple myeloma (MM) indicate
that autologous-allogeneic (auto-allo) hematopoietic
cell transplantation (HCT) can induce higher complete
remission rates. There is no improvement in overall survival (OS) with auto-allo HCT, however, this approach
can achieve higher non-relapse mortality rates in patients
with newly diagnosed MM[5]. Another study suggested
that erythropoietin-producing hepatocellular carcinoma
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pulsed with carcinoembryonic antigen (CEA) peptide
resulted in prolonged antigen-presentation and efficient
T-cell activation, but not CEA mRNA for vaccination[17].
A phase Ⅰ-Ⅱ CEA-loaded DC vaccine trial in patients
with colon cancer is ongoing (www.clinicaltrial.gov id:
NCT 01219348). In the microenvironment of human
colon adenocarcinoma, the supernatant mediates endothelial-like differentiation of induced DCs by extracellular signal-regulated protein kinases 1 and 2 signaling,
which suggests that immunocytes are involved in the
cancer microenvironment[18]. Based on findings in the
tumor microenvironment and cancer stem cells in cancer
therapy, immunotherapy is worth further investigation.
Over the past few years, advances in our understanding of the immune system, improved design of clinical
trials, and improvement and compliance of manufacturing processes have provided opportunities to significantly improve efficacy and safety of immunotherapy. However, clinical studies on DC-CIK cells are still in their
infancy and there is no clear consensus on how they may
be best optimized. Therefore, we performed a systematic review and meta-analysis of clinical trials to assess
the therapeutic efficacy of DC-CIK cells combined with
chemotherapy in colon cancer.

median or mean age of patients, sex, numbers of patients
assessable for 1- and 3-year overall survival and numbers
of patients assessable for 3-year disease-free survival and
information pertaining to study design (whether the trial
reported the mode of randomization, allocation concealment, description of withdrawals per arm, and blinding)
for the trials included in the study.
Definition of outcome measures
OS was defined as the time from the initiation of treatment until death. The secondary objective was diseasefree survival (DFS). Other endpoints were disease control
rate [DCR = complete response (CR) + partial response
(PR) + stable disease (SD)] and objective response rate
(ORR = CR + PR), respectively. CR, PR, mixed response
or SD were documented and extracted for analysis.
Statistical analysis
Statistical analysis was carried out by pair-wise comparison
of the immunotherapy-containing arms of the identified trials with the respective non-immunotherapy arms.
Treatment effects are reflected by odds ratios (OR) for
OS, DFS, ORR and clinical benefit rate. To calculate the
pooled OR, the number of OS, DFS, ORR and DCR in
each arm were extracted from each study and combined
using a method reported by Mantel and Haenszel. A
pooled OR < 1 indicated lower recurrence or lower survival in the immunotherapy arm. To evaluate whether the
results of the studies were homogeneous, we used Cochran’s Q test. This statistical test is a χ 2 test with df equal
to the number of studies minus one, and tests the null
hypothesis that the difference between the study estimates
of OR is due to chance. We also calculated the quantity, I2,
which describes the percentage of variation across studies
due to heterogeneity rather than chance. I2 values of 25%,
50%, and 75% were used as evidence of low, moderate,
and high heterogeneity, respectively. SPSS 11.5 was also
used to carry out the data analysis. The OR was calculated
with a fixed-effect model when no statistically significant
heterogeneity existed; otherwise, a random-effect model
was employed. P-values < 0.05 were considered statistically significant. All reported P-values resulted from twosided version tests of the respective tests.

MATERIALS AND METHODS
Search strategy and selection criteria
Trials were identified by electronic search in the PubMed
database (1976 onward), Embase (1966 onward), the Cochrane Central Registry of Controlled Trials (no date restriction), the Wanfang Database (no date restriction), the
China Science and Technology Periodical Database (no
date restriction), China Journal Net (no date restriction),
reference lists of published trials and relevant review
articles. The search strategy included the following medical subject headings: “colon cancer”, “cytokine-induced
killer cells”, “dendritic cells”, “immunotherapy”, “colon
rectal cancer” and free text search. No language limits
were applied. The initial search was performed in June
2012 and updates were conducted in June 2013. Furthermore, we contacted drug manufacturers, asked experts
in the field, and performed manual searches in reference
lists, conference proceedings of the American Society of
Clinical Oncology Annual Meetings and the European
Cancer Conference. We also searched the http://www.
ClinicalTrials.gov website for information on prospective
and ongoing trials. No language restriction was applied.
We excluded abstracts that were never subsequently published as full papers and studies on animals and cell lines.

RESULTS
Selection of the trials
The electronic search yielded 147 references. After title
and abstract review, 122 publications were excluded for
various reasons (17 were review articles, 21 used animal
models, 28 were case reports, 36 were in vitro experiments,
20 were nursing studies). The full texts of 25 articles were
selected as potentially relevant and retrieved for more
detailed assessment. We excluded a total of 18 studies as
they did not include detailed patient clinical data or therapy response, and the phase Ⅰ clinical study in Germany
with CIK cells for colorectal cancer patients, which did
not include a control arm[19]. The selection procedure is

Data extraction and quality assessment
Data extraction was independently conducted by two
reviewers (Cao JX and Li CY) using a standardized approach. Disagreement was adjudicated by a third reviewer
(Li D) after referring back to the original publications. We
collected information including authors’ names, journal,
year of publication, sample size per arm, regimen used,
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147 trials primary identified by literature search

28 case reports
17 reviews
21 animal models
36 in vitro experiments
20 nursing studies

25 trials potentially eligible for more detailed evaluation

18 trials excluded after retrieval of full text data incomplete no appropriate control arm

7 trials finally included in the present meta-analysis

Figure 1 Flow diagram showing record identification, screening and study inclusion process.

shown in Figure 1. As a result, 7 articles reporting clinical
trials of DC-CIK cell-based therapy combined with chemotherapy were selected for meta-analysis.

known patients) did impact on the efficacy of DC-CIK
cell therapy by χ 2 test (data not shown). Furthermore,
other clinical information from the trials such as tumor
diameter and performance status were not analyzed due
to insufficient data.

Characteristics of DC-CIK cell-based therapy
After the selection process, 7 eligible trials with a total of
533 patients were included in the present analysis. All of
the trials were fully published. The seven selected papers
contained four randomized studies, two retrospective
analyses and one study considering treatment programs
to construct the control. These studies are listed in Table
1 and other related clinical data are also listed.
Most of the patients in these studies had a good performance status with an expected duration of survival >
3 mo and the median age of the patients was 54.5 years.
In all seven trials, DC-CIK or CIK cell therapy combined with chemotherapy was evaluated in patients with
colon cancer. Interferon-γ, CD3 monoclonal antibody
and interleukin (IL) -2 were used in the CIK cell culture
systems in all the trials analyzed. In addition, granulocytemacrophage colony stimulating factor (GM-CSF), IL-4,
and tumor necrosis factor-α were used in the DC cell
culture system. Both CIK and DC-CIK cell therapy were
included in this analysis. In one of the trials, only CIK
cell therapy was used for colon cancer treatment[20], while
the other six trials utilized both DC and CIK cell therapy[21-26]. The number of CIK cells transfused into patients
in these studies was more than 1.0 × 109/course.
Information on patients in the two groups (DC-CIK
cell therapy combined with chemotherapy and chemotherapy alone) in these trials, such as gender, chemotherapy category (FOLFOX or XELOX and other chemicals)
and CIK cell dose were analyzed by χ 2 test (data not
shown). There was no statistically significant difference
between the groups, with all P-values being > 0.05. The
origins of the patient information from the articles in
each group did not interfere with the results of the metaanalysis. However, the patient’s age (including all the un-
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1-year overall survival
Information on 1-year survival was available in six trials[20-25]. These six trials included 491 patients (224 patients received immunotherapy combined with chemotherapy) in total. The 1-year overall survival rates were
93% (208/224) for colon cancer patients who received
DC-CIK immunotherapy combined with chemotherapy.
In comparison, 1-year overall survival rates were only
84% (224/267) in patients who did not receive DC-CIK
immunotherapy. Each of the six trials showed longer survival for patients who received DC-CIK immunotherapy
combined with chemotherapy. The estimated pooled
OR for the six trials demonstrated a highly significant
improvement in one-year survival for patients receiving
DC-CIK immunotherapy combined with chemotherapy
(OR 0.23; 95%CI: 0.11-0.48, P < 0.0001). The Cochran’s
Q test resulted in a P value of 0.53 and the corresponding
quantity, I2, was 0%, indicating that the degree of variability between the trials was consistent with what would
be expected to occur by chance alone (Figure 2A).
2-year overall survival
Information on 2-year survival was available in four trials[21-25]. These studies included a collective total of 411
patients (184 patients received immunotherapy combined
with chemotherapy) (Figure 2A). DC-CIK immunotherapy
combined with chemotherapy resulted in 76% (140/184)
of colon cancer patients achieving 2-year survival. In comparison, the 2-year overall survival for the control group
was only 69% (157/227). The results of the pooled analysis showed that patients in the DC-CIK combined group
had significantly improved two-year survival (OR = 0.42;
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A

Chemo
Chemo/clk
Study or subgroup Events Total Events
Total
3.1.1 1yOS
Cai 2010
35
40
37
40
Li 2012
19
20
20
20
Wei 2009
81
82
41
41
Ying 2010
51
51
51
51
Zhang 2011
28
31
31
32
Zhu 2011
10
43
28
40
Subtotal (95%CI)
267
224
Total events
224
208
2
2
Heterogeneity: χ = 3.19, df = 4 (P = 0.53); I = 0%
Test for overall effect: Z = 3.93 (P < 0.0001)
3.1.2 2yOS
Li 2012
16
20
19
20
Wei 2009
68
82
38
41
Ying 2010
44
51
47
51
Zhang 2011
26
31
28
32
Zhu 2011
3
43
8
40
Subtotal (95%CI)
227
184
Total events
157
140
2
2
Heterogeneity: χ = 1.34, df = 4 (P = 0.85); I = 0%
Test for overall effect: Z = 2.62 (P = 0.009)
3.1.3 3yOS
Cai 2010
25
40
30
40
Wei 2009
46
82
30
41
Ying 2010
35
51
45
51
Subtotal (95%CI)
173
132
Total events
106
105
2
2
Heterogeneity: χ = 0.85, df = 2 (P = 0.65); I = 0%
Test for overall effect: Z = 3.09 (P = 0.002)
Total (95%CI)
667
540
Total events
487
453
2
2
Heterogeneity: χ = 7.64, df = 12 (P = 0.81); I = 0%
Test for overall effect: Z = 5.50 (P < 0.00001)
Test for subgroup difference: not applicable

B

Weight
4.4%
1.4%
0.9%

Odds ratio
M-H, fixed, 95%CI

2.8%
20.9%
30.4%

0.57 [0.13, 2.55]
0.32 [0.01, 8.26]
0.65 [0.03, 16.42]
Not estimable
0.30 [0.03, 3.06]
0.13 [0.05, 0.35]
0.23 [0.11, 0.48]

3.6%
8.1%
6.1%
4.2%
7.3%
29.2%

0.21
0.38
0.53
0.74
0.30
0.42

[0.02,
[0.10,
[0.15,
[0.18,
[0.07,
[0.22,

2.08]
1.42]
1.95]
3.07]
1.22]
0.81]

10.6%
16.5%
13.3%
40.4%

0.56
0.47
0.29
0.43

[0.21,
[0.21,
[0.10,
[0.25,

1.45]
1.06]
0.82]
0.74]

100.0%

0.37 [0.26, 0.53]

0.01

Odds ratio
M-H, fixed, 95%CI

0.1

Favours experimental

1

10

100

Favours control

Common mean survival curve
120%

Survival rate

100%

100%
99%

80%

92% R2 = 0.9959
84%
82%

2

R = 0.9854

61%

60%
40%

Control
Immunotherapy

20%
0%

1

2

3

Survival time (yr)

Figure 2 Overall survival. A: Comparison of 1-, 2- and 3-year overall survival (OS) between the chemo-dendritic cell-cytokine-induced killer cells and chemo-alone
groups. The fixed-effects meta-analysis model (Mantel-Haenszel method) was used. Each trial is represented by a square, the center of which gives the odds ratio
for that trial. The size of the square is proportional to the information in that trial. The ends of the horizontal bars denote a 95%CI. The black diamond gives the overall
odds ratio for the combined results of all trials; B: Mean survival including two trials (Wei et al[22] and Ying et al[23]) with excel line graph. The dotted line represents the
trend line of each group.

95%CI: 0.22-0.81, P = 0.009). There was no evidence of
heterogeneity among individual studies (P = 0.85; I2 = 0%).

which included 305 patients (132 patients received immunotherapy combined with chemotherapy). DC-CIK
immunotherapy combined with chemotherapy resulted in
80% (105/132) of colon cancer patients achieving 3-year
overall survival, compared to 61% (106/173) in the che-

3-year overall survival
Information on 3-year survival was available in 3 trials[20,22,23],
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Table 1 Clinical information from the eligible trials
Ref.

Age
(yr)

Tumor characteristic Regimens
(TNM)
(per arm)

Zhang et al[24]

UK

Ⅱ, Ⅲ, Ⅳ

Zhu et al[25]

58.3 (Mid)
59.2 (Mid)

Ⅱ, Ⅲ, Ⅳ

Ying et al[23]

UK

Ⅱ, Ⅲ

Yuan et al[26]

UK

Ⅲ, Ⅳ

Cai et al[20]

44.5 (Ave)
46.7 (Ave)

Ⅱ, Ⅲ

Wei et al[22]

55.5 (Mid)
54 (Mid)

Ⅰ, Ⅱ, Ⅲ

Li et al[21]

57.5 (Ave)
54.5 (Ave)

Ⅱ, Ⅲ

Patients
(male)

Chemo
31 (UK)
Chemo32 (UK)
DC-CIK
Randomized
Chemo
43 (27)
Chemo40 (24)
DC-CIK Treatment program
Chemo
51 (25)
Chemo51 (31)
DC-CIK Retrospective analysis
Chemo
21 (16)
Chemo21 (15)
DC-CIK
Randomized
Chemo
40 (23)
Chemo40 (25)
CIK
Randomized
Chemo
82 (41)
Chemo41 (18)
DC-CIK Retrospective analysis
Chemo
20 (15)
Chemo20 (13)
DC-CIK
Randomized

Culture conditions
of CIK cells

Culture conditions of DC cells

CIK regimens

IFNγ, CD3, IL1,
IL-2

GM-CSF,
IL-4, TNFα

> 1.0 × 109/course

IFNγ, CD3, IL-2

IFNγ, LPS

1.1-8.0 × 1010/
course

IFNγ, CD3, IL-1,
IL-2

GM-CSF,
IL-4, TNFα

≥ 10 /course

IFNγ, CD3, IL-1,
IL-2

GM-CSF,
IL-4, TNFα,
IFNγ

≥ 10 /course

IFNγ, CD3, IL-1,
IL-2
IFNγ, CD3, IL-1,
IL-2
IFNγ, CD3, IL-2

10

10

UK

GM-CSF,
IL-4, TNFα,
IFNγ
GM-CSF,
IL-4, IFNγ

10

≥ 10 /course

UK

The table summarizes patient information regarding cases, age, details of the immunotherapy including dendritic cell (DC), cytokine-induced killer (CIK)
cells or DC-CIK cells, and the culture conditions used for the cells. IFNγ: Interferon-gamma; IL: Interleukin; GM-CSF: Granulocyte-macrophage colonystimulating factor; TNFα: Tumor necrosis factor-alpha; UK: Unknown; Ave: Average; Mid: Median.

P < 0.0001). The Cochran’s Q test resulted in a P value of
0.47 and corresponding quantity, I2, was 0%, indicating
that the degree of variability between trials was consistent
with what would be expected to occur by chance alone.

motherapy only group. All three trials showed improved
survival in the DC-CIK immunotherapy combined with
chemotherapy patients. The estimated pooled OR for
the three trials showed a highly significant improvement
in three-year survival in patients receiving DC-CIK immunotherapy combined with chemotherapy (OR = 0.43;
95%CI: 0.25-0.74, P = 0.002) (Figure 2A). The Cochran’s
Q test resulted in a P value of 0.65 and the corresponding
quantity, I2, was 0%, indicating there was no evidence of
heterogeneity among the individual studies.
Adequate information on the 1-year, 2-year and 3-year
survival rate was only available in 2 trials (Wei et al[22] and
Ying et al[23]), therefore, we simply summarized the data
from these two trials to show the survival graph (Figure
2B). The data are shown on the figure and the dotted line
represents the linear trend line (r2 = 0.9959 for the immunotherapy group and r2 = 0.9854 for the control group).

2-year disease-free survival
Information on 2-year DFS was available for two trials[22,23]
and included 225 patients (92 patients received immunotherapy combined with chemotherapy). DC-CIK immunotherapy plus chemotherapy resulted in 60% (55/92) of
colon cancer patients achieving 2-year DFS, compared to
40% (53/133) in the control group. The estimated pooled
OR for the two trials showed a highly significant improvement in two-year DFS in patients receiving DC-CIK immunotherapy combined with chemotherapy (OR = 0.41;
95%CI: 0.23-0.71, P = 0.002). The Cochran’s Q test resulted in a P value of 0.98 and corresponding quantity, I2,
was 0% (Figure 3A).

1-year disease-free survival
Information on 1-year DFS was available in two trials[22,23]
and included 225 patients (92 patients received immunotherapy combined with chemotherapy) (Figure 3A). DCCIK immunotherapy combined with chemotherapy led to
1-year DFS in 86% (79/92) of colon cancer patients. In
contrast, 1-year DFS was only 63% (84/133) in patients
who received only chemotherapy. Both trials showed longer DFS in DC-CIK immunotherapy combined with chemotherapy patients in comparison to chemotherapy only
in the first year. The estimated pooled OR for the two
trials showed a highly significant improvement in one-year
DFS in patients receiving DC-CIK immunotherapy combined with chemotherapy (OR = 0.24; 95%CI: 0.120.49,

WJG|www.wjgnet.com

3-year disease-free survival
Information on 3-year DFS was available in two trials[22,23]
and included 225 patients (92 patients received immunotherapy combined with chemotherapy). Immunotherapy
plus chemotherapy resulted in 50% (46/92) of colon
cancer patients achieving 3-year DFS. In contrast, chemotherapy alone resulted in 3-year DFS in only 36%
(48/133) of control patients. The estimated pooled OR
for the two trials showed a highly significant improvement in 3-year DFS in patients receiving DC-CIK immunotherapy combined with chemotherapy (OR = 0.50;
95%CI: 0.29-0.88, P = 0.02) (Figure 3A). The Cochran’s
Q test resulted in a P value of 0.99 and the correspond-
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A

Chemo
Chemo/clk
Study or subgroup Events Total Events
Total
1.1.1 1yDFS
Wei 2009
56
82
38
41
Ying 2010
28
51
41
51
Subtotal (95%CI)
133
92
Total events
84
79
2
2
Heterogeneity: χ = 0.51, df = 1 (P = 0.47); I = 0%
Test for overall effect: Z = 3.91 (P < 0.0001)
1.1.2 2yDFS
Wei 2009
36
82
27
Ying 2010
17
51
28
Subtotal (95%CI)
133
Total events
53
55
2
2
Heterogeneity: χ = 0.00, df = 1 (P = 0.98); I =
Test for overall effect: Z = 3.14 (P = 0.002)
1.1.3 3yDFS
Wei 2009
34
82
24
Ying 2010
14
51
22
Subtotal (95%CI)
133
Total events
48
46
2
2
Heterogeneity: χ = 0.00, df = 1 (P = 0.99); I =
Test for overall effect: Z = 2.42 (P = 0.02)

41
51
92

14.9%
17.1%
32.0%

0.17 [0.05, 0.60]
0.30 [0.12, 0.72]
0.24 [0.12, 0.49]

18.7%
17.3%
35.9%

0.41 [0.19, 0.88]
0.41 [0.18, 0.92]
0.41 [0.23, 0.71]

17.3%
14.8%
32.1%

0.50 [0.23, 1.07]
0.50 [0.22, 1.14]
0.50 [0.29, 0.88]

100.0%

0.38 [0.27, 0.54]

Odds ratio
M-H, fixed, 95%CI

41
51
92
0%

0.01

0.1

Favours experimental

1

10

100

Favours control

Common mean DFS
100%
90%

86%

80%
70%
%DFS

Odds ratio
M-H, fixed, 95%CI

0%

Total (95%CI)
399
276
Total events
185
180
2
2
Heterogeneity: χ = 2.83, df = 5 (P = 0.73); I = 0%
Test for overall effect: Z = 5.47 (P < 0.0001)
Test for subgroup difference: not applicable

B

Weight

2

63%

60%

60%

50%
40%

50%

2

R = 0.8583

30%
20%

36%

40%

Control
Immunotherapy

10%
0%

R = 0.9382

1

2

3

DFS time (yr)

Figure 3 Disease-free survival. A: Forest plot for disease-free survival (DFS). The fixed effects model (Mantel-Haenszel method) was used in this analysis; B: Mean
DFS including two trials (Wei et al[22] and Ying et al[23]) with excel line graph. The dotted line represents the trend line of each group.

ing quantity, I2, was 0%, indicating that there was no evidence of heterogeneity among the individual studies.
Adequate information on 1-year, 2-year and 3-year
DFS was only available in 2 trials (Wei et al[22] and Ying
et al[23]), therefore, we simply summarized the data from
these two trials to show the DFS graph (Figure 3B). The
data are shown on the figure and the dashed line represents the linear trend line (r2 = 0.9382 for the immunotherapy group and r2 = 0.8583 for the control group).

the chemotherapy combined with DC-CIK group did not
significantly differ from the chemotherapy alone group
(OR = 0.54; 95%CI: 0.21=1.43, P = 0.22) (Figure 4). The
Cochran’s Q test resulted in a P value of 0.80 and 0.68,
respectively, while the corresponding quantity, I2, was 0%
for both groups, indicating that there was no evidence
of heterogeneity among the individual studies.
Comparison of lymphocyte/monocyte subsets in the
peripheral blood of cancer patients
Analysis showed that the proportion of CD4+ cells was
significantly increased in the DC-CIK group compared
with corresponding baseline percentages before treatment, which was reflected by the pooled OR of -6.80 for

Response rate
Analysis of the ORR also demonstrated favorable results for the DC-CIK therapy arm, with an OR of 0.35
(95%CI: 0.16-0.77, P = 0.009). However, the DCR for
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Chemo
Chemo/clk
Study or subgroup Events Total Events
Total
4.1.1 ORR
Yuan 2011
7
21
13
21
Zhang 2011
13
31
21
32
Subtotal (95%CI)
52
53
Total events
20
34
2
2
Heterogeneity: χ = 0.06, df = 1 (P = 0.80); I = 0%
Test for overall effect: Z = 2.60 (P = 0.009)
4.1.2 DCR
Yuan 2011
13
21
15
Zhang 2011
25
31
29
Subtotal (95%CI)
52
Total events
38
44
2
2
Heterogeneity: χ = 0.17, df = 1 (P = 0.68); I =
Test for overall effect: Z = 1.24 (P = 0.22)

21
32
53

Weight

Odds ratio
M-H, fixed, 95%CI

27.2%
37.6%
64.8%

0.31 [0.09, 1.09]
0.38 [0.14, 1.05]
0.35 [0.16, 0.77]

17.9%
17.3%
35.2%

0.65 [0.18, 2.37]
0.43 [0.10, 1.90]
0.54 [0.21, 1.43]

100.0%

0.42 [0.23, 0.77]

Odds ratio
M-H, fixed, 95%CI

0%

Total (95%CI)
104
106
Total events
58
78
2
2
Heterogeneity: χ = 0.71, df = 3 (P = 0.87); I = 0%
Test for overall effect: Z = 2.79 (P = 0.005)
Test for subgroup difference: not applicable

0.01

0.1

Favours experimental

1

10

100

Favours control

Figure 4 Comparison of objective response rate and disease control rate following treatment with chemo-dendritic cell-cytokine-induced killer cells and
chemo-alone. The fixed effects meta-analysis model (Mantel-Haenszel method) was used in this analysis. ORR: Objective response rate; DCR: Disease control rate.

CD4+ cells (95%CI: -9.97--3.62, P < 0.0001) which were
significantly changed between the two groups (Figure
5), while -9.82 for CD3+ cells (95%CI: -22.36-2.73, P =
0.13), 1.44 for CD8+ cells (95%CI: -8.90-11.78, P = 0.78)
and -0.71 for CD4+CD8+ cells (95%CI: -1.44-0.02, P =
0.06) did not differ. Overall, most of the selected T cell
subsets were significantly increased after treatment with
DC-CIK (P < 0.00001) (Figure 5).

HCC and solid carcinomas[29] confirmed that immunotherapy is a safe and feasible treatment option for cancer
patients. However, there are also some limitations. For
instance, cancers that escape host immune surveillance
are generally more difficult to cure. Furthermore, it is often difficult to obtain the necessary numbers of cytotoxic
cells that are required for effective tumor control.
A growing body of knowledge on tumor immunosurveillance and loss thereof has contributed to the
refinement of anti-tumor immunotherapy. The aim of
our meta-analysis was to determine whether an association exists between DC-CIK cell therapy combined with
chemotherapy and chemotherapy alone in terms of 1, 2
and 3-year overall survival, 1, 2 and 3-year disease-free
survival, ORR and immune indices in colon cancer. This
study was also designed to elucidate whether DC-CIK
cell therapy can enhance the therapeutic efficacy of chemotherapy in colon cancer.
First, our analysis showed that DC-CIK therapies
were associated with significantly prolonged 1-year OS
(OR = 0.23; 95%CI: 0.11-0.48, P < 0.0001), 2-year OS
(OR = 0.42; 95%CI: 0.22-0.81, P = 0.009) and 3-year OS
(OR = 0.43; 95%CI: 0.25-0.74, P = 0.002). There was
no 5-year OS data in these studies. Our results, based on
prospective studies showed that DC-CIK therapies combined with chemotherapy improved survival in colon
cancer patients compared with chemotherapy alone. In
contrast, DC-CIK therapies plus chemotherapy did not
improve survival in HCC patients. In that analysis, 3-year
or 5-year survival was not statistically different with CIK
therapies[30]. In addition, different tumor stages (Ⅰ to Ⅳ)
were included in the trials and some trial data of 1-year,
2-year and 3-year survival rate were not adequately provided. Thus, when we collected the data, survival at 2

DISCUSSION
Colon cancer is the third most common cancer in the world
and more than half of patients diagnosed with colon cancer
will eventually die as a result of cancer-associated complications. Therefore, there is an urgent need for improvements
in adjuvant therapies, as well as improved treatment options
for metastatic disease.
The first clinical trial of CIK therapy was reported
in 1999 by Schmidt-Wolf, while the first clinical studies
of DC-based vaccines were described in 1973 by Steinman and Cohn. Additional studies have demonstrated
that CIK cells and DC vaccine therapies have anti-tumor
effects. Despite the drawbacks associated with in vitro
cell manipulation and upscaling, several approaches have
been assessed in clinical cancer treatment. The use of DC
vaccine, LAK3 cells, CTLs, CIK cells, and tumor infiltrating lymphocytes have been well studied, and additional
trials are ongoing. Increasing information on the clinical
anti-tumor activity of DC-CIK cells is available from
autologous therapy trials and some systematic reviews
yielded several findings. A meta-analysis of DC-based
tumor vaccination in prostate and renal cell cancers[27],
adoptive immunotherapy in postoperative hepatocellular
carcinoma (HCC)[28] and CIK cell therapy in patients with
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Chemo
Study or subgroup Mean
SD
Total
2.1.1 CD3+
Cai 2010
54.5
6.52
40
Li 2012
64.36 2.49
20
Yuan 2011
54
6
21
Zhang 2011
53
6.81
31
Zhu 2011
53.85 5.25
43
Subtotal (95%CI)
155
2
2
Heterogeneity: Tau = 202.47, χ = 476.10, df
Test for overall effect: Z = 1.53 (P = 0.13)
2.1.2 CD4+
Cai 2010
27.32
6.33
40
Li 2012
30.88
2.42
20
Yuan 2011
30
5
21
Zhang 2011
32
4.53
31
Zhu 2011
23.31
6.85
43
Subtotal (95%CI)
155
2
2
Heterogeneity: Tau = 10.74, χ = 23.93, df =
Test for overall effect: Z = 4.20 (P < 0.0001)
2.1.3 CD8+
Cai 2010
42.15
7.01
40
Li 2012
38.58
3.76
20
Yuan 2011
27
5
21
Zhang 2011
28
4.83
31
Zhu 2011
20.12
6.67
43
Subtotal (95%CI)
155
2
2
Heterogeneity: Tau = 137.33, χ = 296.00, df
Test for overall effect: Z = 0.27 (P = 0.78)
2.1.4 CD4+/CD8+
Cai 2010
0.15
0.63
40
Li 2012
0.89
0.21
20
Yuan 2011
1.54
0.46
21
Zhang 2011
1.12
0.43
31
Zhu 2011
1.16
1.02
43
Subtotal (95%CI)
155
2
2
Heterogeneity: Tau = 0.68, χ = 220.44, df =
Test for overall effect: Z = 1.89 (P = 0.06)

Mean
79
59.56
64
52
74.22

Chemo/clk
SD
Total

Weight

7.56
3.78
7
7.12
2.3

Mean difference

Mean difference

Ⅳ, random, 95%CI

Ⅳ, random, 95%CI

40
4.2%
20
5.4%
21
3.4%
32
3.9%
40
5.6%
153
22.4%
2
= 4 (P < 0.00001); I = 99%

-24.50 [-27.59, -21.41]
4.80 [2.82, 6.78]
-10.00 [-13.94, -6.06]
1.00 [-2.44, 4.44]
-20.37 [-22.09, -18.65]
-9.82 [-22.36, 2.73]

34.23
37.07
34
36
35.25

6.17
5.67
8
8.66
2.34

40
4.6%
20
4.6%
21
3.3%
32
3.9%
40
5.2%
153
21.5%
2
4 (P < 0.0001); I = 83%

-6.91 [-9.65, -4.17]
-6.19 [-8.89, -3.49]
-4.00 [-8.03, 0.03]
-4.00 [-7.40, -0.60]
-11.94 [-14.11, -9.77]
-6.80 [-9.97, -3.62]

29.13
28.78
27
28
35.62

7.25
4.87
4
6.23
3.5

13.02 [9.89, 16.15]
   9.80 [7.10, 12.50]
0.00 [-2.74, 2.74]
0.00 [-2.75, 2.75]
-15.50 [-17.77, -13.23]
1.44 [-8.90, 11.78]

2.3
1.63
1.94
1.28
1.21

0.32
0.27
0.64
0.23
0.69

40
4.2%
20
4.6%
21
4.6%
32
4.5%
40
5.1%
153
22.9%
2
= 4 (P < 0.00001); I = 99%

40
6.6%
20
6.6%
21
6.6%
32
6.6%
40
6.6%
153
33.1%
2
4 (P < 0.00001); I = 98%

-2.15 [-2.37, -1.93]
-0.74 [-0.89, -0.59]
-0.40 [-0.74, -0.06]
-0.16 [-0.33, 0.01]
-0.05 [-0.42, 0.32]
-0.71 [-1.44, 0.02]

Total (95%CI)
620
612
100.0%
2
2
2
Heterogeneity: Tau = 4.26, χ = 1430.69, df = 19 (P < 0.00001); I = 99%
Test for overall effect: Z = 7.04 (P < 0.00001)

-3.75 [-4.79, -2.70]
-100
-50
0
Favours experimental

50
100
Favours control

Figure 5 Forest plot of immunophenotype assessment. Data from patients after chemo-dendritic cell-cytokine-induced killer cell treatment and chemo-alone treatment. The random effects meta-analysis model (Mantel-Haenszel method) was used in this analysis.

colon cancer patients[31-34]. It is known that DC-CIK immunotherapy promotes the secretion of many cytokine
factors, including IL-2, thus our promising results, showing prolonged OS and DFS, provide evidence for the
potential application of DC-CIK (adoptive cell therapy)
combined with chemotherapy in colon cancer. Furthermore, there may be some interactions between different
chemotherapy regimens and immunotherapy, therefore,
we analyzed the different chemotherapy categories and
found no significant impact on the results. Thus, immunotherapy plays a role in the treatment of colon cancer.
It should be noted that the DFS analysis only included
two trials for each endpoint, therefore, a larger number
of trials are required to confirm these findings.
Third, the analysis of ORR demonstrated that the
ORR increased significantly in the DC-CIK group with

years (76%) included five trials, while survival at 3 years
(80%) included three trials, which had an impact on the
results.
Second, our analysis of DFS demonstrated that patients receiving DC-CIK cell therapy had better DFS
compared with patients in the chemotherapy alone group,
1-year DFS (OR = 0.24; 95%CI: 0.12-0.49, P < 0.0001),
2-year DFS (OR = 0.41; 95%CI: 0.23-0.71, P = 0.002)
and 3-year DFS (OR = 0.50; 95%CI: 0.29-0.88, P = 0.02).
GOLFIG represents a chemo-immunotherapeutic regimen which includes the standard poly-chemotherapy
FOLFOX (5-fluorouracil, FU, leucovorin and oxaliplatin) plus gemcitabine and an immunoadjuvant treatment
with subcutaneous injections of GM-CSF and low-dose
IL-2, which showed high response rates and disease
control rates as well as prolonged time to progression in
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an OR of 0.35 (95%CI: 0.16-0.77, P = 0.009) compared
with the non-DC-CIK group. However, the DCR did not
significantly differ from the chemotherapy alone group
(OR 0.54; 95%CI: 0.21-1.43, P = 0.22) (Figure 4). In an
ongoing pilot study, sentinel node-derived lymphocytes
were infused in colon cancer patients. Clinical responses
were seen in stage Ⅳ colon cancer patients and complete
remission (CR) was observed in four patients who received a significantly larger numbers of T cells than patients with SD and PR[35]. Therefore, in our selected studies, the difference in the number of transfused T cells in
the different groups of patients, which would lead to the
clinical response of DCR was not obvious.
Fourth, the human immune response against a tumor is mainly dependent on cellular immunity. The
ratios of T-lymphocyte subsets in the peripheral blood
are usually distorted in tumor patients. In the present
analysis, the percentages of CD4+ T cells were significantly increased in the DC-CIK group compared with
the chemotherapy group (P < 0.05). We demonstrated
that DC-CIK cells were suitable for enhancing the antitumor activity in colon cancer patients. Furthermore, the
tumor-specific responses generation were potent, longlasting, and required T cells[36]. The therapeutic efficacy
of immunotherapies generally correlates with the generation of strong antigen-specific T- and B-cell responses,
and augmentation of such responses may increase the
overall potency of immunotherapies. CD8+ cell (P = 0.78)
percentages did not differ between the two groups after
treatment. It is known that the mere presence of tumorspecific CD8+ T cells (cytotoxic T cells) in the peripheral
blood is not correlated with improved clinical outcome.
In contrast, several studies indicated a correlation between the number of tumor infiltrating CD8+ T lymphocytes (TILs) and an improved prognosis in colorectal
cancer[37], but not in other cancers, such as HCC[38]. Thus,
compared to chemotherapy alone, combining DC-CIK
immunotherapy with chemotherapy has greater precision
to seek and kill tumor cells and helps to increase the sensitivity of cancer cells to chemotherapy, thus providing
hope for the treatment of colorectal cancer.

none of the trials had more than 100 patients per arm.
Thus, a larger sample size including more patients in all
groups is needed. The follow-up period was also not sufficiently long. Some of the studies did not even report
the follow-up time, tumor size, or background colon
diseases. Moreover, patient information was limited in
some cases.
The reliability of this systemic review might also
be influenced by other factors. For example, not all of
the included studies reported clinic random allocation
concealment, thus, the meta-analysis may have distribution and implementation bias. We summarized the data
from the published results, which will have introduced
bias across the studies. Clinical studies with DC-CIK
cells are still in their infancy and only involve a relatively
small number of patients in most of these studies. The
relatively robust and simple cell culture procedures to
expand DC-CIK cells have enabled the approach of
adoptive cellular immunotherapy to be widely studied.
Based on the encouraging experimental and clinical
evidence currently available, randomized clinical trials
are justifiable and should be performed under stringent
compliance with the CONSORT principles. This will involve a large number of patients in order to demonstrate
statistical significance for a modest degree of outcome
superiority. Such studies are urgently needed in order to
provide unequivocal evidence of the clinical usefulness
of immunotherapy.
Collectively, our analysis demonstrates that DC-CIK
therapy can result in enhanced survival and improved
clinical responses in colorectal patients. We also found
that these DC-CIK-mediated improvements typically
correspond with enhanced immune function. Thus,
DC-CIK cells can enhance the therapeutic efficacy of
chemotherapy in colon cancer patients. Hence, the efficacy of this therapy lies in its possible application as a
promising adjuvant therapy for colon cancer. However,
further development of this immunotherapy is needed.

Limitations of the study
Our meta-analysis has limitations that affect interpretation of the results. First, all seven trials included in the
analysis were conducted in China, and published only in
the Chinese language. However, it should be noted that
on the website http://www.immunitynet.com/coloncancer.
asp, it has been demonstrated that there are many successful cases of patients with colon cancer treated with
immunotherapy. A clinical trial performed by Guangxi
Medical University was registered in http://clinicaltrials.gov/ (NCT01839539). Schmidt-Wolf et al[19] showed
that seven colon cancer patients responded to CIK cell
therapy and we excluded this Germany study from our
selected trials. In addition, a successful case treated with
CIK cells alone was reported by Sun Yatsen University
Cancer Center and published in English[39]. Furthermore,
the seven trials included a total of 533 patients, and

Colorectal cancer is the third most commonly diagnosed cancer in humans.
However, 25% of patients who present with metastatic disease have a five-year
survival of only 10%. In recent years there has been great interest in cancer
immunotherapy, which has the potential to control metastatic disease, prolong
time to recurrence, and ultimately serve as a preventive measure. However,
clinical studies on dendritic cell (DC)-cytokine-induced killer (CIK) cells are still
in their infancy.
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the efficacy and safety of treatment. However, clinical studies on DC-CIK cells
have not achieved a clear consensus on how they may be best optimized.
Therefore, the authors performed a systematic review and meta-analysis of
clinical trials to assess the therapeutic efficacy of DC-CIK cells combined with
chemotherapy in colon cancer. The pooled analysis was performed using
the data from random or fixed-effect models. The overall analysis showed a
significant one-year, two-year and three-year survival (overall survival) benefit
with DC-CIK immunotherapy and chemotherapy. One-year, two-year and threeyear disease-free survival rates were also improved after treatment with the
combination of DC-CIK immunotherapy and chemotherapy. An improvement
in overall response rate was also observed in patients who received additional
DC-CIK cell therapy. Furthermore, the analysis of T-lymphocyte subsets in peripheral blood indicated that the number of CD4+ T cells significantly increased
in the DC-CIK plus chemotherapy group, implying enhanced immunological
responses for anti-tumor regulation. There were no alterations in the number of
CD3+, CD8+ and CD4+CD8+ T cells following DC-CIK treatment, suggesting that
T cell-mediated cytotoxicity was not aggravated. In all, the combination of DCCIK immunotherapy and chemotherapy was superior in prolonging survival time
and enhancing immunological responses.
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Applications

The analysis demonstrated that the efficacy of DC-CIK therapy lies in its possible application as a promising adjuvant therapy for colon cancer.
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Terminology

DCs constitute a unique subset of extremely efficient antigen-presenting cells.
They were first described in 1973 by Steinman and Cohn. Steinman received
the 2011 Nobel Prize in Physiology or Medicine for the discovery of the dendritic
cell and its role in adaptive immunity. CIK cells are non-major histocompatibility
complex-restricted CD3+CD56+ T cells. They were first described as having a
marked ability to proliferate and an increased superiority over lymphokine-activated killer cells in cytolytic activity against cancer by Schmidt Wolf et al. Adoptive immunotherapy is used in the treatment of cancer in which an individual’
s own white blood cells are coupled with a naturally produced growth factor to
enhance their cancer-fighting capacity and holds great promise in the scenario
of potential new approaches for the treatment of solid tumors that are refractory
to conventional therapies.
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In this manuscript the authors investigated whether autologous DC-CIK therapy
was able to improve the therapeutic efficacy of chemotherapy in colon cancer. They conducted a systematic review of published papers from several
different sources. Their findings support that the combination of the DC-CIK
immunotherapy and chemotherapy has superiority in prolonging the survival
time and enhancing immunological responses. In recent years there has been
great interest in cancer immunotherapy, which has the potential of controlling
metastatic disease, prolonging time to recurrence, and ultimately serving as a
preventive measure. The study is well performed and the manuscript is clear
and convincing.
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which reported on 1103 subjects, 548 of whom had
HIF-1α positive expression (50%). This meta-analysis
indicated that HIF-1α positive expression in gastric
cancer correlated with lower 5-year overall survival (OR
= 0.36; 95%CI: 0.21-0.64), worse tumor differentiation
(OR = 0.38; 95%CI: 0.23-0.64), deeper invasion (OR
= 0.42; 95%CI: 0.32-0.57), higher rates of lymph node
metastasis (OR = 2.23; 95%CI: 1.46-3.40), lymphatic
invasion (OR = 2.50; 95%CI: 1.46-4.28), and vascular
invasion (OR = 1.80; 95%CI: 1.29-2.51), and higher
TNM stage (Ⅲ + Ⅳ) (OR = 0.31; 95%CI: 0.15-0.60).

Abstract

Core tip: We conducted a meta-analysis to evaluate the
correlation between hypoxia inducible factor-1α (HIF1α) expression and clinical outcome in gastric cancer
patients, and reported that HIF-1 positive expression
indicates a poor prognosis for patients with gastric cancer. This is the first comprehensive and detailed metaanalysis to assess the association of HIF-1α positive
expression with 5-year overall survival and tumor clinicopathological features for gastric cancer patients. We
believed that the results will provide useful information
for clinical decision-making regarding gastric cancer.

CONCLUSION: HIF-1α positive expression indicates a
poor prognosis for patients with gastric cancer. Further
studies are required to confirm these results.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Hypoxia inducible factor-1α; Gastric cancer;
5-year overall survival; Clinicopathological features; Meta-analysis

AIM: To conduct a meta-analysis to evaluate the prognostic role of hypoxia inducible factor-1α (HIF-1α) expression in gastric cancer.
METHODS: The PubMed, EMBASE, and Web of Science
databases were searched systematically for all articles
published in English before August, 2013. Pooled effect was calculated from the available data to evaluate
the association between HIF-1α expression and 5-year
overall survival and tumor clinicopathological features in
gastric cancer patients. Pooled odds ratios (ORs) with
95%CIs were calculated using either a fixed-effects or a
random-effects model.

Lin S, Ma R, Zheng XY, Yu H, Liang X, Lin H, Cai XJ. Metaanalysis of immunohistochemical expression of hypoxia inducible
factor-1α as a prognostic role in gastric cancer. World J Gastroenterol 2014; 20(4): 1107-1113 Available from: URL: http://

RESULTS: Nine studies matched the selection criteria,
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inclusion. In addition, each study had to fulfill the following criteria: (1) patients with gastric cancer diagnosed by
pathology; (2) studies that examined the relationship between HIF-1α and survival of gastric cancer; (3) studies
that utilized immunohistochemistry to determine the expression of HIF-1α in paraffin-embedded surgical specimens; and (4) the most informative article when multiple
articles were published by the same authors or groups.
Abstracts, letters, editorials and expert opinions, reviews without original data, case reports, and studies lacking a control group were excluded. The studies or data
were also excluded for: (1) overlapping articles or duplicate data; (2) articles about cell lines or animals; (3) being
impossible to extract the appropriate data from the published results; (4) conference records; (5) studies lacking
information on survival; or (6) patients who had previous
chemotherapy or radiotherapy.

www.wjgnet.com/1007-9327/full/v20/i4/1107.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i4.1107

INTRODUCTION
Gastric cancer is one of the most common cancers worldwide. Although the prognosis of gastric cancer has improved due to early diagnosis, radical operation, and the
development of adjuvant therapy, patients with gastric
cancer still have a poor prognosis[1,2]. The main prognostic
factors for gastric cancer are clinicopathological features
of the disease, including tumor differentiation, depth of
invasion, lymph node metastasis and stage. However, the
prognostic factors do not fully predict individual clinical outcome. As a result, there is great interest in finding
better markers to identify patients with a poor prognosis
at the time of diagnosis[3,4]. Hypoxia inducible factor-1
(HIF-1) is a basic helix-loop-helix transcription factor
composed of HIF-1α and HIF-1β subunits; and HIF1α determines HIF-1 activity[5]. Increased evidence has
revealed that HIF-1α positive expression was associated
with an unfavorable prognosis in many kinds of cancer[6,7].
One published meta-analysis has reported that HIF1α in Asian patients was associated with poor overall
survival (OS), but not with disease free survival (DFS)[8].
However, there have been no data about tumor clinicopathological features, which were known to provide
useful information for tumor prognosis. Since that metaanalysis only included several studies of low quality, the
data reported were not sufficient to derive conclusions
with regards to the OS and DFS. Given that several
high-quality studies have been published recently, we
reviewed the currently available evidence in the medical
literature to determine the association between HIF-1α
positive expression and 5-year overall survival of gastric
cancer as well as common clinicopathological features,
and to assess the significance of HIF-1α positive expression in the prediction of clinical outcome of gastric
cancer.

Outcomes of interest and data extraction
We mainly aimed at evaluating the prognostic value of
HIF-1α positive expression in gastric cancer patients
regarding 5-year overall survival. Our second aim was
to assess the association of HIF-1α positive expression
with tumor clinicopathological features, such as tumor
differentiation, depth of tumor invasion, lymph node
metastasis, lymphatic invasion, vascular invasion, and tumor node metastasis (TNM) stage. Overall survival was
measured from the date of medical resection to either
the day of death or the day of the last follow-up visit.
Two reviewers independently extracted the following parameters from each study: (1) first author and year
of publication; (2) study population characteristics; (3)
number of subjects who were included in studies; and (4)
5-year overall survival and clinicopathological features.
Qualitative assessment
Quality assessment was performed with the NewcastleOttawa quality assessment scale (NOS).
Statistical analysis
The meta-analysis was performed using the Review Manager (RevMan) software, (version 5.2; Cochrane collaboration, http://ims.cochrane.org/revman/download). We
analyzed dichotomous variables using estimation of odds
ratio (OR) with 95%CI. The pooled effect was calculated
using either a fixed-effects or a random-effects model.
Heterogeneity between studies was evaluated using the χ 2
and I2 tests, and we considered heterogeneity present if
the I2 statistic was ≥ 50%. P < 0.05 was considered significant. Assessment of publication bias for each of the
pooled study groups was performed using a funnel plot.

MATERIALS AND METHODS
Study selection
The PubMed, EMBASE, and Web of Science databases
were searched systematically for all articles published in
English before August, 2013. The terms used for the
search were: “HIF-1α” or “hypoxia-inducible factor-1α”
and “Gastric Cancer” or “Gastric Neoplasm” or “Stomach Neoplasm”.
Reference lists of all retrieved articles were also manually searched for additional studies. Two reviewers independently extracted the data from each study. All relevant
text, tables, and figures were reviewed for data extraction.
Discrepancies between the two reviewers were resolved
by discussion and consensus.

RESULTS
Selection of trials
The initial search strategy retrieved 221 publications. After screening all titles, abstracts, and full texts, nine studies[9-17] met our entry criteria and were retrieved for more
detailed evaluation (Figure 1). All nine studies were ret-

Inclusion and exclusion criteria
Only studies in the English language were considered for
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221 potentially relevant publications were identified after duplicates removed

192 studies excluded for reviews, animal studies, cell lines, conferences
records or had no relationship with our study

29 potentially relevant papers retrieved for more detailed assessment

20 studies excluded for not providing data on survival, repeated data from the same or
similar publication, or no interested outcome

9 studies included in final meta-analysis

Figure 1 Flow diagram indicating the process of selecting articles for meta-analysis.

Table 1 Characteristics of the included studies
Country of origin Sample size (M/F, n )

Ref.
[9]

Zhan et al
Lu et al[10]
Isobe et al[11]
Qiu et al[12]
Oh et al[13]
Kolev et al[14]
Cabuk et al[15]
Sumiyoshi et al[16]
Mizokami et al[17]

China
China
Japan
China
South Korea
Japan
Turkey
Japan
Japan

60 (38/22)
68 (43/25)
128 (91/37)
188 (127/61)
114 (67/47)
152 (110/42)
51 (30/21)
216 (148/68)
126 (83/41)

Mean/median age (yr)
56.5
49.86
67.3
57
59
59.5
63
65.2
65.3

Study quality (points)

5-yr OS rate analysis

Expression rate

6/9
5/9
6/9
6/9
5/9
6/9
4/9
5/9
6/9

Reported
NR
Reported
Reported
NR
Reported
NR
NR
Reported

58.3%
52.9%
65.6%
54.6%
15.8%
62.5%
71%
39.4%/85
38.9%

Study quality was listed using the results of the Newcastle -Ottawa questionnaire. M: Male; F: Female; NR: Not reported; OS: Overall survival.

rospectively analyzed, and their characteristics are summarized in Table 1. Sample sizes ranged from 51 to 216,
and the total number was 1103, 548 of whom had HIF1α positive expression (50%). Of nine included studies,
five provided data on 5-year overall survival. The studies
were conducted in four countries (China, Japan, South
Korea and Turkey).

metastasis (OR = 2.23; 95%CI: 1.46-3.40; random effects model) (Figure 2D), lymphatic invasion (OR = 2.50;
95%CI: 1.46-4.28; random effects model) (Figure 2E),
vascular invasion (OR = 1.80; 95%CI: 1.29-2.51; fixed
effects model) (Figure 2F) and TNM stages Ⅲ + Ⅳ (OR
= 0.31; 95%CI: 0.15-0.60; random effects model) (Figure
2G). In other words, the incidence of HIF-1α positive
expression was significantly higher in the poorly differentiated and undifferentiated gastric cancer than in well
and moderately differentiated types, and significantly
lower in carcinomas in stages Ⅰ + Ⅱ than in stages Ⅲ
+ Ⅳ. HIF-1α positive expression was correlated with
higher proportions of depth of invasion, lymphatic invasion, vascular invasion and lymph node metastasis.

Correlation between HIF-1α positive expression and
5-year overall survival
The 5-year overall survival was extracted from five studies.
Meta-analysis indicated that patients with HIF-1α positive
expression suffered with a lower 5-year overall survival (OR
= 0.36; 95%CI: 0.21-0.64). The random effects model was
used because of the heterogeneity (I2 = 50.0%) (Figure 2A).

Publication bias
We used the inverted funnel plot to assess publication
bias for all comparisons, and inspected its asymmetry visually. The shapes of the funnel plots showed a low potential for publication bias (Figure 3). Moreover, we used
an influence analysis to evaluate the influence of a single
study on the summary effect. The meta-analysis was not
dominated by any individual study, and removing any
study at a time made no difference.

Correlation between HIF-1α positive expression and
tumor clinicopathological features
Analysis of the pooled data showed that HIF-1α positive
expression in gastric cancer was associated with biologically aggressive phenotypes such as tumor differentiation
(OR = 0.38; 95%CI: 0.23-0.64; random effects model)
(Figure 2B), depth of invasion (OR = 0.42; 95%CI:
0.32-0.57; fixed effects model) (Figure 2C), lymph node
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A

HIF-1α positive
HIF-1α negative
Odds ratio
Odds ratio
Study or subgroup
Events Total Events
Total
Weight M-H, random, 95%CI
M-H, random, 95%CI
1 Zhan H et al . 2013
12
35
15
25
17.1%
0.35 [0.12, 1.01]
3 Isobe T et al . 2013
53
84
43
44
6.6%
0.04 [0.01, 0.30]
4 Qiu MZ et al . 2011
36
110
44
78
28.9%
0.38 [0.21, 0.68]
6 Kolev Y et al . 2008
65
95
43
57
24.7%
0.71 [0.34, 1.48]
9 Mizokami, K et al 2006
29
49
63
77
22.8%
0.32 [0.14, 0.73]
Total (95%CI)
373
281
100.0%
0.36 [0.21, 0.64]
Total events
195
208
2
2
2
Heterogeneity: Tau = 0.19; χ = 7.94, df = 4 (P = 0.09); I = 50%
0.1 0.2
0.5
1
2
5
10
Test for overall effect: Z = 3.53 (P = 0.0004)
Low 5-year over survival High 5-year over survival

B

HIF-1α positive
HIF-1α negative
Odds ratio
Odds ratio
Study or subgroup
Events Total Events
Total
Weight M-H, random, 95%CI
M-H, random, 95%CI
2 Lu XX et al . 2013
17
36
16
32
13.6%
0.89 [0.34, 2.32]
3 Isobe T et al . 2013
25
84
28
44
16.1%
0.24 [0.11, 0.52]
4 Qiu MZ et al . 2011
20
110
33
78
17.7%
0.30 [0.16, 0.59]
6 Kolev Y et al . 2008
47
95
29
57
17.8%
0.95 [0.49, 1.82]
8 Sumiyoshi. Y et al 2006
23
85
77
131
18.8%
0.26 [0.14, 0.47]
9 Mizokami, K et al 2006
18
49
56
77
16.1%
0.22 [0.10, 0.47]
Total (95%CI)
459
419
100.0%
0.38 [0.23, 0.64]
Total events
150
239
2
2
2
Heterogeneity: Tau = 0.29; χ = 15.84, df = 5 (P = 0.007); I = 68%
0.1 0.2 0.5
1
2
5 10
Test for overall effect: Z = 3.61 (P = 0.0003)
Undifferentiation + poor Moderate + well

C

HIF-1α positive
HIF-1α negative
Study or subgroup
Events Total Events
Total
1 Zhan H et al . 2013
1
35
6
25
2 Lu XX et al . 20139
8
36
14
32
3 Isobe T et al . 2013
32
84
25
44
4 Qiu MZ et al . 2011
15
110
28
78
5 Oh SY et al . 2008
7
18
70
96
6 Kolev Y et al . 2008
41
95
34
57
8 Sumiyoshi. Y et al 2006
45
85
84
131
Total (95%CI)
463
463
Total events
149
261
2
2
Heterogeneity: χ = 6.68, df = 6 (P = 0.35); I = 10%
Test for overall effect: Z = 5.72 (P < 0.00001)

Odds ratio
Weight M-H, random, 95%CI
5.0%
0.09 [0.01, 0.83]
8.5%
0.37 [0.13, 1.05]
15.0%
0.47 [0.22, 0.98]
20.9%
0.28 [0.14, 0.58]
10.0%
0.24 [0.08, 0.67]
17.8%
0.51 [0.26, 1.00]
22.9%
0.63 [0.36, 1.10]
100.0%
0.42 [0.32, 0.57]

0.001

D

HIF-1α positive
HIF-1α negative
Odds ratio
Study or subgroup
Events Total Events
Total
Weight M-H, random, 95%CI
1 Zhan H et al . 2013
32
35
9
25
6.2% 18.96 [4.50, 79.87]
2 Lu XX et al . 2013
27
36
20
32
9.5%
1.80 [0.64, 5.09]
3 Isobe T et al . 2013
50
84
12
44
12.5%
3.92 [1.77, 8.67]
4 Qiu MZ et al . 2011
82
110
44
74
14.9%
2.00 [1.06, 3.76]
5 Oh SY et al . 2008
15
18
58
96
7.1%
3.28 [0.89, 12.08]
6 Kolev Y et al . 2008
50
95
21
57
14.2%
1.90 [0.97, 3.73]
7 Cabuk, D. et al . 2007
24
36
12
15
6.2%
0.50 [0.12, 2.12]
8 Sumiyoshi. Y et al 2006
49
85
63
131
16.2%
1.47 [0.85, 2.55]
9 Mizokami, K et al 2006
25
49
26
77
13.3%
2.04 [0.98, 4.25]
Total (95%CI)
548
551
100.0%
2.23 [1.46, 3.40]
Total events
354
265
2
2
2
Heterogeneity: Tau = 0.21; χ = 17.46, df = 8 (P = 0.03); I = 54%
Test for overall effect: Z = 3.72 (P = 0.0002)

E

HIF-1α positive
HIF-1α negative
Study or subgroup
Events Total Events
Total
3 Isobe T et al . 2013
55
84
19
44
6 Kolev Y et al . 2008
58
95
22
57
7 Cabuk, D. et al . 2007
20
36
9
15
8 Sumiyoshi. Y et al 2006
29
85
37
131
9 Mizokami, K et al 2006
14
49
13
77
Total (95%CI)
349
324
Total events
176
100
2
2
Heterogeneity: χ = 4.29, df = 4 (P = 0.37); I = 7%
Test for overall effect: Z = 3.46 (P = 0.0005)
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Odds ratio
M-H, random, 95%CI

Odds ratio
Weight M-H, random, 95%CI
16.8%
2.50 [1.18, 5.27]
20.8%
2.49 [1.27, 4.89]
11.0%
0.83 [0.24, 2.84]
37.3%
1.32 [0.73, 2.73]
14.1%
1.97 [0.83, 4.65]
100.0%
1.80 [1.29, 2.51]

0.1
1 10
1000
T3 + T4 T1 + T2

Odds ratio
M-H, random, 95%CI

0.1 0.2 0.5 1 2
5 10
LNM (-) LNM (+)

Odds ratio
M-H, random, 95%CI

0.1 0.2
0.5
1
2
5
10
Vascular invasion (-) Vascular invasion (+)
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F

HIF-1α positive
HIF-1α negative
Odds ratio
Odds ratio
Study or subgroup
Events Total Events
Total
Weight M-H, random, 95%CI
M-H, random, 95%CI
3 Isobe T et al . 2013
54
84
19
44
22.7%
2.37 [0.12, 4.99]
6 Kolev Y et al . 2008
66
95
27
57
24.5%
2.53 [1.28, 4.99]
7 Cabuk, D. et al . 2007
25
36
14
15
5.4%
0.16 [0.02, 1.39]
8 Sumiyoshi. Y et al 2006
61
85
63
131
27.3%
2.74 [1.53, 4.92]
9 Mizokami, K et al 2006
40
49
37
77
20.1%
4.80 [2.05, 11.24]
Total (95%CI)
349
324
100.0%
2.50 [1.46, 4.28]
Total events
246
160
2
2
2
Heterogeneity: Tau = 0.19; χ = 8.59, df = 4 (P = 0.07); I = 53%
0.1 0.2
0.5
1
2
5
10
Test for overall effect: Z = 3.33 (P = 0.0009)
Lymphatic invasion (-) Lymphatic invasion (+)

G

HIF-1α positive
HIF-1α negative
Odds ratio
Study or subgroup
Events Total Events
Total
Weight M-H, random, 95%CI
1 Zhan H et al . 2013
3
35
16
25
11.5%
0.05 [0.01, 0.22]
2 Lu XX et al . 2013
10
36
16
22
13.8%
0.14 [0.04, 0.47]
4 Qiu MZ et al . 2011
41
110
56
78
19.9%
0.23 [0.12, 0.44]
5 Oh SY et al . 2008
7
18
60
96
15.4%
0.38 [0.14, 1.07]
6 Kolev Y et al . 2008
62
95
42
57
18.8%
0.67 [0.32, 1.39]
8 Sumiyoshi. Y et al 2006
45
85
80
131
20.7%
0.72 [0.41, 1.25]
Total (95%CI)
379
409
100.0%
0.31 [0.15, 0.60]
Total events
168
270
2
2
2
Heterogeneity: Tau = 0.50; χ = 19.56, df = 5 (P = 0.002); I = 74%
Test for overall effect: Z = 3.43 (P = 0.0006)

Odds ratio
M-H, random, 95%CI

0.1 0.2

0.5 1
2
5 10
Staging Ⅲ + Ⅳ Staging Ⅰ + Ⅱ

Figure 2 Forest plots. A: The results of the meta-analysis for 5-year overall survival; B: The results of the meta-analysis for tumor differentiation; C: The results of the
meta-analysis for depth of invasion; D: The results of the meta-analysis for lymph node metastasis (LNM); E: The results of the meta-analysis for vascular invasion; F:
The results of the meta-analysis for lymphatic invasion; G: The results of the meta-analysis for tumor node metastasis stage.

tumors have already been conducted and the relationship
between HIF-1α and tumors has been confirmed. HIF1α plays a role in the tumor formation, progression and
metastasis by activating genes which are related to regulation of angiogenesis, cell survival and metabolism[20-22].
Not all gastric cancers express HIF-1α and 548 (50%)
of 1103 gastric cancer patients had HIF-1 α positive
expression in this meta-analysis. However, once gastric
cancer cells acquire HIF-1α expression, they transform
to have more aggressive and metastatic behavior. The
meta-analysis about prognostic significance of HIF-1α
has been studied in several cancers such as non-small
cell lung cancer and hepatocellular carcinoma[5,23], and
HIF-1α positive expression indicates a poor prognosis.
In this study, we found that the 5-year overall survival in
the HIF-1α positive group was significantly lower than
that in the HIF-1α negative group. Thus, HIF-1α was a
poor prognosis factor for gastric cancer patients.
Our result also demonstrated that HIF-1α positive expression was correlated with increased vascular invasion and
lymphatic invasion. The presence of vascular invasion and
lymphatic invasion may indicate increased biological aggressiveness and a greater possibility of systemic diffusion. As
shown in previous studies, vascular invasion and lymphatic
invasion were the main risk factors for tumor occurrence
and had the close relation with tumor invasiveness[24,25].
Moreover, we analyzed the relationship between the expression of HIF-1α and clinicopathologic features of gastric
cancer, and found that the expression of HIF-1α was related to higher proportions of poor tumor differentiation,
deep invasion, lymph node metastasis and TNM stages Ⅲ +
Ⅳ. This indicates that HIF-1α positive expression is closely

0

SE (log [OR])

0.2
0.4
0.6
0.8
1

0.02

0.1

1

10

50

OR

Figure 3 Funnel plot of studies of hypoxia inducible factor-1α positive
expression in gastric cancer.

DISCUSSION
Meta-analysis has been traditionally applied and was
mostly confined to randomized controlled trials (RCTs),
and meta-analytical techniques using non-randomized
controlled trials (NRCTs) might be a good method for
use in some clinical settings in which either the number
or the sample size of the RCTs is insufficient[18,19]. To our
best knowledge, our study is the first comprehensive and
detailed meta-analysis to assess the association of HIF-1α
positive expression with 5-year overall survival and tumor
clinicopathological features in gastric cancer patients. We
believe that our results will provide useful information for
clinical decision-making regarding gastric cancer.
Nowadays, many studies about the role of HIF-1α in
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related to the poor biological behavior of gastric cancer.
There are several limitations to this meta-analysis, and
consequently, the results should be interpreted with caution. First, the data came from NRCTs, and the overall
level of clinical evidence was low. Abraham et al[26] had
found that meta-analyses carried out on well designed
NRCTs of surgical procedures were probably as accurate
as those carried out on RCTs. Second, there was heterogeneity across studies. We applied a random-effects model to take variation between studies into consideration,
and we believe that the heterogeneity would have had
very limited influence. Third, reports in languages other
than English were excluded. The risk of language bias
had to be considered, but it may not result in any notable
bias in the assessment of interventional effectiveness.
Finally, publication bias was present in our analysis. The
reason was that investigative groups might be more likely
to report positive results, and that studies with significant
outcomes are more likely to be published.
In conclusion, the results of this meta-analysis of 1103
patients showed that HIF-1α positive expression was associated with poor 5-year overall survival and clinicopathological features in patients with gastric cancer. Moreover,
HIF-1α positive expression could be a useful prognostic
marker for gastric cancer. Further studies are required to
confirm these results.
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Core tip: We report an inheritable case of achalasia
cardia in an 81-year-old woman and her 58-year-old
daughter with early manifestation of the disease at 23
and 25 years of age, respectively, and further progression of achalasia cardia which led to its decompensation and resulted in gastrostomy in the woman which
was performed when she was 79-year-old.
Evsyutina YuV, Trukhmanov AS, Ivashkin VT. Family case of
achalasia cardia: Case report and review of literature. World J
Gastroenterol 2014; 20(4): 1114-1118 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i4/1114.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i4.1114

INTRODUCTION
Abstract

Achalasia cardia is a primary esophageal motility disorder with involvement of the Auerbach’s intermuscular
plexus[1]. Achalasia cardia is considered a very rare disease, its incidence rate is 10 cases per 100000 population,
and morbidity rate is 1 per 100000 population[2]. Achalasia cardia is diagnosed in adults most frequently in the
age group of 25 to 60 years. Although the disease was
first described by Thomas Williams, an English doctor,
in 1674[3], the etiology of achalasia cardia still remains
unknown. Genetic theory is one of the possible theories
considered as the pathogenesis of achalasia cardia. We report an inheritable case of achalasia cardia which was not
diagnosed for a long time in mother and her daughter.

Achalasia cardia is an idiopathic disease that occurs as
a result of inflammation and degeneration of myenteric
plexi leading to the loss of postganglionic inhibitory
neurons required for relaxation of the lower esophageal
sphincter and peristalsis of the esophagus. The main
symptoms of achalasia are dysphagia, regurgitation,
chest pain and weight loss. At present, there are three
main hypotheses regarding etiology of achalasia cardia
which are under consideration, these are genetic, infectious and autoimmune. Genetic theory is one of the
most widely discussed. Case report given below represents an inheritable case of achalasia cardia which was
not diagnosed for a long time in an 81-year-old woman
and her 58-year-old daughter.

CASE REPORT
Patient A, a 58-year-old, was admitted to the Clinic of the
First Moscow State Medical University on March 2013
with the following complaints: dysphagia (to solids and
liquids), chest pain during swallowing, food regurgitation,

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Table 1 Complaints of the 58-year-old woman before treatment, in 2 mo after treatment, and the 79-year-old woman (modificated
Eckardt score)
Symptom
The 58-year-old woman
before treatment

The 58-year-old woman
in 2 mo after treatment

The 79-year-old woman

Dysphagia to solids
Dysphagia to liquids
Active regurgitation
Passive regurgitation
Spastic chest pain
Burning chest pain
Weight loss, kg
Nocturnal cough
Nocturnal dyspnea
Hiccup
Dysphagia to solids
Dysphagia to liquids
Active regurgitation
Passive regurgitation
Spastic chest pain
Burning chest pain
Weightoss, kg
Nocturnal cough
Nocturnal dyspnea
Hiccup
Dysphagia to solids
Dysphagia to liquids
Active regurgitation
Passive regurgitation
Spastic chest pain
Burning chest pain
Weight loss, kg
Nocturnal cough
Nocturnal dyspnea
Hiccup

Score by frequency of symptoms
0

1

2

3

None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

Occasionally
Occasionally
Occasionally
Occasionally
Occasionally
Occasionally
<5
Monthly
Monthly
Monthly
Occasionally
Occasionally
Occasionally
Occasionally
Occasionally
Occasionally
<5
Monthly
Monthly
Monthly
Occasionally
Occasionally
Occasionally
Occasionally
Occasionally
Occasionally
<5
Monthly
Monthly
Monthly

Daily
Daily
Daily
Daily
Daily
Daily
5-10
Weekly
Weekly
Weekly
Daily
Daily
Daily
Daily
Daily
Daily
5-10
Weekly
Weekly
Weekly
Daily
Daily
Daily
Daily
Daily
Daily
5-10
Weekly
Weekly
Weekly

Each meal
Each meal
Each meal
After each meal
Each meal
After each meal
> 10
Each night
Each night
Daily
Each meal
Each meal
Each meal
After each meal
Each meal
After each meal
> 10
Each night
Each night
Daily
Each meal
Each meal
Each meal
After each meal
Each meal
After each meal
> 10
Each night
Each night
Daily

and nocturnal cough.
Medical history of this case shows that the patient
considered herself ill since she was 23 years of age, when
she noticed for 1st time symptoms of dysphagia which
disturbed her at least once in 2 mo, and these symptoms
continued until she was 31-year-old when her episodes
of dysphagia became more frequent and occurred once
or twice per week. The patient underwent contrastenhanced X-ray examination of the esophagus (which
revealed: stricture of cardiac portion of the esophagus
up to 1.5 cm, suprastenotic dilatation of the esophagus
up to 4 cm, delayed evacuation of barium meal from the
esophagus to the stomach and absence of gastric air bubble). Achalasia cardia was diagnosed. The patient refused
to the proposed therapy, as her sense of physical wellbeing before 2003 was satisfactory, until she developed
new complications of pressing pain behind her sternum
during meals, regurgitation after meals and nocturnal
cough. Since 2012 the patient noted that swallowing of
foods (both solids and liquids were difficult at every meal
(she reported that the first swallow was difficult but the
further swallows were normal) (Table 1).
General performance status was rather satisfactory at
the time of admission to the hospital. Body mass index
was 30.4 kg/m2 (class Ⅰ obesity). Skin and visible mucosa were normal. Breathing was harsh above the lungs;
no abnormal breath sounds were heard. Heart sounds

WJG|www.wjgnet.com

were rhythmic and muffled. Heart rate was 70 beats per
minute. Arterial blood pressure was 130/70 mmHg. Palpation revealed that abdomen was soft and painless in
all areas. Liver could be palpated at the edge of the right
costal arch. Costovertebral angle tenderness was negative
at both sides.
Diagnostic findings: complete blood count - hemoglobin 138 g/L, erythrocytes 4.3 × 1012, leukocytes
4.5 × 109, platelets 269.2 × 109, ESR 5 mm/h. Blood
biochemistry: total protein 8.0 g/dL, albumin 4.2 g/dL,
creatinine 1.0 mg/dL. Clinical urine analysis showed that
all findings were within normal range. Esophagogastroduodenoscopy showed that the patient’s esophagus had
very elastic walls and the esophageal lumen was enlarged
up to 4 cm. There were foamy mucus in the lumen,
esophageal mucosa was hyperemic in the lower third
and had grayish-pearl color tone. The cardiac region was
closed. Moderate amount of bile was found in the stomach, folds of mucosa were high and longitudinally-wavy.
Stomach mucosa was thin and was hyperemic in the antrum region. Contrast-enhanced X-ray examination of
the esophagus: barium meal test revealed that the act of
swallowing was not impaired, fluid level was determined
during the fasting state in Th8 projection. Width of the
esophagus was 4 cm and the outlet of the esophagus was
0.8 cm (Figure 1A). Tertiary contractions of esophageal
wall were observed (Figure 1В). The esophagus periodi-
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A

B

C

Two months after the above conducted treatment, the
patient’s complaints were assessed again (Table 1) and the
sum of scores reduced from 14 to 3 which indicated the
success of the conducted treatment.
The patient’s mother, (Patient P) an 81-year-old, also
suffers from achalasia cardia. History of her disease: patient was diagnosed with a congenital elongation of the
esophagus during her childhood. Since the age of 25 she
noted dysphagia after ingestion of solid food which occurred very rarely, at least once or twice per month. Since
the age of 55, the patient noted episodes of chest pain
upon swallowing. Since the age of 78, the patient noted
a significant worsening in her state of physical well-being
which included difficulty in swallowing at every meal, and
also vomiting of food which had just been ingested. The
patient underwent X-ray examination of the esophagus
which revealed that there was a marked dilatation of
the lower third of the esophagus up to 10 cm, rough
deformation with multiple cascade folds, and she was
diagnosed with achalasia cardia. However the patient was
not proposed to undergo treatment regarding her old age
and her state of physical well-being continued to worsen
with occurrence of dysphagia after ingestion of liquid
food in addition to the above mentioned complaints. The
patient lost almost 15 kg during 1 year (Table 1). And she
was urgently hospitalized in inpatient surgical department
where she was examined and esophagogastroduodenoscopy findings revealed: stricture of the lower third of the
esophagus up to 1/3 of the lumen, atrophic gastritis with
hemorrhagic component. X-ray examination revealed
significant dilatation of the esophagus up to 11 cm and
rough deformations with multiple cascade folds (Figure
3A and B).
Patient underwent surgery in 2011 which involved the
placement of a stent through constricted esophagus in
the stomach, however it proved to be ineffective as the
patient still had vomiting of just ingested food and impaired movement of liquid food through the esophagus
during the postoperative period, So within a week gastrostomy was performed on the patient and the patient
received nutrition through the G-tube.

2s
15:15

15:20

15:25

Figure 2 A high resolution manometry. Type Ⅱ achalasia (Chicago classification): Resting Pressure lower esophageal sphincter (LES) 37 mmHg, IRP4,
Integrated Relaxation Pressure 20 mmHg, Lack of normal esophageal peristalsis in response to normal swallowing of water (arrow).

cally emptied with small portions. 2/3 of contrast materials were detected in the esophagus 20 minutes after the
start of examination (Figure 1С).
According to the findings of high resolution manometry, the following deserved high attention: Resting
Pressure of lower esophageal sphincter was 37 mmHg,
Integrated Relaxation Pressure was 20 mmHg and there
was absence of normal peristaltic contractions of the
esophagus in response to wet swallows (Figure 2).
Course of the treatment with spasmolytics and antacids was performed in the clinic as the first stage of treatment. In view of Ⅱ type of achalasia cardia, 3 sessions
of pneumatic dilatation of the cardia were performed at
the second stage of treatment using balloon with a diameter of 3.5 cm. Pressure was built up to 140-230 mmHg,
procedure lasted for about 60 s. The patient underwent
the procedure satisfactorily without any complications.
The patient’s state of physical well-being improved after
dilatation of the cardia: dysphagia after ingestion of solids and liquids was resolved, and there were no passive
and active regurgitation, no chest pain and episodes of
nocturnal cough reduced to once per week.

WJG|www.wjgnet.com

Figure 1 A timed barium esophagogram. A: Dilatation of esophagus (arrow), beak-like narrowing of
LES (arrow); B: The third contractions of esophagus
(arrow); С: In 20 min after swallowing of barium,
almost two thirds of the barium can be seen in the
esophagus.

DISCUSSION
This case report represents vertical inheritance of acha-
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A

tent inflammation of skin around the gastrostome.
As of genetic theory, first of all genetic syndromes
seen in pediatric practice and associated with the development of achalasia cardia should be mentioned. Mutation of ALADIN 12q13 gene is the most common cause
of achalasia cardia in children, it leads to the development of autosomal-recessive disease, so called All grove
syndrome or ААА syndrome which is characterized by
the development of achalasia, alacrimia and Addison’s
disease[4].
Risk of achalasia is also increased in children with
Down’s syndrome. Approximately 75% of children with
trisomy 21 have gastrointestinal diseases and 2% develop
achalasia[5]. Risk of achalasia in children with Down’s
syndrome is 200 time higher than in normal population[6].
Besides Down’s syndrome, incidence of achalasia cardia
is significantly higher in children with Rozycki syndrome
and Pierre-Robin syndrome.
Speaking about the adult population, polymorphism
of some genes is by all means important in the development of achalasia cardia. It is proved that by the theory
of polymorphism of IL23R gene localized on chromosome Ip31. It is also supported by the study on IL23R
Arg381 Gln gene polymorphism in 262 patient with
achalasia and 802 healthy volunteers which was done
in Spain. Results have also revealed that this gene polymorphism had occurred in men who had suffered from
achalasia (less than 40 years of age), which allows us to
conclude that IL23R is very important as a predisposing
factor in the development of idiopathic achalasia cardia[7].
IL10 promoter haplotype GCC was associated with
the development of idiopathic achalasia cardia in patients
of the same Spanish population[8].
In addition, a link was found between achalasia cardia
and specific HLA-genotype. Study conducted in 2002
had investigated the level of circulating autoantibodies and HLA DQA1 and DQB1 alleles in patients with
achalasia and healthy volunteers and demonstrated that
autoantibodies to Auerbach’s plexus were revealed in all
women and 66.7% of men with idiopathic achalasia and
DQA1 × 0103 and DQB1 × 0603-alleles[9].
It’s also important to note the theory of polymorphism of NO-synthase (NOS) which is a fragment catalyzing the production of nitrogen oxide from arginine,
oxygen and NADPH. There are 3 different types of
NOS: neuronal (nNOS), inducible (iNOS) and endothelial (eNOS). Their responsible genes were located on chromosomes: 12q24.2, 17q11.2-q12 and 7q36. Some works
have reported polymorphism of all 3 genes in patients
with achalasia. Of these, the polymorphism of iNOS22
× A/Ab and eNOS × 4a4a were those which were most
frequently detected[10,11].
Besides nitrogen oxide, vasoactive intestinal peptide is
the second neurotransmitter of inhibitory neurons. One
of its receptors, Receptor 1 which belongs to the secretin
family, is expressed by immune cells such as T- lymphocytes, macrophages and dendritic cells[12]. Polymorphism
of this gene (VIPR1) can also play an important role in
the development of idiopathic achalasia. VIPR1 gene is

B

Figure 3 A timed barium esophagogram. А: A very severe dilatation of
esophagus up to 11 cm and a coarse deformation of esophagus with lots of
folds in the form of cascade (arrow); B: Lateral side, a severe dilatation and
deformation of esophagus. The level of liquid in esophagus can be seen (arrow).

81 yr

!

58 yr

Figure 4 A pedigree of the family. Occurrence of achalasia with a vertical
line of transmission (esophageal achalasia in 58-year-old daughter, 81-year-old
mother and grandmother).

lasia cardia (Figure 4). An interview revealed that our
patient’s grandmother had suffered for 20 years from
dysphagia until her death at the age of 60 due to stroke
and no examination of esophagus was performed on her.
It is to be noted that this disease manifested with dysphagia at a rather early age of 23-25 both in the woman
and her daughter and presented with entire clinical symptoms like dysphagia, passive and active regurgitation,
chest pain which developed just after many years. Also it
is necessary to notice that both the patients had nocturnal coughs, and the woman had nocturnal dyspnea which
indicated the state of decompensation of achalasia cardia
and absolute need for therapy.
Method of treatment for achalasia cardia of the
patient’s mother is of great interest, especially the placement of stent through constricted esophagus in the
stomach that is usually used as a palliative method of
treatment of esophageal tumors. This explains unfavourable postoperative period with persisted dysphagia and
vomiting as the placed stent prevents the lower esophageal sphincter from opening. In view of long-lasting
disease and rough deformation of the esophagus the
patient was subjected to gastrostomy to allow nutrition,
at present she still lives with gastrostome. This surgery
severely affected patient’s social life and caused a persis-
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localized on chromosome 3p22 and some studies have
reported five simple nucleotide polymorphisms of this
gene such as (rs421558) Intron-1, (rs437876) Intron-4,
(rs417387) Intron-6, rs896 and rs9677 (3’UTR)[13].
Genes responsible for the synthesis of protein tyrosine phosphatase, nonreceptor type 22 (PTPN22) are
localized in chromosome 1p13.м3-p13 and is associated with the development of autoimmune diseases[14].
Lymphoid-specific phosphatase (Lyp), one of the phosphatases that are coded by this gene, is an intracellular
tyrosine phosphatase which is an important regulator of
T-cell activation[15]. С1858T polymorphism of PTPN22
gene (when codon 620 Arg (R) is replaced by Trp (W) resulting in production of Lyp-W620 instead of Lyp-R620
that leads to an increase in T-lymphocyte activity) is an
important risk factor for the development of autoimmune disease[16,17]. The study conducted in Spain also revealed that the polymorphism described above increased
the risk of achalasia in Spanish population[18].
In conclusion it should be noted that this case report
illustrates the genetic theory of development of achalasia
cardia. Genetic analysis which is currently widely performed in patients with achalasia helped a lot to answer
to the question regarding etiology of this disease, however there is need for more intensive study in this field.
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CASE REPORT

Endoscopic transgastric drainage of a gastric wall abscess
after endoscopic submucosal dissection
Osamu Dohi, Moyu Dohi, Ken Inoue, Yasuyuki Gen, Masayasu Jo, Kazuhiko Tokita
drainage. Finally, after stent removal and oral antibiotic
treatment for 1 mo, no recurrence of the gastric wall
abscess was found.
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Key words: Gastric wall abscess; Transgastric drainage;
Delayed perforation; Endoscopic submucosal dissection; Early gastric cancer
Core tip: In this report, we describe for the first time a
case in which a gastric wall abscess caused by delayed
perforation after endoscopic submucosal dissection was
conservatively treated with endoscopic drainage via the
gastric lumen and antibiotics.

Abstract

Dohi O, Dohi M, Inoue K, Gen Y, Jo M, Tokita K. Endoscopic
transgastric drainage of a gastric wall abscess after endoscopic
submucosal dissection. World J Gastroenterol 2014; 20(4):
1119-1122 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i4/1119.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i4.1119

A 63-year-old woman was referred to our hospital for
further examination because of an incidental finding
of early gastric cancer. Endoscopic submucosal dissection (ESD) was successfully performed for complete
resection of the tumor. On the first post-ESD day, the
patient suddenly complained of abdominal pain after an
episode of vomiting. Abdominal computed tomography
(CT) showed delayed perforation after ESD. The patient
was conservatively treated with an intravenous proton
pump inhibitor and antibiotics. On the fifth post-ESD
day, CT revealed a gastric wall abscess in the gastric
body. Gastroscopy revealed a gastric fistula at the edge
of the post-ESD ulcer, and pus was found flowing into
the stomach. An intradrainage stent and an extradrainage nasocystic catheter were successfully inserted
into the abscess for endoscopic transgastric drainage.
After the procedure, the clinical symptoms and laboratory test results improved quickly. Two months later, a
follow-up CT scan showed no collection of pus. Consequently, the intradrainage stent was removed. Although
the gastric wall abscess recurred 2 wk after stent removal, it recovered soon after endoscopic transgastric
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INTRODUCTION
Endoscopic submucosal dissection (ESD), a technique
developed in Japan, is associated with a high success rate
for en-bloc resection in early gastric cancer (EGC). This
procedure is associated with a low risk of lymph node
metastasis, but a high risk of such complications as perforation. The risk of perforation during ESD is approximately 4%[1]. In contrast, delayed perforation is a rare
complication, that occurs 1 to 2 d after the procedure and
often requires emergency surgery[2,3]. One study reported
that such perforations occurred in 6 (0.5%) out of 1159
consecutive patients with 1329 EGCs who underwent
ESD[2]. Another report indicated two cases (0.43%) of
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delayed perforation occurring after the completion of
ESD for 468 gastric noninvasive gastric neoplasias including EGCs and gastric adenomas[3]. In a few cases, however, delayed perforations were treated with conservative
therapy instead of surgery[4-6]. A gastric wall abscess is an
uncommon suppurative infection of the stomach. The
prognosis of gastric wall abscess has recently improved
because of the use of endoscopic drainage techniques
and antibiotics[7-10]. Here, we report a case in which a patient developed a gastric wall abscess after delayed perforation caused by ESD for EGC. Surgery was avoided in
this case, and the patient was conservatively treated with
endoscopic transgastric drainage and antibiotics.

A

B

CASE REPORT
A 63-year-old woman with suspected EGC on the gastric
body based on gastroscopy, was referred to our hospital
for further examination. The patient’s medical history
and laboratory test results were unremarkable. A 65-mmwide I+IIa lesion was localized in the greater curvature
of the lower part of the gastric body (Figure 1A). Examination of biopsy specimens confirmed a well-differentiated adenocarcinoma. No abnormalities were detected
upon abdominal computed tomography (CT). The lesion
was safely and completely removed en-bloc with ESD
(Figure 1B), using an endoscope (GIF-Q260J, Olympus,
Tokyo, Japan), an electrosurgical generator (VIO 300D,
Erbe Co., Tübingen, Germany), a needle-knife (KD10Q-1, Olympus, Tokyo, Japan), and an insulated-tip
(IT) knife 2 (KD-611 L, Olympus, Tokyo, Japan). The
size of the mucosa that was resected en-bloc was 75 mm
× 60 mm (length × width), including 65 mm × 40 mm
of the cancer lesion (Figure 1C). On the first post-ESD
day, the patient suddenly complained of abdominal pain
after an episode of vomiting. Initial enhanced abdominal CT showed a portion of the thickened gastric wall
and a small amount of free air and ascites around the
stomach (Figure 2A). The patient was diagnosed with
delayed perforation after ESD. Because the CT revealed
a small amount of free air and ascites, we expected the
delayed perforation to be very small, and we did not
perform emergency endoscopy. The patient was treated
with a regimen that comprised fasting, an intravenous
proton pump inhibitor, and the antibiotic cefotiam (CTM
3g/d). On the fifth post-ESD day, despite the continued
absence of abdominal pain, the patient was febrile. Abdominal T2-weighted magnetic resonance imaging (MRI)
showed a moderately high-intensity tumor with niveau
formation, 5 cm in size, located in the posterior wall
of the fundus of the stomach (Figure 2B). The images
demonstrated a gastric wall abscess in the gastric body.
Gastroscopic reexamination revealed a smooth, elevated
lesion shaped like a submucosal tumor at the greater
curvature of the upper body on the oral side of the
post-ESD ulcer (Figure 3A). A gastric fistula was found
at the edge of the post-ESD ulcer, and pus was found to
flow into the stomach (Figure 3B). An endoscopic retro-

WJG|www.wjgnet.com

C

Figure 1 Endoscopic submucosal dissection for early gastric cancer. A: A
cancerous lesion, an early gastric cancer, macroscopic type 0-I+IIa, 75 mm in
diameter, is observed on the greater curvature of the gastric body; B: The lesion
was successfully removed en bloc without gastric perforation; C: The lesion
with the surrounding mucosa was cut into 2-mm-wide serial-step sections.

grade cholangiopancreatography (ERCP) catheter (MTW
Endoskopie, Wesel, Germany) was inserted through the
fistula into the abscess. Then, two 0.035-inch guidewires
(VisiGlide; Olympus, Tokyo, Japan) were inserted over
the catheter into the abscess. Finally, a 7.0-Fr double pigtail stent (Zimmon Biliary Stent, Cook Japan, Tokyo, Japan) for the internal fistula and a 7.5-Fr nasocystic catheter (Flexima ENBD Catheter, Boston Scientific Japan,
Tokyo, Japan) for the external fistula were successfully
inserted into the abscess using the double-wire technique
for endoscopic transgastric drainage (Figure 3C). Five
days later, the abscess contents had cleared, the nasocystic catheter was removed, and the stent was left in to
allow continued drainage. A week after the procedure,
the patient was released from the hospital. At discharge,
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A

B

Figure 2 Abdominal computed tomography and magnetic resonance imaging findings. A: Abdominal computed tomography (CT) revealed a portion of the
thickened gastric wall and a small amount of ascites and free air around the stomach. Free air is indicated by the arrow; B: Abdominal T2-weighted magnetic resonance imaging showed a moderately high-intensity tumor with niveau formation, 5 cm in size, located in the posterior wall of the fundus of the stomach, which suggested focal abscess formation. The abscess is indicated by the arrowhead.

A

B

C

D

Figure 3 Endoscopic transgastric drainage for a gastric wall abscess. A: Gastroscopy revealed a smooth, elevated lesion at the greater curvature of the upper
body on the oral side of the post-endoscopic submucosal dissection ulcer; B: A gastric fistula was found on the edge of the post-endoscopic submucosal dissection
ulcer. The fistula is indicated by an arrow; C: An endoscopic retrograde cholangiopancreatography-catheter was inserted through the fistula into the abscess; D: A
plastic stent placement for the internal fistula and a nasocystic catheter for the external fistula were successfully inserted into the abscess.

she was not prescribed any antibiotics and was scheduled to be followed up at our hospital. When a followup CT scan conducted 2 mo later showed the absence
of pus collection, the intradrainage stent was removed.
Two weeks after the intradrainage stent removal, the
patient developed fever and epigastralgia. CT revealed a
recurrence of the gastric wall abscess in the gastric body.
Gastroscopy revealed a gastric fistula in the center of the
post-ESD ulcer scar. As before, an ERCP catheter (MTW
Endoskopie, Wesel, Germany) was inserted through the
fistula into the abscess. Endoscopic transgastric drain-

WJG|www.wjgnet.com

age was repeated by inserting the intradrainage stent and
the extradrainage catheter into the abscess. A few days
later, the abscess contents had cleared, and the nasocystic catheter was removed. Two months later, a follow-up
CT scan showed no collection of pus. The intradrainage
stent was then removed, and an oral antibiotic (amoxicillin 750 mg/d) was administered for 1 mo. A followup CT scan conducted 1 mo later revealed no abnormal
findings. At the 24-mo follow-up examination, the
patient was asymptomatic, and the abdominal CT scan
showed no abnormalities.
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DISCUSSION
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approach has limitations in extraluminal situations. Endoscopic internal derivation cannot remove the mucosal
layer where malignancy mainly occurs, therefore, we
propose that laparoscopic surgery can be considered
as a treatment option for duodenal duplication cysts,
especially in extraluminal locations.
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INTRODUCTION
Duodenal duplication cysts are rare congenital anomalies, which can appear during the neonatal period or
later in life depending on the degree of the gastric outlet
obstruction[1]. Classical treatment for duodenal duplication cysts is total resection, but in cases requiring pancreaticoduodenectomy, less-invasive approaches have
been proposed[2-4]. Here, we describe the laparoscopic
technique for partial resection of duodenal duplication
cysts in an 8-year-old girl.

Abstract
Duodenal duplication cysts are rare congenital anomalies. Duodenal duplication should be considered in
the differential diagnosis of patients who present with
abdominal symptoms with cystic structures neighboring the duodenum. Here, we present an 8-year-old girl
with a duodenal duplication cyst treated with partial
cystectomy with mucosal stripping performed laparoscopically. Laparoscopic surgery can be considered as a
treatment option for duodenal duplication cysts, especially in extraluminal locations.

CASE REPORT
An 8-year-old girl had suffered from intermittent abdominal pain, nausea and vomiting for 2 mo. The patient
had no other underlying diseases. The abdomen was flat
and no definite mass was palpable. The laboratory studies were normal. The patient did not have jaundice and
had normal serum bilirubin level. The tumor markers
were not checked before surgery. Abdominal ultrasonography (US) showed 6 cm × 5 cm lobulated retroperitoneal cystic mass, septated between the duodenum

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: In duodenal duplication cysts, the endoscopic
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A

B

C

Figure 1 Images for preoperative diagnosis. A: Upper gastrointestinal series demonstrated luminal narrowing and displacement of the duodenum by the mass (arrow
head); B, C: Coronal reconstruction computed tomography image and coronal thick-slab T2-weighted image showed a multiloculated cystic mass (arrows) between
the head of the pancreas and duodenum. The mass seemed to originate from the uncinate process of the pancreas, and the second and third portions of the duodenum were inferolaterally displaced and compressed by the mass (arrow heads).

duodenum and adhered to the uncinate process of the
pancreas (Figure 3A). After adhesiolysis between the cyst
and the pancreas, clear demarcation of the cystic surface
was identified (Figure 3B). An arterial branch supplying
the mass originating from the gastroduodenal artery was
ligated with a 5-mm hemoclip and divided (Figure 3C).
The proximal border of the mass was easily dissected
from duodenum with an ENDOPATH Electrosurgery
Probe Plus II System with a Hook electrode (Ethicon
Endo-Surgery, Cincinnati, OH, United States), but the
distal border was directly attached to the duodenal wall,
forming a common wall. A harmonic scalpel (Ethicon
Endo-Surgery) was used to resect the mass from the
duodenum and the remnant mucosa was cauterized with
the ENDOPATH system. The lesion formed a common
wall with the duodenum, without communication or fistula. No intraoperative complications were encountered.
The patient was discharged on Postoperative Day 9
without any complications. Upon histopathological review, a compatible duodenal wall with partially denuded
epithelium was consistent with duodenal duplication
(Figure 4).

3
4

5 mm
1

5 mm

12 mm
2
5 mm

Optic

Figure 2 Laparoscopic port insertion site. 1: 12-mm optical umbilical port; 2,
5-mm main working port; 3: 5-mm port for liver retraction.

and the pancreas. Upper gastrointestinal series revealed
luminal narrowing of the second portion of the duodenum (Figure 1A). Abdominal computed tomography
(CT) and biliary pancreas magnetic resonance imaging
(MRI) showed a multiseptated cystic mass suspected of
originating from the uncinate process of the pancreas.
Extra compression from this lesion seemed to be causing narrowing of the duodenal lumen (Figure 1B and
C). Retroperitoneal lymphangioma of the pancreas was
primarily suspected, along with other differential diagnoses including solid and papillary epithelial neoplasms,
pancreatoblastoma, unusual cystadenoma, and pancreatic
pseudocyst.
Laparoscopic exploration was performed. The patient was placed in the supine position under general anesthesia and an optical umbilical port was placed under
direct vision followed by three additional ports (Figure
2). A Snowden-Pencer Snake Retractor (CareFusion, San
Diego, CA, United States) was inserted through port site
3 for liver retraction. After performing a laparoscopic
Kocher maneuver, a multiloculated cystic mass was
identified in the second portion of the duodenum. The
cystic mass originated from the mesenteric border of the
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DISCUSSION
Patients with duodenal duplication cysts present with
recurrent nausea, vomiting, abdominal mass, abdominal
distension, pancreatitis, and gastrointestinal bleeding[4,5].
Duodenal duplication can be diagnosed with various
imaging modalities. The “double-layered wall” of the
duodenum seen with US, CT, and endoscopic ultrasound
(EUS) are used to reach a diagnosis of duodenal duplication[6-8]. In the present case, the patient had complained
of recurrent nausea and vomiting. However, in the US
findings, the double-layered wall was not significant, and
the lesion seemed to originate from the pancreas in the
CT and MR images. Moreover, the lesion showed multiseptations, which turned out to be the folding patterns
of the cyst wall upon surgical exploration, and made it
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Figure 3 Laparoscopic procedures and intraoperative findings. A: Laparoscopic intraoperative findings of duodenal duplication cyst after Kocher’s maneuver.
Duplication cyst (white arrow heads) and mesenteric side of posterior wall of duodenum (black arrow heads); B: Demarcation of the mass surface after adhesiolysis.
An arterial branch from the gastroduodenal artery supporting the mass was also noticed; C: Resection line with harmonic scalpel (white line).

not remove the mucosal layer where malignancy mainly
occurs, therefore, we propose that laparoscopic surgery
is a safer method, especially for cases with extraluminal
locations[2,9,10].
In summary, although duodenal duplication cysts are
rare, they should be considered in the differential diagnosis of patients who present with abdominal symptoms
with cystic structures neighboring the duodenum. Laparoscopic partial cystectomy with mucosal stripping can
be considered as a treatment option for duodenal duplication cysts even in children.
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Notes in tables and illustrations
Data that are not statistically significant should not be noted.
a
P < 0.05, bP < 0.01 should be noted (P > 0.05 should not be
noted). If there are other series of P values, cP < 0.05 and dP
< 0.01 are used. A third series of P values can be expressed as
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Abstract
There are unstructured abstracts (no less than 200 words) and
structured abstracts. The specific requirements for structured
abstracts are as follows:
An informative, structured abstract should accompany each
manuscript. Abstracts of original contributions should be structured into the following sections: AIM (no more than 20 words;
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words for Original Articles and no less than 120 words for Brief
Articles; You should present P values where appropriate and
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Express t test as t (in italics), F test as F (in italics), chi square test
as χ2 (in Greek), related coefficient as r (in italics), degree of freedom as υ (in Greek), sample number as n (in italics), and probability as P (in italics).
Units
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pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, blood glucose concentration, c (glucose) 6.4 ±
2.1 mmol/L; blood CEA mass concentration, p (CEA) = 8.6
24.5 mg/L; CO2 volume fraction, 50 mL/L CO2, not 5% CO2;
likewise for 40 g/L formaldehyde, not 10% formalin; and
mass fraction, 8 ng/g, etc. Arabic numerals such as 23, 243, 641
should be read 23243641.
The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/1007-9327/
g_info_20100315223018.htm.
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Abbreviations
Standard abbreviations should be defined in the abstract and
on first mention in the text. In general, terms should not be abbreviated unless they are used repeatedly and the abbreviation
is helpful to the reader. Permissible abbreviations are listed in
Units, Symbols and Abbreviations: A Guide for Biological and
Medical Editors and Authors (Ed. Baron DN, 1988) published
by The Royal Society of Medicine, London. Certain commonly
used abbreviations, such as DNA, RNA, HIV, LD50, PCR,
HBV, ECG, WBC, RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP,
EDTA, mAb, can be used directly without further explanation.
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Copyright assignment form
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Please revise your article according to the comments/suggestions provided by the reviewers. The format for responses to
the reviewers’ comments can be found at: http://www.wjgnet.
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Italics
Quantities: t time or temperature, c concentration, A area, l length,
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

Proof of financial support
For papers supported by a foundation, authors should provide
a copy of the approval document and serial number of the
foundation.

Examples for paper writing
All types of articles’ writing style and requirement will be
found in the link: http://www.wjgnet.com/esps/NavigationInfo.aspx?id=15.
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RESUBMISSION OF THE REVISED
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revision policies of Baishideng Publishing Group Co., Limited.
The revised version, along with the signed copyright transfer
agreement, responses to the reviewers, and English language
Grade A certificate (for non-native speakers of English), should
be submitted to the online system via the link contained in the
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flammatory effects of methylxanthine derivatives have
been well-documented in the literature. For example, a
beneficial link between coffee or caffeine consumption
and type 2 diabetes as well as liver cirrhosis has been
reported. Furthermore, theophylline has a long history
of being used as a bronchodilator in asthma therapy,
and pentoxifylline has an immuno-modulating effect for
peripheral vascular disease. However, it is still largely
unknown whether these methylxanthine derivativemediated anti-inflammatory effects are associated with
the inhibition of CHI3L1-induced cytoplasmic signaling
cascades in epithelial cells. In this review article we
will examine the above possibility and summarize the
biological significance of methylxanthine derivatives in
intestinal epithelial cells. We hope that this study will
provide a rationale for the development of methylxanthine derivatives, in particular caffeine, -based antiinflammatory therapeutics in the field of IBD and IBDassociated carcinogenesis.

Abstract

Key words: Adherent-invasive Escherichia coli ; Chitinase 3-like 1; Chitinase inhibitors; Intestinal epithelial
cells; Host-microbial interactions; Inflammatory bowel
disease

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

Family 18 chitinases have a binding capacity with chitin, a polymer of N-acetylglucosamine. Recent studies
strongly suggested that chitinase 3-like 1 (CHI3L1, also
known as YKL-40) and acidic mammalian chitinase,
the two major members of family 18 chitinases, play a
pivotal role in the pathogenesis of inflammatory bowel
disease (IBD), bronchial asthma and several other inflammatory disorders. Based on the data from highthroughput screening, it has been found that three
methylxanthine derivatives, caffeine, theophylline,
and pentoxifylline, have competitive inhibitory effects
against a fungal family 18 chitinase by specifically interacting with conserved tryptophans in the active site of
this protein. Methylxanthine derivatives are also known
as adenosine receptor antagonists, phosphodiesterase
inhibitors and histone deacetylase inducers. Anti-in-
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Core tip: The involvement of family 18 chitinases in the
pathogenesis of inflammatory bowel disease has been
increasing characterized. The discovery of methylxanthine derivatives as an effective inhibitor of family 18
chitinases provides a good tool to control the pathogenic effects of these proteins. This review discusses
the underlying inhibitory mechanisms of the different
methylxanthine derivatives and how these compounds
have been shown to be effective in the amelioration of
animal colitis models. As such, this mode of application
can be extended to target other family 18 chitinases
associated disorders such as asthma.
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known chitinase inhibitors. In fact, our group recently
demonstrated the beneficial effects of a medium dose
of caffeine (2.5 mmol/L; equivalent to the concentration
of caffeine in 2-3 cups of coffee) in the development of
acute dextran sulfate sodium (DSS)-induced colitis by
down-regulating the expression of CHI3L1 in the colon[15]. Although anti-inflammatory effects of caffeine is
considered to be mediated, at least partially, via chitinase
inhibition, it is still largely unknown whether the other
methylxanthine derivatives, such as theophylline and
pentoxifylline, also exert their anti-inflammatory activities
by downregulating CHI3L1 expression. In this review
article, we will discuss the important biological functions
of caffeine, theophylline and pentoxifylline laying a special emphasis on the CHI3L1-mediated AKT/β-catenin
signaling activation in IECs.

Lee IA, Kamba A, Low D, Mizoguchi E. Novel methylxanthine
derivative-mediated anti-inflammatory effects in inflammatory
bowel disease. World J Gastroenterol 2014; 20(5): 1127-1138
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i5/1127.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i5.1127

INTRODUCTION
Inflammatory bowel disease (IBD), including Crohn’s
disease (CD) and ulcerative colitis (UC), is a group of
intestinal inflammatory disorders that affect millions
people worldwide. IBD is associated with increased risk
of colorectal cancer 8-10 years after initial diagnosis[1].
The chronic colitis in IBD is asssociated with inappropriate activation of the immune system by abnormal
interactions between host and enteric luminal microbes.
Our group have previously identified an unexpected role
for chitinase 3-like 1 (CHI3L1) in enhancing bacterial
adhesion and invasion on/into intestinal epithelial cells
(IECs) and have demonstrated that CHI3L1 specifically
activates protein kinase B (AKT) phosphorylation in
IECs[2,3]. Given these roles, the ability of a host to produce CHI3L1 and other enzymatic active mammalian
chitinases [e.g., chitinase-1 and acidic mammalian chitinase (AMCase)] could be a critical factor in regulating the
innate immune responses against microorganisms that
exist in normal intestinal flora[4]. However, exaggerated
production of these chitinases could cause highly pathogenic effects in mucosal tissues, directly initiating and
perpetuating chronic inflammation[2,5-7]. CHI3L1 also has
been identified as a potential autoantigen driving T cellmediated immune responses in rheumatoid arthritis, suggesting that mammalian chitinases are highly associated
with chronic inflammation[8,9].
As shown by Rao et al[10], methylxanthine derivatives,
including caffeine, theophylline and pentoxifylline, are
competitive inhibitors against a family 18 chitinase expressed by a fungal pathogen. Crystallographic analysis
of chitinase and methylxantine derivative complexes
revealed specific interactions with the active site of the
chitinase protein, mimicking the binding of allosamidin,
a well-known pan-chitinase inhibitor isolated from Streptomyces species[10]. Currently, most known family 18 chitinase inhibitors are natural products, including pseudotrisaccharide allosamidin[11]. However, this inhibitor is
unsuitable as a therapeutic lead because of its high cost
and high molecular weight. In contrast, methylxanthine
derivatives are inexpensive and have much lower molecular weight as compared to allosamidin. In particular,
caffeine is found in a wide variety of foods and beverages (e.g., coffee, tea, cola, chocolates) and dietary supplements/ingredients (including botanicals such as guarana,
yerba mate, and green tea extract)[11]. At physiological
concentration, caffeine shows only minor adverse effects
on the cardio-respiratory system and other health outcomes[12-14]. Therefore, caffeine is thought to be the most
reasonable, least expensive, and safest compound among
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CHI3L1, BACTERIAL INFECTION AND IBD
It has been postulated that dysregulated host-microbial
interactions play a central role in the development of intestinal inflammation[16-18]. In humans, the ileocecal region
and colon are colonized by a group of anaerobic bacteria,
many of which cannot be cultured using standard microbial techniques[19]. Altered epithelial barrier functions, mucosal immune responses and microbial defense are major
factors of host susceptibility against these commensal
bacteria[19]. Therefore, abnormal adhesion and invasion
of commensal bacteria on/into IECs may be highly involved in the pathogenesis of IBD in patients with the
mutations in IBD-susceptibility genes[20,21]. The development of excess bacterial adhesion and/or perpetuation
of intestinal inflammation seems to be closely associated
with the induction of several molecules on IECs[22,23].
Previous studies have addressed the possibility that
chronic bacterial infections are involved in the pathogenesis of IBD[24-26]. An involvement of Escherichia coli (E.
coli) in the pathogenesis of CD has been suggested by the
detection of E. coli antigens and DNA in granulomatous
and peri-ulcerative lesions in CD[27]. In addition, circulating antibodies against the porin protein C of E. coli outer
membrane have been detected in CD patients with severe
inflammation[28]. In fact, the terminal ileum of CD patients is sometimes heavily colonized by a special type of
E. coli strain, adherent-invasive E. coli (AIEC), which is
able to survive extensively within IECs and macrophages
without inducing apoptosis[29-32]. Interestingly, AIEC can
be detected only in 6% of ilea in healthy individuals, but
is present in 36% of the newly formed terminal ilea (with
early and acute inflammation) of post-surgical patients[31].
It has been demonstrated by Carvalho et al[33] that abnormal expression of specific host receptor, carcinoembryonic antigen-related cell adhesion molecule 6, is one
of the inducible molecules enhancing the interaction
between host cells and AIEC[32,33].
Utilizing DNA microarray analysis, our group also
identified that CHI3L1 is specifically up-regulated on
IECs under intestinal inflammatory conditions. Although
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and include the compounds caffeine, aminophylline,
3-isobutyl-1-methylxanthine, paraxanthine, pentoxifylline,
theobromine (found in chocolate), theophylline. Traditionally, they are used as stimulants, to increase athletic
performance, and as brochiodilators, most notably in the
case of asthma.
Through the use of drug screening tools, it was demonstrated that several methylxanthine derivatives, namely
caffeine, theophylline, and pentoxifylline were potential
chitinase inhibitors[10]. Subsequent analysis confirmed the
inhibitory effects of all 3 methylxanthines, with pentoxifylline having the highest Ki of 37 μmol/L. In terms of
another parameter IC50 (half maximal inhibitory concentration), pentoxifylline was almost 4 fold lower, and thus
4 times more effective, than caffeine (126 μmol/L vs 469
μmol/L, respectively), and was almost 12 times more
powerful than theophylline (1500 μmol/L)[10]. In contrast,
allosamidin is reported of having an IC50 of 10 μmol/L
towards Candida albicans-derived chitinase[42]. Therefore,
methylxanthines including pentoxifylline, caffeine and
theophylline do show a significantly lower affinity against
fungal chitinase as compared to allosamidin. The inhibitory strength of methylxanthines compared with common chitinase inhibitors is summarized in Table 1.
Interestingly, the chemical structures involved in binding between methylxanthines and the family 18 chitinases were found to be very similar for all 3 compounds
(caffeine, pentoxifylline and theophylline) and mimicked
chitinase binding to allosamidin. X-ray diffraction analysis revealed a common position for the methylxanthine
substructure. The additional inhibition by pentoxifylline
is suspected to be due to increased interactions including
hydrogen bonding, and extensive p-p stacking with the
active site[10].
Methylxanthines have the potential to be very useful
as chitinase inhibitors and disease treatments as summarized in Table 2. They are typically very safe in low doses
and represent a class of favorable drugs due to low cost,
low molecular weight, and easy availability. As demonstrated, they exhibit significant biological activity against
mammalian chitinases which have been implicated in
several inflammatory disorders and cancers. Therefore,
their use as immune-modulators will surely provide new
therapeutic approaches.

Table 1 Methylxanthines compared with common chitinase
inhibitors in IC50
Compound
name

Chemical
formula

IC50

Ref.

Caffeine

C8H10N4O2

[10]

Pentoxifylline

C13H18N4O3

Theophylline

C7H8N4O2

Allosamidin

C25H42N4O14

Argifin

C29H41N9O10

Argadin

C29H42N10O9

469 ± 23 μmol/L against
Aspergillus fumigatus (A.
fumigatus) chitinase
126 ± 7 μmol/L against A.
fumigatus chitinase
1500 ± 90 μmol/L against A.
fumigatus chitinase
10 μmol/L against Candida
albicans chitinase
3.7 μmol/L against Lucilia
cuprina (L. cuprina) chitinase
3.4 nmol/L at 20 ℃ against L.
cuprina chitinase

[10]
[10]
[42]
[78]
[79]

IC50: The half maximal inhibitory concentration.

CHI3L1 entirely lacks glycohydrolase enzymatic activity, it has a functional chitin-binding motif acting as chilectin[34,35]. Chitin is an N-acetylglucosamine polymer and
is the second most abundant polysaccharides in nature
next to cellulose. In spite of lacking of chitin and chitin
synthase, mammals can constitutively or inducibly produce several chitinases, including CHI3L1, which show a
high degree of sequential homology to the bacterial and
plant chitinases[36]. The expression of CHI3L1 is highly
up-regulated in IECs and macrophages with inflammation and specifically enhances potentially pathogenic, but
not non-pathogenic, bacterial adhesion and invasion on/
into IECs[2,37]. Our recent studies further revealed that a
specific adhesion between CHI3L1 and 5 distinct amino
acids in the AIEC Chitinase A (ChiA) protein, which includes chitin-binding domains (CBDs), play critical roles
in the initial host-microbial interaction[7]. Furthermore,
N-glycosylation of a single amino acid residue (68th Asparagine) in the mouse CHI3L1 protein is crucial for
the adhesion of potentially pathogenic E. coli on IECs[7].
Interestingly, similar to CHI3L1, bacterial CBDs have
been found to bind directly to chitin[38,39]. Therefore, the
specific interaction between glycosylated CHI3L1 and
E. coli ChiA seems to be enhancing the bacterial adhesion and invasion on/into IECs under inflammatory
conditions. These excess and abnormal host-microbial
interactions via the above two chitinases may further perpetuate chronic intestinal inflammation as well as colitisassociated carcinogenic change of IECs, presumably by
interacting with toll-like receptor-4 signaling[40,41].

ANTI-INFLAMMATORY EFFECTS OF
CAFFEINE, THEOPHYLLINE, AND
PENTOXIFYLLINE
The major anti-inflammatory effects of caffeine, pentoxifylline, and theophylline result from 2 main mechanisms; the non-selective inhibition of phosphodiesterases
(PDEs) and as a non-selective adenosine receptor antagonist. Through the inhibition of PDEs, a rise in intracellular cyclic adenosine mono-phosphate, activation of protein kinase A, inhibition of tumor necrosis factor alpha
(TNFα) and leukotriene synthesis, and reductions in in-

METHYLXANTHINE DERIVATIVES AS
PAN-CHITINASE INHIBITORS
Methylxanthines are a group of alkaloid chemicals which
are derived from the purine base xanthine. Xanthine is
a result of purine degradation from either guanine by
guanine deaminase or hypoxanthine by xanthine oxidoreductase. Methylxanthines are methylated derivatives

WJG|www.wjgnet.com
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Table 2 Major biological effects of methylxanthine derivatives
Compound

Biological effects

Molecular
weight
(g/mol)

Caffeine

194.19

Pentoxifylline

278.31

Theophylline

180.164

Side effects

Increases alertness, slightly increases metabolic rate[80], increas- Caffeine dependency, restlessness, insomnia, and anxiety at
es blood pressure, is a diuretic, improves sports performance[81] high levels (250-500 mg daily[82])
In extreme amounts (> 600 mg daily chronically):
Gastrointestinal (GI) disturbance1, irregular/rapid
heartbeat, mania, depression, and psychosis[83]
Improves blood circulation through peripheral blood vessels, Irregular heartbeat, chest pain, dizziness, edema in
prevents nausea/ altitude sickness, improves red blood cell
extremities
deformability (i.e., sickle cell anemia), reduces blood viscosity, Acute toxicity in rats determined at 1772 mg/kg[85]
reduces formations of platelet aggregation/thrombus[84]
Relaxes bronchial smooth muscle, increases heart contractility, Interactions with many drug (cimetidine and phenytoin),
rate, and efficiency, increases blood pressure, increases renal
and causes nausea, arrhythmias, insomnia, irritability,
circulation, stimulates respiratory center of CNS, treatment for dizziness, seizures and tachyarrhythmias at toxic
COPD, asthma, infant apnea[86,87]
concentrations (> 20 mg/mL)[86]

1

GI disturbance is marked by nausea, vomiting, abdominal pain, diarrhea, bowel incontinence, and anorexia. COPD: Chronic obstructive pulmonary
disease; CNS: Central nervous system.

flammation and innate immunity are observed[43-46]. Deree
et al[43] reported that pentoxifylline successfully reduced
TNFα production after human mononuclear cells were
stimulated with lipopolysaccharide. A similar result was
found in peripheral blood monocytes and alveolar macrophages from sarcoidosis patients, in which pentoxifylline
also inhibited the spontaneous TNFα production associated with this disease[44]. Therefore these compounds may
be useful in reducing LPS-induced inflammation and as
a treatment for sarcoidosis. Methylxanthine derivatives
demonstrate non-selective inhibition of all PDEs by
competitive inhibition and therefore they likely bind to
the active site of PDEs, however their exact molecular
mechanism of inhibition is still uncertain. Caffeine and
theophylline were shown to inhibit several PDE isozymes
to a similar extent, and the two compounds showed an
almost equal affinity for each of the PDE isozymes[47].
Through the inhibition of leukotrienes, which are
known as pro-inflammatory mediators involved in asthma and bronchoconstriction and which play pivotal roles
in innate immunity, asthma symptoms are relieved and
inflammation is reduced[46]. Leukotrienes enhance inflammation by increasing leukocyte infiltration, phagocyte
microbial ingestion, and generation of pro-inflammatory
cytokines including IL-5, TNFα, and macrophage inflammatory protein-1β[48]. It was proven that theophylline effectively reduced leukotrience synthesis and reduced chemotaxis of complement 5a-and platelet-activating factorstimulated human eosinophils obtained from normal and
atopic donors[49].
As a non-selective receptor antagonist for adenosine,
methylxanthine derivatives, most notably, caffeine, are
well known as wakefulness aids, as adenosine is a known
inducer of sleep. Caffeine, theophylline, and pentoxifylline non-selectively affect several adenosine receptors, including A1, A2A, A2B, and A3. A1 receptor is found ubiquitiously throughout the body and studies demonstrated
inhibition of this receptor with the novel compound
L-97-1 [3-[2-(4-aminophenyl)-ethyl]-8-benzyl-7-{2-eth-

WJG|www.wjgnet.com

yl-(2-hydroxy-ethyl)-amino]-ethyl}-1-propyl-3,7-dihydr
o-purine-2,6-dione] reduce histamine and/or adenosineinduced hyperresponsiveness and early and late allergic
responses in a rabbit model of house dust mite-induced
allergic reactions[50]. The A2A receptor is similar to the A1
receptor in that it is found throughout the body. Mice
deficient in A2A receptor had significantly higher levels
of the pro-inflammatory cytokines TNFα, IL-12 p40,
and IL-6 in an LPS-induced model of septic shock as
compared to wild-type mice. Therefore, it is suggested
that this receptor plays a pivotal role in controlling excess
inflammation/tissue damage[51]. In a mouse model of
allergic asthma induced by AMP or 5-N-ethylcarboxamidoadenosine, antagonizing the A2B receptor with the
compound CVT-6883 resulted in decreased cellular infiltration in bronchoalveolar lavage fluid including eosinophils and lymphocytes and reduced bronchoconstriction.
Interestingly, a similar but slightly blunted response was
also seen in theophylline treatment at 36 mg/mL aerosolization for 5 min[52]. Therefore, this receptor is a target
for asthma patients and CVT-6883 is currently undergoing clinical trials.
A novel area of investigation of methylxanthine
derivatives is the anti-inflammatory effects through the
inhibition of mammalian chitinases, including CHI3L1.
As previously discussed, methylxanthine derivatives are
effective pan-chitinase inhibitors[10]. CHI3L1 has been
shown to play a role in many inflammatory disorders
including rheumatoid arthritis, asthma, hepatitis, and
IBD [2,6]. CHI3L1 increases inflammation in human
bronchial epithelium by inducing IL-8 and activating the
MAPK and nuclear factor-κB pathways, which are involved in cell survival[53]. IL-8 inhibition was hypothesized
to be an effective treatment for asthma-related inflammation/remodeling. In a model of DSS-induced colitis,
caffeine treatment at 2.5 mmol/L was shown to decrease
TNFα, INFγ, IL-4 in mesenteric lymph nodes, and IL17F in mesenteric lymph nodes and colon and increased
the anti-inflammatory IL-10 production in spleen, mes-
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Figure 1 Caffeine, pentoxifylline and theophylline down-regulate chitinase 3-like 1 mRNA expression and reduce cell viability in human colonic epithelial
cells. A: SW480 cells were stimulated with caffeine (CAF) at 0, 2.5 or 5 mmol/L or pentoxifylline (PTX) or theophylline (THEO) at 0, 2.5, 5, 10, 50 or 100 mmol/L for
48 h and detected for the chitinase 3-like 1 (CHI3L1) mRNA expression by quantitative-polymerase chain reaction. Glyceraldehyde 3-phosphate dehydrogenase was
used as an internal control; B: SW480 and HT29 cells were treated with either CAF (0, 1, 2.5 or 5 mmol/L), PTX or THEO (0, 10, 50 or 100 mmol/L) for 48 h and cell
viability were determined using trypan blue exclusion test. CAF, PTX and THEO were purchased from Sigma-Aldrich (St Louis, MO, United States). aP < 0.05, bP < 0.01
vs control group.

enteric lymph nodes, and colon[7,15].
Taken together, methylxanthine derivatives have demonstrated efficacy against the inflammatory disorders,
and were shown to reduce inflammation in mice treated
with DSS. Therefore, the efficacy of methylxanthine derivatives as potential anti-inflammatory and anti-cancer
agents should be further elucidated in other inflammatory conditions and inflammation-associated cancers.

the β-catenin signaling pathway, thus playing crucial roles
in disease pathogenesis[2,3,6,54]. Characterization of these
CHI3L1-mediated pathological pathways can facilitate
a better understanding on the molecular mechanisms
behind how methylxanthine derivatives can ameliorate
diseases through the inhibition of CHI3L1.
In addition to direct protein inhibition of the family
18 chitinases, as determined by X-ray crystallography, in
vitro methylxanthine treatment in SW480 colonic epithelial cells (CECs), a human colon cancer cell line, directly
results in a down-regulation of CHI3L1 mRNA levels
(Figure 1A)[15]. The effective dose of caffeine that is optimal for achieving such down-regulation ranges from 2.5
to 5 mmol/L (Figure 1A). Nevertheless, it was previously
shown that 1.0 mmol/L caffeine treatment is sufficient to
cause a down-regulation of CHI3L1 in SW480 CECs[15].
Caffeine treatment also results in the down-regulation of
other mammalian chitinases including AMCase, but not
chitinase 1[15]. The effective dose of pentoxifylline and
theophylline to down-regulate CHI3L1 in SW480 cells
ranges from 10 to 100 mmol/L, whereby any concentration below that did not show any effects on CHI3L1

EFFECTS OF METHYLXANTHINE
DERIVATIVES ON IBD MOLECULAR
PATHWAYS ASSOCIATED WITH CHI3L1
The pathological involvement of CHI3L1 in many diseases, including autoimmune diseases (e.g., IBD, asthma
and RA), as well as many forms of solid tumors (e.g.,
colorectal cancer) are becoming increasingly apparent
at this time. The most direct evidence is a significant
amount of CHI3L1 induction during the disease state
(e.g., IBD and IBD-associated cancer) which activates
several important cellular pathways, including AKT and

WJG|www.wjgnet.com
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5-aminosalicylic acid (5-ASA) treatment showed reduced
AKT-phosphorylation in inflamed tissues, suggesting a
direct relationship between AKT signal activation and
disease severity[58]. A progressive increase in the densities
of phosphorylated AKT in tumor-associated macrophages was observed in normal, colitic and dysplastic to
cancer patient specimens[59]. This expression pattern is in
parallel to that of colonic CHI3L1 levels, which showed
almost undetectable expression in normal colon, but is
induced during colitis that further up-regulates during
colitis-associated cancer development[2,54]. CHI3L1 can
directly activate colonic AKT signaling, specifically via the
325th-339th amino acid residues within the chitin-binding
motif[3]. This enhanced up-regulation of CHI3L1 during colitis-associated cancer development may provide a
plausible explanation for the exaggerated enhancement
of AKT phosphorylation. In the context of tumorigenesis, activation of this AKT signaling in the colon
induces proliferative signals in IECs that is critical for G1
cell cycle progression[60]. Thus such constitutive activation of AKT, at least in part mediated by CHI3L1, might
result in the uncontrolled cell proliferation. With this in
mind, reducing AKT activation by targeting CHI3L1 using methylxanthines seemed to be a possible therapeutic
strategy for inflammatory disorders. The combinatory
effect of CHI3L1 protein inhibition, as well as direct
down-regulation of CHI3L1 mRNA expression by caffeine, pentoxifylline and theophylline, was shown to significantly reduce AKT phosphorylation (Figures 1 and 2
and data not shown)[15]. The minimum dose of caffeine
to achieve a reduction in AKT activation appears to be
2.5 mmol/L, whereas the effective dose of pentoxifylline
and theophylline ranges from 10-100 mmol/L.
Another important signaling pathway in the colon that can be activated by CHI3L1 is the β-catenin
pathway. Stimulation of SW480 CECs using low dose
of CHI3L1 results in an apparent β -catenin nuclear
translocation[6]. In contrast to SW480 cells stimulated
with CHI3L1 (80 ng/mL) that predominantly showed a
nuclear localization of β-catenin, cells that were stimulated with CHI3L1 and concurrently treated with caffeine (5 mmol/L), but less significant with pentoxifylline
(100 mmol/L) or theophylline (100 mmol/L), showed
cytoplasmic β-catenin localization (Figure 3). Canonical activation of β-catenin requires the binding of the
Wingless (Wnt) ligand onto the Frizzled receptor that
subsequently stabilizes cytoplasmic β-catenin by destroying a protein complex (AXIN, GSK3β and APC) which
usually cause the proteolysis of β-catenin under steadystate. This then facilitates the free β-catenin to migrate
into the nucleus and subsequent activates transcription
of target genes including c-Myc and cyclin D1 (Figure 4).
In a cohort study, high activation of β-catenin was found
in 100%, 55% and 50% in IBD with colitis-associated
cancer, IBD with dysplastic and IBD with remote dysplasia patients, respectively[61]. Recently, Lee et al[62] identified
phosphatidylinositide 3-kinase (PI3K)/AKT signaling
as the crucial factor mediating β-catenin during mucosal

CAF

P-AKT

T-AKT

PTX

P-AKT

T-AKT

THEO

P-AKT

T-AKT

Figure 2 Caffeine, pentoxifylline and theophylline suppress protein
kinase B signaling pathway activation in mouse colonic epithelial cells.
CMT93 mouse colonic epithelial cells were stimulated with caffeine (CAF) (0, 1,
2.5 or 5 mmol/L), pentoxifylline (PTX) or theophylline (THEO) (0, 10, 50 or 100
mmol/L) for 48 h. Twenty five micro grams of total protein were resolved using
SDS-polyacrylamide gel electrophoresis and analyzed by Western blot using
anti-phospho/total protein kinase B (AKT) Abs purchased from cell signaling
technology (Danvers, MA, United States) .

mRNA expression (Figure 1A). Since rabbit anti-CHI3L1
antibody administration to mice has been shown to have
an ameliorating effect in acute DSS-induced colitis development, the direct down-regulation of CHI3L1 using
methylxanthine derivatives also achieves a similar therapeutic effect in IBD in vivo[2,15].
Furthermore, methylxanthine derivative treatment
also reduces colon cancer cell viability in a CHI3L1
expression dependent manner. In vitro treatment with
caffeine (1-5 mmol/L), pentoxifylline (10-100 mmol/L)
or theophylline (10-100 mmol/L) in SW480 cells that
express high endogenous CHI3L1 greatly reduces the
viability of cells (Figure 1B). However, methylxanthine
derivative treatment in HT29 CECs, a human colon cancer cell line that does not express endogenous CHI3L1,
has minimal effect on cell viability, indicating a direct
involvement of cell survival that is mediated by CHI3L1
expression, at least in part. This has important implications in carcinogenesis since many solid tumors, including
colorectal cancer and breast cancer, exhibit exaggerated
expression of CHI3L1[6]. Mechanistically, CHI3L1 directly contributes to tumorigenesis by exerting excessive cell
proliferation and angiogenesis[54,55]. Thus, methylxanthine
derivative treatment provides a proof-of-concept in controlling carcinogenic changes and progression by regulating cell viability via targeting ectopic CHI3L1 expression
and function.
Several studies have demonstrated that AKT signaling
is up-regulated in the IEC crypts of chronic UC and CD
patients, as well as in a murine DSS-induced colitis model[56,57]. In contrast, colitis patients that had undergone
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Mouse IgG control

CHI3L1 (0 ng/mL)

CHI3L1 (80 ng/mL)
+ CAF (5 mmol/L)

CHI3L1 (80 ng/mL)
+ PTX (100 mmol/L)

CHI3L1 (80 ng/mL)

CHI3L1 (80 ng/mL)
+ THEO (100 mmol/L)

Figure 3 Caffeine, pentoxifylline and theophylline inhibit β-catenin nuclear translocation with different degrees. SW480 colonic epithelial cells were cultured
on lab-tec chamber slide. After reached to 90% confluency, the cells were stimulated with or without purified human chitinase 3-like 1 (CHI3L1) (80 ng/mL) in combination with caffeine (CAF) (5 mmol/L), pentoxifylline (PTX) (100 mmol/L) or theophylline (THEO) (100 mmol/L) for 24 h. Human CHI3L1 protein was purchased from
Quidel (San Diego, CA). β-catenin was then detected using mouse anti-human β-catenin monoclonal primary Ab (BD Biosciences, CA) and FITC-horse anti-mouse
Immunoglobulin G (Vector Labs, Burlingame, CA) and analyzed by confocal microscope (magnification, objective 40 ×). White arrows show the limited numbers of
completely nuclear translocated β-catenin positive cells after caffeine treatment.
Methylxanthine
derivatives
CHI3L1

Membrane

Receptor
FAK
PI3K

AKT

β-catenin

Figure 4 Schematic representation of chitinase 3-like 1-associated β-catenin activation signaling pathway, which is
inhibited by methylxanthine derivatives. Binding of extracellular chitinase 3-like 1 (CHI3L1) to a putative receptor on plasma
membrane activates the intracellular phosphatidylinositide
3-kinase (PI3K)/protein kinase B (AKT) signaling pathway, which
leads to β-catenin activation by translocating this protein from
cytoplasm into nucleus. Methylxanthine derivatives, including
caffeine, pentoxifylline and theophylline, directly down-regulate
CHI3L1 mRNA expression and inhibit CHI3L1 protein functions,
leading to reduced CHI3L1-associated AKT activation and prevent down-stream β-catenin nuclear translocation with different
degrees of efficacy.

Nucleus
β-catenin
Lef-1/TCF

TBP

Cyclin D1,
C-myc

inflammation. They reported that IEC-specific PI3K
conditional knockout mice showed reduced AKT and
β-catenin signaling in the intestinal stem and progenitor
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cells and limits the extent of crypt epithelial proliferation. Inhibiting PI3K in IL-10 knockout mice, which
develop spontaneous colitis, also impairs colitis-induced
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epithelial AKT and β-catenin activation. Furthermore,
a report by Fukumoto et al[63] also supports that viewpoint that AKT increases β-catenin activity by interfering
with the AXIN/GSK3β complex. Chronic UC patients
that have undergone 5-ASA treatment also show reduced AKT-mediated β-catenin phosphorylation in the
middle and upper crypts in colon. This observation was
recapitulated in 5-ASA treated IL-10 knockout colitic
mice[64]. However, whether CHI3L1 mediated β-catenin
activation is exerted directly through the Wnt or AKT
pathway, or both but at different temporal time points or
cell specific manner, remains to be investigated.
Currently, only a few receptors are known to bind
to CHI3L1. Recently, He et al[65] identified that CHI3L1
binds to the interleukin-13 receptor α2 (IL-13Rα2) and
activates both AKT and β-catenin signaling in the IL13Rα2 dependent pathway. Therefore, exploring the use
of methylxanthine derivatives for inhibiting CHI3L1 may
block any downstream effects pertaining to AKT and/or
β-catenin signaling and will provide direct mechanistic
insights (Figure 4).

the CECs and lamina propria. Caffeine treatment at both
2.5 and 5 mmol/L effectively prevented AIEC from
invading into SW480 CECs, as well as in mouse-derived
peritoneal macrophages. This result provides a possible
explanation on therapeutic potential of caffeine in IBD
through the prevention of CHI3L1-mediated bacterial
adhesion/invasion.
In vivo testing using pentoxifylline to study the effects
on IBD was also reported. Peterson et al[66] demonstrated
that intra-rectal administration of pentoxifylline or
1-(5-hydroxyhexyl)-3,7-dimethylxanthine (so called metabolite-1 or M-1) in a murine 2,4,6-trinitrobenzenesulfonic acid (TNBS)-induced colitis model, which showed
an attenuation of colonic inflammation and intestinal fibrosis. M-1 is a chiral molecule derived from pentoxifylline by the reduction of a single ketone group to a corresponding hydroxy group. They reported that 64 mg/kg
of pentoxifylline or M-1 is an ideal therapeutic dose
in mice, whereas mice treated with 32 mg/kg showed
varied effects in disease-associated phenotype. Another
study also showed similar amelioration by pentoxifylline
in TNBS-colitis in rats[67]. Interestingly, Murthy et al[68]
showed that combining pentoxifylline with anti-TNFα
antibody in DSS-induced colitic mice can reduce the side
effects that is associated with anti-TNFα antibody treatment alone. Ex vivo studies also showed that peripheral
mononuclear cells, which are obtained from the inflamed
mucosa of CD and UC patients, reduce TNFα secretion by 50% in the presence of pentoxifylline (up to 100
[69]
μg/mL) for 24 h .

POTENTIALLY THERAPEUTIC/
PROPHYLACTIC EFFECTS OF
METHYLXANTHINE-DERIVATIVES IN IBD
IN VIVO
Recently, our group performed in depth analysis of
the role of caffeine treatment in a DSS-induced colitis
model in mice[15]. Our in vivo analysis involved prophylactic-, simultaneous-, and post-treatment of mice with
caffeine at 2.5 mmol/L in this animal model of intestinal
epithelial damage. After initial caffeine treatment for 7 d,
we challenged the mice with DSS in the drinking water
for 5 d, and then returned to normal drinking water for
7 d before sacrificing. Mice which received the caffeine
treatment protocol showed significantly improved symptoms as demonstrated by less percentage bodyweight
loss and improved clinical scores. Colons of the mice
were isolated, and it was shown that CHI3L1 and AMCase expressions were both significantly decreased after
caffeine treatment. In contrast, chitinase 1 expression
remained stable after the treatment. Colonic sections
were also analyzed for histological changes. Mice in the
caffeine-treated group demonstrated improved histological scores, with markedly decreased accumulation
of immune cells, including F4/80+, CD4+, or CD11b+
cells. Interestingly, bacterial colony forming units from
homogenized mouse spleens, mesenteric lymph nodes,
liver, cecum and colon were all significantly reduced after
2.5 mmol/L caffeine treatment. In addition, as we described in the previous section, the levels of several proinflammatory cytokines were significantly decreased in
spleen, mesenteric lymph nodes, and colon, with an increase in the anti-inflammatory cytokine IL-10 in tissues.
A major factor in IBD development is host-microbial
interactions including adhesion/invasion of bacteria into
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FUTURE OPTIMIZATION OF
METHYLXANTHINE DERAVATIVES FOR
IMPROVED SPECIFICITY AND EFFICACY
INHIBITION OF FAMILY 18 CHITINASES
The early discovery of the allosamidin-derived from
Streptomyces as a chitinase inhibitor has opened up opportunities to test the inhibitory effect on controlling
chitinase-associated diseases[70]. For instance, as demonstrated in a study on AMCase-associated asthmatic Th2
inflammation mouse model, allosamidin, or anti-AMCase
antibody, both independently can reduce bronchoalveolar
lavage inflammation[71]. However, the concern over using
allosamidin is its broad range of activity against all family
18 chitinases and less than ideal chemical properties (e.g.,
high molecular weight and poor ligand efficiency)[72]. In
addition, allosamidin has a stronger inhibitory effect on
chitinase 1 than AMCase and therefore, since chitinase 1
is highly regarded as a molecule involved in host-defence
system against a chitin-containing pathogen rather than
a driver molecule involved in allergic inflammation, there
is a need to identify or develop other chitinase inhibitor with higher specificity [73-75]. The discovery of the
methylxanthine derivative inhibitory effects on family 18
chitinases appears to represent a promising alternative for
its more suitable chemical properties and advantages as
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described above sections. Yet, being a pan-chitinase inhibitor, it still faces a similar challenge in target specificity.
Therefore, the next step is to optimize both specificity
and efficacy of these methylxanthine derivatives.
In order to improve the inhibitory properties of
the methylxanthine derivatives, Schüttelkopf et al[76] has
developed a virtual algorithm method to create better
family 18 chitinases. The algorithm, named as LIGTOR,
basically fixed the methylxanthine substructure while
performing torsional evaluation of the substitution based
on previous published chitinase-pentoxifylline complex.
Upon identification of the most desirable chemical features using this algorithm, the group then subsequently
developed a low micromolar chitinase inhibitor that is
composed of a two linked caffeine moieties that binds in
the active site of the target extensively in a manner that
was not previously reported. This di-caffeine compound,
subsequently named as bisdionin B, showed the desired
drug-like structure, as demonstrated by X-ray crystal
structure analysis, and provides a general scaffold for future development/optimization of the family 18 chitinase
inhibitors.
Another major concern in drug design is target specificity. As a pan-chitinase inhibitor, one of the major drawbacks of methylxanthine derivatives is the discrimination
between the different chitinases (e.g., CHI3L1, AMCase
and chitinase 1). To address this issue, Sutherland et al[77],
utilized the LIGTOR algorithm derived di-caffeine scaffold and modified the caffeine linker length and subsequently analysed it against the AMCase crystal structure.
They then developed a derivative of the di-caffeine scaffold, termed as bisdionin F, that showed a high selectivity
for human AMCase up to 20-fold over chitinase 1. The
exact orientation/coordinates were confirmed by crystal
structure of the human AMCase-bisdionin F complex.
The group further validated the efficacy of bisdionin F in
a murine model of allergic inflammation. All these suggest that further improvements can be made to develop
a molecule with improved inhibitory efficacy and higher
specificity against the targeted molecule of the chitinase
18 family.

Atlantic University, Boca Raton, FL) for helpful discussion by reading this manuscript and Ms. Cindy W Lau and
Mr. Arun O’Sullivan for confocal microscopic analysis.
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Core tip: In this paper we critically review recently
published literature about these novel therapies, which
have been the results of extensive research identifying
molecular targets. Several agents have been tested and
show promising data, but we focus on vedolizumab, a
monoclonal antibody against the α4β7 integrin on lymphocytes, ustekinumab, a monoclonal antibody against
the p40 subunit of interleukin-12 and interleukin-23,
and tofacitinib, an orally administered small molecule
targeting Janus-activated kinase. These three agents
are most likely to find their way soon to the market and
offer significant therapeutic advantages for the management of Crohn’s disease and ulcerative colitis.

Abstract
Although antagonists of tumor necrosis factor have
resulted in major therapeutic benefits in inflammatory
bowel disease, the magnitude and durability of response
are variable. Similar to previously available drugs such
as 5-aminosalicylates and immunomodulators, the
therapeutic effect is not universal leaving many people
searching for options. The development of newer agents
has benefited from advances in the understanding of
the pathophysiology of the disease. Uncontrolled activation of the acquired immune system has an important
role, and lymphocytes, cytokines, and adhesion molecules are broadly targeted for therapeutic intervention.
There is increasing evidence of an important role of the
innate immune system and the intestinal epithelium,
and the therapeutic paradigm is also shifting from immunosuppression to the reinforcement of the intestinal
barrier, and modification of the disease process. In this
review, we explore the limitation of current therapy as
well as mechanisms of actions of new drugs and the efficacy and adverse events from data from clinical trials.
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INTRODUCTION
The inflammatory bowel diseases (IBD), Crohn’s disease
(CD) and ulcerative colitis (UC) are thought to be the
result of an overly aggressive immune response toward
an environmental trigger within a genetically susceptible
host. Recent work has elucidated the host-microbe interaction identifying the complex interplay between genetic
susceptibility, environmental factors, and the intestinal
microbiome[1]. This has led to a deeper understanding
of the immunologic pathways leading to IBD and, most
importantly, to the development of targeted therapies.
For CD and UC not responding to 5-aminosalicylates
(5-ASA), immunosuppression with corticosteroids, aza-
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Methotrexate
For patients with CD unresponsive to thiopurines, methotrexate has been the alternative. In a recent study from
2011, Kozarek et al[12] showed that in patients who had
failed azathioprine treatment, methotrexate was effective
in maintaining clinical benefits in 63% of patients at 1
year. And in this group, 26% required side effects sufficient enough to discontinue therapy, and most of these
adverse events occurred in the first 6 mo. This study
shows that methotrexate is well tolerated in the long term
and is a viable option in patients who cannot receive thiopurines. However, methotrexate has lower mucosal healing rates compared to biologics and azathioprine[12].
Methotrexate is an antimetabolite and acts specifically during DNA and RNA synthesis and therefore its
effect is mainly seen on rapidly dividing cells (such as
gastrointestinal and oral mucosa, and effector T-cells).
This mechanism of action explains the most frequently
observed side effects of myelosuppression and liver.
Furthermore, its absolute contraindication in pregnancy
makes this drug less desirable to use in reproductive aged
women[13]. Unlike, thiopurines methotrexate is not effective in inducing or maintaining remission in UC[14]. In
addition, a significant percentage of prescribing gastroenterologists were unfamiliar and uncomfortable with its
use in the management of CD, further limiting its use in
the United States[15].

thioprine, and anti-tumour necrosis factor (anti-TNF)
antibodies have been the mainstay of treatment[2]. Even
the most potent combination of immunomodulator and
anti-TNF therapy in combination in recently diagnosed
CD only achieves steroid free remission in 57% of patients[3]. Given the persistent and sizable population of
patients who are not served with current therapy, there
has been great interest in new pathways of inflammation
that would be amenable to pharmacologic intervention.
This paper focuses on the most promising pathways and
medications that appear closest to clinical availability.

LIMITATIONS OF CONVENTIONAL
THERAPY
Corticosteroids
The significant benefit of corticosteroid therapy in IBD
was established in the 1950s and 1960s for UC and later
in the 1970s and 1980s for CD[4]. In general, corticosteroids centrally suppress nuclear factor (NF)-κB activation, which is the primary transcription factor mediating
inflammatory response in both the innate and adaptive
immune systems. In active IBD, corticosteroids are still
a viable first-line treatment, but patients and clinicians
have to be aware of significant short- and long-term side
effects. Opportunistic infections, steroid-induced psychosis, steroid dependence, diabetes, and osteoporosis are
among the most common side effects[5]. Clinicians should
also be aware of the variability of clinical response to
these agents. Corticosteroids are unlikely to induce mucosal healing or maintain clinical remission, so its use is
limited to induction of remission[6].

Biologic therapy
Anti-TNF-α inhibitor therapy: TNF-α is a key proinflammatory cytokine involved in the systemic inflammatory cascade and is a member of a group of cytokines
that stimulate the acute phase reaction. In response to
lipopolysaccharide and other bacterial products presented
by antigen-presenting cells, activated intestinal T cells,
macrophages, produce TNF-α and natural killer cells.
In IBD, the number of TNF-α secreting T cells in the
lamina propria is increased and specific agents directed at
these T cells were developed[16].
The United States Food and Drug Administration
(FDA) approved the first anti-TNF agent for CD, infliximab, in 1998. This was followed by additional in category drugs, adalimumab in 2007, which had the benefit of
subcutaneous administration, and certolizumab in 2008.
While various trials have confirmed the significant
clinical benefit of anti-TNF-α therapy, it is apparent that
there are major limitations in the use of these agents,
ranging from cost-effectiveness issues to morbidity and
mortality, and the side effect profile is significant[17]. Data
from large treatment registries suggest that patients receiving both anti-TNF-α agents and other immunosuppressants such as azathioprine and corticosteroids are at
a higher risk of developing opportunistic infections and
lymphoma[9]. In addition, approximately 10% per year of
patients lose response to this therapy, often but due to
the development of anti-drug antibodies[18,19].

Thiopurines
Thiopurines, also referred to as immunomodulators,
are derivatives of thioguanine and act as purine antimetabolites. Following metabolization into 6-thioguanine
nucleotides, immunosuppression is in part the result of
incorporation into the DNA/RNA of rapidly dividing
inflammatory cell lines[7]. This induces effector T cell
apoptosis by suppression of the Rac1 and Vav-Rac1 signaling pathways and decreases NF-κB activation, which
leads to a decrease in pro-inflammatory cytokine secretion. Up to one third of patients with IBD are intolerant
to thiopurines and a further 10% are unresponsive to
them[7]. In the majority of patients who do respond, the
benefits of thiopurines take 3-6 mo to appear[8]. Significant risks of thiopurines include lymphoproliferative
disease (non-Hodgkin’s lymphoma), as high as 4-5 fold
compared with unexposed IBD patients and further
increased when used in combination with anti-TNF[9].
Other side effects include early hypersensitivity reactions
such as fever and pancreatitis, bone marrow suppression
and hepatotoxicity requiring frequent lab monitoring
during treatment[10]. Finally, one in 300 patients harbor a
homozygous TPMT mutation and use of these agents is
generally avoided[11].
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antibody, has been studied in CD[20] and a recent metaanalysis concluded that it was superior to placebo in
controlling symptoms and inducing mucosal healing[16].
However, its adoption was limited by the discovery of
the development of progressive multifocal leukoencephalopathy in 1:1000 patients[21]. After initially being removed
from the market, it’s currently available only through
enrollment in a specialized FDA risk minimazation program known as TOUCH (https://www.touchprogram.
com/TTP) that details the risk of progressive multifocal
leukoencephalopathy (PML).

from placebo-controlled trials with anti-TNF-α agents
have also suggested that patients with early CD may experience greater efficacy than patients with established
disease[28].
Complicated CD can be defined as the presence of
bowel damage (stricture, abscess and/or fistula) and/or
the requirement for surgery. The clinical factors associated with complex CD include: ileal disease, upper gastrointestinal involvement, smoking, complicated behavior
(stricturing or penetrating), young age at diagnosis, perianal disease and some genetic factors such as nucleotide
oligomerization domain 2 (NOD2), interleukin 10 (IL10)
or IL-10R mutations[29]. The most widely studied genetic
marker in CD is the presence of variants of the NOD2
gene and its association with a more complex disease
course and requirement for surgeries[30]. The IBD CHIP
project, a new DNA array-based diagnostic system which
uses a DNA array to detect IBD mutation to predict the
clinical evolution for CD, found that the NOD2 gene was
the most important genetic association, was an independent predictive factor for need for surgery, and the strongest factor associated with a complicated disease course.
However, a more recent study has reported that associations with gene variants are not accurate in predicting the
course of CD. Currently, serological and genetic markers
are not routinely used in clinical practice, as data are variable in the predictive value of these markers[31-33].
Aggressive UC was recently defined as disease that is
associated with a high relapse rate, the need for surgery,
the development of colon cancer and/or the presence
of extra-intestinal manifestations[34], though this marks
a very heterogeneous group of patients. Clinical risk
factors include extensive colitis and a young age at diagnosis. As in trials for rheumatoid arthritis, new emphasis
is being placed on disease modifying drugs which limit
mucosal damage. This marker of therapy may be used
in upcoming disease-modification trials as well as in our
clinical practice to promote early intervention with disease modifying agents in patients having such factors[35].
Emerging concepts in the management of IBD patients are tight monitoring and accelerated step up approaches[36]. These require endoscopy, imaging (magnetic
resonance imaging) and colonoscopy, C reactive protein,
and/or fecal markers at 3-6 mo after introduction of disease-modifying agents (thiopurines and anti-TNF-α) to
identify objective signs of inflammation, and escalation
of treatment. Further clinical trials are needed to evaluate
the value of this strategy.
In CD patients with mild disease, corticosteroids
are appropriate on an as needed basis, and in patients
with moderate active disease without poor prognostic
indicators, steroids and thiopurines still remain the standard first-line therapy. Anti-TNF-α therapy should be
considered as first-line therapy in patients with CD with
bowel damage (stricture/fistula/abscess) and/or poor
prognostic factors, severe disease, or complex perianal
disease[33,36].
In UC, a proposed treatment algorithm for acceler-

New therapeutic goals: Mucosal healing and deep
remission: In recent years, mucosal healing has emerged
as a major therapeutic goal in IBD. However, the definition of mucosal healing varies across studies, and there is
no validated definition of mucosal healing or endoscopic
remission in IBD[22]. Current therapeutic goals are to
induce remission both clinically, biochemically and endoscopically[23].
“Deep remission” in CD is defined as a combination
of endoscopic and clinical indicators of disease activity, a
CD activity index (CDAI) below 150 together with complete mucosal healing. Deep remission has been associated with better long term disease-specific quality of life,
fewer flares and Crohn’s related hospitalizations, greater
work productivity, and less activity impairment compared
to mucosal healing alone[24]. In UC, there is no proposed
definition of deep remission.
Another area of consensus regarding potential therapy is prevention of bowel damage in CD by earlier introduction potent of therapy. In a population-based cohort study from Olmsted County, United States, among
patients with CD diagnosed from 1970 to 2004, the
cumulative risk of developing complications (structuring
or penetrating disease) was 34% at 5 years and 51% at
20 years after diagnosis[25]. These observations highlight
the importance of creating tools that are able to measure
cumulative bowel damage in CD. The development of
an appropriate index is underway and has been named
the CD digestive damage score (the Lemann score)[26].
It addresses damage location, severity, extent, progression and reversibility, as measured by diagnostic imaging
modalities and the history of surgical resection. The
Lemann score may be used to assess the effect of various pharmacological therapies, function as a clinical trial
endpoint and allow better identification of high-risk patients in regard to identification or progression of bowel
damage.
The concept of early treatment to avoid later complications and the need for surgical intervention in CD
is gaining momentum, and these new scoring systems
might be able to help to identify patients at risk and help
caregivers determine the timing for introduction of disease modifying agents. In a population-based study from
Cardiff, United Kingdom, Ramadas et al[27] reported that
early thiopurine use (within the first year of diagnosis) was
associated with lower rates of surgery. Subgroup analysis
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ated step-up therapy after “5-ASA failure” indicates
that steroids and azathioprine should be considered. If
in case of is steroid-dependent disease and persistent
signs of inflammation, then long term maintenance
therapy with thiopurines or anti-TNF-α agents should
be considered[34,37].
Despite therapeutic advances over the past several
years and introduction of multiple new anti-TNF agents,
including infliximab, adalimumab, certolizumab, golimumab, and natalizumab (CD only), there is still a large subset
of patients that do not respond to these drugs or are unable to maintain remission long-term[38-41]. It is likely that
these patients have disease that is driven by other factors.
The best management approach toward these patients
is unclear, but the development of new non anti-TNF
based therapies may be a promising avenue of treatment.
Three new agents in the “pipeline” which appear to be
promising, and are closest to being commercially available in the United States are ustekinumab, tofacitinib, and
vedolizumab. Ustekinumab already has FDA approval for
psoriasis, and tofacitinib has FDA approval for rheumatoid arthritis, vedolizumab will soon be evaluated by the
FDA for approval as IBD therapy[35], and is expected to
be approved in 2014.

in patients with moderate to severe disease, especially in
those with prior exposure to infliximab. These results
led to further evaluation of ustekinumab in inducing and
maintaining remission in patients with CD refractory to
anti-TNF agents. During induction, 526 patients were
randomly assigned to receive intravenous ustekinumab
(at dose 1, 3, or 6 mg/kg of body weight) or placebo at
week 0. In the maintenance phase, the 145 patients who
had a response to ustekinumab at 6 wk underwent a second randomization to receive subcutaneous ustekinumab
(90 mg) or placebo at weeks 8 and 16, the primary endpoint was clinical response at week 6 defined as decrease
in CDAI of 100 points from baseline. The proportions
of patients who met the primary endpoint were 36.6%,
34.1%, 39.7% for 1, 3 and 6 mg of ustekinumab, respectively vs 23.5% for placebo (P = 0.005 for 6 mg group).
The proportion of patients who achieved clinical remission was not significantly different between any of the
groups at week 6. However, maintenance therapy with
ustekinumab, as compared with placebo, resulted in significantly increased rates of response (69.4% vs 42.5%, P
< 0.001) and clinical remission (41.7% vs 27.4%, P = 0.03)
at 22 wk. Serious infections occurred in 7 patients (6 receiving ustekinumab) during induction and 11 patients (4
receiving ustekinumab) during maintenance therapy[43,45]
(Table 1).
We await the results of an ongoing phase 3 study. If
the data are confirmed, this therapy may become a useful
option for patients who have failed anti-TNF therapy.

Targeting IL-12/23: IL-12 and IL-23 are inflammatory
cytokines produced by antigen-presenting cells, which
promote T cell maturation into T-helper (Th)1 and Th17
phenotypes, respectively. The cytokines were identified to
be significant to the pathology IBD in genome wide association studies[42]. IL-12 and IL-23 share a common p40
subunit, and it is known that when IL-12 (p35 + p40)
is present, T cells differentiate into Th1 cells producing
interferon-γ and TNF. On the other hand, when IL-23
(p19 + p40) is present together with transforming growth
factor-β and IL-6, the Th17 subset preferentially develops
and produces IL-6, IL-17A, IL-17F, IL-22 and IL-21[35].
Since both pathways are activated in CD patients, and
contribute to tissue damage by the production of inflammatory cytokines, this makes neutralizations of the p40
subunit an attractive therapeutic target. Ustekinumab
(Stelara) and briakinumab (Ozespa, previously ABT-874;
Abbott, Abbot Park, IL, United States) are monoclonal IgG1 antibodies that target the p40 subunit of the
IL-12/IL-23. Although Phase Ⅱ trials in briakinumab
were negative, however ustekinumab showed promising
results in CD and is being further evaluated[43,44].
The efficacy of ustekinumab was initially investigated
in a double-blind, cross-over trial with 104 moderate to
severe CD patients. In this group, clinical response rates
for the patients given ustekinumab and placebo were 53%
and 30%, respectively (P = 0.02) at weeks 4 and 6, and
49% and 40% (P = 0.34) at week 8. Further subgroup
analysis showed that patients who received infliximab in
the past (neither primary nor secondary non responders)
had a significantly greater response to ustekinumab (P <
0.05) through week 8. Based on the results of this study
it was noted that ustekinumab induced clinical response
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ANTIADHESION MOLECULES
Drugs targeting adhesion molecules interfere with the migration of leukocyte subsets from the blood to the sites
of inflammation[46]. The first drug in this category to be
used in IBD was a monoclonal antibody against the α4
integrin, natalizumab. The blockade of α4-integrins not
only interferes with the α4β7 MadCam1 interaction, associated with IBD, but also with α4β1 vascular cell adhesion molecule-1 interaction which is needed for patrolling
effector T cells to contain JC virus and prevent it from
infecting the brain. Following these results, therapies
targeting α4β7 more specifically for the gut vasculature
were developed in order to avoid the risk of PML[47].
Vedolizumab (formerly called MLN02, Millenium;
Takeda) binds specifically to the α4β7-integrin dimer
which is involved in recruitment of lymphocytes to the
gut. Two large phase 3 studies under the GEMINI study
group, one in UC (GEMINI 1) and one in CD (GEMINI
2) have recently been published and demonstrate a beneficial effect of vedolizumab in induction and maintenance of remission of UC and CD. GEMINI 1 and 2
are randomized, blinded, placebo-controlled multicenter
trails to examine the efficacy of vedolizumab for induction and maintenance in moderate to severe UC and CD,
respectively.
In the induction trial of the GEMINI 1 study, 374
patients received vedolizumab or placebo at week 0 and
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Table 1 Clinical response defined as decrease in Crohn’s disease activity index > 100
Response vs placebo

Therapeutic agent Disease tested
Ustekinumab
Vedolizumab

Crohn’s
disease
Crohn’s
disease

Ulcerative
colitis

Tofacitinib

Ulcerative
colitis

Target patients

Clinical response: 69.4% vs 42.5%, P < 0.001
Remission: 41.7% vs 27.4%, P = 0.03
Clinical response: 31.4% vs 25.6%, P = 0.23
Remission at week 52: 14.5% vs 6.8%, P =
0.02

Adult patients with moderate to severe Crohn’s disease with
failure to anti-tumour necrosis factor (TNF) therapy
Adult patients with active Crohn’s disease (Crohn’s disease
activity index, 220-450) with previously documented lack of
response to glucocorticoids or immunosuppressive agents or
anti-TNF agents
Clinical response: 47.1% vs 25.5%, P < 0.001 Adult patients with active ulcerative colitis (Mayo score 6
Remission at week 52: 41.8%, 44.8% (8
to 12) with disease at least 15 cm proximal from anal verge,
and 4 wk dosing interval, respectively) vs with previously documented unsuccessful treatment with
15.9%, P < 0.001
glucocorticoids or immunosuppressive medications or
anti-TNF
Clinical response: 32%, 48%, 61%, 78% [at Adults patients with moderate to severe ulcerative colitis
dose 0.5 mg (P = 0.39), 3 mg (P = 0.55), 10
mg (P = 0.10), and 15 mg (P < 0.001)] vs
42% for placebo
Clinical remission: 13%, 33%, 48%, 41% [at
dose 0.5 mg (P = 0.76), 3 mg (P = 0.01), 10
mg (P < 0.001), and 15 mg (P < 0.001)], vs
10% for placebo

2, and 521 patients received open-label vedolizumab at
weeks 0 and 2 with disease evaluation at week 6. Patients
who had a response at week 6 were then randomly assigned to continue receiving vedolizumab every 8 or 4 wk
or were switched to placebo for up to 52 wk. The primary outcome was clinical response at week 6 defined at a
reduction in the Mayo score of at least 3 points and a decrease of at least 30% from the baseline score. Response
rates at week 6 were 47.1% and 25.5% among patients in
the vedolizumab group and the placebo group, respectively (P < 0.001). At week 52, 41.8% of patients who
continued to receive vedolizumab every 8 wk and 44.8%
of patients who received vedolizumab every 4 wk were
in clinical remission, as compared with 15.9% of patients
who switched to placebo (P < 0.001 for both groups).
The frequency of side effects was similar in both groups
and serious adverse events were not more common in
the vedolizumab group. All patients in the trial had an
eligibility criterion of an unsuccessful previous treatment
(lack of response, or unacceptable side effects), with one
or more of the following medications: glucocorticoids,
immunosuppressive medications (azathioprine or 6-mercaptopurine), or TNF antagonists. Patients were allowed
to continue 5-ASA drugs during the study. This study
shows that vedolizumab is more effective than placebo
as induction and maintenance therapy in UC and more
importantly, shows response in patients who had failed
previous therapy[48,49].
In the induction trial for GEMINI 2, 368 patients
were randomly assigned to receive vedolizumab or placebo at weeks 0 and 2 and 747 patients received open
label vedolizumab at weeks 0 and 2; disease status was
assessed at week 6, and the two primary endpoints were
clinical remission (CDAI < 150) and CDAI-100 response
(> 100 point decrease in CDAI score) at week 6. In the
maintenance trial, 461 patients who had had a response
to vedolizumab were re-randomized to placebo or vedoli-
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Ref.
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[52]

zumab every 8 or 4 wk until week 52. At week 6, a total
of 14.5% of patients who received vedolizumab were
in clinical remission, compared to 6.8% of patients who
received placebo (P = 0.02). A total of 31.4% and 25.7%
of patients in the treatment vs placebo group had a
CDAI-100 response (P = 0.23). Among the 461 patients
who had an initial response, 39.0% and 36.4% of those
assigned to vedolizumab every 8 or 4 wk were in clinical
remission at week 52, compared to 21.6% of those assigned to placebo (P < 0.001 and P = 0.004, for the two
vedolizumab groups, respectively). Vedolizumab, as compared with placebo, was associated with a higher rate of
serious adverse events (24.4% vs 15.3%), infections (44.1%
vs 40.2%), and serious infections (5.5% vs 3.0%). Eligible
patients for the trial had had no response to or had had
an unacceptable side effects from one or more of the following: glucocorticoids, immunosuppressive agents (azathioprine, 6-mercaptopurine, or methotrexate), or TNF
antagonists. This study shows that vedolizumab-treated
patients with active CD were more likely than patients receiving placebo to have a remission, but not a CDAI-100
response, at week 6 (primary endpoint); and that those
patients with an initial clinical response were more likely
to be in clinical remission at week 52[50].
Both these reports are among the largest clinical studies in patients with IBD and combined consist of 2010
patients. Primary and secondary endpoints were met in
the GEMINI 1 study (UC), however it seems that vedolizumab was less effective in patients with CD, although
maintenance of remission was noted in the treatment
group, and that patients with CD had a higher frequency
of adverse events with treatment compared to placebo.
It is possible that the underlying pathogenesis of the two
diseases are different, and the selective blockage of gutspecific α1β4-mediated leukocyte trafficking is more
beneficial in UC, which is confined to the mucosa and
the large intestine, compared to CD which might repre-
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sent a more systemic disorder. More studies need to be
done to assess the pharmacodynamics of vedolizumab.
To date, there have been no reported cases of PML. The
results of these two recent studies suggest a promising
new therapy for IBD.

cious with the introduction of anti-TNFs and the use of
combination therapy, many patients still experience insufficient improvement on these agents. We are currently
limited in option for patients who fail to respond to antiTNF agents. In the near future, our patients may have
access to IL-12/23 antibodies in CD, vedolizumab in CD
and UC, possibly tofacitinib in both UC and CD. The
promise of these agents is a bright light on the horizon
for treatment of IBD.

TARGETING JANUS KINASE RECEPTORS
Besides specific neutralization of specific cytokines with
antibodies, control of inflammation can be achieved
by interfering with conserved elements associated with
cytokine receptors, thus allowing a broader action. The
Janus kinase (JAK) family of tyrosine kinases (JAK1,
JAK2, JAK3, and TYK2) plays a significant role in signal
transduction of hematopoietin receptors type I and II.
Tofacitinib (formerly CP-690, 550; Pfizer) is a JAK inhibitor that inhibits all four JAK family kinase members,
with a functional cellular specificity for JAK1 and JAK3
over JAK2. Thus it can directly or indirectly modulate
signaling for an important subset of proinflammatory
cytokines including IL-2, -4, -7, -9, -15 and -21[51].
In a double-blind, placebo controlled, phase 2 trial,
194 patients with moderately to severely active UC were
randomized to receive tofacitinib at a dose of 0.5, 3,
10 or 15 mg or placebo twice daily for 8 wk. Patients
enrolled had to have a Mayo score of at least 6 with an
endoscopic subscore of 2 or 3, and patients could receive
oral mesalamine or oral prednisone at a stable dose of
30 mg or less per day, patients were not allowed to be on
concurrent immunosuppressive therapy or therapy with
anti-TNF agents[36]. Approximately 30% of patients had
had prior anti-TNF exposure with failure of therapy.
The primary outcome was clinical response at 8 wk, and
occurred in 32%, 48%, 61% and 78% of patients receiving tofacitinib at a dose of 0.5 mg (P = 0.39), 3 mg (P =
0.55), 10 mg (P = 0.10) and 15 mg (P < 0.001), respectively, compared with 42% of patients receiving placebo.
Clinical remission, defined as Mayo score < 2 with no
subscore > 1, at 8 wk occurred in 13%, 33%, 48%, and
41% of patients receiving tofacitinib at a dose of 0.5
mg (P = 0.76), 3 mg (P = 0.01), 10 mg (P < 0.001) and
15 mg (P < 0.001), respectively, compared with 10% of
patients receiving placebo. The most commonly reported
adverse events was related to infection, and occurred in
6 patients on treatment with any dose of tofacitinib and
6 patients in the placebo group. There was a dose dependent increase in both high and low density lipoprotein
cholesterol at 8 wk with tofacitinib which reversed after
discontinuation of the study drug[52]. Given the broad
mechanism of action, opportunistic infections remain a
valid concern and more data is required to determine the
efficacy and safety of tofacitinib in the treatment of IBD.
However, it’s oral method of administration will surely
make this a popular avenue of treatment should it prove
effective in larger scale treatment trials (Table 1).
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Core tip: This review summarizes and updates the current state of the field of post-operative prevention of
Crohn’s disease (CD) after surgery. This review starts
by discussing the natural history of postoperative recurrence followed by a summary of the most consistent
and evidence based risk factors. We then discuss the
evidence for medical prophylaxis of CD highlighting new
data regarding biologics. Finally we discuss cost effectiveness and provide a potential novel treatment algorithm for a clinician to use practically when caring for a
patient with CD after surgery.

Abstract

Vaughn BP, Moss AC. Prevention of post-operative recurrence of
Crohn’s disease. World J Gastroenterol 2014; 20(5): 1147-1154
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i5/1147.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i5.1147

Endoscopic and clinical recurrence of Crohn’s disease
(CD) is a common occurrence after surgical resection.
Smokers, those with perforating disease, and those
with myenteric plexitis are all at higher risk of recurrence. A number of medical therapies have been shown
to reduce this risk in clinical trials. Metronidazole, thiopurines and anti-tumour necrosis factors (TNFs) are all
effective in reducing the risk of endoscopic or clinical
recurrence of CD. Since these are preventative agents,
the benefits of prophylaxis need to be weighed-against
the risk of adverse events from, and costs of, therapy.
Patients who are high risk for post-operative recurrence
should be considered for early medical prophylaxis with
an anti-TNF. Patients who have few to no risk factors
are likely best served by a three-month course of antibiotics followed by tailored therapy based on endoscopy at one year. Clinical recurrence rates are variable,
and methods to stratify patients into high and low risk
populations combined with prophylaxis tailored to endoscopic recurrence would be an effective strategy in
treating these patients.
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INTRODUCTION
Patients with Crohn’s disease (CD) have a high likelihood
of requiring surgery over their lifetime. Reasons for surgical intervention include failure of medical therapy, or a
complication of stricturing or penetrating disease[1]. It is
estimated that half of patients will require surgery within 10 years of diagnosis[2,3] and around 80% of patients
will require surgery at some time in their life[4-6]. Unfortunately, surgery for CD is not curative and recurrence
is typically the rule. Symptomatic recurrence varies from
40%-80% [5,7]. Endoscopic recurrence is much higher
with up to 90% having lesions at 5 years[4,7,8].
While the overall recurrence rates are high, the severity
of recurrence varies amongst individuals. Some patients
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may only develop mild endoscopic recurrence, and have
no symptoms, whereas others may present soon after surgery with recurrent inflammation and clinical symptoms.
Interventional studies have measured a drugs ability to
prevent endoscopically-visible ulcers, or radiologicallyapparent luminal narrowing, or symptoms. Assessing
for severe endoscopic recurrence is useful, although still
a surrogate predictor of future clinical recurrence. The
wide variation of patients and outcomes used in clinical
trials makes this topic difficult for the treating physician
to apply to a given patient. The aim of this review is to
summarize the literature regarding the medications available for prevention of post-operative recurrence as well
as to discuss the different strategies for treating postoperative recurrence.

at the anastomosis six months after the diverting ileostomy was taken down[12]. Further study demonstrated that
contact with intestinal fluid for only eight days was sufficient to trigger early histologic changes in a previously
normal neo-terminal ileum and anastomosis[13]. Within
three months after ileocecectomy the neoterminal ileum
has been shown to have an increase in colonization with
colonic flora, specifically Escherichia coli (E. coli), Enterococci,
Bacteroides and Fusobacteria spp[14]. Animal studies have
also concluded that the presence of commensal bacteria
is required for post-operative recurrence to develop[15].
It remains unclear if these changes have a causative role
in post-operative Crohn’s recurrence, but they have been
implicated in IBD per se[16]. Thus, post-operative CD is
associated with alterations in the local microbiome, development of local ulcers (endoscopic recurrence) and
subsequent resumption of clinical recurrence.

NATURAL HISTORY OF POST-OPERATIVE
CROHN’S

RISK FACTORS FOR RECURRENCE: RISK
STRATIFICATION

The natural history of CD generally follows phenotypic
patterns, whether in the pre-operative or post-operative
patient. As stated above, recurrence in general is common both endoscopically and symptomatically after
surgery. Crohn’s recurrence after ileocecal resection or
colectomy with ileorectal anastomosis tends to favor the
anastomosis site, specifically the small bowel proximal
to the anastomosis[9]. Initially aphthous ulcers develop
which then progress to larger ulcers and eventually
complications of recurrent CD[7,8]. It was noted in the
late 1980s that patients who underwent surgery for a
perforating phenotype of disease had a different postoperative course than those who underwent surgery for
non-perforating indications [10]. This group examined
770 patients who underwent surgery for CD at Mt. Sinai Hospital in New York. They found that not only did
patients had a different course depending on their preoperative phenotype, but they found that patients who
required second and third operations, tended to do so
for the same initial indication. Thus, patients who required an initial operation for penetrating disease tended
to require a second, and potentially third, operation for
penetrating disease. Thus overall the site and prevailing
phenotype are thought to be similar before and after
resection[11].
An interesting observation into the pathogenesis of
post-operative CD is that the fecal stream is needed for
recurrence. Rutgeerts et al[8] reported on five patients who
underwent ileal resection with ileocolonic anastomosis
and additionally had a temporary, diverting ileostomy
approximately 25-30 cm from their anastomosis site. At
six months time, the anastomoses of these patients were
compared to 75 other patients who underwent ileocolonic anastomosis without diverting ileostomy. None of
the patients with the diverting ileostomy developed endoscopic or histologic changes consistent with CD compared to 71% of patients in the control group who had
endoscopic recurrence at six months. All five patients
however, did develop endoscopic recurrence of disease

WJG|www.wjgnet.com

Multiple risk factors have been identified for postoperative recurrence. Risk stratifying patients based on these
factors can thus help decide which patients to treat aggressively. Unfortunately, few risk factors have been consistent in the literature for predicting endoscopic, clinical
or surgical recurrence. Typically risk factors are divided
into patient-related factors, disease-related factors and
surgical-related factors. Of the patient related factors,
only smoking has consistently been identified as a predictor of postoperative recurrence. The odds ratio for
clinical recurrence for current smokers is between 2 and
3[4,17,18]. It is the only modifiable risk factor and smoking
cessation appears to decrease the risk of recurrence to
that of a non-smoker[19]. Other patient related factors
such as age, sex, age at disease onset are inconsistent risk
factors in the literature[20,21].
Disease related factors include duration of disease prior
to first resection, history of previous resection and penetrating disease[4,22]. Duration of disease prior to first surgery is not a consistent risk factor in the literature[23,24].
Most studies demonstrate that previous surgery for CD
is a risk factor for further surgery[11,22,25]. A recent metaanalysis demonstrated a hazard ratio of 1.5 for recurrence of disease for penetrating phenotype compared
to non-penetrating [26]. Unfortunately, there was significant heterogeneity in the studies that went into the
meta-analysis and thus it is not entirely clear what the
relationship between penetrating disease and post-operative recurrence truly is[21]. Further complicating the
issue is that penetrating and stricturing disease are not
always accurately diagnosed on clinical grounds. Up to
a third of patients who clinically have non-penetrating
disease may have evidence of penetration at the time
of an operation[27].
Surgical factors including length of resection, type
of anastomosis and histological disease left in the bowel
or granulomas in the resected specimen have not been

1148

February 7, 2014|Volume 20|Issue 5|

Vaughn BP et al . Prophylaxis for recurrent Crohn’s disease
Table 2 Recurrence rates with each agent discussed (range)
from randomized controlled trials, vs placebo rates

Table 1 Risk factors for postoperative recurrence
Risk factor

Strength of association (OR) Grade of evidence

Active smoking
Penetrating disease
Prior resection
Myenteric plexitis

[18]

2 (1.3-3.4)
1.5 (1.2-1.9)[26]
1.8 (1.1-2.9)[22]
1.9 (1.0-3.5)[33]

1

Agent

B
B
B
C

Mesalamine
Thiopurines
Anti-TNF
Antibiotics
Probiotics2
Budesonide

1

Based on American Gastroenterological Association guidelines. A: Multiple, well-designed randomized controlled trials; B: At least one large welldesigned clinical trial with or without randomization; C: Based on clinical
experience, expert committees or descriptive studies.

Clinical recurrence

Drug

Placebo

Drug

Placebo

5%-51%
2%-22%
0%-21%1
13%
9%-21%
52%

50%
50%
81%-85%1
43%
15%-16%
57%

11%-16%
0%-36%
0%-20%
7%-24%
9%-17%
57%3

19%-23%
10%-50%
25%-46%
25%-38%
6%-14%
70%3

Ranges of reported endoscopic and clinical recurrences for various therapies and the range of placebo reports from those trials. Endoscopic recurrence rates are for severe (≥ i2) recurrence unless otherwise stated. Follow-up time is 12 mo unless otherwise stated. 1Any endoscopic recurrence;
2
Three to twelve months follow-up; 3Combined clinical and endoscopic
recurrence. TNF: Tumour necrosis factor.

consistently demonstrated to be risk factors for disease
recurrence[28-32]. However, myenteric plexitis in the resection specimen has been found to be predictive of postoperative recurrence[33-35]. One small study found plexitis
to be associated with prior intestinal surgery and shorter
duration of disease thus potentially accounting for some
of the variability of those risk factors as predictors of
disease[36]. Select risk factors that have been consistent in
the literature are shown in Table 1.

thiopurine arm at 12 mo. Pooling the data demonstrated
a favorable risk ratio for decreasing both clinical (RR vs
placebo: 0.59, 95%CI: 0.38-0.92) and severe endoscopic
recurrence (RR vs placebo: 0.64, 95%CI: 0.44-0.92) with
thiopurines compared to placebo[42].
Other trials have compared thiopurine to mesalamine
formulation. However, superiority of a thiopurine over
mesalamine was unable to be shown in multiple trials[41,44-47]. It is possible that side effects often prohibit adherence of thiopurines[46]. The meta-analysis by Doherty
et al[42] reported a higher risk of treatment discontinuation
due to side-effects in patients taking thiopurines. Long
term data from a retrospective analysis demonstrated that
thiopurine treatment for over 36 mo decreased surgical
recurrence compared to treatment less than 36 mo or
no treatment at all[48]. Thus long-term maintenance may
be beneficial especially in those who can tolerate the
treatment, but the side effect profile may be prohibitive
especially as mesalamine agents may provide a similar decreased risk of recurrence.

MEDICAL THERAPIES TO PREVENT
RECURRENCE
Multiple medications used for the treatment of Crohn’s disease have been studied for the prevention of post-operative
recurrence. Table 2 summarizes the endoscopic and clinical
recurrences rates vs placebo from various trials.
5-ASA
The use of mesalamine in the postoperative setting is appealing given its favorable safety profile, ease of administration, and relatively lower costs to anti-TNFs. However
controversy exists over its efficacy. McLeod et al[31] demonstrated a 10% decrease in symptomatic recurrence (P =
0.03) with mesalamine at 3.0 g per day. Others have noted
a decrease in endoscopic recurrence with varying mesalamine formulations[37,38]. Despite this, some small prospective and retrospective studies failed demonstrate a difference compared to placebo[39,40]. Interestingly, Hanauer et
al[41] found that postoperative mesalamine demonstrated
a non-significant trend towards a clinical improvement
compared to placebo, but did not have any effect on
endoscopic or radiologic recurrence. A meta-analysis of
available prospective studies did demonstrate that mesalamine decreased clinical as well as severe endoscopic
recurrence at 12 mo with a NNT of 8 (RR vs placebo: 0.76,
95%CI: 0.62-0.94)[42].

Anti-TNF antibodies
Most recently anti-TNF therapeutic antibodies have been
studied in the prevention of post-operative prophylaxis.
Infliximab has been studied most, although there is some
emerging data for adalimumab. Early non-controlled reports noted a decreased in both endoscopic and clinical
recurrence of CD postoperatively[49]. Subsequent prospective controlled studies also demonstrated a benefit
compared to placebo[50,51], mesalamine[28,52] and thiopurines[28]. However, there have only been two randomized
trials comparing infliximab and both were compared
with placebo. Regueiro et al[53] demonstrated that endoscopic lesions were significantly lower at one year in the
infliximab group compared to controls (9.1% vs 84.6%
respectively, P = 0.0006), but were unable to detect a
significant difference in the clinical recurrence rate due
to small numbers. A follow up abstract from the same
group suggested that patients can have a benefit for up
to two years, although they will relapse if infliximab is
stopped[54]. Yoshida et al[55] did demonstrate a decrease in

Thiopurines
Azathioprine and 6-mercaptopurine are efficacious in
maintenance of CD and have been extensively studied in
the post-operative setting. Only two studies have compared to a thiopurine to placebo and one was in combination with three months of metronidazole[41,43]. Both
trials showed a decrease of endoscopic recurrence in the
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the clinical remission rate at 12 mo with infliximab compared to placebo (100% vs 68% respectively, P < 0.03).
Additionally adalimumab has demonstrated efficacy if
prevention of postoperative recurrence although data remains small with a lack of controls[56-58]. Preliminary data
from the POCER study was presented in abstract form
demonstrated that at 6 mo 94% of high-risk patients
treated with postoperative adalimumab were in endoscopic remission (i0-i1) vs 62% of high risk patients on
a thiopurine (P = 0.02)[59]. However, patients on a thiopurine who had recurrence had an escalation of therapy
to adalimumab. Thus at 18 mo, there was no difference
between endoscopic recurrence in patients who received
adalimumab immediately post operatively and those who
had tailored therapy based on 6 mo endoscopy[60]. Thus
early data from ongoing trials suggests that prophylaxis
with anti-TNF antibodies may be highly effective compared to other treatments, although careful patient selection is likely required to identify whom to administer
prophylaxis to.

COSTS AND DURATION OF
CHEMOPROPHYLAXIS
The goal of therapy for post-operative prophylaxis is to
decrease clinical recurrence. Not all patients will develop
clinical recurrence and so treating everyone one may not
be cost effective or feasible. Two studies examined the
cost and feasibility of treating patients with various medical therapies in the postoperative setting. Doherty et al[69]
noted that incremental cost-effectiveness ratio (ICER), or
costs per QALY gained, was $1.8M for infliximab, when
compared with no prophylaxis. In their cost-effectiveness
model, azathioprine was the most cost-effective medication strategy over 1 year, when compared to “no prophylaxis”. Ananthakrishnan et al[70] similarly noted that initial
therapy with infliximab is not cost effective although suggested that antibiotics (metronidazole or ornidazole) were
cost effective when tolerated. Both of these studies made
assumptions of a recurrence rate of around 20%-30%
with no treatment. As the rate of recurrence increases,
the cost-effectiveness of an anti-TNF increases as well.

Probiotics
Manipulation of the bacterial flora is an attractive mode
of preventing postoperative recurrence, as specific bacteria including bacteroides, fusobacteria and E. coli have
been found in increased amount in the neo-terminal
ileum[14]. Both individual lactobacillus strains as well as
probiotic cocktails have been studied. Lactobacillus johnsonii (LA1) and Lactobacillus rhamnosus GG (LGG), failed to
show any benefit in prevention of recurrence[61-63]. The
probiotic cocktail Synbiotic 2000 similarly failed to show
a benefit compared to placebo in a randomized controlled trial[64]. Similarly the yeast Sacchromyces boulardii
did not demonstrate prevention of relapse in a randomized controlled trial of patients in medical remission[65].
However, a small study with VSL#3 did note that patients receiving the probiotic had less severe endoscopic
recurrence (lower Rutgeerts score) and reduced levels of
pro-inflammatory cytokines[66]. Ultimately, pooled data
failed to show any difference with regards to clinical (RR
vs placebo: 1.41, 95%CI: 0.59-3.36) or endoscopic recurrence (RR vs placebo: 0.96, 95%CI: 0.58-1.58)[42].

USING ENDOSCOPIC SCREENING TO
TAILOR INTERVENTIONS
Endoscopic recurrence precedes clinical recurrence, but
not all endoscopic recurrence leads to clinical recurrence. Endoscopic changes are often noted as early as
2 mo following surgery[71]. Endoscopic recurrence rates
vary widely at 1 year without any treatment ranging from
28%-93%[72]. Overall, it is estimated that 20% of patients
with endoscopic recurrence will progress to clinic recurrence, although the severity of the endoscopic recurrence
can predict the likelihood of clinical recurrence[8,19]. Over
a four year follow-up period, 100% of patients with severe endoscopic recurrence (Rutgeerts scope of i2-i4)
developed symptomatic recurrence compared to only
9% of patients with a low score (i0-i1)[73]. Thus evaluation of a patient within the first year following resection
of CD can effectively stratify patients at a high risk of
clinical recurrence. Patients who develop a high Rutgeerts
score (≥ i2) who are then treated with infliximab have
decreased clinical activity compared to treatment with
thiopurines or mesalamine[28]. One study demonstrated
that an endoscopically-tailored therapy (with any medical therapy) has a similar time to symptomatic recurrence
compared to immediate post operative prophylaxis[74].
Recently, preliminary results of the POCER study were
presented, supporting the use of endoscopically tailored
therapy. In this trial, all patients received three months
of antibiotics and high-risk patients (smoker, penetrating
disease, ≥ second operation) received a thiopurine (or
every other week adalimumab if thiopurine intolerant).
Patients were then randomized to active care with a colonoscopy at 6 mo and step up of therapy if evidence of
recurrence (Rutgeerts score ≥ i2) or standard of care. At

Antibiotics
Nitroimidazole antibiotics including metronidazole and
ornidazole have been shown to decrease the risk of
clinical and severe endoscopic recurrence[42,67,68]. Further
illustrating the usefulness of antibiotics was a trial where
all patients received metronidazole for one month and
either azathioprine or placebo for one year. The overall
rate of recurrence was low which was attributed to the
widespread metronidazole use, although in combination
with azathioprine endoscopic recurrence was less frequent and less severe[43]. However, nitroimidazole antibiotics are difficult to tolerate and cessation rates are high,
up to one third, limiting widespread clinical utility[67,68].
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Endoscopic
recurrence
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Continue
anti-TNF

Surveillance
endoscopy

"High"
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withdrawal
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clinical
recurrence

Endoscopic
recurrence

"Low"
Metronidazole
for 3 mo

Anti-TNF

Surveillance
endoscopy
No
recurrence

Continue
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Figure 1 Suggested algorithm for deciding when to administer post-operative prophylaxis based on effectiveness of treatment. Other considerations such
as cost and prior success or failure of treatment need to be individualized. Patients at high risk are those who have 2 or more of the following risk factors: smoking,
penetrating disease, history of prior resection, and myenteric plexitis. Based on the available evidence, we suggest first surveillance endoscopy be done at 6 mo time
for all patients. Treatment escalation at 6 mo should be considered for all patients with evidence of endoscopic recurrence (Rutgeerts ≥ i2). For select patients who
achieve and maintain deep remission on therapy (Rutgeerts of i0 with normal histology), consideration can be given to de-escalation of therapy to either thiopurine
alone or close monitoring.

18 mo, significantly less endoscopic recurrence was seen
in the active care group vs the standard of care group (49%
vs 67% respectively, P = 0.028)[75].
An interesting option to explore in the future is immediate prophylaxis followed by endoscopic assessment
and cessation of treatment if no endoscopic recurrence
or other surrogate marker for inflammations such as
serum inflammatory markers or fecal calprotectin. One
retrospective cohort demonstrated that patients who
achieve clinical remission on infliximab and maintain
maintenance therapy for one year have a 69% probability
of being disease free at 1 year after infliximab discontinuation[76]. The STORI trial is a prospective cohort following a group of patients who have received > 1 year of
therapy with infliximab and an immunomodulator and
achieved steroid free remission who then stop infliximab.
Over 50% of patients will not relapse at one year and
there may be a subgroup of patients in deep remission
who do even better[77]. Extrapolating this premise and
applying it to patients who achieve surgical remission followed by a year of therapy is appealing and potentially
cost effective. One small study has evaluated one year
of infliximab for chronic refractory pouchitis following
colectomy for ulcerative colitis. Notably the patients who
responded completely to infliximab were able to discontinue after one year without recurrence at follow-up[78].

treatments. However, in the highest risk patients (i.e.,
penetrating disease, history of prior resection, current
smoking), upfront infliximab use provides the greatest
benefit although it is not considered cost effective[70].
As long-term data on infliximab becomes available, the
balance of cost and prevention of disease may change.
Additionally as data becomes available for other antiTNFs, this model will need to be updated. Thus for
the highest risk patients, the decision for upfront antiTNF vs tailored therapy remains unclear and must likely
be individualized. If the decision for tailored therapy is
made, then endoscopic evaluation should take place at
6 mo time as suggested by the recent POCER data[60,75].
In patients who are not high risk, then an empiric course
of nitroimidazole antibiotic is likely to be cost effective,
if the patient can tolerate the therapy, with or without
maintenance thiopurine followed by endoscopic assessment at 6 mo time[4,60,70,75]. A proposed algorithm for
post-operative prevention is shown in Figure 1. While
this approach is the most efficacious based on the available evidence, it is not the most cost effective and the
decision for upfront anti-TNF therapy or tailored therapy in high risk patients will need to be individualized.
The optimal treatment regimen is not known and
likely will depend heavily on the patient’s prior treatments. The biologic naïve patient may achieve the best
effect with an anti-TNF, although the cost effectiveness
of long-term prevention may not be favorable. While the
majority of data is with infliximab, it appears that adalimumab will be efficacious as well, necessitating further
cost effective analysis. Postoperative prophylaxis in CD
does decrease clinical recurrence. However the optimal
timing and type of therapy remain unknown. Stratifying
patients according to risk of symptomatic recurrence
and tailoring therapy is the ideal and most cost effective
way to treat patients, however these questions have not
been fully answered.

IMPLICATIONS FOR PRACTICE
The questions of if and when to treat in the post-operative setting, as well as the optimal therapeutic regimen,
remains incompletely answered. Each patient requires
an individual risk assessment as well as careful consideration to prior therapies and what led them to surgery[4].
Overall, tailored therapy is advisable as a general rule
given the cost and side effect profile of the majority of
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Core tip: Videocapsule endoscopy has revolutionized
our ability to visualize the small bowel mucosa. This
modality is a valuable tool for the diagnosis of obscure
small bowel Crohn’s disease (CD), and can also be used
for monitoring of disease activity, detection of complications, evaluation of therapeutic response and postoperative recurrence in established CD, evaluation of the
small bowel in patients with unclassified inflammatory
bowel disease and pouchitis. Monitoring of colonic inflammation in patients with ulcerative colitis has also
been reported. This manuscript contains an overview
of the current and future clinical applications of capsule
endoscopy in inflammatory bowel disease.

Abstract
Videocapsule endoscopy (VCE) has revolutionized our
ability to visualize the small bowel mucosa. This modality is a valuable tool for the diagnosis of obscure small
bowel Crohn’s disease (CD), and can also be used for
monitoring of disease activity in patients with established small-bowel CD, detection of complications such
as obscure bleeding and neoplasms, evaluation of response to anti-inflammatory treatment and postoperative recurrence following small bowel resection. VCE
could also be an important tool in the management of
patients with unclassified inflammatory bowel disease,
potentially resulting in reclassification of these patients
as having CD. Reports on postoperative monitoring and
evaluation of patients with ileal pouch-anal anastomosis who have developed pouchitis have recenty been
published. Monitoring of colonic inflammatory activity in
patients with ulcerative colitis using the recently developed colonic capsule has also been reported. Capsule
endoscopy is associated with an excellent safety profile.
Although retention risk is increased in patients with
small bowel CD, this risk can be significanty decreased
by a routine utilization of a dissolvable patency capsule
preceding the ingestion of the diagnostic capsule. This
paper contains an overview of the current and future
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INTRODUCTION
In the past, the small bowel has largely been inaccessible
to direct endoscopic examination, with only the duodenum, proximal jejunum and terminal ileum being subject
to direct visualization by a conventional endoscope. This
paradigm changed dramatically with the invention and
introduction of small bowel videocapsule endoscopy
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A

B

C

Figure 1 Videocapsule endoscopy findings. A: Small ulcers (encircled); B: Edematous mucosa; C: Ulcerated stenosis (SBII capsule, RAPID and Imaging software,
Given Imaging, Yokneam, Israel).

Diagnostic scores
The criteria for diagnosis of CD using VCE have not
been well established. The most commonly used validated diagnostic index is the Lewis score[8]. This score
divides the small bowel into 3 tertiles (dividing the small
bowel transit time in 3) and uses an algorithm that assigns
points to various findings (mucosal edema, ulcers, strictures) characteristic for CD in each of the tertiles, taking
in account the severity and the reproducibility of each
finding. The final score represents the number of points
accumulated by the most significantly involved tertile.
The Lewis score is incorporated in the software used for
decoding, reading and interpretation of VCE images obtained by PillCAM (RAPID). A score < 135 is designated
as normal or clinically insignificant mucosal inflammatory
changes, a score between 135 and 790 indicates mild, and
a score ≥ 790 moderate to severe inflammation, respectively. An additional score known as capsule endoscopy
CD activity index (CECDAI or Niv score), was recently
proposed (Table 1)[9]. This score incorporates three main
characteristics of CD: inflammation, extent of disease,
and strictures, in both the proximal and distal segments
of the small bowel. It should be noted that while these
scores attempt to quantify the severity and extent of
small bowel (SB) CD, the lesions are not pathognomonic
and may represent other causes of bowel inflammation.
VCE was also utilized for diagnosis of SB CD in
patients primarily presenting with extraintestinal manifestations of IBD. Arhtropathy is the most common extraintestinal manifestation in IBD, occurring in 6%-46%
of the patients[10], and frequently manifesting even before
the onset of bowel disease. Capsule endoscopy may be
a valuable tool in evaluation of these patients, especially
if conventional ileocolonoscopy is unappealing to the
patient[11]. Spondyloarthroathy can be diagnosed in up to
30% of IBD patients[12,13]. Capsule endoscopy can demonstrate small bowel lesions consistent with CD in 33%
of these patients (twice as many as conventional ileocolonoscopy[14]).

(VCE) in 2000[1]. The first wireless capsule, manufactured
by Given Imaging (Yokneam, Israel) was approved for
clinical use in United States and Europe in 2001[2]. Several
other manufacturers subsequently released their own versions of VCE. This technology has been extensively used
for the diagnosis and monitoring of patients with inflammatory bowel disease (IBD), mostly Crohn’s disease (CD).
About 30% of the patients with CD have exclusive small
bowel involvement[3], and their diagnosis will frequently
be missed if based solely on ileocolonoscopic findings.
VCE is now also considered an important technique for
monitoring small bowel CD, and has also been employed
in management of patients with unclassified IBD and ulcerative colitis.
The aim of the current review is to outline the diagnostic role of VCE in the diagnosis and monitoring of
inflammatory bowel disease, in particular small-bowel CD.

DIAGNOSIS OF CD
Characteristic endoscopic findings
Several VCE findings are frequently associated with CD:
ulcerations, erythema, mucosal edema, loss of villi, strictures and mucosal fissures (Figure 1)[4]. Unfortunately,
none of these findings is specific for CD. In fact, minor
small bowel lesions maybe present in up to 10% of normal subjects[5]. As VCE lacks tissue-sampling capabilities,
it cannot confirm the etiology of the observed lesions.
The most common mimicker of CD in the small bowel
is non-steroidal anti-inflammatory medication (NSAID)induced enteropathy that may manifest with lesions indistinguishable from those of CD. Such lesions, appearing as
early as 2 wk from the onset of NSAID therapy, can be
demonstrated in 70% of chronic NSAID users[6,7]. Thus,
VCE should be reserved for patients with high clinical
index of suspicion for CD. Patients who are candidates
for VCE should be instructed to avoid NSAIDs for at
least 1 mo before the examination. Similar bowel mucosal
lesions may result from multitude of other pathologies,
such as lymphoma, radiation enteritis, HIV with opportunistic infection, intestinal tuberculosis and Behcet’s
disease[5].
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The yield of VCE for the diagnosis of CD was com-
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Table 1 A comparison of 2 capsule endoscopy scoring indices for quantification of mucosal inflammation
[8]

Parameter

[80]

Lewis score

Villous
appearance
Ulceration
Stricture
Small bowel
segmentation
Score

CECDAI

Number/quality

Longitudinal extent

Descriptors

Parameter

Descriptors

Normal/edematous

Short segment/long
segment/whole tertile
Short segment/long
segment/whole tertile
Ulcerated/non-ulcerated

Single/patchy/diffuse

Inflammation score

None to large ulcer (> 2 cm)

Extent of disease

No disease to diffuse
(3 segments)
None to complete obstruction

Non/single/few/
< 25%, 25%-50%, > 50%
multiple
Non/single/few/
Traversed/non-traversed
multiple
Tertiles (strictures for the entire length of the examination)
< 135: Normal or clinically insignificant inflammation
135-790: Mild inflammation
790: Moderate to severe.

Stricture score

Proximal to distal small bowel
0 (normal examination)-26 (severe inflammation)

CECDAI: Capsule endoscopy Crohn’s disease activity score.

Table 2 Key studies evaluating the diagnostic yield of capsule endoscopy for Crohn’s disease
Modality

Ref.

CTE

MRE

Ileocolonoscopy

Eliakim et al[81]
Hara et al[82]
Voderholzer et al[83]
Solem et al[84]
Albert et al[85]
Crook et al[22]
Jensen et al[20]
Hara et al[82]
Solem et al[84]
Leighton et al[86]

Number of patients

Diagnostic yield of VCE

Diagnostic yield of the
compared modality

IY

P value

35
17
41
40
27
19
93
17
40
80

77%
71%
61%
83%
93%
93%
100%
71%
83%
55%

20%
53%
49% (CT enteroclysis)
83%
78%
71%
86%
65%
74%
25%

47%
18%
12%
0
15%
18%
14%
6%
9%
30%

< 0.05
NA
< 0.04
NS
NS
NS
NS
NS
NS
NA

VCE: Videocapsule endoscopy; CTE: Computed tomography enterography; MRE: Magnetic resonance enterography; IY: Incremental yield; NA: Not available; NS: Non significant.

pared to that of cross-sectional imaging modalities such
as small bowel follow-through (SBFT), computer tomography enterography (CTE) and magnetic resonance enterography (MRE) in multiple studies (Table 2). Patients
with suspected small bowel stenosis were excluded from
VCE evaluation in these studies. The superiority of VCE
over small bowel follow-through and enteroclysis has
been repeatedly demonstrated in multiple studies[15-18].
A recent meta-analysis demonstrated an incremental
diagnostic yield (IY) of VCE in comparison to CTE in
both suspected and established CD patients (IY, 47%;
95%CI: 31%-63%, P < 0.00001; and 32%; 95%CI:
16%-47%, P < 0.0001), respectively[19]. A prospective
trial evaluated the diagnostic accuracy of VCE, MRE and
CTE in 93 patients with suspected CD as compared to ileocolonoscopy. The sensitivity and specificity for diagnosis of CD of the terminal ileum was 100% and 91% by
CE, 81% and 86% by MRE, and 76% and 85% by CTE,
respectively. There was statistical difference in sensitivity
compared with CTE, but only a trend in comparison with
MRE. Specificity was not significantly different between
the modalities. Proximal small bowel CD was detected in
18 patients by using CE, compared with 2 and 6 patients
using MRE or CTE, respectively (P < 0.05)[20]. In earlier
studies, VCE and MRE were reported to have compa-
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rable accuracy. Overall, VCE is more accurate in diagnosing subtle small bowel lesions and MRE in diagnosing
intramural inflammation, stricturing complications and
extra-intestinal manifestations[19,21,22]. The superior sensitivity of VCE clinical for proximal small bowel disease is
a potentially important diagnostic advantage, as proximal
small bowel disease has recently been demonstrated to be
a significant negative prognostic factor[23].
Importantly, data acquired by different endoscopic
and imaging modalities can be combined to improve the
diagnostic accuracy, utilizing the specific advantages and
strengths of each modality.
VCE in established CD
VCE is a potentially important but currently underutilized tool for monitoring of SB CD. In the latter years,
the leading treatment paradigm in IBD has shifted form
merely controlling symptoms to reversing the underlying inflammation, as expressed by objective surrogate
markers such as laboratory inflammatory markers and
endoscopic evidence of mucosal healing[24]. Capsule endoscopy provides meaningful information on the inflammatory burden in the small bowel mucosa, similarly to
the role of conventional ileocolonoscopy for the colon
and the terminal ileum. Bowel stenosis should be ruled
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Table 3 Key studies describing the role of videocapsule endoscopy in established Crohn’s disease
Indication

Ref.

n

Mucosal healing Efthimyou et al[28]

40

Bourreille et al[31]
Pons Beltrán et al[32]
Dubcenco et al[34]

31
24
28

Dussault et al[35]

25

Postoperative
recurrence
Unexplained
symptoms

Inclusion criteria

Diagnostic criteria

Patients with active CD (CDAI > 150)
Number of aphthous
who responded to anti-inflammatory ulcers/large ulcers/length of
treatment, VCE was performed before
involved segment
and after treatment
CD with ileocolonic anastomosis
Rutgeerts score ≥ 1
CD with ileocolonic anastomosis
Rutgeerts score ≥ 2
Active CD patients
≥ 3 ulcers

Results
Only number of large ulcers
correlated with response (8.3 ± 1.4
and 5/0.8, 95%CI: 0.8-5.9, P < 0.01)

VCE-21/31 (68%), IC-19/31 (61%)
VCE-14/22 (55%), IC-6/24 (25%)
VCE-23 (82%), IC-14 50%, barium
radiography-9 (32%)
Active CD patients with unexplained Severity graded by number Active SB inflammation: 11/25 (44%)
symptoms
and appearance of ulcers and
presence of stenosis

In 6 patients treated with immunomodulators, biologics or corticosteroids, a significant improvement was demonstrated in all 3 parameters. CD: Crohn’s
disease; VCE: Vidoecapsule endoscopy; IC: Ileocolonoscopy; SB: Small bowel.

out before VCE is performed in established CD due to
the increased risk of capsule retention (about 5%). Routine use of patency capsule diminishes the risk of retention to almost negligible (see below).
VCE could be particularly useful in the following clinical scenarios in known CD (Table 3): (1) Monitoring of
mucosal healing; (2) Detecting postsurgical recurrence;
and (3) Discrepancy between clinical and laboratory data
and endoscopic findings.

be demonstrated in 73%-93% of the patients within 1
year of ileocolonic resection[29,30]. SB lesions associated
with postoperative recurrence are frequently quantified
using the Rutgeerts score[29]. The accuracy of VCE in detection of postoperative recurrence was evaluated in 31
patients[31]. Recurrence occurred in 21 patients (68%) and
was detected by ileocolonoscopy in 19 patients. Sensitivity of VCE using the Rutgeerts score was 62%-76% and
specificity was 90%-100%. The severity of lesions as assessed by both methods correlated significantly (P < 0.05).
In an additional study, 24 patients with CD, neo-terminal
ileum recurrence defined as Rutgeerts score > 2 was
demonstrated by ileocolonoscopy in 25% and capsule endoscopy in 62% (VCE was performed in 22/24 patients
due to failure to excrete the patency capsule in 2 patients).
Capsule endoscopy detected proximal SB lesions inaccessible by ileocolonoscopy in 13 patients[32]. VCE is an
attractive monitoring modality for postoperative patients,
providing a non-invasive and accurate visualization of the
entire small bowel including the neo-terminal ileum.

Mucosal healing: Mucosal healing, defined as absence
of visible endoscopic inflammation, has emerged as a
very important marker of long-term clinical efficacy associated with decreased risk of long-term complications
in both ulcerative colitis (UC) and CD[24-27]. Conventional
ileocolonoscopy is the current gold-standard modality
for assessment of mucosal healing. A small prospective
study had evaluated monitoring of mucosal healing with
VCE performed before and after treatment for acute CD
flare-up[28]. Forty patients with CD flares were included
in the study and all have responded to treatment within
4-8 wk of treatment. Three parameters (number of
large ulcers, number of aphthous ulcers and percentage
of time with lesions visible) were examined. Of these
only the first one improved significantly. In a subgroup
of patients treated with corticosteroids combined with
immunomodulators or biologics, a significant improvement in all three parameters was demonstrated. The most
important limitations of this study were a significant heterogeneity in the instituted treatment, with majority of
patients treated with mesalamine or corticosteroids, along
with absence of a validated scoring system for mucosal
inflammation. The data from our center demonstrated a
significant reduction in the Lewis score in 4 patients with
spondyloarthropathy and newly diagnosed SB CD after
6 mo of treatment with Adalimumab[14]. Importantly, no
diagnostic score, including the commonly used Lewis
score, has been validated for evaluation of mucosal healing in SB CD.

Unexplained symptoms: Many symptoms of CD, such
as diarrhea, abdominal pain, bloating, can be attributed
to a multitude of etiologies other than active inflammation [underlying irritable bowel syndrome (IBS), bacterial
overgrowth, bile salt diarrhea etc.]. Clear identification of
inflammatory etiology is of crucial importance and may
lead to significant changes in the treatment, such as initiation or escalation of anti-inflammatory treatment. Negative VCE results are also of clinical importance, as this
would lead to diagnosis and initiation of treatment for a
concomitant condition such as IBS, and prevent further
unnecessary and expensive escalation of an anti-inflammatory regimen. Clinical indices and laboratory inflammatory markers may indicate ongoing inflammation, but
lack sensitivity. In a study including 140 patients with CD,
the Spearman’s rank correlation of simple endoscopic
index with fecal calprotectin, CRP, blood leukocyte count
and CDAI was 0.75, 0.53, 0.42 and 0.38, respectively[33].
Although ileocolonoscopy is a gold standard test for
identification of active inflammation, it would potentially
miss lesions located proximally to the ileocecal valve.

Postoperative CD recurrence: Recurrence of SB CD
in the neo-terminal ileum following surgical resection can
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Table 4 Key studies describing the role of videocapsule endoscopy in unclassified Inflammatory bowel disease pouchitis and
ulcerative colitis
Ref.
IBD-U

s/p IPAA

n

IBDU

6

Maonoury et al[42]

IBDU

30

IBDU
Isolated colitis

2
6

Cohen et al[43]
Mow et al[40]
Mehdizadeh et al[41]
Calabrese et al[47]

Ulcerative
colitis

Indication

Mehdizadeh et al[41]

Mow et al[40]
Mehdizadeh et al[41]
Cohen et al[43]
Higurashi et al[44]

Persistent symptoms 21
after IPAA
Chronic pouchitis after 15
IPAA
Isolated colitis
12
Treatment-resistant
UC
UC
UC

22
5
23

Definition of CD

Results n (%)

> 3 ulcerations-diagnostic of CD,
1-2 ulcerations-suggestive of CD
> 3 ulcerations-diagnostic of CD,
1-2 ulcerations-suggestive of CD
NA
> 3 ulcerations-diagnostic of CD,
1-2 ulcerations-suggestive of CD
> 3 ulcerations-diagnostic of CD,
1-2 ulcerations-suggestive of CD
NA

1 (17)
SB findings
5 (17), CD

> 3 ulcerations-diagnostic of CD,
1-2 ulcerations-suggestive of CD
> 3 ulcerations-diagnostic of CD,
1-2 ulcerations-suggestive of CD
NA
Lewis score

1 (50), CD
3 (50)-definite CD, 2 (20), possible CD
7 (33%)
SB findings
Gastric or SB lesions, 15 (100)
3 (25)-definite CD, 3 (25), possible CD
2 (9), SB findings
4 (80), CD
13 (56.5), small bowel lesions
9 (39), Lewis score > 135

IBDU: Unclassified inflammatory bowel disease; IPAA: Ileoanal pouch anastomosis; CD: Crohn’s disease; UC: Ulcerative colitis; SB: Small bowel.

Dubcenco et al[34] have prospectively evaluated 28 symptomatic Crohn’s patients with ileocolonoscopy, barium
radiography and capsule endoscopy. Active disease was
identified by VCE, ileocolonoscopy and barium radiography in 82%, 49% and 32% of patients, respectively. In a
study by Dussault et al[35], in 25 out of the included symptomatic CD patients, VCE was indicated for a discrepancy between clinical symptoms and diagnostic findings.
Abnormal SB findings were diagnosed in 44% of the
patients, and in 45% of these patients the treatment was
escalated following the performance of VCE.
VCE can also be used for monitoring of ileal recurrence in CD patients following bowel resection and ileocolonic anastomosis. In one study, VCE detected CD
recurrence in 15 (62%) patients, whereas ileocolonoscopy
detected inflammatory lesions in the neo-terminal ileum
in only 6 (25%) patients[32]. VCE was also evaluated for a
potential role in the assessment of mucosal healing after
drug therapy in CD[28].

usually after identification of small bowel lesions. Correct
classification of the patients is especially important when
deciding on surgical intervention, as rates of chronic
pouchitis, fistula formation and pouch failure after ileal
pouch-anal anastomosis (IPAA) are significantly higher in
patients with CD[39].
Several small studies have evaluated the utility of
VCE for reclassification of IBDU patients. Mow et al[40]
have described 22 patients with either isolated colitis or
chronic symptoms following IPAA (n = 18) who were
evaluated with VCE. All patients had prior unremarkable small bowel radiography. Multiple ulcerations (3
and above) considered diagnostic for CD were identified
in 68 of 18 patients. Mehdizadeh et al[41] described 120
patients with a history of UC or IBDU who underwent
VCE. Findings consistent with SB CD were demonstrated in 15.8% of the patients. Eighteen/19 patients with
CD diagnosed by VCE have previously underwent SBFT,
with positive findings in only 1 patient. Another series
included 30 patients with IBDU, in whom CD (defined
as 3 or more SB ulcers) was identified in 5. Interestingly,
in 6/25 VCE-negative patients CD was diagnosed on a
subsequent ileocolonoscopy with biopsies[42]. In a series
of pediatric patients, 5/7 patients initially diagnosed as
UC or IBDU were reclassified as having CD as a result
of VCE findings[43] (Table 4).
Higurashi et al[44] evaluated small bowel inflammation
in patients with established UC. Of the 23 UC patients,
13 (57%) showed small-bowel lesions, and 8 (35%) had
erosions, as opposed to 2/23 (7%) and 1/23 (4%) in the
control group. In 9/23 patients with UC, the Lewis score
of inflammation was consistent with mild to moderate
small bowel inflammation (between 135 and 790). The
clinical and pathological significance of these lesions
is unclear (repeated biopsies were performed in only 2
patients, but these results are of great interest and em-

Therapeutic yield of VCE in established CD
VCE frequently produces clinically significant data that
can lead to a change in a therapeutic management. In a
retrospective series of 71 CD patients, medical treatment
was changed in 38 (53%) of the patients within 3 mo of
VCE performance[35]. In an additional series that included
86 patients with established CD, 61.6% had a change in
medication in the 3 mo after the CE, with 39.5% initiating a new anti-inflammatory medication[36].
VCE in unclassified IBD and UC
Colonic inflammatory bowel disease cannot be classified
as CD or UC using current colonoscopic and pathologic
criteria in 10%-15% of the patients[37]. At least 30% of
these patients with unclassified IBD (IBDU) will be
reclassified as CD during the course of their illness[38],
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yps > 6 mm in comparison to colonoscopy[51,52].
PCCE was evaluated for diagnosis and monitoring of
UC. In the study by Ye et al[53], 25 patients were evaluated
for presence and severity (Mayo Score) of UC by PCCE
and conventional colonoscopy. A significant correlation
in the severity (k = 0.751, P < 0.001) and extent (k =
0.522, P < 0.001) of UC between the PCCE and conventional colonoscopy was demonstrated. Similar findings
were reported by Hosoe et al[54]. However, PCCE is not
suitable for monitoring of dysplasia and cancer surveillance in UC patients due to its lack of tissue sampling
ability.

phasize the possible risk of misdiagnosis in many IBD
patients.
VCE in evaluation of pouchitis in patients after IPAA
IPAA provides a continence-preserving surgical option in
patients with UC unresponsive or unwilling to continue
anti-inflammatory therapy, or those who have developed
complications (such as colonic stenosis, colonic dysplasia
etc.) that require total colectomy. The procedure is technically demanding and is associated with a significant incidence of postoperative complications, the most common
being chronic and acute pouchitis and “de novo” CD[45].
Symptoms and endoscopic lesions consistent with chronic pouchitis are reported in 10%-59% in patients with
UC, and even more frequently in patients with CD[46].
It is commonly argued that at least a subgroup of these
patients actually represent a previously undiagnosed CD.
In a series of 15 UC patients with chronic pouchitis, diffuse lesions involving the stomach or different segments
of the small bowel were demonstrated in all patients[47].
Similar lesions were demonstrated in 27% of the control
patients. Unfortunately, histological evaluation (showing
non-specific inflammation) was available for only 2 patients with gastric involvement. The clinical significance
of these lesions is unclear (Table 4).
The role of VCE in preoperative evaluation of UC/
IBDU patients was examined in one retrospective series.
The study evaluated the incidence of acute pouchitis,
chronic pouchitis and de novo CD within 12 mo of the
surgery in patients with and without pathological findings
on a preoperative VCE. No significant difference was
demonstrated for any of the outcomes[48]. However, an
important limitation of this study was the definition of
“positive” VCE as any ulceration or lesion, possibly leading to a high false positive rate. In addition, a significant
selection bias stemming from the retrospective design of
the study (patients with a high preoperative probability of
CD were not likely to undergo IPAA) interferes with the
interpretation of the results. In our opinion, preoperative
evaluation of IPAA candidates with VCE merits further
evaluation in prospective studies.
Anemia is another frequent complication of IPAA
surgery, occurring in about 17% of UC patients[49]. Possible etiologies may include newly discovered CD, arteriovenous malformations, celiac disease and others. In a
series of post-IPAA patients with chronic anemia, VCE
detected the cause of anemia in 29.4%. Sixty percent of
the patients were diagnosed as having a new-onset CD[50].

Contraindications and risks
The main complication of CE is capsule retention, defined as a failure to excrete the capsule for 2 wk or more,
requiring directed medical, endoscopic or surgical intervention[55]. CE is contraindicated in patients with known
bowel strictures or swallowing disorders, and history of
bowel obstruction. Recent abdominal surgery is a relative
contraindication[56]. In patients with obstructive symptoms or one of the aforementioned risk factors, crosssectional imaging should be performed before VCE;
however, absence of strictures on cross-sectional imaging
does not preclude capsule retention[57]. The rate of capsule retention depends on the indication for performance
of VCE[58]: 0% in healthy controls[59], 1.4% in obscure
gastrointestinal bleeding[60-62], 1.48% in suspected CD[63-65],
5%-13% in known CD[40,66] and 21% in suspected small
bowel obstruction[67]. Slow transit of the capsule, with
delayed excretion of the capsule is very common, seen in
up to 20% of the cases[56]. A retained capsule is usually
asymptomatic[68], but may be associated with symptoms
of partial or complete bowel obstruction. Only 6 cases
of bowel perforation were reported[56,69]. Usually, the
retained capsule can be extracted with surgery or enteroscopy. If the cause is an inflammatory stricture, corticosteroids have been useful in some cases. No consensus
on the timing of intervention exists, and it is unclear how
long one should wait before intervention in asymptomatic patients.
Patency capsule
The patency capsule has the same shape and dimensions
as the real videocapsule. It is constructed of cellophane
with wax plugs at either end and it contains lactose mixed
with 10% barium to make it radiopaque. The wax plugs
have holes that allow succus entericus to dissolve the lactose, resulting in capsule disintegration[70]. The dissolution
of the patency capsule (Agile, Given Imaging) starts to
occur after 30 h. The patency capsule can be detected by
radiography or a portable radiofrequency scanner. When
the patency capsule is successfully excreted or not detectable on radiography in the small bowel at 30 h post ingestion, it is usually safe to perform the diagnostic VCE. If
the patency capsule location is uncertain, it is possible to
localize it with the assistance of contrast or air enhanced
fluorography or CT[71]. The rate of excretion of the pa-

COLONIC CAPSULE ENDOSCOPY IN UC
A colonic capsule [PillCam colonic capsule (PCCE)
Given Imaging, Yokneam, Israel] has been available for
colorectal cancer screening for several years. This device
includes 2 cameras which records 2 different sets of images. The colonic capsule was compared with colonoscopy with promising results, with the second-generation
capsule reaching sensitivity of 88% for detection of pol-
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However, patency capsule frequently results in additional
costs.
Further technological enhancements in the future may
potentially lead to a further expansion of the indications
for capsule endoscopy in IBD (Table 5). These improvements may include a development of an externally operated capsule, that has already been attempted[77,78]. An
additional significant limitation of the capsule endoscopy
is a lack of sampling ability, diminishing its usefulness
for monitoring of neoplasms and colonic or small bowel
dysplasia. In the future, additional technological features
that are under development including tissue diagnosis
capabilities, fluid aspiration, drug delivery and therapeutic
(coagulation) capabilities may further increase the clinical
utility of this modality[79].
VCE is a very important tool for diagnosis of CD,
and also has a potentially significant role in the therapeutic monitoring of these patients. Capsule endoscopy may
also provide important clinical information for patients
with IBDU, UC and pouchitis, with an excellent tolerability and safety profile. Indications for VCE in IBD are
likely to increase in the future with further technological
and clinical developments.

Table 5 Potential future technological developments in
capsule endoscopy relevant to inflammatory bowel disease
Manually manipulated capsule[77]
Electrically propelled capsule[78]
Tissue sampling capabilities (brushing, cytology, fluid aspiration)[87]
Therapeutic capabilities (cautery)[87]
Drug delivery

tency capsule varies from 45%-88%[58,72-75], depending
upon patient selection. In a series of 77 CD patients who
underwent a patency capsule examination before proceeding to diagnostic VCE, the patency capsule was not
excreted within 30 h in 7.8% of the patients[35]. The main
complication of patency capsule is mild abdominal pain,
occurring in about 20% of the patients. Clinically evident
intestinal obstruction requiring surgical intervention was
reported in very few cases[58]. This phenomenon may be
explained by the lodging of the capsule in sites of obstruction not easily assessable by intestinal fluids necessary for the dissolution of the lactose in the patency capsule[76]. The rate of uneventful completion of the VCE
examination after successful excretion of the patency
capsule approximates 100%, even though excretion times
may vary between patients[58]. In cases of unsuccessful
patency capsule procedure, the small bowel should be
investigated by alternative diagnostic modalities such as
cross sectional imaging (MR-E).
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Core tip: An efficient intestinal mucosal barrier is critical
for protection against invading microorganisms, therefore impairments in this system have serious adverse
effects on health. In patients suffering from the inflammatory bowel diseases Crohn’s disease and ulcerative
colitis, the intestinal barrier function is compromised at
different levels including, amongst others, a defective
production of antimicrobial peptides, alterations of the
mucus layer and defects in the process of autophagy.
In this article, we outline important components of the
healthy intestinal mucosal barrier and review their disturbances in inflammatory bowel disease.
Antoni L, Nuding S, Wehkamp J, Stange EF. Intestinal barrier
in inflammatory bowel disease. World J Gastroenterol 2014;
20(5): 1165-1179 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i5/1165.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i5.1165

Abstract
A complex mucosal barrier protects as the first line of
defense the surface of the healthy intestinal tract from
adhesion and invasion by luminal microorganisms. In
this review, we provide an overview about the major
components of this protective system as for example an
intact epithelium, the synthesis of various antimicrobial
peptides (AMPs) and the formation of the mucus layer.
We highlight the crucial importance of their correct
functioning for the maintenance of a proper intestinal
function and the prevention of dysbiosis and disease.
Barrier disturbances including a defective production
of AMPs, alterations in thickness or composition of the
intestinal mucus layer, alterations of pattern-recognition
receptors, defects in the process of autophagy as well
as unresolved endoplasmic reticulum stress result in
an inadequate host protection and are thought to play
a crucial role in the pathogenesis of the inflammatory
bowel diseases Crohn’s disease and ulcerative colitis.

INTRODUCTION
Besides its most obvious function - digestion and nutrient absorption - the intestinal tract is challenged with
another complex and difficult task. As the gut lumen
harbors an enormous number of microorganisms, the
host has to provide a peaceful coexistence with this diverse microbial community. The successful handling of
this challenge includes on the one hand prevention of
an inordinate immune response against commensals and
on the other hand a proper detection and elimination of
pathogenic microorganisms[1-4]. The intestinal colonization increases from proximal to distal and reaches the
enormous number of 1011-1012 organisms per gram of
luminal content in the colon[5,6]. To prevent a harmful
adhesion and invasion of microorganisms, the intestinal
mucosa is equipped with diverse specific and unspecific
protective mechanisms that collectively build a complex

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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and effective mucosal barrier[7-9] (Figure 1). Some important parts of this barrier concerning the innate immunity
will be discussed in this article.

lular trophism, tissue repair, angiogenesis, enterocyte
differentiation and polarization along the crypt-villus
axis[3,11]. The third secretory cell-type of the intestinal
epithelium, the Paneth cell, is named after the Austrian
physiologist Joseph Paneth. Paneth cells contain a large
number of secretory granules filled with large amounts
of antimicrobial active substances like lysozyme, secretory group ⅡA phospholipase A2, α-defensins and the
C-type lectin regenerating islet-derived protein 3-alpha
(also known as HIP/PAP, hepatointestinal pancreatic
protein), of which the α-defensins are by far most abundant. Paneth cells are long-lived cells and normally are
confined to the small intestine where they are localized
at the bottom of the crypts of Lieberkühn[1,13,14]. Furthermore, the intestinal epithelium contains microfoldcells that are part of the follicle-associated epithelium
and responsible for the transport of luminal bacteria and
antigens to subjacent immune cells[4,7].
The intestinal epithelium provides a selective permeable barrier as it allows the passage of water, electrolytes
and dietary nutrients but prevents a detrimental invasion
of foreign antigens, microorganisms and their toxins[15].
In order to fulfill this challenge, intestinal epithelial cells
are closely interconnected by different protein complexes comprising tight junctions, adherens junctions and
desmosomes. These cell-cell connections are required to
stabilize the mechanical cohesion of the cells, to define
the border between the apical and the basolateral mem-

COMPONENTS OF THE INTESTINAL
MUCOSAL BARRIER
The epithelium
The intestinal epithelium lines the luminal surface of the
gut as a single layer of closely adhering cells and forms
an efficient physical boundary between luminal contents
and the bodys interior[2,4,10]. The appearance of the small
intestinal and the large intestinal epithelium differs in
that the surface area of the small intestinal epithelium
is highly increased by the formation of a large number
of protrusions (folds, villi, microvilli) to accomplish the
task of nutrient absorption. Situated between the villi
there are glandular invaginations that are called crypts of
Lieberkühn. In contrast, the epithelium of the colon has
a significantly less enlarged and flat surface since it lacks
the villi[2,11].
The most abundant cell type of the intestinal epithelium is the absorptive enterocyte[8,12]. Apart from enterocytes there are three different cell types with specific
secretory functions, namely goblet cells, enteroendocrine
cells and Paneth cells. Goblet cells are specialized in the
secretion of mucus constituents and enteroendocrine
cells secrete peptide hormones that are involved in cel-
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exhibiting a broad spectrum of antimicrobial activity[27,29].
Of the six so far known α-defensins, two are of
particular importance in the small intestine. They are
named human defensin 5 and human defensin 6 (HD5
and HD6) and in the healthy intestinal tract they are
synthesized in high amounts by Paneth cells in the small
intestine[30-32]. As Paneth cells are normally restricted to
the small intestine, expression of Paneth cell α-defensins
is absent in the healthy colon. However, in the case of
inflammatory bowel disease (IBD), development of
metaplastic Paneth cells and subsequent α-defensin expression in the large intestine may occur[26,33]. The four
remaining members of the α-defensin family are called
human neutrophil peptide 1-4 according to their principal
site of expression, namely neutrophilic granulocytes[34].
There they are stored primarily as mature peptides in
azurophilic granules but also in smaller amounts in their
proform in specific granules[29,35]. β-defensins are mainly
of epithelial origin and have been identified in various
epithelia throughout the human body including the intestinal tract[36-39], the respiratory tract[40,41], and the skin[42,43].
Interestingly, environmental impacts seem to have an
important influence on the functional activity of the human β-defensin 1 (HBD-1). The antimicrobial activity
of this β-defensin depends to a large extent on its redoxstatus as reduction of disulfide bridges strongly enhanced
its antimicrobial effect against the facultative pathogenic
yeast Candida albicans as well as against anaerobic Grampositive Bifidobacteria and Lactobacilli[44].
Some defensins are produced constitutively and provide a continuous host-defense as the β-defensin family
member HBD-1. Alternatively, their expression may be
inducible by proinflammatory cytokines or in the presence of microorganisms and their products. This expression pattern is shown for example the β-defensins
HBD-2 and HBD-3[21,45].
The only known human cathelicidin is named LL-37
and has a broad spectrum of antimicrobial activity. The
peptide is synthesized as a proform (called hCAP-18, human 18 kDa cationic antimicrobial protein) from which
it is released by proteolytic processing[25,46,47]. However,
studies on sweat and seminal plasma showed that a differential cleavage of hCAP-18/LL-37 is also possible,
giving rise to alternative peptides with antimicrobial activity[48-50].
Apart from these typical AMPs, antimicrobial properties have been attributed to several proteins with other
classical functions. For example, microbicidal activities
have been described for members of the families of histones and ribosomal proteins as well as for ubiquitin[51-54].

brane regions and are also essential for the regulation of
the paracellular permeability. In all three types of adhesion complexes, the cell-cell contact is mediated by an
interaction between the extracellular region of specific
transmembrane proteins, additionally the intracellular
region of these proteins is connected via adaptor proteins
to the cytoskeleton[11,15]. Four types of integral membrane
proteins, namely occludin, the claudins, tricellulin and
junctional adhesion molecules, are the main protein components of tight junctions[16].
Epithelial homeostasis for an effective intestinal barrier is maintained by the balance of cell proliferation
and epithelial apoptosis. Important regulators of this
homeostasis are the transforming growth factor (TGF)-α,
stimulating proliferation, and TGF- β inhibiting cell
growth via signalling pathways. Also an essential factor
for the renewing of the intestinal epithelium is Wnt[17].
The canonical Wnt/β-catenin pathway regulates epithelial proliferation and the non-canonical Wnt5a pathway is
essential for the formation of new crypts[18]. Fevr et al[19]
could show that in the Wnt/β-catenin signalling a lack of
β-catenin resulted in a differentiation of stem cells leading to the disturbance of the intestinal homeostasis.
With regard to the recognition of microbes and the
initiation of appropriate immune responses of special
importance are so called pattern-recognition receptors
(PRRs) that are expressed by different cell types within
the gastrointestinal tract including epithelial cells and immune cells. The two most investigated families of PRRs
are the intracellular nucleotide-binding oligomerization
domain (NOD)-like receptors (NLRs) and the membrane
bound toll-like receptors (TLRs). In general, PRRs detect
microorganisms by conserved structural motifs that are
characteristic for them, for example lipopolysaccharide,
peptidoglycan, bacterial DNA and flagellin. Upon ligand
binding, a signalling cascade is initiated that finally leads
to the activation of signalling molecules like nuclear factor κB and the expression of proinflammatory cytokines,
chemokines or antimicrobial peptides[4,8,20].
Antimicrobial peptides
Antimicrobial peptides (AMPs) are an integral part of
the innate immunity. Their expression has been highly
conserved during evolution as plants, insects, bacteria
and vertebrates all make use of a variety of AMPs to
protect themselves against microorganisms[21,22]. Generally, classical AMPs are small cationic peptides with an
amphipathic structure[23-25]. The two best characterized
families of AMPs in mammals are the defensins and the
cathelicidins[25].
Characteristic features of defensins are their low molecular weight, their cationicity and a specific fold rich
in β-sheet structures[26,27]. In humans, two defensin subfamilies, α- and β-defensins, are classified according to
characteristic differences in their intramolecular disulfide
bonding pattern[28]. The members of both subfamilies are
synthesized as pre-pro-peptide that need proteolytic processing to become the mature biologically active peptides
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Intestinal mucus layer
Another form of protection against invading microbes
as well as other harmful insults from the intestinal lumen,
including mechanical injuries or destructive enzymes, is
provided by the intestinal mucus layer that coats the mucosa as a sticky gel. Apart from its protective function,
mucus also has a lubricating capacity and is important to
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keep the mucosal surface hydrated[55,56]. It is composed
of proteins, carbohydrates and lipids and also contains a
very high degree of water[57,58].
Essential for the formation of an intact and stable
mucus layer are large glycoproteins belonging to the family of the secretory gel-forming mucins[59,60]. The mucin
MUC2 is the predominant member of this family in the
intestinal tract where it is strongly secreted by goblet
cells of the small and large intestine[60,61]. By forming netlike multimeric complexes, MUC2 acts as the principal
structural unit of the mucus layer. Colonic mucins carry a
negative charge since their carbohydrates are substituted
with numerous sulfate and sialic acid residues[62,63]. These
residues offer the mucins extra protection against bacterial attack and enzymatic degradation[59,64-66].
In the large intestine, the mucus layer is divided into
two distinct sectors with individual properties. The inner
layer is densely packed, firmly attached to the epithelium
and only removable by mechanical scraping, whereas
the outer layer is not as tightly bound and can easily be
aspirated with a micropipette. Interestingly, in the healthy
colon the inner layer is sterile and efficiently prevents a
direct contact of the epithelium with the luminal microbial community, whereas the outer layer is colonized by
commensal bacteria. As studies on MUC2-/- mice demonstrated, formation of an efficient mucus layer is not
feasible in the absence of MUC2. In a study by Van der
Sluis et al[67], MUC2-/- mice developed spontaneous colitis and were more susceptible to dextran sulfate sodium
(DSS) induced colitis. Moreover, Johansson et al[68] detected in MUC2-/- mice bacteria in direct contact with the
epithelium, deep down in the crypts and sometimes even
inside epithelial cells, whereas in wild type mice the inner
mucus layer was sterile and provided an efficient spatial
separation of microbes and the epithelium.
Apart from MUC2, Fc-gamma binding protein (Fcgbp) has been identified as a mucus constituent with apparent structure-providing properties. Originally, the protein was named after its capability to bind to the Fc-part
of IgG antibodies. Fcgbp-expression has been detected
in the mucus granules of goblet cells and the protein
has been identified in large intestinal mucus. There, it is
covalently attached to MUC2 and is therefore supposed
to act as a MUC2-cross linker that stabilizes the MUC2
network[69-71]. Fcgbp in turn, has been identified as the
disulfide linked partner of another protein-constituent
of the mucus layer, the trefoil factor TFF3. It is mainly
expressed in intestinal goblet cells and has been linked to
mucosal protection and repair processes[72].
Moreover, the amphiphilic phospholipid phosphatidylcholine (PC) has been identified as an important
mucus constituent. The interactions between PC and
mucins are most likely electrostatically owing to attraction
between the negatively charged mucins and the positively
charged molecule regions of PC. These interactions are
thought to generate a spatial arrangement where the fatty
acid chains of PC are oriented to the intestinal lumen
generating a protective hydrophobic surface on top of
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the mucus layer[73,74].
However, since the mucus layer exhibits also antimicrobial properties, it acts not only as a physical barrier.
The additional function of intestinal mucus as a chemical barrier was first indicated by a study of Meyer-Hoffert et al[75] in which the antimicrobial properties of the
murine small intestine were analyzed and a strong antimicrobial activity of mucus extracts against commensal
and pathogenic bacteria was demonstrated. Moreover,
various AMPs were identified in mucus extracts and, as
the peptide spectrum resembled the spectrum of AMPs
found in extracts from the whole small intestine as well
as isolated crypts, it was assumed that epithelial AMPs
are retained and thereby enriched in the murine small
intestinal mucus layer. In another study, the antibacterial lectin RegⅢγ has been shown to be essential for the
maintenance of a sterile zone of approximately 50 μm
thickness above the murine small intestinal surface[76].
This critical contribution of an antibacterial molecule
to an effective spatial segregation of luminal bacteria
and the small intestinal surface also points to an antibacterial capacity of the murine small intestinal mucus
layer. To enlarge the available knowledge of mucus as
an antimicrobial barrier, we recently performed detailed
investigations of human large intestinal mucus concerning its antimicrobial properties and revealed a high
antimicrobial activity of mucus protein extracts against
Gram-positive and Gram-negative bacteria as well as
against the yeast Candida albicans. Several peptides and
proteins with reported antimicrobial functions including
defensins, the cathelicidin LL-37, ubiquitin and members
of the family of histones could be identified in rectal
mucus extracts[77]. Interestingly, several of these peptides
were already identified in non-inflamed human colonic
tissue in two previous studies[78,79], supporting the hypothesis that epithelial AMPs are retained in the mucus
layer. Moreover, we demonstrated a binding of AMPs
to mucus and mucins and also showed that this binding
does not abolish the peptides functional activity[77]. As
large intestinal mucins are negatively and cationic AMPs
positively charged, binding of AMPs to intestinal mucus
is most likely due to electrostatic interactions between
these oppositely charged molecules[80,81].
Besides antimicrobial peptides, mucus also contains
secretory IgA that is translocated across the epithelium in
large amounts and helps to prevent an invasion of luminal microorganisms[55,82].

INTESTINAL BARRIER IN IBD
Defects in the intestinal epithelial barrier function are
a characteristic feature of IBD. The perturbations can
affect different levels of the protective mechanisms,
including alterations of PRRs, disturbed AMP production, a defective mucus layer, alterations in the process of
autophagy or an increased epithelial barrier permeability,
and cause an inadequate protection against microbial adherence and invasion. The resulting imbalance between
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domain-containing protein 2/Caspase recruitment domain-containing protein 15 (NOD2/CARD15) as a susceptibility gene for CD[93,94]. There are three common genetic variants associated with CD, two missense mutations
and one insertion frameshift mutation that leads to a truncation of the mature NOD2 protein[4,20]. As Kobayashi
et al[95] showed in a study on NOD2-/- mice, NOD2 plays
a pivotal role in the intestinal host-defense. The NOD2deficient mice were highly susceptible to intragastric challenge with Listeria monocytogenes but not to intraperitoneal
or intravenous infection and displayed reduced levels of
a subset of Paneth cell α-defensins. Furthermore, the
important role of NOD2 in intestinal homeostasis was
underscored by the observation that NOD2 is crucially
involved in the regulation of the intestinal flora. Alterations in the composition and quantity of the commensal
microbiota were observed in NOD2-deficient mice[96]. Interestingly, CD patients homozygous for the NOD2 variant SNP13 displayed similar changes that were characterized by a significantly increased load of Bacteroidetes and
Firmicutes in their terminal ilea[96]. Moreover, PetnickiOcwieja et al[97] detected increased amounts of commensal
bacteria in the terminal ilea, a diminished capability to prevent de novo colonization of the opportunistic pathogen
Helicobacter hepaticus and a reduced antimicrobial activity
of crypt secretions in NOD2-deficient mice. Notably, an
interrelation of NOD2, antimicrobial peptide expression
and intestinal defense in humans was emphasized by a
study showing reduced levels of Paneth cell α-defensins
in patients with ileal CD that was accompanied by a reduced antibacterial activity of protein extracts from ileal
mucosa. Interestingly, the defensin reduction was especially pronounced in patients carrying the mutation NOD2SNP13[98]. These findings highlight the important role of
a diminished antibacterial host-defense as a primary factor
in disease pathogenesis.
Recently, a second member of the NLR-family, namely
NLR family, pyrin domain containing 3 (NLRP3), has
been implicated in the pathogenesis of IBD. NLRP3 is
as a constituent of the inflammasome involved in the
activation of caspase-1 and the subsequent maturation
of interleukin-1β and interleukin-18[99,100]. Villani et al[101]
reported an association between SNPs (Single nucleotide
polymorphisms) located in a predicted regulatory region
downstream of NLRP3 and an increased risk to develop
CD and Schoultz et al[102] suggested a role for combined
polymorphisms in CARD8 and NLRP3 in the development of CD in men but an implication of the NLRP3region in CD-susceptibility was not confirmed in a recent
study[103]. Thus, the available data in this context are inconsistent and further studies are required.
However, studies on NLRP3-/- mice showed that
NLRP3 plays a central role in the regulation of intestinal
homeostasis and prevention of colitis. Zaki et al[104] studied NLRP3-/- mice and showed that these mice were significantly more susceptible to DSS-induced colitis compared to wild-type mice. A clearly increased susceptibility
of NLRP3-/- mice to experimental colitis was also report-
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the microbes and the protective host-defense mechanisms allow more bacteria to come in direct contact with
the epithelium and mucosal immune mechanisms. Consequently, compensatory immune reactions are excessively
triggered, a process that is thought to finally result in
chronic intestinal inflammation (Figure 2).
As IBD affects predominantly the most heavily colonized gut segments, namely the distal ileum and colon,
an involvement of the microbial flora in disease pathogenesis is obvious[5]. This is also indicated by studies
showing that postoperative recurrence of Crohn’s disease
(CD) is triggered by luminal contents[83,84]. Moreover,
several animal models revealed the essential contribution
of microbes to the development of inflammation[85,86].
Yet, despite extensive research, no specific IBD-causing
pathogen could be identified until now[87,88]. Instead, the
intestinal microbial community as a whole appears to
be crucially involved in disease pathogenesis[89]. Studies
showing a marked increase in surface associated bacteria
and to some extent also intracellular bacteria in patients
with IBD confirm this assumption[90-92]. This suggests a
deficiency in the protective mechanisms that effectively
keep away microbes from the epithelial surface in the
healthy intestine. In the following sections, important aspects of barrier perturbations in IBD will be discussed in
more detail.
Pattern-recognition receptors and antimicrobial peptides
In 2001, different groups identified independently the
NLR-family member nucleotide-binding oligomerization
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ed by Hirota et al[99] whereas, in contrast to these studies,
Bauer et al[105] found that NLRP3-deficient mice were significantly protected from colitis in the DSS-colitis model.
Interestingly, in the study of Hirota et al[99] the NLRP3-/mice displayed also an altered colonic β-defensin expression, a reduced antimicrobial activity of colonic crypt
secretions and an intestinal dysbiosis. These results are
of special interest with regard to the pathogenesis of
IBD as a dysregulated β-defensin expression has been
linked to the development of colonic CD. Macroscopically and histologically non-inflamed tissue samples of
CD-patients with colonic involvement displayed reduced
mRNA-levels of the constitutively expressed β-defensin
HBD-1[106]. Moreover, defects in the expression of the
inducible β-defensin HBD-2 were reported. In ulcerative
colitis (UC)-patients, the expression of this β-defensin
is strongly induced in the case of inflammation but this
induction is diminished in patients with colonic CD[39]
and the expression of two other β-defensins, HBD-3
and HBD-4[37,39] as well as the cathelicidin LL-37[107] and
the antimicrobially active protease inhibitors SLPI and
elafin[108] seems to follow a similar pattern. The functional
relevance of these findings was pointed out by a study
showing a reduced antimicrobial activity of colonic tissue
protein extracts in colonic CD patients[109].
Moreover, polymorphisms in the genes of several
members of the TLR-family have also been associated
with IBD[11] and especially extensively investigated was
the influence of TLR4-ploymorphisms on the risk to
develop CD. Whereas some studies showed a correlation
between TLR4 genetic variants and CD[110-112], in other
studies no such association was found[113-115]. Thus, the
available data in this regard are contradictory and no definite conclusion can be drawn to date.

reduced α-defensin expression that was associated with
a reduced antibacterial activity of small intestinal tissue
extracts[116]. Moreover, in a later study an association between a sequence polymorphism in the TCF-4 putative
promoter region and a higher susceptibility to develop
small intestinal CD was reported[117]. Recently, it was uncovered that another central factor of the Wnt-pathway,
the co-receptor low density lipoprotein receptor-related
protein 6 (LRP6), is required for proper antimicrobial
Paneth cell function and is involved in the development
of CD. More specifically, a functional variant in the Wnt
co-receptor (rs2302685; Ile1062Val) has been associated
with early onset ileal CD and, importantly, patients carrying this variant were shown to have particularly low Paneth cell α-defensin-levels. Moreover, the LRP6-mRNAlevels were generally reduced in ileal CD independently
of the genotype[118]. In conclusion, the link between genetic variants in crucial components of the Wnt-pathway,
diminished α-defensin levels and ileal CD indicate that
the diminished Paneth cell antimicrobial function is a primary pathogenic factor in CD. Moreover, since the Wntpathway does not only directly regulate α-defensin expression but also influences Paneth cell maturation, these
data suggest that an impaired Paneth cell differentiation
may be involved in CD pathogenesis[13,119].
ER-stress and the unfolded protein response
In recent years, unresolved ER-stress and the unfolded
protein response (UPR) have repeatedly been implicated
in the pathogenesis of CD as well as UC. A first indication of a relation between ER-stress and intestinal
inflammation was provided by a study from 2001 that revealed an increased susceptibility to DSS-induced colitis
in mice deficient in the ER-stress transducer IRE1β[120].
In a more recent study, deletion of another key component of the ER-stress response, the transcription factor
X-box-binding protein 1 (XBP1), in the intestinal epithelium of mice lead to increased ER-stress, spontaneous
small intestinal inflammation and also increased sensitivity towards induced colitis. Interestingly, Paneth cells were
absent in these mice and the number of goblet cells in
the small intestine was also reduced. As Paneth cells normally secrete large amounts of antimicrobial molecules,
the Paneth cell depletion resulted in a reduced antibacterial activity of crypt supernatants as well as an increased
susceptibility to oral infection with Listeria monocytogenes.
Importantly, a possible link between XBP1 and human
disease was provided by the detection of an association
between genetic variants of XBP1 and IBD[121]. Moreover, another clear indication that the process of ERstress may be implicated in IBD pathogenesis gave the
detection of an overexpression of the ER-localized stress
response chaperone Gp96 on the apical surface of ileal
epithelial cells in patients with CD. This chaperone is
used as a receptor for adherent-invasive Escherichia coli
(E. coli) invasion via outer membrane vesicles (OMVs)
rich in the outer membrane protein OmpA[122]. These are

PANETH CELLS AND GOBLET CELLS
Wnt-pathway
As NOD2 and α-defensins are both associated with
small intestinal Paneth cells, it was apparent that defects
in Paneth cell biology play a crucial role in small intestinal
CD. Thus, further studies were conducted to characterize the role of Paneth cell-dysfunction and diminished
antimicrobial host-defense in CD in more detail and it
was shown that the Wnt-pathway transcription factor
T-cell specific transcription factor 4 (TCF-4, also known
as TCF7L2, transcription factor 7-like 2) is critically involved in this context. Patients with ileal CD displayed,
independent of the degree of inflammation, a reduction
in TCF-4 mRNA-expression and the TCF-4-mRNAlevels correlated highly with the mRNA-levels of the
Paneth cell α-defensins. Importantly, the association
between α-defensins and TCF-4 was independent of
the NOD2-genotype. Additionally, a causal link between
reduced TCF-4- and reduced α -defensin-levels was
demonstrated by a TCF-4-knock out mouse model in
which TCF-4-heterozygous mice displayed a significantly
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for activation of the ER-stress response, Zhao et al[128]
detected clearly elevated levels of intestinal ER-stress. Albeit the definite cause is to date not clear, the discrepancies between the studies of Park et al[127] and Zhao et al[128]
were attributed to differences in the genetic background
and experimental design as well as to diverging housing
conditions. In conclusion, the mentioned AGR2-/- mouse
models underline the importance of AGR2 in the intestinal goblet cell- as well as Paneth cell-homeostasis and the
ER-stress response and are particularly interesting since
genetic variants of AGR2 and decreased AGR2-mRNAlevels have been linked to IBD[129].

especially interesting findings with regard to the older observation that adherent-invasive E. coli strains are highly
associated with the ileal mucosa in CD[123-125].
Furthermore, particularly noteworthy in the context
of ER-stress and IBD pathogenesis are several studies
that provide a link between ER-stress, defective mucus
production and susceptibility to intestinal inflammation. Heazlewood et al[126] generated and characterized
two mice-strains, called Winnie and Eeyore, each with
a single missense mutation in the MUC2 gene. These
mice developed spontaneous intestinal inflammation and
showed a phenotype reminiscent of human UC. Moreover, they were more susceptible to environmentally induced colitis and showed profound changes in the process of MUC2 synthesis and assembly. This went along
with an abnormal mucin distribution in goblet cells - the
goblet cell theca were smaller and reduced in number
and a cytoplasmic accumulation of the non-O-glycosylated MUC2-precursor in vacuolar structures was detectable. Importantly, goblet cells showed ultrastructural and
biochemical evidence of ER-stress and activation of the
UPR. Furthermore, in tissue samples of UC patients
a cytoplasmic MUC2-precursor accumulation was also
detectable and this coincided with signs of protein misfolding and ER-stress. From these findings the authors
concluded that ER-stress related changes in mucin production could be crucially involved in the pathogenesis
of UC.
Also linked to mucus production, the ER-stress
response and prevention of intestinal inflammation is
anterior gradient homolog 2 (AGR2), a member of the
family of protein disulfide isomerases that is present in
the ER of intestinal secretory epithelial cells. Recently,
AGR2 has been shown to play an essential role in intestinal mucus production and in this context, a direct association of AGR2 and MUC2 via the formation of mixed
disulfide bonds between a cysteine in the thioredoxinlike domain of AGR2 and cysteines in the amino- and
carboxyl-terminal portions of MUC2 are thought to be
crucial. The importance of AGR2 for mucus production
was demonstrated in AGR2-/- mice that lacked intestinal
mucus and MUC2 protein and showed increased susceptibility to DSS-induced colitis. Although the mice developed no overt spontaneous inflammation, they displayed
an increase in the expression of several proinflammatory
cytokines and in the presence of intestinal mast cells[127].
In a more recent study, AGR2-/- mice generated by Zhao
et al[128] displayed severe spontaneous terminal ileitis and
colitis. Moreover, the mice lacked morphologically normal goblet cells and showed decreased MUC2 protein
levels. Interestingly, the intestinal disturbances were not
restricted to goblet cells as severe Paneth cell abnormalities were also detectable including a dramatic expansion
of the Paneth cell compartment and an abnormal Paneth
cell localization. As the Paneth cell expansion preceded
the occurrence of inflammation it was not a secondary
phenomenon resulting from inflammatory processes.
Whereas Park et al[127] reported only a modest evidence
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Autophagy
Autophagy is a degradation process important for cellular
homeostasis that allows the cell to recycle cellular components by delivering organelles and cytosolic macromolecules to lysosomes. The process is activated in response
to situations of cellular stress like starvation and growth
factor deprivation. Moreover, the autophagy machinery
is also important in the antibacterial host-defense as it is
involved in the degradation of invading bacteria[130-132].
Recently, a defect in the process of autophagy has
been linked to the pathogenesis of CD as a polymorphism in the gene encoding the central autophagy protein autophagy-related 16-like 1 (ATG16L1) has been associated with an increased risk to develop the disease[133].
Moreover, a second autophagy-related protein, immunity-related GTPase family M protein (IRGM), has been
related to CD[131,134,135]. In subsequent studies, the role of
ATG16L1 in CD-pathogenesis has been investigated in
more detail and it was reported that Paneth cells of ATG16L1-hypomorphic mice displayed abnormalities in the
granule exocytosis pathway. Importantly, homozygous
carriers of the disease associated risk allele of ATG16L1
among CD patients exhibited similar changes in Paneth
cell granules[136]. Additionally, Kuballa et al[130] demonstrated in cell culture experiments that the CD-associated
ATG16L1 coding variant (ATG16L1*300A) is linked to
a defective anti-Salmonella autophagy. Furthermore, a
link between the process of autophagy and CD was provided by a study on paediatric CD patients that revealed
an activation of autophagy in Paneth cells that occurred
independently of inflammation or disease-associated
variants in ATG16L1 or IRGM and went along with a
significant reduction in the number of secretory granules and signs of crinophagy[137]. Remarkably, in a recent
study the intracellular PRRs NOD1 and NOD2 have
been shown to be involved in the induction of autophagy by recruiting ATG16L1 to the plasma membrane at
the site of bacterial entry. As the CD-associated NOD2
mutant L1007fsinsC was defective in this process, these
findings provide a mechanistic link between two of the
most important genes associated with CD, NOD2 and
ATG16L1, and highlight the relevance of defects in the
process of bacterial sensing and elimination in the disease pathogenesis[138].
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3020insC-mutation has been observed[158]. Moreover, increased permeability has been linked to a higher risk of
disease relapse in CD patients[159,160], suggesting that the
permeability increase precedes clinically overt inflammation. However, in other studies a permeability increase
was also detected in a proportion of spouses of CD
patients[161-163], an observation that indicates an impact
of environmental factors on permeability alterations.
To date, it is still under debate whether the permeability
changes are a primary event in the disease development
or a secondary effect triggered by inflammation. The
perturbations of intestinal permeability are assigned to
different molecular mechanisms including tight junction abnormalities[8,15,164]. For example, in a recent study
a reduced number of tight junction strands and an increased number of strand breaks were observed in CD
patients[165]. Moreover, an increased expression of the
pore-forming claudin 2 and a decreased expression of
occluding and the sealing claudins 5 and 8 was detectable. These changes were observed in patients with mild
to moderately active CD but were absent from patients
in remission indicating that they were a rather secondary
phenomenon occurring as a consequence of inflammation[165]. In UC claudin 2 was also upregulated, whereas
occludin and the claudins 1 and 4 were diminished[166].
Additionally epithelial apoptosis also results in an increased epithelial permeability.
Several studies showed that in inflammatory bowel
disease apoptosis is upregulated. Sipos et al[167] found the
rates of epithelial apoptosis determined by the histological activity of inflammation in UC. IL-13 triggers an
increased epithelial apoptosis rate that leads to microerosions[166] in an early stage of the disease. In contrast, in
active CD apoptosis is also upregulated[166,168], but microerosions are only induced in advanced disease.
Using confocal laser endomicroscopy, Goetz et al[169]
found a higher density of epithelial gaps in the mucosa
of patients with CD. In a mouse model TNF led to an
elevated epithelial cell shedding and increased the gap
density [170].
In conclusion, epithelial permeability perturbations
occur in IBD patients but additional investigations are
required to further increase the knowledge about the
underlying molecular mechanisms as well as to clarify
whether these changes play a primary role in disease
pathogenesis or whether they are a secondary effect in
response to inflammation. It is important to note that
carbohydrates such as lactulose and mannitol, the low
molecular weight polyethylene glycol PEG 400 or 51Cr-labelled ethylenediaminetetraacetic acid were used as probe
molecules to measure the permeability of the intestinal
wall in the mentioned studies. As increased permeability
for these substances does not give information on epithelial permeability for bacteria and bacterial products, it
is not possible to deduce that the described permeability
changes are associated with a defective protection of the
mucosa against luminal microorganisms and an increased
exposure of mucosal immune mechanisms to microbial

ALTERATIONS OF THE MUCUS LAYER
Variations of the intestinal mucus layer concerning its
thickness, continuity and composition as well as the
mucin-structure have been reported in IBD patients,
especially in UC. These changes are thought to adversely
affect the protective properties of the gel layer and consequently might cause an increased vulnerability of the
epithelium to bacterial invasion.
The mucus layer has been shown to be thinner and
less continuous in UC patients[139], its phosphatidylcholine concentration is significantly reduced[73] and, in some
older studies, a selective reduction of a specific mucin
glycoprotein fraction in the colonic mucosa has been reported[140,141]. However, as the latter results could not be
reproduced in a subsequent investigation[142], they were
interpreted as an effect of the experimental design and
were thought to rather reflect the general mucus depletion characteristic for UC patients[142,143]. Furthermore, an
altered mucin glycosylation was detected in UC patients
- the glycans are shorter, have a generally less complex
structure[144,145] and their sulfation is reduced[64,146]. As
the sulfates confer negative charge to the mucins and
enhance the resistance of the glycans against enzymatic
degradation, a reduced sulfation could result in an increased vulnerability of the mucins to bacterial enzymatic degradation[64,66,146] and, since positively charged AMPs
are electrostatically bound by mucins[80,81], might cause
a less effective retention of AMPs in the mucus layer.
Whether the reported changes are primary events in disease pathogenesis or are secondary effects resulting from
inflammation is currently under discussion. Whereas
some studies indicated that mucus or mucin alterations
occur only in active UC[144,147], other studies gave evidence of primary alterations as they revealed an ethnic
and genetic impact[141,148-150]. Recently, mucus depletion in
UC has been linked to a defect in goblet cell differentiation as the significant induction of the goblet cell differentiation factors Hath1 and KLF4 seen in CD patients
in inflammation was not detectable in UC patients and,
moreover, a reduced number of mature goblet cells in
the upper third of the crypts in sigma tissue of patients
with active UC was observed[151].

EPITHELIAL PERMEABILITY
Already in the early 1980s, increased intestinal permeability has been reported in children with active smallbowel CD[152] and, more recently, increased permeability
has also been described in UC patients[153,154]. Several
studies observed increased permeability not only in CD
patients but also in a subset of their first-degree relatives, leading to the assumption that increased permeability may be a primary factor in disease pathogenesis
preceding the development of inflammation [155-157].
Interestingly, in a recent study an association between a
high mucosal permeability in healthy first-degree relatives of CD patients with the presence of a CARD15
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antigens.

12

CONCLUSION
The healthy intestinal mucosa is efficiently protected
against detrimental influences from the gut lumen by a
complex and multilayered defense barrier. In recent years,
it became apparent that the intestinal barrier is compromised at different levels in IBD patients. These barrier
disturbances include alterations of the mucus layer, a
defective AMP production, unresolved ER-stress, defects
in the process of autophagy as well as an increased epithelial permeability and result in an inadequate protection of the epithelium against adherence and invasion of
luminal bacteria. Consequently, abnormal high numbers
of microorganisms are allowed to come in direct contact
with the hosts immune mechanisms and this is thought
to initiate a process finally resulting in chronic intestinal
inflammation.
Future studies are required to further increase our understanding of the complex mechanisms underlying the
pathogenesis of IBD, to clarify their complex interplay
and to enable the development of new therapeutic approaches for the treatment of IBD.
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Magnetic resonance imaging in children and adolescents
with chronic inflammatory bowel disease
Hans-Joachim Mentzel, Steffen Reinsch, Monika Kurzai, Martin Stenzel
inflammation of both intestinal wall, and mesentery
can be demonstrated accurately. Nevertheless, viable
alternatives to CM application is desirable, considering
non-negligible adverse reactions. Recent data suggest
diffusion weighted imaging might fill this diagnostic
gap. Irrespective of sequence technique chosen, bowel
movement remains a major obstacle. Antispasmolytics
in their function as smooth muscle relaxants help in
improving image quality, however, their use in children
might be off-label. Optimal preparation for the examination and appropriate imaging technique allow for
diagnosing typical patterns of changes in IBD, such as
bowel wall thickening, ulcers, mural stratification, strictures, creeping fat, and comb sign, and lymphadenopathy. The article gives a detailed overview of current
significance of magnetic resonance imaging pediatric
patients suffering from IBD, considering indications,
limitations, and safety aspects.
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Abstract
Inflammatory bowel diseases (IBD) represent challenges, both from a diagnostic, and therapeutic point of
view. Deep-seated anatomic structures are difficult to
assess by ultrasound technique alone. As radiation-free
alternative cross-sectional imaging method, magnetic
resonance imaging of the intestinal structures is costly
and time-consuming. Examination of pediatric patients
imply additional considerations: reduction of body motions in younger children and consideration of the most
appropriate preparation, and examination technique.
The demanding Sellink technique is the only means for
appropriately distending the lesser intestine in order
to detect small bowel strictures. Oral intake of contrast medium (CM) alone shows its limitations regarding distensibility. The need for intravenous contrast
media application needs to be considered, too. Active
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Core tip: Diagnosis of chronic inflammatory bowel disease (IBD) is partially based on subsequent imaging.
Magnetic resonance imaging (MRI) of the gastrointestinal tract (GIT) is established in adults for diagnosing
IBD. In children and adolescents MRI is not routinely
used up to now. This manuscript presents the commonly used magnetic resonance sequences for the
evaluation of the GIT in children and adolescents.
Techniques to obtain optimal bowel distension by oral
intake or by using a nasally placed tube are described.
Typical findings of intestinal and mesentery pathology
in children suffering from IBD are shown.
Mentzel HJ, Reinsch S, Kurzai M, Stenzel M. Magnetic resonance
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mucosa of the colon. Diarrhea and rectal bleeding is
seen commonly in UC (50%-90% of cases)[10]. Contrary,
perianal or perirectal disease is not a feature of UC.

imaging in children and adolescents with chronic inflammatory
bowel disease. World J Gastroenterol 2014; 20(5): 1180-1191
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i5/1180.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i5.1180

DIAGNOSIS AND DIFFERENTIAL
DIAGNOSIS

INTRODUCTION

Diagnosis of IBD is based on clinical presentation, laboratory and endoscopic assessments, histology and subsequent imaging[11,12]. Proper classification is necessary in
order to determine the ideal treatment in children with
chronic disease. The Montreal classification was adapted
to the pediatric population[13]. In a child with bloody
diarrhea a bacterial infection needs to be excluded first.
Further differential diagnosis includes vasculitis, ischemic
colitis, and hemolytic uremic syndrome. Bleeding without diarrhea is possible in children with fissure, vascular
malformations, coagulation disorders, polyps, or Meckel
diverticulum. Etiologies that can mimic IBD include
appendicitis. Moreover, food allergies like cow’s milk
protein allergy can result in GI bleeding as early as in infancy. Laboratory studies can help to identify a child suspected to suffer from IBD and to monitor the course of
the disease. Diagnostic imaging is necessary to describe
the extension and grading of the inflammation. In children, ultrasound can be used with high success. The use
of high frequency transducers (7-14 MHz) allows a detailed assessment of the whole bowel. Graded compression allows for displacement of adjacent bowel loops
and interfering intraluminal gas. Color Doppler can be
used to assess inflammation by demonstrating increased
perfusion and vascularization. Significant correlations
could be shown by considering bowel wall thickness,
vascular pattern, and disease activity. Ultrasound can be
used to appreciate extraintestinal findings (lymph node
enlargement, abscesses), and to describe the surrounding mesenteric tissue. On the other side, ultrasound can
fail to detect IBD in cases of superficial disease or if
there are artifacts (e.g., bowel gas). Also, ultrasound is an
operator dependent modality; experience is necessary in
order to make the correct diagnosis. Plain radiography
is reserved for acute diseases. Findings are nonspecific
and can include large bowel dilation, and small bowel
distension. In the acute abdomen, the toxic megacolon
or obstruction can be suspected. These cases have to be
followed in order to detect possible bowel perforation.
Contrast enema can be helpful for the evaluation of the
extension of the disease, moreover, it is helpful to rule
out or prove stenosis. Upper gastrointestinal series with
small bowel barium follow through (SBFT) has been the
cornerstone of small bowel imaging in the past[14]. The
more sensitive enteroclysma was considered the gold
standard (so-called Sellink technique), but it is not easy
to perform, especially in younger children and infants. It
requires the insertion of a naso-jejunal tube, for that it
is poorly tolerated by children. It comes with a considerable higher radiation dose compared to SBFT[15]. Both
methods suffer from one further major disadvantage: its

Population-based studies suggest that inflammatory
bowel disease (IBD) is unevenly distributed throughout
the world with the highest incidence rate occurring in
the Western world. However, emerging data have demonstrated a rising trend of IBD in Eastern countries[1].
In approximately 20%-30% of all affected patients with
IBD the disease manifests in childhood[2]. Studies have
shown a prevalence of as high as 16.6 per 100000 in the
pediatric population[3]. Chronic IBD, namely Crohn’s disease (CD) and ulcerative colitis (UC) seem to develop as
a result of dysregulation of the immune response to normal gut flora in a genetically susceptible host[4] (Table 1).
There are further reasons, like microvascular, infectious,
and environmental co-factors to consider[5,6]. Moreover
changes in lifestyle and diet, migration-related changes
in genetic susceptibility, urbanization, and environmental changes may be relevant cofactors. Epidemiologic
data indicate an increase in IBD in children. While CD
and UC occur with equal distribution in adults, there are
three new CD cases for each new UC case in pediatric
age groups[7]. There are patients who, however, can’t be
classified as CD or UC. They are termed inflammatory
bowel disease-undeterminate (IBD-U). In the pediatric population a greater number of IBD are labeled as
IBD-U compared to adults. In adult IBD there is an
equal ratio of male to female patients, or perhaps more
women affected by the disease. In contrast, prepubertal males seem to be more affected than females, with
a male predominance of 1.5:1[8]. Rarely, UC can even
be found in young children and infants. In children an
overlap of clinical findings can be observed, making differentiation of both entities in the pediatric patient difficult. IBD in children often relapses, making repeated
imaging necessary.
CD can affect any part of the gastrointestinal (GI)
tract, however, in children the distribution tends to be
more proximal. The terminal ileum is the most common
site of CD; however about 60% of pediatric patients
show ileocolonic involvement, whereas 20%-30% have
isolated colonic disease[1]. Transmural spread is a distinguishing feature of CD. Up to one third of patients
will develop a perianal fistula or abscess at some point
in their disease course. Skip lesions, fibrofatty proliferations, and mesenteric lymphadenopathy are common.
In the case of chronification, fibrosis of the bowel wall
may occur, resulting in stenotic bowel loops.
UC is mostly localized to the colon with the rectum
affected primarily. Even if pancolitis is the most common presentation in childhood other features exist[9].
UC is a chronic inflammation involving exclusively the
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Table 1 Inflammatory bowel disease in children
Crohn’s disease
Etiology
Incidence
Site
Pattern
Acute complication
Chronic complication

Ulcerative colitis

Unknown (hereditary, immune response to gut flora)
Terminal ileum/SB/entire GIT
Colon/backwash ileitis
Skip lesions, transmural, deep ulcerations
Diffuse mucosal
Obstruction, toxicity, hemorrhage, perforation
Stenosis, fistula, fissures, abscess, GIT cancer, extraintestinal manifestation
Extraintestinal manifestation, colorectal cancer

SB: Small bowel; GIT: Gastrointestinal tract; PSC: Primary sclerosing cholangitis.

very limited information regarding the extraluminal mesenteric extension of the disease. Computed tomography
(CT) as a cross-sectional imaging method overcomes
this and may be helpful in the acute situation, for planning surgery, especially in the evaluation of stricture or
obstruction. Again, CT enteroclysma is poorly tolerated in children[16]. The major disadvantage of CT is
the large amount of radiation exposure[17]. So, especially
in children, techniques using ionizing radiation should
be avoided if possible[18]. Leucocyte scintigraphy using
white blood cells labeled with technetium 99m, and also
positron emission tomography may be indicative in IBD,
however, these techniques are not usually used. Because
IBD is a diagnosis which should be proven by endoscopy with biopsy and histologic assessment, they are part
of the diagnostic workflow. Endoscopy is the mainstay
for evaluation, but provides limited access to the small
bowel (terminal ileum and duodenum) and can be more
limited in the presence of severe disease or strictures.
Capsule endoscopy can overcome parts of these limitations, but has limitations as well especially in stricturing
disease. Recent advances in magnetic resonance imaging
(MRI) have the potential to emerge as useful imaging
technique providing assessment of the whole gastrointestinal tract and to assess extra-intestinal involvement
without ionizing radiation.
In adults MRI of the GI tract is now an established
method when diagnosing chronic inflammatory bowel
disease. In children and adolescents MRI is not routinely
used, but some guidelines define MR as first line imaging
modality in the investigation of the GI tract in suspected
chronic inflammatory bowel disease. Especially the lack
of radiation burden would favor the use of MRI. Further advantages include the superior soft tissue contrast
and multiplanar imaging. Improvements in MR hardware
include the availability of fast breath-hold sequences, decreased scan time and increased spatial resolution.
But, there are some difficulties of the technique in
infants that limit the use of MRI. Children at school
age have no problems with undergoing MR study, but
the younger ones need to be handled gently because of
reduced compliance. Numerous articles have been published on this topic discussing the complexity and also
the financial impact on management. In the literature
only few scientific reports and reviews on MRI of the
GI tract in children can be found[19]. The purpose of this
article is to present the commonly used MR sequences in
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children for the evaluation of the GI tract in the diagnosis and follow-up of IBD.

MR IMAGING OF THE BOWEL
Currently, there is no approved standard protocol for the
evaluation of IBD using MRI. Applying a standard protocol without bowel distension is not helpful and results
in false negative findings. The use of spasmolytics such
as n-butylscopolamine (hyoscine) (0.5 mg/kg, up to 20
mg)[20] or glucagon[21] might meet the criteria of off-label
use in some countries. Intravenous application of spasmolytics is given immediately before the start of the MR
scans. A further bolus can be administered immediately
before contrast media application. Metoclopramid (offlabel in some countries) (0.15 mg/kg) can be given in the
case of nausea. The cleansing preparation of the small
bowel consists of a low-residue diet starting 3 d prior to
the examination (no milk products, ample fluids, noncarbohydrate in order to avoid the generation of gas).
The cardinal principle to obtain diagnostic images is
an optimal bowel distension of the bowel lumen. The
loops need to be distended in order to detect changes in
luminal diameter, which can be observed in cases with
relative bowel stenosis. However, there is no consensus
about the technique for optimal small-bowel distension[22]. Commonly used agents include methylcellulose,
locust-bean gum, psyllium, and mannitol. There are very
different protocols in the literature, ranging from oral
application before entering the MR cabin (hydro MRI)
to the MR enteroclysma procedure (MR Sellink) using
application of methylcellulose while in the MR scanner
via a nasojejunal tube.
Oral intake of endoluminal agents is mandatory.
Some studies have shown, that oral intake is sufficient
and increases the patient’s compliance (which is necessary especially in follow-up studies)[23]. Unfortunately,
sometimes the filling is inadequate and the distal/terminal ileum is not sufficiently distended (Figure 1).
The most accurate results can be achieved with the MR
enteroclysma technique[24]. Reports in the literature describe numerous different oral contrast media suitable
for use, including plain water, mannitol, sorbitol, iron
oxide, and barium sulfate, ispaghula husk, locust bean
gum, planta ovate, and pineapple juice[25]. Based on their
signal intensity in T1 weighted (T1w) and in T2 weighted
(T2w) imaging, these contrast substances are divided
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be detected dynamically. In this procedure, the patients
will be provided with a tube inserted nasally, which will
then be proceeded past the ligament of Treitz under
fluoroscopic guidance, using a reduced pulse rate (rate 3
pulses/s; fluoroscopy time 1-3 min[27]; authors’ own experience: 4 s-1 min; Figure 2). The procedure of inserting and positioning of the catheter is the most challenging part of the entire procedure and can become a very
unpleasant or almost intolerable maneuver for both the
patient and the radiologist[30]. Approximately 1000-1500
mL prewarmed methylcellulose will be administered
manually during the MR scanning process over a time
period of up to 15 min using 50 mL syringes. The filling
can be automated by a pump which usually needs to be
placed outside of the scanner room. The filling process
will be followed by using a single-shot heavily T2w sequence with thick slabs (7-10 cm) in coronal orientation
which are sequentially acquired during continuous filling
of the bowel (Figure 3). This dynamic acquisition results
in a film sequence of the filling process which can be
helpful in the detection of atonic bowel segments, and
hyperperistalsis, or in the delineation of stenosis and
luminal diameter changes. If the patient suffers from
nausea, the filling process needs to be stopped and may
be continued after recovery. The total amount of methylcellulose tolerated is limited by patient compliance and
by the amount of backflow of cellulose into the duodenum and the stomach. Filling is finished if the terminal
ileum is widened and the coecum/ascending colon start
to become distended. Necessity of additional placement
of a transrectal catheter and filling of the colon depends
on the region of suspected pathology[31].
During the MR procedure the patients may be placed
in the prone position, for a mild pressure to the anterior
abdominal wall may result in better separation of the
small-bowel loops. In case of MR enteroclysma this position will not be tolerated well. So, the authors suggest
that the patient is placed in the standard supine position.
In case of an unsuccessful separation of the loops the
patient can be placed in the prone position at the end of
the MR examination.
For MRI a dedicated multi-channel body array coil
is used. The main technique involves MRI with ultrafast T2w sequences supplemented by dynamic contrast
enhanced T1w scans in combination with fat saturation
covering abdomen and pelvis, from the lung bases to
the perineum. True steady-state free precession images
(TRUFI) are obtained in the coronal plane for overview.
T2w half-fourier acquisition single-shot turbo-spinecho (HASTE) imaging is performed with long time of
echo in axial and coronal orientation. T2w sequences
are obtained with and without fat saturation. Fast lowangle shot T1w sequences (FLASH) are acquired in axial
orientation. For dynamic multiphase contrast studies
the authors use 3D sequences (T1-volume interpolated
gradient-echo = VIBE) (Figure 4). Gadolinium-based
agent at a dose of 0.1 mmol/kg will be administered
intravenously. T1w VIBE sequences are acquired imme-

Figure 1 Hydro-magnetic resonance imaging using mannitol orally. Sometimes the filling result is inadequate and the distension of the bowel is insufficient.

into so-called positive (hyperintense in T1w and in T2w
sequences) and negative (hypointense in T1w and in
T2w sequences) contrast media. Some authors use a
combination of barium sulfate and sorbitol as described
by Sauer et al [26] who administered 450 cm 3 of 0.1%
barium sulfate with sorbitol 90 min before imaging and
a second amount of 450 cm3 30 min before imaging[1].
Dagia et al[27] administered sorbitol orally (1000-1500 mL)
as enteral contrast agent by adding 15 mL of sorbitol to
500 mL of water. Application started 60 min before the
scan at a rate of 250-300 mL/15 min. If distension of
the proximal small bowel was inadequate on initial MR
acquisition (luminal diameter < 3 cm), another 250-300
mL of sorbitol was given[27]. Others use a suspension of
polyethylene glycol (PEG; Klean-Prep®, Helsinn Birex
Pharmaceuticals Ltd.) one hour before the investigation
(1500 mL) after an overnight fasting state[20]. To render
these mixtures more palatable, small amounts of orange
flavoring may be added[3]. Mannitol and other hypertonic
contrast agents may have side-effects, such as excessive
diarrhea, which is an important issue, especially in children. The influence of the osmolarity for small bowel
distension could be shown in a study by Ajaj et al[25] who
compared a water solution combined with 2.0% sorbitol
and 0.2% locust bean gum (quantity 1500 mL, osmolarity 1148 mOsmol/L) with a solution combined with 2.0%
sorbitol and 2.0% barium sulfate (quantity 1000 mL; osmolarity 194 mOsmol/L). The mean loop diameter after
solution administration with higher osmolarity increased
over time (up to 30 min). The side effect rate of both
solutions was low, but the smaller amount was more acceptable for patients[28]. Alexopoulou et al[29] used a total
amount of 2.5 L of water solution containing 0.1 g/kg
body weight of herbal fibres (psyllium) which was administered orally over a period of 4 h before MRI. This
mixture has the property of retaining large amounts of
water, up to 20 to 30 times its own volume, thus providing adequate distension. This agent also has biphasic
properties, demonstrating low signal intensity in T1w
images and high signal intensity in T2w images. MR enteroclysma-which the authors prefer-allows for dynamic
filling of the small bowel. Thereby, relevant stenosis can
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A

B

Figure 2 Magnetic resonance enteroclysma requires application of a nasojejunal tube (A) and placement will be guided by pulsed fluoroscopy (B).

Figure 3 Enteral filling can be followed by using thick slab T2 weighted sequence (7-10 cm thickness).

Transmural abnormalities, wall thickening, loss of layering, cobblestoning, ulceration, pseudo polyps, mural abscess, pseudo sacculation appearance, stenosis, strictures,
prestenotic dilation can be described without contrast application by assessing high resolution T2w sequences.

diately after contrast application and repeated 30, 60, 90,
and 180 s post injectionem (p.i.). Afterwards an axially
oriented T1w FLASH sequence will be sampled in two
stacks placed over epi- and mid-gastrium and over the
pelvis. In case of suspected perineal/perirectal involvement further high-resolution sequences will be acquired
in additional sagittal orientation, optionally with fat suppression (Table 2).

Thickening and pronounced enhancement of the
intestinal wall
Bowel wall thickness of more than 3 mm is considered
pathologic[3]. Swelling of the wall is a result of interstitial edema. Increased signal in the bowel wall in edema
sensitive T2w images (e.g., sequence-short tau inversion
recovery, STIR) may be suggestive for active disease (Figure 5). Hyperemia results in more or less increased signal
intensity on T1w sequences after Gadolinium application,
depending on disease activity (Figure 6). The degree of

DISEASE EVALUATION USING MRI
MR imaging can detect a number of intestinal and extraintestinal findings which should be included in the
report (Table 3). First of all the intestinal distension and
caliber changes have to be described. Afterwards intestinal and mesentery pathologies have to be mentioned.
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Figure 4 Dynamic contrast enhanced T1-volume interpolated gradient-echo sequence demonstrating different phases of signal increase in the various
layers of the bowel wall [at first mucosa (arrow), followed by the serosa, the muscularis, and finally the submucosa (arrowhead)].

1:7.6 mm

Figure 5 Eleven year old boy with Crohn’s disease. T2 weighted sequence
with fat saturation (Tirm/Stir) demonstrates thickening of the bowel wall and
hyperintense signal corresponding to edema in acute inflammation. Narrowing
of the lumen.

Figure 6 Eleven year old boy with Crohn’s disease. T1 weighted contrast
enhanced sequence shows strong transmural enhancement (arrows).

showed a sensitivity of 84% and a specificity of 100%.
Other studies showed no correlation between percental
contrast enhancement of the bowel wall and the CD activity index in children[29]. New techniques like diffusion
weighted imaging (DWI) are helpful adjuncts. DWI can
be performed as transverse free-breathing echo planar
imaging (EPI) sequence with diffusion-sensitizing gradients applied sequentially along the three orthogonal directions[34,35]. Using a diffusion gradient of three different
b values (0, 50, 800 s/mm2) the sensitivity and specificity
compared to surgery and/or conventional enteroclysma
was 86% and 97% in adults suffering from CD[34]. Neubauer et al[36] could prove DWI in combination with highresolution T2w-HASTE is equal (if not superior) to CE-

bowel enhancement following contrast application (0.1
mmol/kg body weight Gd DTPA iv) by evaluation the
increase in signal intensity (SI) can help to differentiate
active from chronic disease[29]. For quantification, Alexopoulou defined the percentage contrast enhancement as
%CE = [(SI bowel postcontrast - SI bowel precontrast)/
SI bowel precontrast] × 100. A layered enhancement pattern on T1w scans can be highly specific[29]. The use of
contrast-enhanced MRI (CE-MRI) may be useful in diagnosing IBD, as well as in the differentiation between CD
and UC[32]. A study in children by Laghi et al[33] correlated
the semiquantitative score findings of MRI with endoscopic, histological, and CD activity index findings. MR
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Table 2 Sequence parameters used for magnetic resonance enterography (magnetic resonance avanto, magnetic resonance symphony)
Sequence

Orientation

Slice thickness (mm)

TRUFI
T2
TRUFI
HASTE
VIBE
FLASH
TIRM
DWI

Coronal
Coronal
Transverse
Transverse
Coronal
Transverse
Transverse
Transverse

6
70-100
4
4-7
2
4-5.5
8
5

Time of repetition (ms)
3.8
3000
4.3
1000
3.18
233
5050
5500

Time of echo (ms)
1.9
985
2.15
87
1.1
1.91
91
139

Time of inversion (ms)

140

Flip angle (°)
80
180
80
150
9
70
180
0

TRUE: True steady-state free precession images; HASTE: Half-fourier acquisition single-shot turbo-spin-echo; FLASH: Fast low-angle shot T1w sequences;
VIBE: Volume interpolated gradient-echo; DWI: Diffusion weighted imaging.

MRI markers of disease activity (bowel wall thickening,
striated pattern of arterial enhancement, degree of arterial enhancement, degree of delayed enhancement, amount
of mesenteric inflammatory changes, and presence of a
stricture).

Table 3 Magnetic resonance imaging features in inflammatory bowel disease in children differentiation active and fibrostenotic phase
Imaging features

Active inflammation Fibrostenotic disease

Mural thickening
Moderate
Mural enhancement
Avid
Stratified enhancement
Yes
Mural edema
Yes
Mesenteric adenopathy
Yes
Fibrofatty proliferation
Variable
Abscess, empyema, fistula Complicated disease

Mild
Mild
Variable
Mild/absent
No
Yes
Variable

Mural stratification
The inflammatory process in CD results in a complete
loss of the intestinal layering which can be detected by
high-resolution MRI. The transmural aspect of CD results
in homogeneous high signal intensity of the entire bowel
wall without normal stratification after administration of
Gd. Exclusive involvement of the mucosa is a typical sign
of UC. The result is a stratified enhancement the so-called
target or double halo appearance (Figure 7). So, in the examination report the two patterns of enhancement can be
described as “homogeneous” or “stratified”[22]. The stratified enhancement pattern is typical for long-standing CD
with fibrosis or in patients following intensive treatment.
Cobblestones and ulcers
Cobblestone formation is typically found in UC patients
and less often in CD. The development of aphthous lesions along the mucosa result in deep linear or stellate
lesions. Deep ulcers can be found in CD patients.

Figure 7 Stratified enhancement in the sigmoid in a female suffering from
ulcerative colitis.

Strictures and stenosis
Whenever there is a procedural adequate distension of
the bowel a reduction of the diameter (normally around
2.5 cm) is suspected a stricture. Chronic IBD-affected
bowel segments may result in strictures. The presence of
a pre-stenotic dilation may help in the diagnosis. Longstanding fibrotic strictures with a thick hypointense wall
can be diagnosed on heavily T2w sequences. Notice that
there is no significant contrast enhancement. Inflamed
bowel segments tend to show a reduction of the size of
the intraluminal diameter. The strictures can be demonstrated more sensitively using dynamic filling of the
bowel with MR enteroclysma technique compared to
hydro-MRI technique (Figure 8). In the case of lymph
node bulking the bowel diameter can also be reduced.
Description of localization and length of the involved
bowel segment is necessary for planning surgery.

MRI for detecting inflammatory lesions in children with
CD. Based on these two sequences imaging without the
need of contrast media seems to be sufficient for diagnosis, reducing scanning time to less than 10 min. Using
a high b value of 800 s/mm2 for DWI the background
signal arising from non-inflamed tissue and from body
fluids can be largely suppressed, so that inflamed bowel
segments are more easily detected. The same authors observed a reduction of the apparent diffusion coefficient
(ADC) in the inflamed bowel segments based by an altered diffusivity of extracellular water in inflamed bowel
wall tissue. This could also be shown by another study
in children with terminal ileitis using a b value of 500
s/mm2[37]. In this study there was a significant correlation
between the bowel wall minimum ADC and established
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A

B

C

D

E

F

Figure 8 Stricture in inflammatory bowel diseases-chronic phase, no activity of inflammation. There is no edema with reduced signal intensity in T2 weighted
sequences (A, D, arrow). The MR enteroclysma does not show any widening of the involved jejuna bowel loop (C, arrow), also seen in axial T2w sequence (D-F).
There is moderate enhancement (B).

Figure 10 Eleven year old male with Crohn’s disease. Creeping fat sign (arrows).

Figure 9 Twelve year old female with Crohn’s disease. Comb sign. CE-T1
weighted sequence with fat saturation. Blood vessels within the mesentery (arrows).

Comb sign
This is a sign of active inflammation (typical of CD)
describing the vascular engorgement of the vasa recta
on the mesenteric side of the bowel wall. The comb sign
may be appreciated well on fat-saturated sequences as
multiple tubular, sometimes tortuous vessels, aligned like
the teeth of a comb (Figure 9).

Extramural findings
The extramural signs of IBD such as free fluid, peritoneal fat stranding and enhancement, mesenteric edema,
fibrofatty proliferation, the comb sign, mesenteric lymph
nodes, abscesses, fistulas can be easily detected by MRI.
Especially for the evaluation of perineal complications
MRI is the gold standard nowadays. In a meta-analysis
including 33 articles. Horsthuis et al[38] showed the highest sensitivity in MR enteroclysma compared to hydro
MRI, however, in children sensitivity was lower than in
adults. One reason may be the lower amount of mesenteric fat which helps in separating the bowel loop segments for image interpretation. Motion artifacts, reduced
complicance might be further possible reasons.

WJG|www.wjgnet.com

Creeping fat sign
The chronic inflammation of the mesenteric fatty tissue
induces a proliferation of the fat tissue itself together
with a fibrotic component along the mesenteric border of
inflamed bowel segments. This is the so called fibro-fatty
proliferation which is also a typical CD sign. MR imaging
can show a pseudo-mass which is surrounding the bowel
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A

B

Figure 11 Thirteen years old girl with Crohn’s disease. A: T2w image demonstrating strong hyperintense ascites. Arrow marks the free ascites; B: T1w sequence
after contrast application. Fluid is not as easily detected as in T2w images. T1w: T1 weighted; T2w: T2 weighted.

Figure 12 Coronally oriented true steady-state free precession images
shows enlarged mesenteric lymph nodes (arrows).

Figure 13 Seventeen years female with Crohn’s disease. T2 weighted sequence showing enterocolic fistula (arrow).

loop with intermediate T2w signal intensity corresponding
to fibrous or/and fatty components (Figure 10).

high-resolution sequences. The direct visualization of
the fistulous tract is not always possible, but indirect
signs can be recognized. So, around the sinus tract inhomogeneity and enhancement of the mesenteric fat can
be demonstrated. Other extraintestinal findings may be
a psoas muscle abscess, and sacroiliitis (Figure 14). In
these cases MRI of the pelvis will be recommended.

Free fluid
The distribution and amount should be described. Using
the signal intensity on T1w and T2w sequences different entities (blood, pus, ascites) can be suspected (Figure
11). Diffusion weighted imaging is helpful in distinguishing serous fluid and empyema/pus.

LIMITATIONS AND DEVELOPMENTS
The greatest limitation of MR enterography especially
in children is the dependence on a compliant patient. It
should be considered, that the patient is strained by fluid placement, application of contrast agents and motility
influencing agents, and breath-holding maneuvers. Artifacts may be the result of bowel, breathing, and patient
moving. In order to reduce these motion artifacts, two
techniques can be applied: parallel imaging, navigator
techniques, and motion correction[40]. The use of higher
field strength results in a greater signal-to-noise-ratio
and has the potential of reducing scan time and increasing the spatial resolution[5,28]. However, there is a concurrent increase in artifacts, especially chemical shift artifacts and susceptibility artifacts in abdominal imaging
using gradient-echo imaging like TRUFI, CE-T1 VIBE,
and FLASH. The T2w HASTE is more robust[41]. Con-

Mesenteric lymph nodes
Mesenteric lymphadenopathy is well-depicted using
TRUFI or T2w TSE sequences (Figure 12). In case there
are multiple and round lymph nodes larger than 10 mm
in diameter lymphoma needs to be excluded. As first
choice follow-up imaging using ultrasound is recommended in these patients.
Fistula, abscess, phlegmon
Fistulas can be categorized as enteroenteric, enterocolic,
enterovesical, enterocutaneous, or complex perianal (Figure 13). Fistulas are typically found in sites where two
inflamed bowel segments are in close proximity to each
other or in regions with high-grade bowel stenosis[39].
Typically, the fistulous tract shows strong enhancement
which can be differentiated using fat-suppressed T1w
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A

B

Figure 14 Female with Crohn’s disease. Sagittal T1 weighted sequence allows to describe presacral abscess (arrow). Fat saturation was applied. A: Axial image; B:
Sagittal image (arrows marking abscess; late contrast phase. Notice sedimentation of different components in the bladder).

A

C

B

Figure 15 Magnetic resonance enterography allows an overview about involved bowel segments. In this case there was an isolated involvement of the jejunum. A: Axial T2w sequence showing thickened bowel wall without edema; B, C: Axial and coronal fat saturated contrast-enhanced T1w sequence demonstrating
transmural enhancement in Crohn’s disease. T1w: T1 weighted; T2w: T2 weighted.

sequently, the feasibility of high-field MRI in children
suffering from IBD should be studied in the future. The
MR study is time consuming and staff-intensive. So, the
use of a modified examination consisting of Diffusion
weighted imaging with high b values from 600 to 1300
s/mm2[5] and high resolution T2w sequences (isovoxel
3D with multiplanar reformation in three orthogonal
directions) has to be evaluated in the future as a standard examination protocol resulting in a scanning time
of not more than 10 min. This protocol can be used for
routine controls. But, in the case of newly diagnosed
IBD and in cases of relapse the examination has to be
more extensive.

WJG|www.wjgnet.com

CONCLUSION
There are still sites that prefer fluoroscopic contrast studies and multislice CT in the diagnosis of IBD, also in children. But, the development of the last decade promises
the increasing value of MR imaging in the evaluation of
the intestine. MR enterography has definitely advantages
including the detection and assessment of disease activity of the entire gut and the ability to evaluate extraluminal disease (Figure 15) and is therefore becoming the
standard assessment of the small bowel in many centers.
The radiation free ultrasound performed with adequate
technique and experience by the sonographer should
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be used as initial imaging method. MR imaging should
be performed at the initial diagnosis of CD and should
considered in any case of treatment changes, especially if
surgery is planned.
14
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pathogenesis: What have we learnt in the past 10 years?
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microbiome from a symbiotic entity to a putative pathogenic one. Here we review advances in our understanding of microbial involvement in IBD pathogenesis over
the past 10 years and offer insight into how this will
shape our therapeutic management of the disease in
the coming years.
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Core tip: In the last decade there have been enormous
strides in our understanding of the role of gut microbiota in the aetiopathogenesis of inflammatory bowel
disease (IBD). Newer molecular and genetic diagnostic
tools have elucidated distinct changes in the gut microbiota in IBD patients and clarified the deficiencies
of innate immunity. A link between environmental factors like diet, host immunity and the gut microbiota
has been established. This review aims to enumerate
these diverse strands of converging research in the last
decade to outline the exciting prospects of possible
personalized therapeutic interventions for patients with
IBD in the coming years.

Abstract
Our understanding of the microbial involvement in
inflammatory bowel disease (IBD) pathogenesis has
increased exponentially over the past decade. The development of newer molecular tools for the global assessment of the gut microbiome and the identification
of nucleotide-binding oligomerization domain-containing protein 2 in 2001 and other susceptibility genes for
Crohn’s disease in particular has led to better understanding of the aetiopathogenesis of IBD. The microbial
studies have elaborated the normal composition of the
gut microbiome and its perturbations in the setting of
IBD. This altered microbiome or “dysbiosis” is a key
player in the protracted course of inflammation in IBD.
Numerous genome-wide association studies have identified further genes involved in gastrointestinal innate
immunity (including polymorphisms in genes involved
in autophagy: ATG16L1 and IGRM ), which have helped
elucidate the relationship of the local innate immunity
with the adjacent luminal bacteria. These developments
have also spurred the search for specific pathogens
which may have a role in the metamorphosis of the gut
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INTRODUCTION
Inflammatory bowel disease (IBD) comprises two distinct
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conditions, ulcerative colitis (UC) and Crohn’s disease
(CD) that are characterized by chronic relapsing inflammation of the gut in genetically susceptible individuals
exposed to defined environmental risk factors[1,2]. IBD
was historically considered to be a “Western” disease but
in the last decade there has been a definite increase in its
incidence and prevalence suggesting that it is progressively emerging as a global epidemic[3]. In the high prevalence
regions the incidence of IBD has continued to rise in the
past decade[4,5].
There has been a parallel rise in our understanding of
the critical role of the gut microbiota in the aetiopathogenesis of IBD. This is aptly exemplified by entering the
key words, “microbiota” or “microflora” and “inflammatory bowel disease” into the PubMed database. On
restricting the search to the last 10 years, over 800 articles
published on this subject can be retrieved as opposed to
100 articles in the decade preceding it. This radical explosion of interest has been primarily due to the advent
of culture-independent techniques like next generation
sequencing and metagenomics which has enabled the
global assessment of the gut microbiota much more accurately and in a vastly more sophisticated manner[6,7].
The largest and perhaps the most ambitious initiative that
has emerged in the last decade is the NIH sponsored Human Microbiome Project with a total budget of $115 million to study the changes of the human microbiome in
health and disease[8]. It has recently led to the publication
of 5177 microbial taxonomic profiles from a population
of 242 healthy adults sampled at 15 or 18 body sites up
to three times, with over 3.5 terabases of metagenomic
sequence so far, which will serve as a comprehensive
framework for future research in this field[9].
This expansion of knowledge in the last decade has
also shifted the search from external environmental triggers to a trigger within the complex luminal microbiome
or the so called “in-vironment” that we harvest within
ourselves[10-12]. Prior to these radical developments research had focussed on unearthing a pathogen amidst the
vast plethora of microbes in the gut lumen, which could
be held responsible for initiating the inflammatory cascade that is typical of IBD[13]. This endeavour was akin to
searching for the veritable “needle in the haystack”. The
findings in the last decade has turned this whole concept
on its head by revealing that the gut microbiome as a
whole is altered in IBD, suggesting that perhaps the entire
“haystack” is faulty. This concept of an altered gut microbiome or dysbiosis is possibly the most significant development in the field of IBD research in the past decade.
The other major shift in our knowledge of the aetiopathogenesis of inflammatory bowel disease has been
from the host perspective. The dogma that CD and UC
are typical autoimmune disorders was based on the characteristic histological appearance of these conditions and
the response to immune-modulator drugs but the veil has
lifted from this deep-embedded misconception[14,15]. Over
the past decade, genome wide association studies and
newer genetic technologies have elucidated distinct genet-
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ic defects in IBD patients. This has particular relevance
with respect to host-microbial interaction at the luminal
surface in the gut. A similar analysis on the PubMed database with the search items “genetics” and “inflammatory bowel disease” leads to a staggering yield of more
than 5600 publications in the last decade as opposed to
2000 articles in the decade prior. It must be said that the
avenue of research in this field was first opened up in
2001 when the first association of the nucleotide-binding
oligomerization domain-containing protein 2 (NOD-2)
gene mutation and susceptibility to Crohn’s disease was
documented[16,17]. This has resulted in a drastic paradigm
shift wherein IBD is no longer considered an autoimmune disease but may be an immunodeficient condition
instead[15]. This putative genetic susceptibility leads to a
complex interaction between the diverse gut microbiome
and the local innate immune system and forms the current basis for the aetiopathogenesis of IBD (Figure 1).

DYSBIOSIS
The normal gut microbiome comprises 100 trillion
diverse microbes, mostly bacteria, encompassing over
1100 prevalent species, with at least 160 species in each
individual[18]. An exhaustive analysis of normal global gut
bacterial communities suggests the possible existence of
distinct enterotypes (Bacteroides, Prevotella or Ruminococcus)
which are predominantly driven by dietary intake but
independent of age or BMI[19,20]. Further analysis suggests that the Bacteroides enterotype is associated with a
“western” protein rich diet as opposed to the Prevotella
enterotype which was associated with a carbohydrate rich
diet[21]. It remains to be seen whether this western enterotype turns out to be a distinct risk factor for developing
IBD.
Dysbiosis or a definitive change of the normal gut
microbiome with a breakdown of host- microbial mutualism is probably the defining event in the development of
IBD. The shift from predominant “symbiont” microbes
to potential harmful “pathobiont” microbes has now
been well documented[22]. Some of these changes in the
gut microbiome have been detected in the common subset of IBD patients but some have been clearly delineated either in CD or in UC patients. The most well defined
change that has been noted in patients with IBD is the
reduced abundance of the phyla Firmicutes[23-25]. Amongst
the Firmicutes, the reduced presence of Faecalibacterium
prausnitzii has been well documented in patients with CD
as opposed to controls[23,26-30]. This has been countered in
a paediatric cohort of patients with CD where there were
increased levels of Faecalibacterium prausnitzii suggesting a
more dynamic role for this bacterium with a putative protective effect at the point of onset of IBD[31]. In addition,
there was a definite decrease in diversity of Firmicutes,
with fewer of its constituent species detected in patients
with IBD[23,32,33]. Unlike Firmicutes, there have been reports of increased number of bacteria from the phylum
Bacteroidetes in patients with IBD[34-36]. Paradoxically, there

1193

February 7, 2014|Volume 20|Issue 5|

Hold GL et al . Role of gut microbiota in IBD
Dysbiosis

NOD2/IL-23R/ATG16L1

Gut microbiome

Innate
immunity
Host factors

IBD

Diet
Western enterotype

Barrier
function
Environmental factors

Geography
Parasite exposure
Drugs

Figure 1 The Venn diagram depicts the overlapping role of the gut microbiome, host and environmental factors in the aetiopathogenesis of inflammatory
bowel disease. Dysbiotic changes in the gut microbiome may be influenced by diet and other environmental factors and predispose to inflammatory bowel disease
(IBD). A small proportion of IBD patients have demonstrable genetic susceptibility factors. NOD2: Nucleotide-binding oligomerization domain-containing protein 2;
ATG16L1: Autophagy related protein 16-like 1; IL-23R: Interleukin 23 receptor.

interactions, as well as human host-secreted enzymes[45].
Elucidation of the functional impact of the changes seen
as a result of dysbiosis will help design remedial measures
that will help in the treatment of IBD patients.
The immediate question which follows is how the
host responds to dysbiosis. Host genetics factors, specifically those pertaining to the innate immunity arm, is
expected to play a role in the aetiopathogenesis of IBD.
The “chicken and the egg” question is what comes first.
Are the changes in the gut microbiome a result of an aberrant immune response in a genetically susceptible individual or does the abnormality in the gut microbiota lead
to an aberrant immune response in such an individual?
Twin studies have shown that disease phenotype rather
than host genotype plays a greater role in determining
changes in gut microbiota[46]. However, studying the microbiota in subsets of patients with and without NOD2
and autophagy related protein 16-like 1 (ATG16L1) risk
alleles showed that the affected genotypes were significantly associated with microbial compositional change
but disease phenotype played a role as well[47]. The confounding factor is that these two alleles are associated
with ileal CD and not colonic CD. It makes it difficult to
attribute these genetic defects as a cause of dysbiosis but
highlights the intricate role of innate immunity in IBD.

have been some studies which have shown reduction in
these bacterial species as well[23]. There is a suggestion
that there may be spatial reorganization of the Bacteroides
species in patients with IBD, with Bacteroides fragilis being
responsible for a greater proportion of the biofilm mass
in patients with IBD compared to controls, suggesting
increased adherence[37]. Bacteria belonging to these two
phyla make up for 90% of the phylogenetic categories
in the normal microbiome and it is interesting to see the
disparate ways in which they are altered in IBD.
Most of the known pathogenic bacteria in humans
belong to the phylum Proteobacteria, which have been increasingly found to have a key role in IBD[38]. Microbial
diversity analysis has shown a shift towards an increase
in bacterial species belonging to this phylum, suggesting
an aggressor role in the initiation of chronic inflammation in patients with IBD[39-42]. More specifically, increased
concentrations of Escherichia coli including pathogenic
variants have been documented in ileal CD[28,43].
This interesting shift within the gut microbiome with
a decrease in obligate anaerobes of the phylum Firmicutes
and an increase in facultative anaerobes of Proteobacteria
has given rise to a putative “oxygen” hypothesis wherein
disruption in anaerobiosis points to a role for oxygen in
intestinal dysbiosis[44]. Similar functional disruptions associated with changes of the gut microbiome in patients
with IBD may have more long reaching effects. Metagenomic analysis has revealed that the altered microbiome
in IBD has 25% fewer genes and metaproteomic studies
have shown a depletion of proteins and functional pathways[18,45]. The ileal CD patients were found to have alterations in bacterial carbohydrate metabolism, bacterial-host
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INNATE IMMUNITY AND IBD
The gastrointestinal microbiota is a major source of immune stimulation. The colonic epithelium lies in close
proximity to a high density of diverse microbes leading
to a continuous network of communication between
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host cells and microbes. This continual communication
is essential for the maintenance of normal homeostasis
though contribution to processes including supply of
nutrients, xenobiotic metabolism and protection from
pathogenic microorganisms, can have deleterious effects
and contribute to intestinal inflammation[48,49]. In patients
with IBD this delicate balance is disturbed as a result of
host immune defects in microbial recognition or handling/clearance strategies[50]. Pattern recognition receptors (PRRs) are essential in distinguishing “friend from
foe” in this very complex interaction and hold the key to
understanding how genetic factors lead to an abnormal
immune environment wherein normal commensal organisms can lead to pathological chronic inflammation. Ten
years ago toll-like receptors (TLRs) and NOD2 were
known to be involved in IBD pathogenesis although our
understanding of their location, function and involvement was still very rudimentary. Evidence from IBD
genetic studies had demonstrated that several innate immune genes had functionally relevant polymorphisms. Of
those studied NOD2 genetic variants confer the greatest
risk.
A decade ago the novel association between the recently characterised TLR4 Asp299Gly was described for
both CD and UC[51]. This finding supported previous
evidence of PRR genetic influence in IBD susceptibility
which had shown that polymorphisms in NOD2 (Arg702Trp, Gly908Arg, and leu1007fsinsC) and the CD14159C/T promoter polymorphism were associated with
CD[16,17]. Since then, additional polymorphisms in TLRs
have been identified including TLR1 R80T and TLR2
R753G which have been associated with pancolitis in UC
patients[52]. The TLR9-1237T/C promoter polymorphism
(TLR9-1237), which is associated with increased nuclear
factor kappa B (NF-κB) binding affinity, has also been
associated with CD[53,54].
The normal colonic epithelium constitutively expresses a variety of PRRs although expression levels are
generally low with many receptors located basolaterally
thus preventing interaction with luminal antigens[55]. Nevertheless, intestinal epithelial cells are responsive to TLR
ligands and recognise/respond to commensal bacteria
secreting antimicrobial proteins and cytokines which
facilitate intercellular interactions [48]. Primary human
intestinal epithelial cells express constitutive TLR3 and
TLR5 and low levels of TLR2 and TLR4[56]. TLR2, 4 and
5 are expressed on the cell surface and recognise extracellular microbes. TLR3 detects viral particles and is located
intracellularly on early endosomal vesicles. The critical
role of TLR4 as a first line of defence against potential
bacterial pathogens is now beyond doubt. Impairment of
TLR4 function permits bacterial invasion and persistence,
and leads to the characteristic inflammation of IBD. The
importance of TLR5 in intestinal homeostasis has also
been effectively demonstrated using microbiota transfer
from knockout mice[57,58].
Distinct changes in TLR expression have been documented in IBD. TLR4 is found to be up regulated in
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both UC and CD, whereas the levels of TLR2 and TLR5
remain unchanged[56,59]. Altered TLR2 and TLR4 expression has been documented in the intestinal macrophages
compared to peripheral monocytes, and a higher percentage of intestinal dendritic cells (DCs) have been shown
to express TLR2 and TLR4 in IBD compared to control
subjects[59]. Intestinal macrophage signalling through
PRRs has also been shown to be affected by increased
expression of suppressor of cytokine signalling 1 and
sterile and Armadillo motif-containing protein[60,61]. Dysregulation of β -catenin and phosphotidylinositol-3kinase pathways are also involved with alterations in these
pathways involved in colitis susceptibility[62,63]. In IBD
patients increased cytokine production is seen by lamina
propria DCs and macrophages, consistent with dysregulated tolerance[64-66]. These changes can explain some of
the abnormal response to the resident gut microbiota.
However, it is difficult to elucidate whether the change in
TLR expression initiates disease or is an epiphenomenon
resulting from pro-inflammatory cytokine release. In
many cases absence of epithelial cell-derived antimicrobial pathways increases susceptibility to intestinal inflammation, with IBD patients expressing lower levels of
[67,68]
.
α-defensin compared to healthy individuals
Animal models had played a significant role in driving
forward our understanding of IBD pathogenesis, especially murine colitis models. TLR4 and MyD88 knockout
mice have been shown to demonstrate distinctly less
pathology following chemical induction of colitis with
dextran-sodium sulphate although bacterial translocation to mesenteric lymph nodes was more commonly
detected[69]. Impairment of TLR4 and TLR5 function has
been shown to facilitate bacterial invasion and persistence
(TLR4) and impact on intestinal homeostasis; development of metabolic syndrome (TLR5)[57,58].
Alterations in NOD2 function due to genetic polymorphisms have demonstrated an inability to respond to
bacterial muramyl dipeptide (MDP) leading to ineffective
downstream signalling of NF-κB[70]. NOD2, is expressed
on several different cell types including myeloid-derived,
epithelial and endothelial cells. As with impairment of
TLR function, NOD2 deficiency increases translocation
of enteric bacteria to the lamina propria, with alterations
in cytokine expression following exposure of peripheral
blood mononuclear cells to MDP also reported potentially explaining the alterations in cytokine profiles typically
seen in CD[71,72]. Interestingly, NOD2 has more recently
been shown to respond to viruses[73]. With increasing
interest in non-bacterial microbes in IBD pathogenesis,
namely viruses and fungi, this may prove to be an increasing area of consideration. A decrease in the protective, anti-inflammatory Th-2 cytokine IL-10 has been
documented in NOD2 mutants further adding to our understanding of the functional abnormalities characteristic
of CD[74].
Counter-intuitively, NOD2 can also contribute to
down-regulation of inflammatory responses with chronic
stimulation of NOD2 acting to tolerise cells against bac-

1195

February 7, 2014|Volume 20|Issue 5|

Hold GL et al . Role of gut microbiota in IBD

nisms in patients with NOD2 polymorphisms at first also
seem to support the idea, and indeed it has been found
that monocytes heterozygous for a NOD2 polymorphism
are more permissive to the growth of MAP[104]. Beyond
contemplation, however, evidence for this hypothesis is
limited. MAP has been detected most commonly in colonic disease; this is in direct contrast with the prevalence
of NOD2 mutation in ileal disease[105,106]. In fact a study
directly looking at the relationship between NOD-2 and
MAP serology found no association[107]. Combining this
with the response of CD to immunosuppressant and anti-TNF therapy, known to cause MAP proliferation and a
lack of success of anti-mycobacterial therapy, the role of
MAP is clearly still in doubt[108].

terial stimulation and ultimately down regulating other
PRRs[75-77]. Hence, in CD patients with dysfunctional
NOD2 this restraint is removed and the inflammatory
response from other PRRs increases.
NOD2 is also implicated in mechanisms of microbial
killing. Autophagy, an important mechanism of microbial cell clearance, is regulated through PRRs[78]. NOD2
interacts with ATG16L1[78,79]. Therefore dysregulation of
NOD2 impacts not only on microbial recognition but
also handling. Genetic variants in ATG16L1 and also a
second autophagy gene, immunity-related GTPase family
M have been associated with CD[80,81].

ROLE OF INDIVIDUAL PATHOGENS IN
IBD

Helicobacter
Helicobacters, as human gastrointestinal pathogens, have
assumed great research interest since the discovery by
Robin Warren and Barry Marshall of Helicobacter pylori as
the infectious agent in gastric and duodenal ulceration.
Also, similar to MAP, one of the main prompters of research into the role of Helicobacter in IBD has been their
propensity to cause colitis in animal models like Cottontop tamarin monkeys (Saguinus oedipus). Despite this, there
has been a lack of success in the last decade establishing
presence of Helicobacter in IBD patients. The findings of
studies looking into the molecular evidence of Helicobacter
presence are varied and studies aimed at culturing viable
Helicobacter from IBD tissue have failed[109-121]. Interestingly the only seemingly universally accepted action of
Helicobacter in IBD is the apparent protective effect of
Helicobacter pylori which has convincingly been found to
be negatively correlated with IBD[113,118-122]. This may conform to the “hygiene hypothesis” for the development of
IBD[123].
The evidence for an association is much stronger with
enterohepatic Helicobacter species. Non-pylori Helicobacter
organisms have been shown to induce colitis in a number
of rodent models; Helicobacter hepaticus and Helicobacter
bilis (H. bilis) most prominently but, also Helicobacter trogontum, Helicobacter rodentium and Helicobacter typhlonius with
cytokine patterns which were very similar to that of human IBD[124-128]. When studying the response to H. bilis,
Jergens et al[126] showed that there was an IgG mediated
response to the microbiota prior to the development
of colitis, suggesting the ability of H. bilis to induce the
hosts immune response to commensal bacteria, leading
to the observed immune-mediated intestinal inflammation of IBD. In human subjects, enterohepatic Helicobacter
species prevalence was significantly higher in colonic biopsy samples from patients with UC group compared to
control subjects[118].

The rapid development of molecular techniques has also
kindled hopes in the search for specific pathogenic agents
initiating the inflammatory process of IBD. The pathophysiology of IBD does suggest that either primary or
secondary pathogens play an important role in the cycle
of inflammation. Many organisms have been proposed
but those deemed to have been of the most interest over
the last ten years are discussed below (Table 1).
Mycobacterium avium subspecies paratuberculosis
Mycobacterial infection has been postulated in the aetiology
of Crohn’s disease since its first description in 1913. The
association stems from the observed similarity between
Crohn’s disease and the bovine condition Johne’s disease,
a condition caused by Mycobacterium avium paratuberculosis
(MAP) infection leading to granulomatous enterocolitis.
There have been vast numbers of studies in this area but
the role of MAP remains uncertain[50,82,83].
MAP can be widely isolated from meat, dairy products and water, indicating sources of infection and supporting its role[82,83]. However, a large study found a lack
of epidemiological support for environmental exposure[84]. Over the last decade research into the prevalence
of MAP in IBD patients has been inconclusive. A large
number of researchers have successfully shown a higher
prevalence of MAP in Crohn’s patients compared to
controls but, it seems for each of these there has been an
equivalent study yielding no association[85-97].
In support of its role the ability of MAP to invade
gut epithelial cells, inducing tissue damage and inflammation, has been shown[98]. A dominant T-cell response
to MAP has also been seen in CD patients and macrophages infected with viable MAP are associated with high
production of tumour necrosis factor-alpha (TNF-α), a
marker for CD[95,99,100]. Using mouse models, MAP has
been found to induce full-thickness necrotizing colitis after subcutaneous and transluminal injection[101].
The discovered association between CD and the autophagy gene ATG16L1 lends further credence to the
theory as it is known that autophagy is essential for inhibition of mycobacterium tuberculosis in infected macrophages[102,103]. Defective innate immune killing mecha-
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Campylobacter
Campylobacter is a relatively new and important player in
IBD. Unlike the other IBD suspects, Campylobacter does
not have a suitable animal disease model; instead interest
stems from the recognition of Campylobacter jejuni (C. je-
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Table 1 Evidence for the role of specific major pathogens in the aetiopathogenesis of inflammatory bowel disease in the last decade

n (%)
Year

Pathogen

Disease

Sample type

Detection rate
CD

2003
2003
2003
2004
2004
2004
2004
2004
2004

2004
2004
2004
2004
2006
2007
2008

2009
2009

2009

2010

2010
2010
2011

2011
2011

MAP
MAP
Helicobacter
MAP
MAP
H. pylori
Helicobacter
Helicobacter
EHH
H. pullorum
H. fennelliae
H. pylori
Helicobacter
E. coli
AIEC
AIEC
E. coli
E. coli
AIEC
Helicobacter
EHH
H. pylori
H. trogontum
H. canis
H. bilis
H. cinaedi
AIEC
Helicobacter
EHH
H. pylori
H. pullorum
H. canndensis
Campylobacter
C. concisus
C. showae
C. hominis
C. gracilis
C. rectus
C. jejuni
C. ureolyticus
Helicobacter
EHH
H. pylori
H. bilis
H. canis
H. hepaticus
H. trogontum
Campylobacter
C. concisus
C. concisus
Helicobacter
EHH
H. pylori
C. concisus
Campylobacter
C. concisus
C. ureolyticus
C. hominis
C. curvus
C. showae
C. jejuni
C. gracilis

CD
CD and UC
CD and UC
CD and UC
CD and UC
UC
CD and UC
CD and UC
CD and UC

Tissue
Tissue
Tissue
Blood
Blood
Tissue
Tissue
Tissue
Tissue

CD, UC and IC
CD and UC

Tissue
Tissue

CD
CD
CD and UC
CD and UC
CD

Tissue
Tissue
Tissue
Tissue
Faeces

CD
CD

Tissue
Tissue

CD

Tissue

CD

Tissue

CD

Faeces

CD and UC
UC

Saliva
Tissue

CD, UC and IC
UC

Tissue
Tissue
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34/37 (92)
0/24 (0)
0/9 (0)
107/283 (37.8)
13/28 (46)
8/42 (19)
1/25 (4)
0/30 (0)
3/25 (12)
2/25 (8)
1/25 (4)
8/25 (32)
0/11 (0)
11/14 (79)
10/14 (71)
7/63 (11.1)
12/15 (80)
9/12 (75)
8/13 (61.5)
17/29 (59)
11/29 (38)
6/29 (21)
4/29 (14)
5/29 (17)
4/29 (14)
1/29 (3)
14/27 (51.9)
32/73 (43.8)
18/73 (24.7)
29/73 (39.7)
8/73 (11)
10/73 (13.7)
27/33 (82)
17/33 (51)
3/33 (9)
2/33 (6)
2/33 (6)
1/33 (3)
1/33 (3)
1/33 (3)
32/77 (41.6)
18/77 (23.4)
14/77 (18.2)
1/77 (1.3)
2/77 (2.6)
2/77 (2.6)
5/77 (6.5)
39/54 (72)
35/54 (65)
13/13 (100)

8/12 (66.7)
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UC

Reference
Control

1/28 (4)
0/11 (0)
50/144 (34.7)
4/9 (45)
5/33 (15.2)
0/26 (0)
3/18 (17)
0/18 (0)
3/18 (17)
5/18 (28)
1/20 (5)
8/21 (38)
10/21 (48)

7/7 (100)
11/19 (57.9)

5/5 (100)
32/77 (42)
30/77 (39)
2/77 (3)
3/8 (37.5)
51/69 (73.9)
23/69 (33.3)
15/69 (21.7)
14/69 (20.3)
3/69 (4.3)
4/69 (5.8)
2/69 (2.9)
1/69 (1.4)

9/34 (26)
6/19 (32)
0/10 (0)
135/402 (33.6)
3/15 (20)
7/74 (9.5)
0/29 (0)
0/25 (0)
1/23 (4)
1/23 (4)
0/23 (0)
14/23 (61)
0/37 (0)
10/24 (42)
7/24 (29)
1/16 (6.3)
1/10 (10)
2/8 (25)
4/15 (26.7)
1/11 (9)
1/11 (9)
0/11 (0)
1/11 (9)
0/11 (0)
0/11 (0)
0/11 (0)
4/24 (16.7)
43/92 (46.7)
16/92 (17.4)
39/92 (42.4)
6/92 (6.5)
10/92 (10.9)
12/52 (23)
1/52 (2)
0/52 (0)
2/52 (4)
0/52 (0)
2/52 (4)
3/52 (6)
2/52 (4)
23/102 (22.5)
12/102 (11.8)
11/102 (10.8)
1/102 (1.0)
0/102 (0.0)
2/102 (2.0)
4/102 (3.9)
10/33 (10)
11/33 (33)
57/59 (97)
11/59 (19)
2/59 (3)
9/59 (15)
11/26 (42.3)
15/65 (23.1)
7/65 (10.8)
2/65 (10.8)
5/65 (7.7)
4/65 (6.2)
0/65 (0)
0/65 (0)
0/65 (0)

[85]
[94]
[109]
[92]
[86]
[110]
[111]
[112]
[113]

[114]
[157]
[155]
[159]
[160]
[161]
[115]

[156]
[116]

[131]

[117]

[132]
[136]
[118]

[133]
[135]
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2011

2012
2013

2013

Campylobacter
C. concisus
C. showae
C. hominis
C. ureolyticus
C. gracilis
C. rectus
C. jejuni
AIEC
Helicobacter
H. brantae
H. hepaticus
Campylobacter
C. concisus
C. curvus
C. gracilis
C. hominis
C. rectus
C. showae
C. ureolyticus

CD and UC

Tissue

CD and UC
CD and UC

Tissue
Tissue

CD and UC

Tissue

12/15 (80)
10/15 (67)
1/15 (7)
1/15 (7)
2/15 (13)
1/15 (7)
0/15 (0)
1/15 (7)
1/17 (5.9)
4/29 (13.8)
1/59 (3.4)
1/59 (3.4)
22/29 (75.9)
13/29 (44.8)
2/29 (6.9)
1/29 (3.4)
9/29 (31.0)
0/29 (0)
9/29 (31.0)
0/29 (0)

11/13 (85)
9/13 (69)
2/13 (15)
1/13 (8)
1/13 (8)
1/13 (8)
1/13 (8)
0/13 (0)
1/10 (10)
1/13 (7.7)
0/13 (0)
0/13 (0)
9/13 (69)
4/13 (30.8)
0/13 (0)
0/13 (0)
5/13 (38.5)
0/13 (0)
5/13 (38.5)
0/13 (0)

18/33 (48)
12/33 (36)
2/33 (6)
3/33 (9)
2/33 (6)
0/33 (0)
0/33 (0)
0/33 (0)
0/23 (0)
5/42 (11.9)
0/42 (0)
0/42 (0)
32/42 (76.2)
16/42 (38.1)
3/42 (7.1)
2/42 (4.8)
14/42 (33.3)
4/42 (9.5)
9/42 (21.4)
2/42 (4.8)

[134]

[167]
[119]

[119]

CD: Crohn’s disease; UC: Ulcerative colitis; IC: Indeterminate colitis; IBD: Inflammatory bowel disease; MAP: Mycobacterium avium subspecies paratuberculosis; EHH: Enterohepatic Helicobacter; E. coli: Escherichia coli; AIEC: Adherent-invasive E. coli.

juni) as the leading cause of gastroenteritis worldwide[129].
The role of C. jejuni in human disease has been long
recognised and its prevalence in IBD investigated[130]. The
main advance in the last decade has been the recognition
of the importance of non-jejuni Campylobacter as human
pathogens. Zhang et al[131] found a higher prevalence of
Campylobacter concisus (C. concisus) DNA and IgG levels
in newly diagnosed paediatric patients with Crohn’s disease, even managing to culture C. concisus from a biopsy
sample, indicating viability. Another study using faecal
samples from newly diagnosed CD patients also found a
significant association with C. concisus, 35 of 54 CD patients testing positive and only 11 of 33 healthy controls.
This study also found that C. hominis was present in 13%
of Crohn’s samples, Campylobacter ureolyticus in 9%, Campylobacter showae (C. showae) in 4%, Campylobacter gracilis (C.
gracilis) in 2% and C. rectus in 2%. Interestingly C. gracilis,
Campylobacter rectus and C. showae were only detected in
patient samples[132]. Similar results have been obtained in
a number of studies in adult patients[119,133-136]. Mahendran
et al[134] also showed an increased prevalence in UC, a
finding supported by Mukhopadhya et al[135] who found
C. concisus DNA in biopsy samples in 23/69 (33.3%) of
UC patients compared to 7/65 (10.8%) of controls. This
study also found C. ureolyticus to be in higher prevalence
in UC patients. The most recent study found that although Campylobacter appear to be surprisingly common,
with positive PCR in 33/44 IBD patients and 32/42
controls, there was no association with IBD[119]. A dominant serological antibody response to C. concisus has been
documented in IBD patients indicating the prevalence of
infection[137,138]. Specifically CD patients have been shown
to recognise flagellin B, ATP synthase F α subunit and
outer membrane protein 18 of C. concisus[137].
The origins of Campylobacter have led to a few researchers looking into the risks of developing IBD after
acute gastroenteritis. A long term study published in
2009 documents the risk of developing IBD after acute
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infection with Campylobacter (C. jejuni) or Salmonella[139].
The findings indicated a significant increased risk in the
exposed group for subsequently developing IBD, which
has been supported by similar studies[140-142].
The pathogenesis of C. jejuni had been fairly well established prior to the last decade. C. jejuni has been used
to induce colitis in rodent models and previous exposure
correlated with disease severity[143]. The ability of C. jejuni
to attach and invade the gut epithelium is well documented[144]. The newest discovery has been that C. jejuni can
promote translocation of commensal luminal bacteria.
This is a natural process thought to be essential for immunological tolerance and mucosal surveillance in the GI
tract. Up regulation could affect the normal mucosal response to the intestinal microbiota leading to the chronic
immune-mediated intestinal inflammation of IBD[145]
A number of studies have demonstrated the ability of
C. concisus to colonise and adhere to intestinal epithelial
cells, causing cell damage and microvillus degradation[146].
Man et al[146] comprehensively described the method of C.
concisus attachment and invasion. They showed C. concisus
to attach to the intracellular junction, disrupting barrier function - increasing permeability by causing a loss
of tight junction proteins and decreasing transepithelial
electrical resistance and to invade by a process mediated
by polar flagellum[147]. Other non-jejuni Campylobacters have
also been shown to be invasive and induce pro-inflammatory cytokines as well as producing a number of virulence
factors such as haemolysins, cytolethal distending toxin
and zonula occludens toxin[129,147-151]. These mechanisms
could have an important bearing when one considers a
causative role for this group of pathogens in IBD.
Adherent and invasive Escherichia coli
A specific pathogenetic group of Escherichia coli (E. coli),
adherent-invasive E. coli (AIEC) have recently been extensively implicated in human IBD and are currently one
of the most exciting players in the pathogen story. This
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group are characterised by their ability to adhere and
invade epithelial cells using actin microfilaments and microtubule recruitment. AIEC strains have been shown to
be the cause of granulomatous colitis in boxer dogs and
to induce granulomas, similar to early epithelioid granulomas, in vitro[152-154]. Similarly to the previously discussed
bacteria, they have been documented to induce colitis in
infected animals.
There is a growing body of evidence supporting
the prevalence of AIEC in human disease. A number
of studies initially showed a disproportionate increase
in Enterobacteria as a whole[36,47]. When looking at AIEC
organisms specifically, Darfeuille-Michaud et al[154] found
them to be more prevalent in ileal Crohn’s lesion tissue
(36.4%) then controls (6.2%)[155]. This study also found
that AIEC seemed to be rarely found in colonic tissue
with 3.7% detected from Crohn’s patients and 1.9% from
controls, and none in UC specimens. This suggests a
specific association of AIEC with ileal Crohn’s. The findings of this initial study have been backed up by many
researchers obtaining similar results[28,156-162]. Additionally,
antibodies to the E. coli membrane protein C and the CD
associated bacterial sequence I2 have been shown to not
only be more prevalent in CD but also to be associated
with more severe disease, with small bowel involvement,
faster disease progression and increased need for surgical
intervention[158,163].
The mechanism by which AIEC might induce colitis
has been fairly well established towards the end of the
decade. AIEC have type one pili and flagella that can
bind to host adhesion receptor carcinoembryonic antigen-related cell adhesion molecule 6 (CEACAM6)[164,165].
CEACAM6 has been shown to be more highly expressed
in ileal CD tissue, to be increased after-γ or TNF-α stimulation and to be upregulated by AIEC itself[164,165]. AIEC
have also been shown to possess long polar fimbriae
and so can cross the mucosal barrier to access lymphoid
cells[166]. They can then invade macrophages without inducing cell death, allowing them to replicate and continuously activate immune cells, triggering TNF-alpha release
and granuloma formation, which are hallmarks of Crohn’
s disease. In fact the use of TNF-alpha antibodies has
been shown to decrease the number of intramacrophagic
bacteria, relating this to the success of anti-TNF therapy
and further supporting the role of AIEC[167].

epithelial cells, increasing IL-8 and TNF-α secretion,
providing a mechanism whereby F. varium infection may
induce inflammation similar to that seen in IBD[169].
A similar association has also been found with Klebsiella infection, with Anti-Klebsiella antibodies found more
commonly in IBD patients than in controls with the bacteria being implicated in disease relapses[170]. Klebsiella pneumoniae has recently been shown to increase the severity of
colitis in mouse models, increasing COX-2, IL-1β, IL-6
and TNF-α expression and reducing tight junction associated proteins[171]. Colitis has been shown to be induced
even in wild type mice highlighting the high pathogenic
potential of this bacteria[172].
The role of Salmonella infection has been postulated
from numerous studies that have documented the risk
of developing IBD after acute Salmonella gastroenteritis[130,140-142]. When searching for a mechanism it has been
found that a Salmonella virulence factor, the invasionassociated type Darfeuille-Michaud secretion system induces inflammation by activation of the NOD1/NOD2
signalling pathways[173]. This ties Salmonella nicely to the
growing body of research into the genetics of IBD, supporting the role of the pathogen.
The potential role of Yersinia was proposed at the
beginning of the last decade based upon the observed
parallel increase in IBD and refrigeration, “the cold chain
hypothesis”[174]. Similarly to Salmonella and Campylobacter
there has been evidence that acute Y. enterocolitica infection increases the short and long term risk of developing
IBD[175]. Despite some later successes in isolation Yersinia
from IBD patients there has yet to be a compelling body
of evidence coupling the prevalence of Yersinia with established IBD[176-178].

MODULATION OF THE GUT MICROBIOTA
AS A TREATMENT OPTION IN IBD
PATIENTS
The past decade has seen rapid and definitive strides in
determining distinct changes in the gut microbiota in
patients with IBD. The effects seem to be global, involving not only the physical composition of the principal
components but also significantly altering their function.
The role of individual pathogens in this complex milieu
still needs to be elucidated. The proof of concept of
“dysbiosis” as an important step towards developing IBD
needs to be proven with therapeutic trials attempting to
reverse the process.

Other putative bacterial pathogens
In the last decade, there has been renewed focus in studying the role of various other bacterial strains in the aetiopathogenesis of IBD as well. The role of Fusobacterium
was studied in mucosal biopsies of patients with IBD
and was found to be significant compared to controls in
a number of studies prior to this review period. More
recently seropositivity to Fusobacterium varium (F. varium)
infection was found to be higher in UC patients as opposed to controls with increased severity of disease in
seropositive UC patients[168]. Further study has revealed
the ability of F. varium to adhere to and invade colonic
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Role of probiotics and prebiotics
Probiotics are beneficial microorganisms that, when ingested, may influence the gut microbiota composition,
metabolic activity and immunomodulation to confer
benefit to the host[179]. They can alter microbial diversity through competitive inhibition of other microbes,
increase mucosal barrier function through the production of short chain fatty acids (SCFA) and interact with
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intestinal DC to stimulate an anti-inflammatory response[180-183]. These probiotic strains must be of human
origin, be non-pathogenic and have the intrinsic ability
to survive the gastrointestinal transit in order to confer
maximal benefit[184]. The most common probiotics used
in the treatment of IBD have been Lactobacillus sp, Bifidobacterium sp, Sacchromyces bouladrii, E. coli Nissle 1917 and
the probiotic combination VSL#3[185-192]. The strongest
indication for the use of probiotics in IBD has been in
the treatment of pouchitis in the post-operative setting in
UC patients[193]. E. coli Nissle 1917 and VSL#3 have been
found to be effective in preventing relapse and inducing
remission in this setting[194-197]. The data is not very robust
with respect to the role of probiotics maintaining remission in UC and a recent Cochrane Database System Review has not recommended its use[198]. The current body
of evidence does not show any demonstrable benefit in
patients with CD[199,200].
Prebiotics are non-digestible oligosaccharides that
are selectively fermented in the colon into SCFAs and
can alter microbial composition and activity and confer
benefit to the host[201]. Examples include inulin, fructooligosaccharide (FOS), galactooligosaccharides and
lactulose[202-207]. Prebiotics can selectively stimulate the
growth of certain probiotics such as Lactobacillus and
Bifidobacterium, decrease intraluminal pH and increase
the production of SCFA, such as acetate and butyrate,
which play an important role in epithelial and DC function[208,209]. SCFAs have also been found to have an antiinflammatory effect[210]. In an open labelled trial FOSuse
decreased the disease activity index in patients with active
CD and resulted in increased faecal Bifidobacterium, but
this benefit was not demonstrated in a subsequent randomized placebo controlled trial[206,207]. Another prebiotic
inulin showed some promise in a randomized controlled
trial in patients with UC and was also found to decrease
inflammation in patients with pouchitis[203,204]. A couple
of studies have also found a potential role of germinated
barley foodstuff in maintaining remission in patients with
active UC[211,212]. Lastly, some benefit was also accrued
with the use of Ispaghula husk in patients with UC[213].
The important studies and their brief outcomes are summarized in Table 2.

ing of which bacteria may be involved in the initiation
of inflammation, lack of specificity and the potential for
antibiotic resistance. There have been several trials in the
past studying the specific role of anti-mycobacterials in
the treatment of CD and this has been summarized in a
European consensus document which has deemed the
futility of such treatment[218].
Faecal transplantation
Faecal transplantation or faecal microbial therapy (FMT)
as it is more commonly known is a technique in which
stool is taken from a healthy surrogate and inserted into
an unhealthy person, with curative intent[219]. The origins
of faecal transplantation as a method of treating enteric
pathology can be traced back for more than two millennia, when it was used as a traditional Chinese medicine to
treat diarrhoea[220].
In recent times, FMT is perhaps best known for its
potential role in treating Clostridium difficile (C. difficile)
infectious diarrhoea[221]. After donor-faeces infusion in a
group of patients infected with C. difficile, there was an
alteration in the gut microflora with an increased faecal
bacterial diversity, similar to that in healthy donors, with
an increase in Bacteroidetes species and Clostridium clusters
and a decrease in Proteobacteria species. This therapeutic benefit by FMT as documented in this trial, would
theoretically have a beneficial effect in patients with IBD
as well. The use of this form of intervention is still restricted to few exploratory trials. Donor faecal enemas
were given to a group of ten children over five days with
moderate to severe UC and resulted in 78% clinical response after a week and 67% with sustained response
after a month in the nine children who could tolerate the
treatment[222]. This was similarly documented in a subset
of six adult UC patients who were treated over a period
of 5 d. Complete reversal of symptoms was achieved in
all patients by 4 mo, by which time all other UC medications had been ceased and at 1 to 13 years post FMT and
without any UC medication, there was no clinical, colonoscopic, or histologic evidence of UC in any patient[223].
However, a single infusion in six adult patients with severe UC did not have a similar beneficial effect and the
faecal microbiota changed to the donor phenotype in
only 50% of those treated, suggesting that as opposed to
treatment of C. difficile a prolonged treatment is indicated
in IBD[224]. Although the data described above is certainly promising, there is clearly a need to move on from
individual case reports and conduct more large scale
randomised control trials before any benefit of FMT can
be claimed with any certainty. Some concerns have also
been raised regarding safety and side effects, with some
IBD patients suffering mild side effects following FMT,
and the obvious issues surrounding potential transmission of host infectious disease[224]. The efficacies of different administration techniques and dosing regimens for
FMT also need to be refined and investigated. Literature
to date describes a range of methods including colonoscopy, duodenal or gastric tubes and self-administered

Antibiotics
A couple of recent meta-analyses on antibiotics in IBD
found that the use of antibiotics improved clinical outcomes of patients with IBD[214,215]. There is evidence that
metronidazole and ciprofloxacin are useful in the treatment of CD and pouchitits[216,217]. Support for the use of
antibiotics as the primary treatment in UC is less convincing, however, there are some studies which suggest
that rifaximin and ciprofloxacin could be useful as an adjunctive treatment for UC[214]. The mechanisms through
which antibiotics are thought to benefit patients with
CD are through the inhibition of pathogenic bacteria or
through reducing overall bacterial numbers. The main issues with antibiotic treatment include lack of understand-
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Table 2 Probiotics and prebiotics in inflammatory bowel disease
Active component
Lactobacillus

Study

Design

CD remission

RCT

IBD

Bifidobacterium

n

Duration

98

6 mo

40

1 mo

Active UC

RCT

20

12 wk

Active UC

Open label

12

4 wk

16

3d

327

12 mo

C57BL/6 mice Experimental

E. coli Nissle 1917

UC remission

VSL#3

UC remission

Open label

34

6 wk

Active UC

RCT

29

12 mo

Active UC

RCT

19

2 wk

Pouchitis

RCT

20

3 wk

Inulin

Inulin and FOS

FOS

HLA-B27 rat
model IBD

12 wk

Active CD

RCT

103

4 wk

Active CD

Open label

10

3 wk

Intervention

Result

Lactobacillus johnsonii LA1 4 ×
No difference
109 cfu/d
Lactobacillus rhamnosus
Anti-inflammatory effects
GR-1 and L. reuteri RC-14
supplemented yogurt
Bifido-fermented milk [B. breve, Decreased clinical activity (P < 0.05)
B. bifidum and acidophilus] (1 × decreased endoscopic/histological
1010) or placebo
scores (P < 0.01)
BGS 4.5 g/d
Decrease in clinical activity index (P
< 0.01) and endoscopic scores (P <
0.05)
B. bifidum S17
Decrease in microscopic
inflammation and reduction in
inflammatory cytokines
200 mg E. coli Nissle 1917 or
E. coli Nissle 1917 was equivalent
1500 mg mesalazine/d
to mesalazine in maintaining
remission
VSL#3, 3.6 × 1012, bacteria/d
ITT analysis demonstrated
remission in 18/34 and response in
8/34
VSL#3 450-1800 billion
Remission was achieved in 13/14
bacteria/d
VSL#3 and 4/15 placebo (P < 0.001)
Relapses within 1 yr of followup
occurred in 3/14 VSL#3 and 11/15
placebo
Endoscopic and histological score
were significantly lower in VSL#3
vs placebo (P < 0.05)
3 g/d mesalazine and either
Dyspeptic symptoms scale
12 g/d oligofructose-enriched
decreased significantly and an
inulin or placebo
early reduction of calprotectin was
observed in oligofructose-enriched
inulin group
24 g/d inulin or placebo
Reduction in inflammation, increase
butyrate conc and decreased
inflammation associated factors
8 g/kg body weight inulin or FOS increased Bifidobacterium spp.
FOS
FOS and inulin reduced Clostridium cluster XI and C. difficile toxin
gene expression correlating with
a reduction of chronic intestinal
inflammation
15 g/d FOS or placebo
No clinical benefit, despite impacting on DC function
15 g/d
Significant reduction in Harvey
Bradshaw index (P < 0.01) significant increase in faecal bifidobacteria
conc. (P < 0.001) and modifies DC
function

Reference
[185]
[186]

[187]

[188]

[189]

[190]

[191]

[192]

[203]

[204]

[205]

[206]
[207]

CD: Crohn’s disease; UC: Ulcerative colitis; IBD: Inflammatory bowel disease; RCT: Randomized control trial; FOS: Fructooligosaccharides; E. coli: Escherichia coli.

enema yet to date there is no clear evidence to support
one method over any other. There is no doubt that manipulation of the gut microbiota could have enormous
therapeutic potential and FMT will play an important role
in its future.

ize the gut microbiome more accurately and host genomic analysis that can explore the vast genetic universe of
IBD. At the heart of the inflammatory process in IBD is
“dysbiosis” of the gut microbiome, which may be driven
by host genetics and environmental factors like diet. The
next decade will help unravel the intricacies of the host
immune defences that determine this intriguing hostmicrobiome ecology. The relationship of the genotype
of the host and the extent to which it determines the
composition of the microbiome needs to be elucidated.
It will open the doors to more “personalized” therapeutic

CONCLUSION
The understanding of the aetiopathogenesis of IBD has
undergone radical shifts in the past decade with the advent of modern molecular techniques that can character-
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interventions, which would encompass the host genotype
and serotype, the disease phenotype, the gene expression
profiles of the immune cells and the microbiome composition to decide the best strategy for treating patients with
IBD. This will usher in a paradigm shift in patient management with a move away from standard generic therapy
to a scientific, tailored approach based on the needs of
individual patients.
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Core tip: Treatments with mesenchymal and hematopoietic stem cells offer a potential that requires indepth investigation. Existing studies are encouraging
yet inconclusive. We are at a point of inflexion where
these new therapies are seen to afford major curative
potential. The coming years will be decisive. The information obtained from ongoing and future clinical trials
may lead a revolution in inflammatory bowel disease
management and its impact upon patients. Undoubtedly, as twenty-first century gastroenterologists, we
must expand the scope of our specialty and seek multidisciplinary interaction for the benefit of our patients.

Abstract
Inflammatory bowel disease (IBD) affects a part of the
young population and has a strong impact upon quality of life. The underlying etiology is not known, and
the existing treatments are not curative. Furthermore,
a significant percentage of patients are refractory to
therapy. In recent years there have been great advances in our knowledge of stem cells and their therapeutic
applications. In this context, autologous hematopoietic
stem cell transplantation (HSCT) has been used in application to severe refractory Crohn’s disease (CD), with
encouraging results. Allogenic HSCT would correct the
genetic defects of the immune system, but is currently
not accepted for the treatment of IBD because of its
considerable risks. Mesenchymal stem cells (MSCs)
have immune regulatory and regenerative properties,
and low immunogenicity (both autologous and allogenic MSCs). Based on these properties, MSCs have
been used via the systemic route in IBD with promising
results, though it is still too soon to draw firm conclusions. Their local administration in perianal CD is the
field where most progress has been made in recent
years, with encouraging results. The next few years will
be decisive for defining the role of such therapy in the
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INTRODUCTION
Ulcerative colitis (UC) and Crohn’s disease (CD) are the
two main conditions found in inflammatory bowel disease (IBD). The incidence and prevalence of IBD have
gradually increased in recent years. It is estimated that
in Europe 1.4 million and one million people may have
UC and CD, respectively[1]. In the United States over
1.3 million people have IBD[1]. Furthermore, in the last
few decades there has been an increase in the disease in
low-incidence zones as South Korea, China, India, Iran

1211

February 7, 2014|Volume 20|Issue 5|

Martínez-Montiel MP et al . Therapy with stem cells in IBD

Lebanon, Thailand, the French West Indies, North Africa
and Japan[2,3]. IBD poses an important health problem,
since its worldwide incidence is increasing[1], the condition affects young people, and persists for life - exerting a
strong impact upon quality of life, in the professional setting, and in patients’ personal relations[4,5]. Furthermore,
IBD is associated with considerable healthcare costs[6,7].
Although the etiology of IBD remains unclear, there
have been significant improvements in our knowledge of
its physiopathology, allowing advances in treatment and
a change in the current therapeutic objectives. Before the
introduction of anti-tumor necrosis factor-alpha (antiTNFα) drugs, the management of IBD was centered on
symptoms control. Drug substances (mesalazine, corticosteroids, thiopurines, methotrexate and cyclosporine)
were used to induce and maintain disease remission.
Although endoscopic disappearance of the lesions was
known to occur in CD patients subjected to thiopurine
therapy[8], the significance of mucosal healing was not
known, and consequently did not constitute a therapeutic
objective. The introduction in 1998 of anti-TNFα drugs
for the treatment of CD improved the clinical outcomes
of therapy, and mucosal healing was found to be associated with a good prognosis, fewer hospital admissions
and surgical operations, and improved quality of life[9].
Later studies of both CD and UC showed mucosal healing to be a therapeutic objective[10-17]. In this context, current treatment focuses on achieving “deep remission” of
IBD (symptoms control and endoscopic healing of the
mucosal lesions)[14,15,18,19]. The purpose of treatment is to
control the symptoms and the underlying intestinal inflammatory process (which is responsible for the progressive intestinal damage), and to restore normal intestinal
function. Accordingly, in CD we aim to avoid structural
intestinal damage, reduce disability over the long term,
and improve patient quality of life. In the case of UC,
we aim to reduce the percentage of colectomies and the
incidence of colorectal cancer, and improve patient quality of life. All these strategies are aimed at changing the
natural course of the disease.
However, despite the efforts being made to optimize
use of the existing drugs, the current situation is far
from ideal. Approximately one-third of all CD patients
fail to respond to anti-TNF α therapy (primary nonresponders)[9,11,20,21], and 10% of all CD patients do not
tolerate or are primary non-responders to all the drugs
used for treating the disease. Among the individuals who
do respond to anti-TNFα treatment, one-third show
transient loss of response and require either optimization or a switch to another biological agent (secondary non-responders)[22]. Furthermore, despite the new
therapeutic strategies, the number of surgeries in CD
remains stable[23]. Esophageal cancer (EC) is the second
leading cause of intestinal transplantation in adults, as
a consequence of the development of intestinal failure
secondary to multiple surgical operations. In this context,
disease recurrence in the graft is the norm[24,25]. Perianal
disease can be a serious problem that proves difficult to
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control with the existing treatments, and refractory cases
are subjected to aggressive surgery associated with a
considerable psychological impact for the patient[26,27]. In
addition to the above, it must be mentioned that IBD is
becoming more common in the pediatric population, and
patients now report to the clinic as adults with a history
of multiple intestinal resections and immune modulating treatments with or without biological agents. In this
population group, gastroenterologists predict that there
may be a loss of response over the long term, and the
future of these patients thus appears uncertain. Lastly, in
some patients who do not respond to medical treatment,
surgery is unable to solve the problem due to the location
and extent of the lesions.
The situation is different in the case of UC, since in
severe disease flare-ups and in patients resistant to medical treatment, costly surgery in the form of colectomy is
a therapeutic option.
All this leads us to seek new treatment options. In
recent years, efforts have increasingly focused on the
study and use of cell therapies with T lymphocytes[28],
tolerogenic dendritic cells[29] and both hematopoietic and
mesenchymal stem cells (MSCs). The present review examines the role of stem cells in the control of IBD. An
analysis is made of the physiopathological principles of
stem cell therapy, the results of the studies carried out to
date, and the future perspectives in this field.

PHYSIOPATHOLOGY OF IBD
Advances in our knowledge of the pathogenesis of IBD
are the basis for the development of new treatments.
At present, IBD is regarded as the result of an abnormal host immune response to intraluminal antigens
occurring in a genetically predisposed individual, with the
production of chronic inflammation of the gastrointestinal tract, accompanied by tissue destruction. IBD is the
consequence of complex interaction among genetic[30,31],
environmental[1] and microbial factors[32], producing sustained inflammation at intestinal level, favored by alteration of the mucosal barrier and immune system defects[33].
Under normal conditions, the intestine presents
minimal physiological inflammation, despite exposure
to a large number of intraluminal microbial and food
allergens, and the presence of a significant number of
lymphoid cells (80% of all lymphocytes are located in
the intestine)[33,34]. This situation is the result of complex
mechanisms involving innate immunity[35-39], represented
by the epithelial mucosal barrier, innate cell immunity
(leukocytes, monocytes, macrophages and dendritic cells),
and innate humoral immunity (e.g., lysozyme, complement
and interferons). While this innate response is not specific, it is able to differentiate so-called pathogen-associated
molecular patterns, and to activate different intracellular
mechanisms that condition or orientate the adaptive response. On the other hand, dendritic cells serve as the
link between innate and adaptive immunity, presenting
antigens to naïve Peyer’s patch lymphocytes and inducing
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their differentiation[40]. The Lymphocytes are the main effector cells of the adaptive immune response, and are activated at intestinal level to eliminate pathogenic antigens.
Once the antigens have been eliminated, the lymphocytes
are down-regulated, thereby maintaining intestinal homeostasis[38]. Lymphocytes are memory cells, and when
they are exposed again to an already identified antigen,
the immune response is both faster and more potent than
at first exposure. The physiological mechanisms whereby
the intestine differentiates pathogenic and non-pathogenic antigens, and the pathways involved in the correct
maintenance of intestinal homeostasis, are not clear. We
do know that a balance between regulatory T cells (Treg)
and effector T cells (Th1, Th2 and Th 17) is essential for
intestinal homeostasis[41,42].
It remains unclear whether the inflammatory process
damages the mucosal barrier and thus allows penetration of the intraluminal antigens, thereby activating the
inflammatory process, or whether mucosal barrier alteration is the primary event that in turn triggers the inflammatory response.
In recent years there have been major advances in the
knowledge of the aspects that are believed to be involved
in the development of IBD.
The genetic bases of IBD were recognized early in
clinical practice in view of the increased incidence of the
disease in homozygous twins, in first-degree relatives, and
in certain ethnic groups[43-46]. At present, genome-wide
association scan studies (GWAS) have identified over
100 loci related to the development of IBD[47]. A GWAS
meta-analysis has revealed 77 genes associated to CD, the
existence of shared genes between CD and UC[30], and 47
loci related to UC[31]. This suggests there are overlapping
genes in both disease conditions which predispose to the
development of IBD [genes with expression products
that encode for the interleukin (IL)-23 pathway, transcription factors such as NK2, locus 3 (NKX2-3), SMAD3,
STAT3, ZMIZ1 and c-REL], by encoding for proteins involved in the innate and adaptive immune responses[48-50].
Likewise, there are genes implicated in the development
of CD such as NOD2, and genes that regulate autophagia[51,52], while other genes are specifically associated to
UC, such as the genes located on chromosome 6p21 (related to the major histocompatibility complex), or to mucosal barrier integrity and defense[47]. On the other hand,
genetic factors have been shown to be associated to the
phenotype of the disease, its pattern, evolutive course
and response to drug treatment[53-57]. Genetic disorders
in IBD are multiple and complex, and unfortunately we
are able to predict less than 25% of hereditary correlations in IBD[58]. The exception is represented by IL-10
receptor alteration, which is associated to severe CD, and
seen in children refractory to treatment and with a good
response to allogenic hematopoietic stem cell transplantation (HSCT)[59].
Epidemiological studies have shown that environmental factors are essential for the development of IBD,
and could account for the increase in the presence of the

WJG|www.wjgnet.com

disease in developing countries[1]. These environmental
factors could exert a direct influence upon changes in
the intestinal microbiota, or on the appearance of new
intraluminal antigens from foods or environmental toxic
agents. Diet and antibiotics are the most important determining factors of bacterial diversity in the gastrointestinal
tract, and their modification runs parallel to the socioeconomic development of countries[60]. The microbiota plays
a key role in the development of IBD among genetically
susceptible hosts[61]. In this regard, a recent publication
addresses the possible infectious origin (produced by an
unknown bacterium) of a case of colitis with histological
data indicating chronicity and the presence of granulomas. The condition is considered idiopathic, and occurs
in patients subjected to umbilical cord allogenic hematopoietic cell transplantation[62]. This opens a door to the
future search for microbial agents in similar disease conditions characterized by an unknown etiology.
Lastly, intestinal homeostasis is lost in IBD as a result of defects in the intestinal epithelial barrier and/or
imbalances between Treg and effector T cells (Th1, Th2,
Th17) - giving rise to an inappropriate immune response
to harmless intraluminal antigens (components of the
diet) or intraluminal bacteria[42,63].
It is currently accepted that the predominant inflammatory profile in CD involves a type Th1 and Th17
activated CD4+ lymphocyte response, with an increase
in interferon-γ (IFN-γ), TNFα, IL-17 and IL-22[64]. In
UC, the cytokine profile is similar to that of the natural
killer (NK) cell mediated Th2 response, producing IL-5
and IL-13. This latter interleukin is crucial for the development of UC, exerting cytotoxic action against the
epithelial cells and positive feedback upon the NK cells,
resulting in tissue damage[64,65].
Improved knowledge of the pathways leading to inflammation, and of the implicated cytokines, cells and
adhesion molecules, have allowed the identification of
many therapeutic targets upon which to act. Until the
causal agent can be identified, these are the advances
which can help us in the search for new drug substances.
Stem cell therapy aims to modify the immune response of patients with IBD and repair the tissue damage
caused.

STEM CELL THERAPY
Stem cells are characterized by asymmetrical division, giving rise to a cell with the same properties as the original
cell (self-renovation), and another cell of multilineage
potency that can differentiate in one way or another depending on environmental conditions.
There are different types of stem cells, depending on
their origin and functions[66].
Embryonic stem cells
These are pluripotent cells obtained from embryos, and
which can produce all the tissues derived from the three
embryonic layers both in vitro and in vivo.
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pertaining to hematological cell lines[70]. In clinical practice, HSCT was initially used to treat hematological malignancies. Subsequently, as a result of experimental studies
in animals[71,72] and the clinical improvement experienced
by patients with immune-mediated diseases (IMDs)
subjected to HSCT due to malignant conditions[73,74],
HSCT has become increasingly used in selected patients
with IMDs refractory to conventional therapy[75,76]. The
treatments used at present in application to IBD aim to
control the inflammatory process but do not act upon
the origin of the disease. The therapeutic objective of autologous HSCT would be to restore the primary immune
system of the patient (resetting of the immune system),
after using chemotherapy to eliminate self-reactive T
lymphocytes (lymphoablation) and memory cells, which
would constitute the effectors of the immune dysregulation observed in CD[77], thereby inducing antigen tolerance over the long term. Based on studies carried out in
other IMDs[78,79], the changes of the new immune system
could be the result of reactivation of thymus gland activity (with the restoration of new polyclonal T cells) and the
de novo induction of Treg derived from the thymus, which
would be essential for restituting tolerance of harmless
antigens[80-82]. Genetic factors are crucial in the development of IBD, and are not modified by autologous HSCT.
IBD might reappear after exposure to triggering antigens,
and the body would probably respond in the same way.
However, and in the worst of cases, the available therapies may be prescribed earlier in an attempt to change
the natural course of the disease, or while waiting for the
development of new treatments.
In any case, allogenic HSCT can correct the genetic
defects of the patient by conforming a new immune
system (that of the donor), associated to ablation of the
immune cells of the recipient[77]. This transplant strategy
is currently not accepted as primary treatment for IMDs,
due to its high associated mortality and complications
rate.
In 1995, an international committee produced guidance with the criteria and protocols for performing HSCT
in patients with severe IMDs, including IBD[83]. The committee recommended autologous HSCT instead of allogenic transplantation, due to its lower risk and toxicity.
HSCT in IMDs is carried out following the protocol
used in the treatment of hematological malignancies.
In autologous HSCT, the hematopoietic stem cells are
obtained from peripheral blood in 95% of all cases. To
this end, a first mobilization step is carried out, stimulating the production and release of stem cells from the
BM towards the peripheral blood compartment. The
treatment scheme most widely used in CD is cyclophosphamide 1.5-2 g/m2 and granulocyte colony stimulating
factor (G-CSF) 10 μg/kg per day[84-86]. Peripheral blood
stem cells are then collected through apheresis followed
by cryopreservation until HSCT is performed. Before reinfusing the hematopoietic stem cells, some work groups
use local protocols to purify cell culture, selecting CD34+
cells or selectively eliminating lymphocytes by means

Table 1 Two types of stem cell therapy are currently used
for the treatment of inflammatory bowel disease
Type of therapy

Mechanisms of action

Hematopoietic stem cells Autologous transplant: Elimination of reactive
T lymphocytes (lymphoablation, new reconstitution of the immune system of the patient
with more tolerogenic naïve lymphocytes).
The genetic predisposition of the patient is not
modified
Allogenic transplant: Replacement of the immune system with the donor immune system,
correcting patient genetic predisposition. Not
accepted due to high morbidity-mortality
Mesenchymal stem cells Systemic and local administration: Immune(autologous or allogenic) modulating and trophic action

Multipotent adult stem cells
These cells are found in all body tissues, where they may
have reparatory functions. Hematopoietic stems cells
(HSCs) and MSCs belong to this category. Both types are
found in bone marrow, though MSCs can be obtained
from different tissues (bone marrow, adipose tissue, umbilical cord, placenta, etc.), do not produce hematopoietic
cells, and can differentiate towards cells belonging to the
mesenchymal lineage.
Induced pluripotent stem cells
These are defined as artificial pluripotent stem cells[67]
that can be generated from somatic cells following the
introduction of reprogramming factors (OCT314, SOX2,
KLF4, c-MYC, NANOG and LIN28). These cells acquire the same properties as pluripotent stem cells, and
their phenotypic differentiation can be redirected according to the culture media used. These cells pose no ethical
problems, since they are not of embryonic origin. As a
result, they are currently under study for the development
of organs and the repair of tissues carrying the genome
of the sick patient[68].
The use of embryonic stem cells and induced pluripotent stem cells has been associated to the development
of teratomas following transplantation. This fact, and the
present impossibility of eliminating undifferentiated cells
produced as a result of division, poses a serious problem
for clinical use[69].
Two types of stem cell therapy are currently used for
the treatment of IBD: hematopoietic stem cell therapy
and MSCs therapy (Table 1). Most treatment evaluations
are made in CD patients, since in UC patients surgery is
an option in the case of resistance to therapy.

HEMATOPOIETIC STEM CELL THERAPY
IN IBD
Hematopoietic stem cells are immature cells found in
bone marrow, the bloodstream and the umbilical cord.
They present glycoproteins as CD34+, CD 90+, CD38-,
CD133 at surface level and can differentiate towards cells
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of monoclonal antibodies (anti-CD52, anti-CD3, antiCD19 or anti-CD20)[84]. Other groups do not eliminate
lymphocytes[85]. Finally, the conditioning stage (elimination
of self-reactive T cells) is carried out, using cyclophosphamide and anti-thymocyte immunoglobulin[86], and hematopoietic cell infusion is carried out at the end of this
stage.
The conditioning regimens used vary according to
the autoimmune disease and the treating center[87]. Nonmyeloablative conditioning regimens have been specially
designed for IMDs. In the case of IBD, lymphoablation is
performed without irreversible destruction of the hematopoietic cells of the BM, and marrow function could be recovered without the infusion of hematopoietic stem cells.
Reinfusion is performed to shorten the duration of BM
aplasia. The reasons for not using myeloablative regimens
would be safety in first place, since lymphoablative protocols present fewer complications and a lower mortality
rate. On the other hand, IBD recurrence after autologous
HSCT is highly probable, since the immune system of the
patient is regenerated. In turn, following a very aggressive
initial phase, some IMDs undergo spontaneous remission
for reasons that are unknown, and in these patients such
aggressive therapy would be unnecessary[81].

three of the four patients in the period between stem cell
harvesting and transplantation. The phase Ⅲ Autologous
Stem Cell Transplantation International Crohn’s Disease
(ASTIC) study, sponsored by the European Crohn’s and
Colitis Organisation (ECCO) and the European Group
for Blood and Marrow Transplantation (EMBT), was
designed to clarify this issue. The patients included in this
study were randomized to two treatment arms: mobilization chemotherapy with G-CSF and autologous HSCT
in 30 d vs mobilization chemotherapy with G-CSF and
conditioning with autologous HSCT after 13 mo. The
preliminary results have been presented in the ECCO
of 2013, concluding that HSCT appears to be effective
in CD patients, affording endoscopic improvement of
the lesions. However, it involves a risk of adverse effects,
and the end results referred to the trial objective are still
awaiting analysis[97].
It is difficult to know the precise results of autologous HSCT in CD, due to the few patients treated to
date. In the series published by Burt et al[94], which is the
most numerous to date, all patients (n = 24) entered remission (CDAI < 150) after transplantation. Over subsequent follow-up, the percentage of patients in remission
without the need for CD treatment was 91%, 63%, 57%,
39% and 19% after one, two, three, four and five years,
respectively. Regardless of the medication taken, the percentage of patients annually in remission in the 5 years
after transplantation was 70%-80%. Eighty percent of
patients were in corticosteroid-free remission each year,
in the 5 years after transplantation. Regarding the safety
of the procedure, infectious complications during the
first year were the most significant problem, though mortality was zero (one patient died in an accident).
The overall safety of HSCT in the treatment of autoimmune diseases can be assessed from the two large
recently published registries: that of the EMBT, and the
registry of the British Society of Blood and Marrow
Transplantation (BSBMT). The results of the observational study of the EMBT, documenting the course of
900 patients subjected to autologous HSCT between
1996-2007, showed the 5-year survival rate to be 85%,
with a patient disease-free rate of 43% - though there
were important variations depending on disease type. In
the multivariate analysis, mortality was found to be related to the experience of the center (P < 0.003) and type
of autoimmune disease (P < 0.03). An age of less than
35 years (P < 0.004), transplantation after the year 2000 (P
< 0.0015), and type of autoimmune disease (P < 0.0007)
were associated to a disease-free patient course[87].
In 2012, Snowden et al[86] published the results on
HSCT in patients with IMDs documented in the BSBMT
registry between 1997-2009 (70 transplants in 69 patients:
55 autologous cell transplants and 15 allogenic transplants). The survival rate in the case of autologous transplants was 85% in the first year and 78% after 5 years.
The corresponding figures for allogenic transplantation
were 87% and 65%, respectively. The disease-free rate
for autologous transplants was 51% in the first year and

Autologous HSCT in EC
The first case reporting the efficacy of autologous HSCT
in the control of CD was published in 1993, and corresponded to a patient with non-Hodgkin lymphoma[88].
Subsequently, isolated cases of IBD improvement in patients receiving autologous HSCT for malignancies were
published[89-92]. In 2003, the Chicago group published the
first series of CD patients subjected autologous HSCT as
primary treatment for IBD[93]. A later publication by this
same group[84] reported the results of autologous HSCT
(phase Ⅰ trial) in 12 patients with CD and EC activity index (CDAI) scores of 250-450, refractory to conventional
treatment, including infliximab. Eleven patients presented
disease remission, defined by CDAI < 150, with a mean
follow-up of 18.5 mo (range 7-37 mo). In 2008, Cassinotti et al[85] published the clinical results of autologous
HSCT in four CD patients. Clinical and endoscopic remission was observed in three subjects after 16.5 mo of
follow-up (phase Ⅰ-Ⅱ trial). Unlike the Chicago group,
these authors do not perform CD34+ cell selection before
hematopoietic stem cell infusion. Since then, some isolated cases as well as larger patient series have been published in which the primary objective of HSCT has been
the control of refractory CD[82,94-96]. In the series published by Hasselblatt et al[96], 56% of patients achieved endoscopic healing of mucosal lesions after cell transplantation - these data being similar to those obtained in the
phase Ⅲ trials with anti-TNFα[9-11]. The study carried out
by Oyama et al[84] reported improvement of CD following
the cell mobilization phase with low dose cyclophosphamide and G-CSF, and suggested that the improvement
may have been due to the action of chemotherapy rather
HSCT. However, Cassinotti reported worsening of CD in
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33% after 5 years. The corresponding percentages for allogenic transplantation were 80% and 65%, respectively.
There were no differences in mortality in the two groups.
The leading cause of death was infection, while age was
strongly correlated to survival (95% survival after 5 years
among patients between 18-39 years of age).
Autologous HSCT may be a valid option in patients
with treatment-refractory CD. This therapy must be provided at specialized centers where correct patient screening is performed, and in which complications referred to
both transplantation and autoimmune disease are known
and can be treated. Further studies are needed to determine the precise role of this procedure in CD treatment.

MSC THERAPY IN IBD
MSCs, also known as stromal cells, are adult pluripotent
cells initially described by Friedenstein et al[101], who isolated them from bone marrow. They are able to adhere
to plastic surfaces, and can differentiate in vitro into chondrocytes, osteoblasts and adipocytes. The International
Society for Cellular Therapy established the minimum
criteria that must be met in order to classify a stem cell as
an MSC[102]: (1) adherent to plastic under standard culture
conditions; (2) express CD105, CD73 and CD90; (3) lack
expression of CD45, CD34, CD14 or CD11b, CD79a or
CD19 and human leukocyte antigen (HLA)-DR; and (4)
differentiate to osteoblasts, adipocytes and chondroblasts
in vitro.
These cells have been identified in bone marrow,
adipose tissue, connective tissue, umbilical cord and placenta, and it is known that they are found in “niches” in
different tissues - including the intestine[103,104]. In most
clinical studies and in human therapy, MSCs are obtained
from bone marrow, adipose tissue and umbilical cord.
Adult bone marrow has been widely used to obtain MSCs
for clinical purposes, though their presence in adult marrow is low (0.001%-0.01%), extraction is difficult, and the
procedure also poses risks for the donor. Furthermore,
the differentiation capacity of these cells decreases with
donor age, and expansion must be performed in culture
media prior to administration of the cells. As a result,
alternative MSC sources have been explored[105]. A larger
number of MSCs can be obtained through liposuction;
in vivo expansion is not required; cells can be administered directly; and their properties are similar to those of
MSCs obtained from bone marrow[106-108]. A recent study
published by Melief et al[109] shows that both types of cell
have similar immune modulating functions, though MSCs
of adipose tissue origin present a different cytokine secretion profile, and their immune modulating effects are
more potent that those of MSCs obtained from bone
marrow.
The use of MSCs is based on their potential capacity
to repair damaged tissues and inhibit inflammation and
fibrosis[110,111]. In addition, the administration of MSCs
of both autologous and allogenic origin requires no conditioning phase, since these cells are not immunogenic:
they express low levels of class Ⅰ HLA antigens at surface level and do not express type Ⅱ HLA antigens or T
cell coactivators[112]. However, in immunocompetent mice
it has been seen that the half-life of these cells is notoriously shorter following second exposure. This suggests
they do not evade the immune system entirely, and can
be rejected[113-115]. These properties have defined MSCs
as potentially useful for the treatment of autoimmune
diseases and in those processes in which tissue repair is
needed[112].
The action mechanism is based on cell contact and
paracrine action involving the release of soluble factors
(Figure 1).
As regards the immune regulating properties of the

Allogenic HSCT in IBD
No descriptions were found in the literature of allogenic
HSCT as primary treatment for CD until 2009, when this
technique was first used to treat a patient with mutation
of the IL10RA and IL10B genes (encoding for proteins
ILR10R1 and ILR102, which form part of the IL-10
receptor). This mutation was identified in homozygosis
in three children from the same family that developed
proctitis early (at 3 mo of age), with severe perianal disease refractory to treatment. Following allogenic HSCT,
sustained CD remission was observed[59].
This treatment is not currently accepted as primary
therapy for IBD and, with the exception of the aforementioned case, the results found in the literature correspond to patients with neoplastic disease associated
to IBD, in which the course of the latter changed after
HSCT. The most numerous allogenic HSCT series to
date is that published by Ditschkowski et al[98]. In this series, 11 patients (7 with CD and 4 with UC) underwent
allogenic HSCT due to hematological malignancies. All
patients were subjected to myeloablative treatment and
total body irradiation (except in two cases). One patient
died of sepsis, while the rest were found to be in complete neoplastic disease remission after 34 mo of followup, with no clinical relapse of IBD.
Lopez-Cubero et al[99] previously described 6 CD patients diagnosed with leukemia and subjected to allogenic
HSCT. Five of them had active CD before transplantation, and two had sclerosing cholangitis. All of them
received cyclophosphamide in the total body irradiation
scheme. One patient died of sepsis three months after
transplantation. Four of the remaining 5 patients remained symptom-free during a period of 54-183 mo after transplantation. The patients with a clinical diagnosis
of primary sclerosing cholangitis showed improvement
in alkaline phosphatase levels.
Similar findings have been described in a patient with
CD and acute myeloid leukemia subjected to allogenic
HSCT[100].
This procedure is not currently recommended in
IBD, except in very specific cases such as mutation of the
IL-10 gene commented above. Its efficacy and risks have
been described in the above section.
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Figure 1 Characteristics of multipotent mesenchymal cells. MSCs: Multipotent mesenchymal cells; IDO: Indoleamine 2,3 dioxygenase; IL: Interleukin; PGE2:
Prostaglandin E2; TGFβ1: Transforming growth factor beta-1; HLA-G5: Human Leucocyte Antigen G5; HGF: Human growth factor; NK: Natural killer; Tregs: Regulatory T cells; BM-MSC: Bone-marrow-mesenchymal stem cell; CD4+: Activated lymphocytes CD4; IBD: Inflammatory bowel disease.

cells, they are capable of regulating both innate and adaptive immunity[116]. Cell culture studies have shown that
MSCs are able to suppress T cell proliferation[113]. However, MSCs do not possess intrinsic immunosuppressive
capacity; instead, such capacity is acquired when cells are
stimulated by proinflammatory cytokines such as INFγ,
TNF-α and interleukin-1β[117]. Duijvestein et al[118] have
shown MSC activation by INFγ to increase the immunosuppressive capacity of cells and their in vivo therapeutic
efficacy in mice with colitis induced by trinitrobenzene
sulfonate.
MSCs produce a range of factors that have been
implicated in immune modulating effects, such as indoleamine 2,3-dioxygenase, IL-6, IL-10, prostaglandin
E2, transforming growth factor-β1, nitric oxide, heme
oxygenase-1 and HLA-G5[109]. Through the production
of PGE, MSCs inhibit IL-2 production and T cell proliferation, with stimulation of the production of T helper
lymphocytes[119]. IL-10 and IL-6 act upon macrophages
and monocytes, blocking their differentiation towards
dendritic cells[120,121]. They also suppress NK cells, induce
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polymorphonuclear cell and cytotoxic T cell apoptosis,
and promote the generation of regulatory T cells [122].
These interleukins also inhibit B lymphocyte activation[123]. Upon coming into contact with activated T cells,
MSCs induce the production of IL-10 and HLA-G5[124].
In short, they inhibit innate immunity by blocking the differentiation and maturation of monocytes towards dendritic cells, inhibiting NK cells, and inducing neutrophil
apoptosis. In induced colitis in mice, MSCs block T cells
and increase regulatory T lymphocyte population, thereby
modulating acquired immunity.
However, MSCs can acquire proinflammatory properties, depending on biological environment[125]. In this
context, Nemoto et al[126], in a murine model, have shown
that bone marrow MSCs constitute the main source of
IL-7 production, and may play an etiopathogenic role in
IBD by forming a niche for colitogenic CD4+ memory T
cells in bone marrow. If these findings are confirmed in
humans, anti-IL-7 treatment might become a therapeutic
target.
MSCs are able to repair tissues, stimulate angiogenesis
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and prevent fibrosis. Healing of the intestinal lesions in
IBD is the result of control of the underlying inflammatory process, and of repair mechanisms that restore
the integrity of the epithelial barrier and repair intestinal
damage. The initial applications of MSCs in regenerative
medicine were focused on their multilineage differentiation capacity. However, recent reports have demonstrated
that most of the biological effects of MSCs are mediated
by paracrine mechanisms involving the secretion of cytokines, chemokines and growth factors[127-129]. Indeed, there
are several observations of positive MSC biological effects in numerous disease models despite a lack of MSC
differentiation and long-term engraftment into damaged
or diseased tissue. These effects include a reduction of
inflammation, apoptosis and fibrosis, improved wound
healing and regeneration[130-133]. In addition, MSC biological effects also may be exerted by the induction and stimulation of endogenous host progenitor cells to improve
the regenerative process[134-136].
When administered via the systemic route (intraarterial
or intravenous) or locally, the objective is to ensure that
MSCs reach damaged tissue. However, the correct dose
and administration route remain to be defined, and may
even differ depending on the type of lesion involved[69].
Forty-eight hours after systemic administration in animals, the cells are found to be located in the lung and liver[137], while after 9-21 mo they are detected in the lungs,
liver, pancreas, spleen, kidneys and skin[69,138].
The engraftment rate in these tissues is 0.1%-2.7%,
and is similar for both autologous and allogenic MSC
transplantation[138].
Another aspect to be taken into consideration is that
the drugs used to treat IBD do not appear to alter MSC
function[139].
MSCs were first used in clinical practice to treat graftvs-host disease (GVHD) in a patient with acute lymphoid
leukemia refractory to therapy. Improvement was notable,
and the patient remained free of gastrointestinal lesions
after one year[140].
The company Osiris has created an MSC product
based on bone marrow from healthy donors (Prochymal), and has designed a phase Ⅱ open-label study on
the treatment of acute GVHD. Two treatment arms
were defined: one group received high-dose MSCs (8
million MSCs/kg), while the other group received lowdose MSCs (2 million MSCs/kg). Two infusions were administered in both groups, spaced three days apart. The
following results were obtained: 24 out of 31 patients
showed complete clinical response (absence of GVHD
symptoms in skin, liver and gastrointestinal tract), while
5 showed partial response[141]. However, a phase Ⅲ study
involving a similar group of patients failed to obtain significant results in relation to the primary endpoint[142].
At present, MSCs are being used for repair and immune modulating purposes in clinical trials on the treatment of cardiovascular and neurological disease, in the
treatment of autoimmune disorders, and in the management of post-radiotherapy tissue damage[128,130,132,135,136,143].
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Laboratory-based studies reporting antineoplastic activity
have recently been published[144].
Two types of treatment with MSCs have been developed in IBD: systemic administration of MSCs (intraarterial or intravenous) for the control of intestinal inflammatory disease, and the local administration of MSCs in
perianal fistulizing CD.
Systemic MSCs therapy in IBD
The use of MSCs for IBD treatment is based on their
reparatory and immune modulating properties.
Several phase Ⅰ-Ⅱ studies involving autologous and
allogenic MSCs have been published in recent years on
the treatment of IBD.
In 2006, Onken et al[145] published an abstract on
MSCs used to treat 10 patients with active CD (CDAI >
220, C-reactive protein ≥ 5 mg/L) refractory to treatment with corticosteroids, immune modulators and infliximab. Use was made of MSCs obtained by bone marrow puncture from healthy donors (Prochymal, Osiris).
The patients were randomized to two groups, both of
which received two intravenous doses of MSCs, spaced
one week apart. One group received high-dose MSCs (8
million MSCs/kg), while the other group received lowdose MSCs (2 million MSCs/kg). The primary endpoint
was percentage clinical response, defined as a reduction
in the CDAI score of ≥ 100 points. Four weeks after the
end of treatment, and as a secondary endpoint, improvement was observed in the inflammatory bowel disease
questionnaire (IBDQ) scores during the same period.
Nine patients completed the study. All subjects presented
a mean reduction in CDAI score of 105 points on day
28. The CDAI and IBDQ scores decreased to a greater
extent in the high-dose group, though statistical significance was not reached[145].
A phase Ⅲ , randomized and placebo-controlled
trial was started by Osiris in 2007 (protocol 603,
NCT00482092 clinicaltrials.gov)[146]. The aim was to include a large number of patients with active CD (CDAI
score 250-450; PCR ≥ 5) and a history of intolerance
or resistance to corticosteroids, immune modulators and
biological drugs. The patients were randomized to four
intravenous MSC infusions in two weeks. One group of
patients received a total of 600 million cells (low dose),
while the rest received 1200 million cells (high dose) or
placebo. The primary endpoint was remission on day 28,
while the secondary endpoints were clinical response,
improvement in quality of life, and reduction of the
number of draining fistulas. In March 2009, with 207 patients enrolled, the trial was suspended because of a high
placebo response. Subsequently, the United States Food
and Drug Administration authorized the reopening of
the study, though no results are currently available[147].
More recently, phase Ⅰ studies have been published
that allow us to know the safety and possibilities of this
type of therapy. In 2010, Duijvestein et al[148] published
the results of a phase Ⅰ trial with intravenous MSCs administered to 10 patients with CD refractory to cortico-
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steroids, immune modulators and anti-TNFα drugs. The
cells were obtained by bone marrow puncture of CD
patients, and 9 subjects received two doses of 1-2 million
cells/kg body weight, spaced one week apart. This study
showed the autologous MSCs of CD patients to be functionally analogous to those of healthy donors, maintaining the same immune modulating properties, and without
experiencing alterations due to the drugs administered to
the patient. In relation to CD, the benefits obtained were
few: only three patients showed improvement, with a reduction of CDAI ≥ 70. The procedure proved safe, with
no significant side effects.
In 2012, Liang et al[149] reported the results obtained
in 7 patients with IBD (4 with CD and 3 with UC). In
three cases MSCs were obtained from the bone marrow
of healthy donors, and in four cases from umbilical cord.
The dose administered consisted of one million cells/kg
via the intravenous route. All the patients maintained their
medication (corticosteroids and immune modulators)
after the infusion of MSCs. Five subjects showed remission, and the latter was maintained for over 24 mo in two
of them. Two CD patients and one UC patient showed
improved endoscopic indices, and in all three of these
subjects biopsies revealed a decrease in the extent of IBD
and in intensity of lymphoid infiltrate. Side effects were
mild: one patient experienced facial flushing for 6 h after
the infusion, while another experienced insomnia during
the first night following infusion. One patient developed
febricula and worsening of diarrhea. These symptoms
disappeared without medication of any kind, and no
other side effects were observed.
Regarding the safety of MSC treatment, clinical trials conducted in human subjects have found the therapy
to be safe, with no toxic effects or generation of ectopic
tissue. The most commonly reported side effect was
transient fever[140,145,146,148-150]. MSCs may be infected with
viruses (e.g., cytomegalovirus, herpes virus), and a case
of infection with Epstein-Barr virus has been reported
in a patient with a lymphoproliferative process previously
subjected to bone marrow conditioning treatment, followed by the administration of MSCs due to an episode
of GVHD[151,152]. As mentioned, a possible case of bacterial infection transmitted by umbilical cord hematopoietic
stem cells has recently been reported[62].
The above data are promising, yet the number of treated patients is small, the source of MSCs diverse, and the
regimens and doses different. It is therefore not possible
to draw firm conclusions at this time. Strictly protocolized
trials need to be conducted to draw valid conclusions.

of activated lymphocytes. By controlling the local inflammatory process they could induce cicatrization of the
fistula due to reparative properties.
Regarding the first cell source, the experience gained
corresponds only to an Italian study published in 2008[153].
The authors treated 9 CD patients - 8 with complex perianal fistulas and one with multiple enterocutaneous fistulas - using MSCs from bone marrow, serially injected into
the fistular canal every four weeks, with an average of
four doses in total. Remission was achieved in 7 of the 10
patients, while improvement was noted in the remaining
three, with marked and significant reductions in the perianal disease activity index and CDAI scores. The findings
were confirmed by endoscopy and magnetic resonance
imaging (MRI), and evident improvement of the rectal
inflammation was also evidenced. The authors postulated
that part of the effect may have resulted from stem cells
reaching the lymph nodes, influencing T lymphocyte differentiation and[154] apoptosis.
Regarding ASCs, a large number of studies have
been published over the last decade. The first such study
dates back to 2003[155]. Based on the previously reported
myogenic, adipogenic or chondrogenic differentiation
potential of these cells[156], ASC injection into a rectovaginal fistula of a CD patient resulted in sealing of the
fistula. From this point onwards, a series of studies were
conducted to explore the usefulness of these cells in this
field. The first publication was a phase Ⅰ study[157] carried
outperformed in 2005 to evaluate the safety and viability
of the treatment. ASCs were inoculated in 8 complex
fistulas in 5 CD patients, with evaluation of the response
after 8 wk. The results showed re-epithelization of the
external fistular orifice, with complete sealing of 6 fistulas (75%) and a partial decrease in suppuration in the
remaining two (25%). No serious adverse effects were reported. Biopsies obtained from the zone in two patients
after 7 and 12 mo showed no evidence of dysplastic
transformation.
Following the results obtained, a new phase Ⅱ, randomized, open-label, controlled multicenter study was
published in 2009[158]. This study included 35 patients
with complex cryptogenic fistulas, including 14 associated to CD, randomized to either fibrin glue or fibrin
glue plus 20 million ASCs. Evaluations were made after 8
wk and one year, with the possibility of administering a
second dose of 40 million ASCs in cases showing failure
in week 8. Sealing of the fistula, defined as closure of
the external orifice and the absence of suppuration in
response to digital pressure, was recorded in 11 patients
(46%) in the ASC treatment arm, vs in two patients (8%)
in the non-cell therapy arm, after 8 wk. In turn, following
both doses, sealing was recorded in 17 patients (71%) in
the ASC treatment arm and in four patients (16%) in the
fibrin glue treatment arm (RR = 4.43, 95%CI: 1.74-11.27,
P < 0.001). Effectiveness was found to be similar on considering a cryptoglandular origin of the fistulas vs fistulas
associated to CD, though statistical significance was not
reached in this latter subgroup due to the small number

Local MSCs therapy in fistulizing EC
MSCs treatment for perianal CD has been carried out using MSCs obtained from bone marrow or adipose tissue.
We do not know exactly the mechanism of how MSCs
work in perianal fistulas. As we explained before, MSCs
and expanded allogeneic adipose-derived stem cells
(ASCs) have the potential to control systemic and local
inflammatory pathways by suppressing the proliferation
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of patients involved. No adverse effects related to ASC
use were reported.
The results of the FATTI phase Ⅲ, randomized,
single-blind, multicenter clinical trial were published in
2012[159]. In this study IBD constituted an exclusion criterion, and a total of 200 subjects diagnosed with simple
cryptoglandular fistulas (confirmed by MRI) were included. The patients were randomized to three groups:
20 million ASCs (group A), 20 million ASCs with fibrin
glue (group B), and fibrin glue with placebo (group C).
The possibility existed of a second dose of 40 million
ASCs in week 12. The primary endpoint was fistular sealing (re-epithelization of the external orifice, with absence
of drainage and no collections as evidenced by MRI) in
week 12 and in weeks 24-26. Of the 200 randomized
individuals, 183 received treatment, and 165 completed
the study [per protocol (PP) analysis]. After 12 wk fistular
sealing was observed in 26.5%, 38.33% and 15.25% of
patients in groups A, B and C, respectively (P = 0.01). A
second dose was administered in 61.5% of patients, with
fistular sealing in 39.1%, 43.3% and 37.3%, respectively (P
= 0.79). Although the findings were not as promising as
in previous studies, posterior analysis stratified by center
revealed far better results for patients administered ASCs
on comparing the center with the greatest experience vs
the rest of the participating centers: 45.55%, 83.3% and
18.8% (P = 0.025 for treatment) vs 35.8%, 33.3% and
42.6% for groups A, B and C, respectively. The multivariate analysis moreover showed the fact of having received
treatment at the center with most experience to be a
significant factor. The authors postulated that the different surgical protocol used in the treatment, as well as
the experience of the surgeon in using ASCs in perianal
fistulas, may have been decisive. As regards the safety of
treatment, there were no significant differences in adverse
effects among the three groups. A total of 37 serious adverse effects were recorded - three of which were related
to the procedures used, but none to use of ASCs.
In that same year, the first study on donor adipose
tissue expanded mesenchymal stem cells (eASCs) was
published[160]. Up until that time, all treatments had been
made with autologous MSCs, except in one case where
donor cells were used[161]. This study used an eASC formulation prepared by the company Cellerix (now Tigenix). Twenty-four patients with CD and complex perianal
fistulas were enrolled. The primary endpoint was fistular
closure in weeks 12 and 24, defined as the absence of
suppuration, re-epithelization of the external orifice, and
the absence of collections as evidenced by MRI. A starting dose of 20 million cells was injected into the fistula,
followed by a second dose of 40 million cells in the event
of incomplete closure in week 12. Of the 24 patients
included in the study, 16 completed the treatment period
and, of these, 69.2% experienced decreased suppuration of at least one of the fistulas, 56.3% showed closure
of the treated fistulas, and 30% presented closure of all
fistular trajectories. The results were confirmed by MRI.
There were two serious adverse effects (fever and perianal
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abscess), possibly related to the intervention, although
both showed full recovery.
At present, a phase Ⅲ study is underway involving
eASCs for the treatment of complex fistulas in CD patients. This trial will contribute relevant information and
may lead to future marketing of the treatment. A new
treatment option is thus under development that may
revolutionize the management of perianal fistulizing
CD. The safety of this cell product appears to have been
confirmed by the different studies published to date. Ten
years have passed since publication of the first report,
and follow-up studies have been made of some of the
published series, without the detection of anomalies[162].

CONCLUSION
At present, treatments with mesenchymal and hematopoietic stem cells offer a potential that requires in-depth
investigation. Existing studies are encouraging yet inconclusive. We are at a point of inflexion where these new
therapies are seen to afford major curative potential. The
coming years will be decisive. The information obtained
from ongoing and future clinical trials may lead a revolution in IBD management and its impact upon patients.
Undoubtedly, as twenty-first century gastroenterologists,
we must expand the scope of our specialty and seek multidisciplinary interaction for the benefit of our patients.
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Core tip: The neurological manifestations in inflammatory bowel disease (IBD) patients are often unrecognized or underestimated. A detailed revision of the
literature about the neurological manifestations in ulcerative colitis and Crohn’s disease patients is relevant
to the IBD community, especially in the biologics era.
Gastroenterologists should be aware of the neurologic
manifestations of IBD in order to provide prevention
and early treatment, which is crucial for preventing major neurologic morbidity.

Abstract
Only a very few systematic studies have investigated
the frequency of neurologic disorders in patients with
Crohn’s disease (CD) and ulcerative colitis (UC), which
are the two main types of inflammatory bowel disease
(IBD). Results have been inconsistent and variable, owing to differences in case-finding methods and evaluated outcomes in different studies. The most frequent
neurologic manifestations reported in CD and UC populations are cerebrovascular disease (with either arterial or venous events), demyelinating central nervous
system disease, and peripheral neuropathy (whether
axonal or demyelinating); however, the literature describes numerous nervous system disorders as being
associated with IBD. The pathogenesis of nervous system tissue involvement in IBD has yet to be elucidated,
although it seems to be related to immune mechanisms
or prothrombotic states. The recently-introduced tumor
necrosis factor (TNF) inhibitors have proven successful
in controlling moderate to severe IBD activity. However,
severe neurologic disorders associated with TNF inhibitors have been reported, which therefore raises concerns regarding the effect of anti-TNF-α antibodies on
the nervous system. Although neurological involvement
associated with IBD is rarely reported, gastroenterolo-
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INTRODUCTION
Crohn’s disease (CD) and ulcerative colitis (UC) are the
two main types of idiopathic inflammatory bowel disease
(IBD), and they are clearly distinct pathophysiological
entities. UC, the most common form of IBD worldwide,
is a disease of the colonic mucosa only; it is less prone to
complications and can be cured with colectomy. In contrast, CD is a transmural disease of the gastrointestinal
mucosa which can affect the entire gastrointestinal tract
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from the mouth to the anu[1,2].
CD and UC should be considered systemic diseases
since they are associated with clinical manifestations
involving organs outside the alimentary tract. Extraintestinal manifestations (EIMs) involving several organs, and
most EIMs occurring in the joints, skin, mouth, eyes and
coagulation system, either precede the onset of intestinal
manifestations or appear and evolve in parallel with them.
They also respond to treatment for the underlying bowel
disease. However, many EIMs tend to follow a course
independent from that of bowel disease activity. These
EIMs are observed in some 20%-40% of patients with
IBD, with CD patients being more susceptible to EIMs
than patients with UC[3-8].
Neurologic involvement associated with IBD is frequently underreported. Nevertheless, it is important to
quantify the morbidity burden of clinically significant
neurologic complications in IBD because early recognition and treatment of neurologic diseases are crucial for
preventing major morbidity[9,10]. The available literature
consists of case reports and small series and only a few
of them have reviewed large groups of IBD patients to
identify neurologic symptoms. Moreover, most of the
recent reviews dealing with UC and CD include only a
brief mention of nervous system involvement in IBD[2-5].
The pathogenesis of neurogenic disorders associated
with IBD has not been established and it may involve
diverse causes. Most of them have an immune basis,
but other reported causes include prothrombotic states,
nutrient deficiency (vitamin B12, folate, copper, thiamine,
vitamin E) because of malabsorption, and iatrogenic
complications of medical and surgical management of
IBD. In addition, in recent years, use of tumor necrosis
factor (TNF) inhibitors has emerged as a successful treatment for refractory IBD, although anti-TNF-α antibodies appear to predispose some patients to developing
diverse peripheral and central nervous system (CNS)
involvement. An approach to neurologic symptoms in
patients diagnosed with IBD has recently been reported
elsewhere[11].
Neurologic involvement in IBD as a subgroup of the
EIMs may precede the appearance of digestive symptoms or develop after diagnosis of IBD. In addition,
neurological symptoms may exacerbate during flare-ups
of IBD or evolve independently from intestinal manifestations without responding to treatment provided for the
underlying bowel disease[12,13].
This review will examine current knowledge about
nervous system involvement in CD and UC and the neurologic manifestations secondary to the use of biological
agents and other approaches to IBD management.

is mainly due to discrepancies in case-finding methods.
In most of the studies reported, magnetic resonance
imaging was not part of the standard workup. Moreover,
some studies have included neurological symptoms of
iatrogenic origin or symptoms caused by malabsorptionrelated disorders secondary to vitamin deficiencies[14,15].
Most of these studies were retrospective and registerbased, and only a few included a control group[16]. Finally,
the latest reports on neurologic complications in IBD
disease have focused on peripheral nervous system (PNS)
involvement, and they lack data on clinical manifestations
involving other nervous system components[14,17-20]. Table
1 presents clinical studies addressing the frequency of
neurogenic disorders in CD and UC. In a large retrospective register-based study including 638 patients with UC
or CD, Lossos et al[21] found neurological involvement in
3% of the cases. In contrast, 33.2% of patients in a CD
population experienced neurological or neuropsychiatric
complications, although this proportion decreased to
19.3% when considering only those cases with a direct
relationship[15]. Finally, in another study, 67% of patients
with CD and 53% of patients with UC had neurologic
disorders, although authors did not report whether IBD
and neurologic involvement were coincidental[19]. Table
2 lists neurological disorders reported in the literature as
being associated with IBD.

NON-DRUG-INDUCED NEUROLOGICAL
MANIFESTATIONS OF IBD
Peripheral neuropathy
Peripheral neuropathy (PN) is known to be related
to IBD and it is one of the most frequently reported
neurologic complications. Various studies have found
PNS complications, rather than CNS involvement, to
be predominant[14]. Initially, medical treatments for the
gastrointestinal disease or vitamin deficiencies caused by
malabsorption were thought to cause PN[21]. Ultimately,
PN is a common adverse event associated with use of
TNF inhibitors[22]. If these causes of neuropathy are excluded, however, the reported frequency of PN in IBD
will vary greatly among published studies, with estimates
ranging from 0% to 39% due to selection bias, use of
different definitions of the disease, or population characteristics[14,15,18,20,21,23].
Two recent studies have indicated the low prevalence
of PN in IBD. In the first study, carried out in Greece, 97
patients with any form of IBD were studied to identify
any cases of PN. Fifty-two patients were excluded for
different reasons, including presence of comorbidities
associated with PN and presence of other neurologic
symptoms. Nerve conduction studies in the remaining 45
asymptomatic patients yielded normal results except for
one patient with a history of acute motor sensory polyneuropathy complicating UC and another patient with
incidental carpal tunnel syndrome[17]. A second study in
Olmsted County, Minnesota, determined the neuropathy
incidence rate in a population-based cohort of patients

EPIDEMIOLOGY OF NEUROLOGICAL
MANIFESTATIONS OF IBD
Few systematic studies have investigated the frequency of
neurological disorders in patients with IBD. Additionally,
results from these studies have been inconsistent, which

WJG|www.wjgnet.com

1229

February 7, 2014|Volume 20|Issue 5|

Morís G. Inflammatory bowel disease and nervous system
Table 1 Clinical studies of neurologic disorders in inflammatory bowel disease
Author

Year Country

Lossos et al[21]

1995

Israel

Elsehety et al[15]

1997

United
States

Study design
Retrospective,
computerized
search
Retrospective

Total Type of Patients with NC
patients IBD

Age
(range, yr)

Sex

Other Associated with Incidence of NC
EIM IBD exacerbation

638

377 CD
261 UC

10 CD patients
9 UC patients

11-71

11 M
8F

50%

2 patients (10%) 19 patients (3%)

253

CD

NR

NR

NR

5 patients (6%)

Oliveira et al[14]

2008

Brazil

Prospectively,
clinic-based,
PN especially
studied

82

31 CD
51 UC

Probable:
49 patients
Possible:
35 patients
Total: 84 patients
16 CD patients
23 UC patients

Sassi et al[23]

2009

Tunis

102

88 CD
14 UC

Benavente et al[12] 2011

Spain

84

Shen et al[20]

2012

United
States

Figueroa et al[18]

2013

United
States

Babali et al[17]

2013

Greece

Prospective,
prevalence
study PN
Retrospective,
hospitalized
patients
Questionnairebased, study of
PN symptoms
only
Retrospective,
observational
population
based-cohort
Prospective
study of
subclinical
PN in
asymptomatic
patients

Probable: 19.3%
Possible: 13.9%

43 CD1
51 UC

15 M
24 F

NR

NR

6 UC patients2
3 CD patients

22-64

7F
2M

33%

29%

Total: 33.2%
PN:
51.6% CD
45.1% UC
Headache:
54.8% CD
57% UC
8.80%

NR

13 UC patients
12 CD patients

17-74

12 M
13 F

4%

10 patients (40%)

30%

173

102 CD
71 UC

67 patients

NR

NR

NR

NR

38.70%

772

342 CD
430 UC

21-83

5F
4M

NR

8 patients

72
patients/100000
person-years

453

30 CD
15 UC

9 patients/12
events
6 UC patients
3 CD patients
0 patients

NR

NR

NR

NR

No patients
had subclinical
neuropathy

1

Mean age; 2Three patients had mononeuropathies due to rapid weight loss. Three patients had sensory large-fiber polyneuropathy and two had small-fiber
polyneuropathy. One patient had a sensorimotor axonal PN. An etiological factor was identified in four cases (diabetes mellitus and long-term metronidazole treatment); 3Two patients were excluded: one had history of acute motor sensory polyneuropathy complicating UC and other patient had incidental
carpal tunnel syndrome. IBD: Inflammatory bowel disease; NC: Neurologic complications; EIM: Extraintestinal complications; CD: Crohn’s disease; UC:
Ulcerative colitis; F: Female; M: Male; NR: Not reported; PN: Peripheral neuropathy.

newly diagnosed with IBD over a 64-year period. The
overall incidence rate was 72 cases of neuropathy per
100000 IBD person-years with a cumulative incidence
rate after 30 years of 2.4%. Moreover, the study found
late occurrences of neuropathy in the course of IBD,
mainly during IBD inactivity[18].
Regarding the type of neuropathy reported, studies
describe demyelinating or axonal involvement of peripheral nerves in IBD, and both neuropathies may be acute
or chronic. Several cases of immune-mediated neuropathies in IBD patients have also been reported[24-26]. In a
retrospective review of patients with PN and IBD, more
than two-thirds of the cases had axonal neuropathy.
Neuropathies were predominantly sensory (either smallfiber or large-fiber) rather than sensorimotor for axonal neuropathies; only one-third of patients developed
demyelinating forms of neuropathy[19]. Conversely, the
clinical spectrum reported by Figueroa et al[18] consisted
of monophasic immune radiculoplexus neuropathy and

WJG|www.wjgnet.com

chronic distal sensorimotor polyneuropathy. The underlying pathophysiology in cases of neuropathy in IBD
patients remains obscure. T-cells are clearly involved in
the pathogenesis of demyelinating neuropathies. At the
same time, the relationship between axonal damage and
immune system disturbances remains unclear, but clinical
improvement in patients treated with immunomodulatory
agents suggests that there is a link[19].
Cerebrovascular disease
Thromboembolic complications are two to four times
more likely in patients with IBD than in healthy individuals; they occur at any age in both sexes and active IBD
may increase the relative risk of such complications by as
much as 15-fold[27]. The incidence of thromboembolism
in IBD ranges between 1% and 7.7% in clinical studies,
with postmortem studies reporting rates of 40%[28]. Deep
vein thrombosis and pulmonary embolism are the most
common entities, but cerebrovascular disorders also oc-
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Table 2 Neurologic disorders associated with inflammatory
bowel disease reported in the literature
Cerebrovascular disease
Cerebral infarction
Transient brain ischemia
Cerebral venous thrombosis
Demyelinating disease
Multiple sclerosis
Asymptomatic focal white-matter lesions
Myelopathy
Optic neuritis
Inflammatory pseudotumor
Epilepsy
Seizures
Psychosis
Chorea
Major depression
Autonomic nervous system dysfunction
Vasculitis of the central nervous system
Restless legs syndrome
Sleep disruption
Headache
Cranial neuropathies
Melkersson-Rosenthal syndrome
Sensorineural hearing loss
Ischemic optic neuropathy
Bell’s palsy
Neuromuscular diseases
Myasthenia gravis
Myopathy
Dermatomyositis
Polymyositis
Vacuolar myopathy
Peripheral neuropathy
Sensory large-fiber polyneuropathy
Small-fiber polyneuropathy
Acute and chronic immune-mediated neuropathies
Monophasic immune radiculoplexus neuropathy
Chronic distal sensorimotor polyneuropathy
Mononeuritis multiplex

Figure 1 Sagittal magnetic resonance venography imaging scan showing thrombosis of the superior sagittal sinus in a 51-year-old man with
cerebral venous thrombosis. He had been diagnosed with ulcerative colitis
involving the ileum and colon 15 years before.

events in patients with IBD remains uncertain, but is
most likely related to the interaction between acquired
and genetic risk factors. Researchers have also reported
interaction between cytokine mediators of chronic inflammation and the coagulation cascade[40].
Some genetic factors listed as possible promoters of
the thrombotic manifestations of IBD include factor Ⅴ
Leiden and factor Ⅱ, methylenetetrahydrofolate reductase gene mutation, plasminogen activator inhibitor type
1 gene mutation, and factor XIII[28]. However, no studies
have convincingly demonstrated that IBD patients have a
greater burden of prothrombotic genetic or non-genetic
risk factors, such as factor Ⅴ Leiden mutations, hyperhomocysteinemia, antiphospholipid antibodies, or thrombophilia, than the general population[41-43]. Moreover, genetic
risk factors are generally not found more often in IBD
patients than in the general population. However, when
such factors are present, patients with IBD are more
likely than healthy controls to suffer thromboembolic
complications[28].
In addition to platelet and endothelial activation,
some of the most often-cited impaired coagulation states
are high levels of factor Ⅴ, factor Ⅷ, fibrinogen, and
von Willebrand factor. In addition, low activity and low
concentration of XIII factor subunit A have been detected. This decreased activity inversely correlates with
intestinal inflammatory activity and fibrinogen levels[44].
In addition, IBD patients display decreased levels of protein C, protein S, antithrombin Ⅲ, and tissue factor pathway inhibitor (all of which function as anticoagulants),
and decreased levels of tissue plasminogen activator with
increased plasminogen activator inhibitor-1; the above are
all key players in the fibrinolysis pathway[36]. Finally, other
mechanisms that may explain cerebrovascular disorders
in IBD include vasculitis and consumption coagulopathy
leading to hemorrhagic events[21]. Based on these data,
recent studies have suggested that IBD may be an independent risk factor for thromboembolic disorders[27,36,45].

cur and they are probably underestimated[29]. In a metaanalysis published in 2013, CD and UC were found to
be associated with an increase in the risk of ischemic or
hemorrhagic stroke or transient ischemic attack (OR =
1.28, 95%CI: 1.17-1.41), especially among women and
young patients[30]. Strokes may affect either arterial or venous territories, but it is unclear whether venous or arterial strokes are more frequent[31,32].
The literature describes cerebral infarction and transient brain ischemia due to small- and large-artery disease
involving the anterior and posterior circulation. Carotid
arterial thrombosis, retinal branch artery occlusion, carotid thromboembolism, cardiac embolism, and paradoxical
embolism are other possible pathogeneses[33-36].
IBD accounts for 1%-6% of the total causes of cerebral venous thrombosis (CVT), and CVT develops without there being a temporal relationship with the course
of IBD (Figure 1). There are no appreciable differences
between IBD-related CVT and non-IBD related CVT in
terms of clinical or radiological characteristics, prognosis,
or treatment[37-39].
The reason for the increased rate of thromboembolic
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The relationship between multiple sclerosis (MS) and
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A

B

Figure 2 Sagittal (A) and axial (B) cranial magnetic resonance imaging scan depicting several hyperintense focal lesions in supratentorial white matter.
The patient was a 45-year-old woman with relapsing-remitting multiple sclerosis and a 23-year history of ulcerative colitis.

IBD was discovered by Rang et al[46] in the early 1980s
when they detected high MS incidence and prevalence
while studying patients who had undergone a colectomy
for IBD (Figure 2). Retrospective cross-sectional studies
have reported an increased incidence of demyelinating
disease[16]; however, incidence of MS was reported to be
higher in patients with UC than with CD[47]. In addition,
one study found a high prevalence of asymptomatic focal white-matter brain lesions in IBD patients[48] but these
data not have been confirmed by more recent studies[49].
Moreover, the incidence of white matter hyperintensities
on T2-weighted images was found to be higher in CD
patients (72%) than in age-matched controls (34%); however, this population was not completely asymptomatic
and 20% of the CD patients were on TNF inhibitors.
Several studies have documented additional autoimmune diseases, including IBD, in patients with MS and
their relatives; however, results were disparate due to differences in study design[50,51]. In a Danish study, Nielsen
et al[52] found that MS patients were at a higher risk for
developing UC and other autoimmune diseases, but not
CD. This hypothesis is supported by a recent systematic
review and meta-analysis. Here, the authors reported a
significant relationship between MS and IBD (OR = 1.56,
95%CI: 1.28-1.90), although this association was not
found in relatives of MS patients[53].
There may be a significant relationship between MS
and IBD. This possibility is supported by the role played
by immune mechanisms in the pathogenesis of both
disorders and by fact that immune system inhibitors that
impair cell-mediated immunity are effective for treating
both MS and IBD. Disturbances in functional T-cell subsets as well as in antigen-presenting cells have also been
implicated. Studies suggest that aberrant proinflammatory activity in particular may be a common pathway leading to the destruction of target tissue in both diseases[3-5].

or brain processes such as hypomagnesemia or cerebral
venous thrombosis[54,55]. Vasculitis of the CNS and transverse myelitis associated with Jo-1 antibody syndrome are
additional complications that have been described in IBD
patients[56-58].
In a prospective multicenter study in patients with
CD, incidence of restless legs syndrome (RLS) was 43%
and prevalence was 30%. This prevalence rate exceeds
that of the general population, and the incidence figure is
higher than the incidence of many known EIMs of CD.
Furthermore, RLS symptoms occurred during or after
the onset of CD symptoms in most patients, suggesting a
link between CD and RLS[59]. Recent studies have shown
that sleep disorders are more common in IBD patients,
and treating sleep disruption with a melatonin supplement has been shown to improve sleep in animal models
of immune colitis[60].
Some authors suggest that the autonomic nervous
system plays a role in the pathogenesis of IBD and that
IBD may be a potential neurologic complication of
chronic inflammation. On the other hand, autonomic
dysfunctions have been reported in patients with IBD;
although earlier reports suggested autonomic hypofunction, later studies also identified autonomic hyperreflexia.
Sympathetic autonomic neuropathy is an early systemic
feature of CD and one that is independent from disease
activity. Moreover, clinically manifest autonomic dysfunction is associated with lower quality of life and more intensive healthcare use in IBD patients[61-63].
Sensorineural hearing loss (SNHL), first described
in 1982, is currently a well-recognized EIM of UC[64]. In
a study of 38 patients with a history of IBD, 59% had
inner ear dysfunction that was probably related to gastrointestinal disease. Of the 19 patients with hearing loss (14
patients had UC and 5 had CD), 16 patients had bilateral
SNHL; unfortunately, only one patient experienced clinical improvement following medical treatment[65]. The
pathogenesis of SNHL associated with UC is not fully
understood, and several immune mechanisms may lead to
inner ear dysfunction[66]. Bilateral anterior optic neuritis
and ischemic optic neuropathy due to UC and CD have
been described[67,68]. Lastly, researchers have reported pe-

Miscellaneous
Studies have reported an association between epilepsy
and IBD; however, the possible relationship between epilepsy and IBD has not been completely addressed[12,15,21].
Furthermore, seizures may be symptoms of systemic
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ripheral facial palsy and Melkersson-Rosenthal syndrome
associated with CD[69].
Furthermore, myasthenia gravis (MG), whether in its
ocular or generalized form, has been reported in association with both UC and CD. Intriguingly, two case reports
of patients with MG and IBD describe clinical improvement of neuromuscular disease and IBD following different surgical procedures, one after thymectomy and the
other following proctocolectomy. These reports emphasize the immunological link between MG and IBD[21,70-74].
In addition to MG, cases of IBD associated with polymyositis or dermatomyositis have also been described[75-77].

GAS registry of the Spanish Society of Internal Medicine
which reported a total of 175 cases of central demyelinating processes and 44 cases of PNs resulting from
TNF-inhibitor therapy as of July 2009[83]. Recent studies
have highlighted the development of posterior reversible
encephalopathy syndrome in pediatric patients with IBD
treated with infliximab[84]. Although several hypotheses
have been proposed in an attempt to explain the possible
relationship between TNF inhibitor treatment and CNS
events, none is considered to be completely satisfactory.
Some authors propose that systemic administration of
TNF-α inhibitors may enhance different functions of the
immune system which are known to activate demyelinating processes[85-87]. However, other authors prefer to seek
genetic connections, such as haplotypes of TNF-α or signal transducer and activator of transcription 3 (STAT3),
which could explain the emergence of neurologic events
in IBD patients treated with TNF inhibitors[88-90].
Regarding PNS disease, most reported types of neuropathy involve demyelination. Cases of Guillain-Barré
syndrome account for the majority, but cases of multifocal motor neuropathy with conduction block, chronic
inflammatory demyelinating polyradiculoneuropathy, and
Lewis-Summer syndrome have also been reported. Moreover, mononeuropathy multiplex and axonal sensorimotor polyneuropathies have been described, which adds an
axonal process to the physiopathology of nervous system
damage elicited by anti-TNF agents[83,91,92]. The proposed
pathogenesis of PNs associated with TNF inhibitors
includes a T-cell and humoral immune attack against peripheral nerve myelin, vasculitis-induced nerve ischemia,
and inhibition of signaling support for axons[91].
Prognosis in cases of TNF inhibitor-induced neurologic events is usually good if the treatment is discontinued. Gastroenterologists should therefore be mindful of
the neurologic complications of biological treatments in
order to recognize them immediately; neurological consultations may play a key role in the assessment of these patients[11,22]. In light of the data reported here, use of TNF
inhibitors should be avoided in patients diagnosed with
PN or MS.

DRUG-INDUCED NEUROLOGIC
MANIFESTATIONS OF IBD
Tumor necrosis factor inhibitor therapy
TNF inhibitors are currently approved as treatment for
IBD, including both CD and UC. The proinflammatory
cytokine TNF-α has been identified as playing a pivotal
role in the inflammatory cascade that causes chronic
intestinal inflammation in IBD. Synthetic anti-TNF-α
antibodies have been shown to mitigate this inflammatory process. Infliximab was the first TNF inhibitor
successfully used to treat IBD. Other drugs with demonstrated efficacy as IBD treatments include adalimumab
and golimumab (humanized monoclonal antibodies), and
certolizumab pegol (humanized anti-TNF-α antibody
Fab’ fragment conjugated with a polyethylene glycol
molecule). Conversely, etanercept (non-antibody soluble
recombinant TNF receptor-Fc fusion protein) is not an
effective treatment for IBD[78].
Since TNF inhibitors were first used in 1996[79], researchers have reported an increased risk of CNS events
(new onset or exacerbation of demyelinating events, including optic neuritis and MS); in addition, PNs have also
been reported in small clinical series. Information regarding management and clinical significance of such events
is very limited because the incidence of neurologic events
is estimated at less than 1 event per 1000 patients during
TNF-inhibitor treatment[78,80-82].
The FDA’s most recent report on adverse events
related to TNF-α inhibitors from dates to December
31, 2009. Here, the second-highest number of reported
adverse events, after patients with rheumatoid arthritis,
was in patients with IBD (140 cases, 18.1% of the total
reports). These figures show that IBD may be a risk factor for neurologic disease. Most of the cases involving
infliximab and adalimumab are linked to PN (42%), followed by CNS or spinal demyelination (17.2%), optic
neuritis (17.4%) and facial palsy (7.8%). In addition,
authors reported 19 patients diagnosed with transverse
myelitis, leukoencephalopathy, unspecified demyelinating disease, encephalopathy, meningitis due to Listeria, or
right cerebellar neuroglial cyst. Last of all, one case of
PN and another case of CNS demyelination associated
with certolizumab (17.2%) have also been reported[22].
These data are consistent with results from the BIOE-
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Other biological agents
Natalizumab is an IgG4/κ humanized monoclonal antibody which interferes with the interaction between very
late antigen-4, expressed on leukocytes, and vascular
adhesion molecule-1, expressed on endothelial cells, thus
preventing leukocyte extravasation in inflamed sites[93].
Since natalizumab’s mechanism of action differs from
that of other biological agents, it represents an important
therapeutic option for CD patients who cannot tolerate
other treatments or who are experiencing decreased treatment efficacy, particularly when TNF inhibitor treatment
does not achieve remission.
The main neurologic adverse event in patients with
CD treated with natalizumab is progressive multifocal
leukoencephalopathy (PML). The incidence reported
in these patients is 2.13 out of 1000 patients. However,

1233

February 7, 2014|Volume 20|Issue 5|

Morís G. Inflammatory bowel disease and nervous system

it seems possible to stratify risk of PML among natalizumab-treated patients given that risk mainly tends to be
higher in cases of more than 2 years of natalizumab therapy, positivity for anti-JC virus antibodies, and combined
use of natalizumab and immunosuppressive drugs[94]. No
cases of PML were reported in three recent reports including 154 CD patients on natalizumab[95-97].

9
10
11

Non-biological agents
Cyclosporine is a well-recognized treatment for acute
severe UC. Between 10% and 28% of the patients on
cyclosporine develop neurotoxicity. The most common
associated CNS disorder is a postural tremor that affects
the upper extremities and responds to beta-blockers. Severe symptoms affect up to 5% of patients and include
psychoses, hallucinations, blindness, seizures, cerebellar
ataxia, motor weakness and leukoencephalopathy[98-100].
A pure sensory or autonomic neuropathy is a wellknown PNS complication following metronidazole treatment. The neuropathy usually resolves completely once
the antibiotic is discontinued[101].
Sulfasalazine (sulphasalazopyrine) is prescribed as
treatment for IBD due to its immunomodulatory action.
Reported serious adverse reactions include transverse
myelitis and encephalopathy[102,103].
Finally, it is well known that psychiatric symptoms
can develop in association with administration of corticosteroids in IBD patients, although some authors have
reported unusual cases of psychotic episodes in UC and
CD patients who were not receiving steroids[104-108].
In conclusion, reports about the incidence and type
of neurologic diseases associated with CD and UC are
controversial. Therefore, prospective studies are needed
to clarify these points, as well as basic studies addressing
the multiple mechanisms responsible for nervous system
damage.
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Core tip: Inflammatory bowel diseases (IBD) are well
known to involve genetic and environmental risk factors. Cohorts from low IBD prevalence regions migrating to areas of high IBD prevalence are candidates to
assess further environmental factors - both protective
and promotional. There are few opportunities to identify migratory populations to highlight these effects of
environmental risk factors in the development of IBD
and to compare first- and second-generation migrants.
This review highlights known migratory cohorts and
identifies an emerging cohort in Middle Eastern migrants to Australia.
Ko Y, Butcher R, Leong RW. Epidemiological studies of migration and environmental risk factors in the inflammatory bowel
diseases. World J Gastroenterol 2014; 20(5): 1238-1247 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i5/1238.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i5.1238

Abstract
Inflammatory bowel diseases (IBD) are idiopathic
chronic diseases of the gastrointestinal tract well known
to be associated with both genetic and environmental
risk factors. Permissive genotypes may manifest into
clinical phenotypes under certain environmental influences and these may be best studied from migratory
studies. Exploring differences between first and second
generation migrants may further highlight the contribution of environmental factors towards the development
of IBD. There are few opportunities that have been offered so far. We aim to review the available migration
studies on IBD, evaluate the known environmental factors associated with IBD, and explore modern migration
patterns to identify new opportunities and candidate
migrant groups in IBD migration research.

INTRODUCTION
Inflammatory bowel diseases (IBD) are idiopathic chronic
diseases of the gastrointestinal tract well known to be associated with both genetic and environmental risk factors.
With increasingly new and powerful genetic techniques,
it is worthwhile to re-evaluate the contribution of the
environment to the development of both Crohn’s disease
(CD) and ulcerative colitis (UC). To do this, epidemiological research is the key, and such studies have already
identified the increasing global incidence and prevalence
of IBD in developing countries as these countries become more developed and “Westernised”, highlighting
the significance of environmental factors on influencing
IBD development globally[1]. However, despite the no-

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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table amount of studies already conducted on this issue,
many of the suggested environmental risk factors for CD
and UC still remain contentious in regards to their exact
relationship with the diseases[2].
Currently, only smoking has been an established risk
factor for CD[3] but paradoxically is protective for UC as
found by several studies[4-6]. There seems to be a doseresponse relationship between smoking and IBD[7] and
childhood exposure to tobacco smoke is associated with
a higher risk of developing CD[8]. A meta-analysis found
that oral contraceptive pill (OCP) increased the risk of
both CD and UC, with a dose-response relationship for
CD, and OCP discontinuation reduced IBD risk[9]. Appendectomies are found to have an inverse relationship
with UC[10]. For CD, some suggest insignificant association with appendectomies[11,12], while others demonstrate
increased risk[12-15]. A meta-analysis found breastfeeding
to be protective for both CD and UC[16]. However, this
result is not reproducible by several studies[17,18]. Generally, antibiotics are found to be a risk factor for CD[18-20],
and a case-control study has found a positive association
between CD and UC[21]. Regarding diet, the literature
is inconsistent and no clear dietary risk factors for CD
and UC can be determined[2]. Furthermore, there are
also investigations into “proxy measures” of the hygiene
hypothesis, including family size and rural dwelling. The
hygiene hypothesis has notable popularity as it fits the
observation that incidence and prevalence of autoimmune diseases including IBD increase in nations with
improvements in hygiene as a result of modernisation[22].
Improved hygiene may alter intestinal commensal bacteria colonisation, reduce exposure to infectious diseases
and vaccinations, which are all speculated to play a role in
IBD pathogenesis[23]. However, many studies investigating factors related to hygiene have conflicting results[24].
Overall, the epidemiological studies on IBD environmental risk factors have produced important but inconsistent
findings, and methodological alterations in future studies
are worthwhile to be considered.
We propose a different method to approach epidemiological research on IBD environmental risk factors:
using migrant groups as the study population of epidemiological studies. Groups migrating from areas of
low IBD incidence to areas of high IBD incidence will
provide insight into the effects of environmental triggers
on disease development better than populations without
such a transition in environment due to the shortened
interval between risk factor exposure and IBD onset.
Furthermore, studying the offspring of migrants will provide new cohort data on generational changes and their
relationship with IBD development and highlight the
contribution of these environmental factors at different
ages. We aim to review the available migration studies on
IBD and explore modern migration patterns to identify
new opportunities in IBD migration research. In particular, we propose that a suitable migrant group for environmental risk factor studies is the migrant population from
the Middle East to a developed country such as Australia.

WJG|www.wjgnet.com

SEARCHING
A comprehensive search on the Ovid MEDLINE database (1946 to present) was performed using the following
keywords: “inflammatory bowel disease”, “CD”, “UC”,
“epidemiology”, “incidence”, “prevalence”, “clinical
characteristics”, “extraintestinal manifestations”, “risk
factors” and “migrant”. The search was limited to the
English language. A manual search of reference lists
of all original articles retrieved was also conducted. For
migrant studies, 3 were selected after excluding studies
which did not investigate at least two generations within
migrant groups. To study potential new migration groups
that might provide new IBD research opportunities, we
searched for epidemiological studies relating to populations of Middle Eastern heritage and their immigration
to Australia. The search terms “Middle East”, “Arabic”
and “Australia” were used and there were a total of 23
IBD articles pertaining to the Middle East and 2 pertaining to Australia. Figure 1 discloses the literature search,
included and excluded articles.

RESEARCH
Advantages of migrant studies
Studies of migrant populations identify disease characteristics of a group in their original location, and trace the
group through several generations in the new host country to provide deeper insights into associations between
environmental factors and disease expression. Migrant
populations have been identified as the most promising
model for investigating the changing epidemiology of
IBD previously[25]. A criticism of prior risk factor studies is the long time interval between presumed exposure
to the environmental trigger and disease development[26],
creating uncertainty for etiology. Migrant studies are able
to overcome this since migrant cohorts transitioning
from developing to developed countries offer a shorter
time period between risk factor exposure and disease onset, and many risk factors are postulated to be associated
with the lifestyle of developed, Westernised countries.
Another advantage is that as immigrants adopt new lifestyles, investigating disease characteristics in successive
generations will demonstrate temporal relationships
between environmental triggers and development of disease, provided that intermarriage with natives is uncommon[27]. Migrant studies also have the added advantage of
overcoming data incompatibility that often occurs when
comparing epidemiological data of an ethnic group from
a developing country to a similar ethnic group in developed nations due to inequality of diagnostic facilities and
healthcare access.
Existing migrant studies
In Leicestershire, United Kingdom, a retrospective cohort study compared the incidence of UC in first and
second generation South Asian immigrants to Europeans
using both hospital and general practice sources. Stan-
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grants for developing CD were those with one parent or
two parents born in Iraq (1.85 and 1.99 respectively), and
for UC were immigrants with one (1.55) or both parents
(1.68) born in Iran[43]. These results not only suggest that
environmental risk factors have varying effect on risk of
IBD depending on ethnicity, but also confirm that migrants moving from developing to developed countries
may be most susceptible in demonstrating the effects
of IBD development due to environmental triggers.
Furthermore, the study identified that one of the region
which contained the greatest rise of IBD incidence in
migrants as the Middle East (Lebanon, Iraq and Iran).
Despite the lack of confirmed case ascertainment, this
nationwide study is the largest study to date which has investigated generational IBD epidemiological patterns for
a large range of migrants from developed and developing
countries (Figure 2).
Currently, many studies which compare different
ethnic groups within developed and developing countries exist[38,44-48]. These studies are able to characterise
ethnic differences in IBD, but for purposes of identifying
novel risk factors in IBD expression for particular ethnic groups, migrant studies tracing generational changes
are superior since genetic variables are controlled. The
studies from Leicestershire and Sweden highlight that
generational investigations show highly significant IBD
epidemiological differences that are most likely due to
environmental causes. Unfortunately, the studies have
only investigated incidence and prevalence rates. Future
studies should additionally investigate risk factor profiles
in successive generations. Furthermore, exploring generational changes are important for understanding the role
of family history in IBD expression. A study in Leicestershire found the risk of developing UC was 15-fold for
first degree relatives of European patients and 3.5-fold
for South Asians. However, prevalence in siblings was
comparable between the two ethnicities[48]. Examining
generational alterations will shed greater light on the role
of inheritance versus environmental contribution towards
the development of IBD.
When considering the results of migrant studies,
one must be aware of their limitations. Health seeking
behaviour and health literacy may be lower in migrant
groups, hence reducing IBD detection. If this is the case
then any increase in incidence and prevalence reported
in migrants in developed countries may be even higher
than recorded. Generational environmental changes may
also mask the absolute risk of developing CD or UC in
immigrants[43]. For example Swedish Iranian immigrants
have higher smoking rates than Iranians in Iran[49], which
may reduce UC incidence for the immigrants as smoking
is protective. These examples would reduce the incidence
of IBD in migrants. Therefore results that demonstrate
an increase in IBD incidence are likely to be of importance. Finally, it is also important to remember that when
interpreting risk factor studies, ethnic factors such as diet
may be difficult to differentiate from true environmental
influences in epidemiological studies[26]. This may affect

71 unique citations from
Ovid Medline Database
(1946-present)

36 citations based on
initial screening of titles or
abstracts excluded

35 potentially relevant
citations underwent full text
review

10 articles excluded after full text review due to:
-did not contain original data from the regions of Middle
East and Australia
-did not contain original data or not observational studies
-insufficient IBD epidemiological data for migrant group

Figure 1 Included and excluded articles. IBD: Inflammatory bowel diseases.

dardised UC incidences for Europeans and South Asian
migrants were 5.3 per 105 and 10 per 105 respectively.
Additionally, disease distribution was similar between
the two groups, while bimodal age distribution of UC is
evident in the European population but not shared by
the South Asian migrants. Although unable to accurately
determine UC incidence in the two generations separately, the study estimated that first and second generation
South Asians are likely at equal risk in developing UC
using age-standardised incidences[28,29]. However, a later
prospective multicentre study using hospital-based data
also conducted in Leicestershire found higher UC incidences for both the Europeans and South Asian first and
second generation immigrants (7.0 per 105 and 17.2 per
105 respectively). Importantly, second generation South
Asians were found to suffer higher rates of extensive
colitis compared to the first, and were similar to the Europeans[30]. The findings from these two studies challenge
earlier Asian epidemiological studies[28,31-42] which reported lower UC incidences, and that environmental impacts
cause more severe disease phenotype in later generations.
This strongly supports the influential role of environmental risk factors on IBD, which is best investigated by
migrant studies comparing successive generations.
Another notable epidemiological study focusing on
migrant populations was conducted in Sweden and used
a well-defined open cohort study of first and second
generation immigrants from 19 countries. The overall
IBD risk compared to native-born Swedes was found to
be decreased for all first generation immigrants (standard incidence ratios: CD 0.75 per 105, UC 0.81 per
105). However, when separated into individual countries,
several migrant groups originating from developing
countries showed increased risk (Figure 2). The highest
standardised incidence ratio in second generation immi-
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Figure 2 Summary of standardized incidence ratio for Crohn’s disease and ulcerative colitis in second-generation immigrants (adapted from ref. [43]).

3.2 per 105 in the Bedouin Arabic population in Southern Israel[62], and 67.9 per 105 in Kibbutz settlements in
Israel[64], while ranges were from 4.9 per 105 in Turkey[58]
to 168.3 per 105 in the Kibbutz settlements in Israel for
UC[66]. Such data indicate that IBD incidence and prevalence are up to 20-fold lower than other locations in the
world. In Europe, North America and Australia the highest UC incidence rates of 24.3 per 105, 19.2 per 105 and
17.4 per 105 have been recorded respectively[68]. UC in
the Middle East appears to be of much rarer occurrence.
This similarly applies for CD when comparing the Middle
East to the world’s highest incidence rates.
Despite the relatively rarity of disease in the Middle
East homelands, some studies are able to provide temporal trends and demonstrate increasing incidence for
both UC and CD. This contrasts with the stabilisation of
incidence rates in many established high incidence areas
in the world such as Scandinavia[69]. This supports the hypothesis that there are risk factors specific to the western
lifestyle that increase IBD incidence. The observation
that IBD is more common in European-American born
Jews compared to Asian-African born Jews in central Israel[31] is consistent with this. On the other hand, such an
increase may be artificial, reflecting increasing physician
awareness of IBD and access to diagnostic tools. Additionally, reliability of results is reduced by lack of national
population-based registries, compromising incidence and
prevalence calculations.

migrant studies which focus on specific ethnic groups.
One way to minimise these confounders is to use controls of the same ethnicity and socio-cultural background.
In the light of the findings of previous migrant studies and modern migration patterns, we aim to identify
appropriate migrant groups for future epidemiological
research on the risk factors of IBD. Ideally, candidate
groups should have good quality epidemiological data
on IBD in the country of origin and in the host country,
particularly in confirming low IBD incidence rates in the
country of origin and high IBD incidence rates in the
host country. We propose that migrants from the Middle
East migrating to developed countries, such as Australia,
are suitable candidates for such studies.

EPIDEMIOLOGY OF IBD IN THE MIDDLE
EAST
There is a relatively significant amount of epidemiological
research in certain Middle Eastern countries, considering the
developing nature of this region. Overall there are 20 incidence[31-34,37,38,47,50-61] and 19 prevalence[31,32,35,36,50,51,53,55,56,58,60,62-65]
studies on CD and UC in the Middle East from the countries of Lebanon, Israel, Kuwait, Turkey and Oman. Tables
1 and 2 demonstrate the incidence and prevalence findings
of these studies stratified by CD and UC, including references for each specific study. Eleven studies[52-58,64-67] had
case ascertainment of UC and CD using the internationally
accepted Lennard-Jones criteria, and two were prospective
cohort studies[56,59].

Demographic features
There are 6 studies each[31,32,47,50,52,58] which stratify incidence rates by sex and/or age. The female to male ratio
for CD ranged from 0.74 per 105 in Tel Aviv Yafo in
Israel[31] to 1.43 per 105 in Southern Israel[47], and for UC
from 0.59 per 105 in Trakya Turkey[58] to 0.96 per 105 in
Tel Aviv Yafo in Israel[32]. Globally, there is a slight female
dominance in CD[7,69], but overall sex differences for UC

Incidence and prevalence
In the Middle East, annual incidence rates for CD range
from 1.1 per 105 in Beer Sheva[36] to 5.0 per 105 in the
Kibbutz settlements in Israel[55], while ranges were from
1.35 per 105 in Oman[59] to 6.3 per 105 in Jerusalem in
Israel[37] for UC. The prevalence rates for CD range from
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Table 1 Summary of incidence rates for Crohn’s disease and ulcerative colitis in the Middle East stratified by geographical region
Country

Israel

Region

Crohn’s disease
incidence rate
5
(/10 )

Upper Galilee
Tel Aviv Yafo

Study period

Ref.

2.33

Survey based study which included
all cases in region
Prospective multicentre study
including all hospitals and
gastroenterology departments in
region
Population-based study
Survey based multicenter study with
well defined catchment area
Survey based
Hospital and out-patient based, with
complete case ascertainment
Retrospective study, hospital and
community clinic based
Population based study

1967-1986

Niv et al[51], 1990

1970-1980

Fireman et al[31], 1989

1970-1980
1961-1970

Grossman et al[32], 1989
Gilat et al[50], 1974

1970-1976
1968-1992

Rozen et al[33], 1979
Odes et al[47], 1994

1961-1985

Odes et al[34], 1987

1965-1994

Shapira et al[52], 1998

Hospital serving a well-defined
catchment area covering all IBD cases
in district
Retrospective study, hospital based
Population-based study
Retrospective and prospective cohort
study, hospital and community clinic
based
Survey based
Community-based survey of
physicians
Community-based survey of
physicians
Population based study using a
health-maintenance organisation
based with large catchment area
Questionnaire-based multicentre
study
Cross-sectional study, hospital based
Prospective cohort study, tertiary
referral centre based with large
catchment area
Retrospective cohort study, tertiary
referral centre based with large catchment area
Population-based study

1960-1990

Shapira et al[53], 1994

1961-1985
1961-1980
1979-1987

Odes et al[34], 1987
Krawiec et al[36], 1984
Odes et al[38], 1989

1973-1978
1987-1997

Jacobsohn et al[37], 1986
Niv et al[54], 1999

1987-1997

Niv et al[55], 2000

2000-2004

Abdul-Baki et al[56], 2007

2000-2003

Tozun et al[57], 2009

1998-2001
1987-1994

Tezel et al[58], 2003
Radhakrishnan et al[59],
1997

1985-1999

Al-Shamali et al[60], 2003

1977-1982

Al-Nakib et al[61], 1984

3.86
3.66
1.28
4.2

Southern Israel

2.98

Kinneret
Subdistrict
Kinneret
Subdistrict

3.5

Beer Sheva
Beer Sheva
Beer Sheva

Lebanon

Method

1.55

Tel Aviv Yafo
Tel Aviv Yafo
Tel Aviv Yafo
Southern Israel

Ulcerative colitis
incidence rate
5
(/10 )

Jerusalem
Kibbutz
settlements
Kibbutz
settlements
National

1.96

2.87
1.1
2.1

5.4

6.3
5.0
5.04
1.4

4.1

2.2

4.4

Turkey

National

Oman

Trakya
National

0.77
1.35

Kuwait

National

2.8

National

0.45

2.27

IBD: Inflammatory bowel diseases

and CD are inconsistent[68], suggesting gender-specific
risk factors may not exist. In the Middle East, incidence
rates were highest in the second decade of life for CD,
and third decade for UC. These peak age groups corresponded to global trend of peak age group in 20 to
29 years old range for both UC and CD[68]. Similarly, the
unimodal age distribution found by Middle Eastern studies reflects international results[68,69], as only one third of
studies demonstrate bimodal age distribution, all from
westernised nations[68]. The significance of a second peak
is contentious as it may be due to missed diagnosis when
the disease first presented earlier in life. On the other
hand, it may indicate populations whose disease is more
susceptible to environmental factors rather than genetics,
and hence for countries in the Middle East where the one
peak age group is relatively older, strong environmental

WJG|www.wjgnet.com

influences may be indicated.
Clinical features
Thirteen studies[52-56,58-60,62,67,70-74] from the countries of
Lebanon, Kuwait, Iran, Oman, Qatar and Israel characterised intestinal and/or extraintestinal involvement in
CD and/or UC in Middle Eastern populations. However,
classifications of the site of CD and UC intestinal involvement were not uniform in the Middle Eastern studies, nor were methods of case ascertainment and type of
colonoscopy used. The most common intestinal feature
reported by all the studies for CD is the terminal ileum,
followed by colonic only and ileocolonic. Globally, ileocolitis is the most common[72]. For UC, it is most commonly
found as proctitis, followed by left-sided colitis and pancolitis in the Middle East. This is largely similar to the
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Table 2 Summary of prevalence rates for Crohn’s disease and ulcerative colitis in the Middle East stratified by geographical region
Country

Israel

Region

Upper Galilee
Tel Aviv Yafo

44.58
13.28

Tel Aviv Yafo

55.16

Tel Aviv Yafo

37.4

Tel Aviv Yafo
Southern Israel

12.31
50.60

Southern Israel
(Arab population)
Kinneret
Subdistrict
Beer Sheva
Beer Sheva
Beer Sheva

3.20

Lebanon

Kibbutz
settlements
Kibbutz
settlements
Kibbutz
settlements
Kibbutz
settlements
Kibbutz
settlements
National

Turkey
Kuwait

Trakya
National

Method

Study period

Ref.

Survey based study which included all cases in
region
Prospective multicentre study including all
hospitals and gastroenterology departments in
region
Population-based study

1986

Niv et al[51], 1990

1970-1980

Fireman et al[31], 1989

1980
1970

Grossman et al[32],
1989
Gilat et al[18], 1974

1976
1992

Rozen et al[33], 1979
Odes et al[47], 1994

1990

Odes et al[62], 1991

1960-1990

Shapira et al[53], 1994

1985
1980
1987

Odes et al[34],1987
Krawiec et al[36], 1984
Odes et al[38], 1989

1987-1997

Niv et al[54], 1999

Crohn’s disease Ulcerative colitis
prevalence rate prevalence rate
5
5
(/10 )
(/10 )

9.8

20.24
70.6
14
30

89.0

65.1
144.1

Community-based survey of physicians

1987-1997

Niv et al[55], 2000

121.08

Community-based survey of physicians

1987

Niv et al[63], 1991

168.3

Survey based, complete case ascertainment and
large catchment area
Survey based, complete case ascertainment and
large catchment area
Population based study using a healthmaintenance organisation based with large
catchment area
Cross-sectional study, hospital based
Retrospective cohort study, tertiary referral
centre based with large catchment area

1987-2007

Birkenfeld et al[66],
2009
Zvidi et al[64], 2009

67.9
53.1

Survey based multicenter study with well
defined catchment area
Survey-based
Hospital and out-patient based, with complete
case ascertainment
Prospective cohort study, hospital and
community clinic based
Hospital based serving a well-defined
catchment area covering all IBD cases in district
Retrospective study, hospital based
Population-based study
Retrospective and prospective cohort study,
hospital and community clinic based
Community-based survey of physicians

106.2

4.9
41.7

1987-2007
2007

Abdul-Baki et al[56],
2007

2002
1985-1999

Tezel et al[58], 2003
Al-Shamali et al[60],
2003

IBD: Inflammatory bowel diseases

than those born in Israel, Asia and Africa[56], it is worthwhile for future studies to distinguish IBD characteristics
according to ethnicity. Interestingly, it is observed that the
prevalence gap between different ethnic groups is disappearing in the Kibbutz settlements, Tel Aviv Yafo and
the South and North of Israel[66]. Studies also show that
the risks of developing UC for European and American born Jews and for Jews born in Israel are becoming
very similar[34]. It can be inferred that as these countries
become increasingly westernised, IBD becomes more
prevalent. Further studies are necessary to identify the
environmental components, ideally done through investigating generational changes when there is migration from
developing to developed countries.

extent of UC in other low incidence countries. The most
common extraintestinal involvement was rheumatological
conditions, a finding reflected worldwide[73].
Risk factors
Ten studies investigated the risk factor profiles in UC
and/or CD populations studied[54-59,64,67,71]. However, only
one study - an Iranian study with 258 cases[67] - included
controls, highlighting an area that would benefit from
more case control studies. The most common risk factor
studied was smoking, and generally studies showed smoking as less prevalent in UC subjects, and the opposite for
CD. This is consistent with global findings. Results for
other risk factors are largely inconsistent between Middle
Eastern studies.

EPIDEMIOLOGY OF IBD IN AUSTRALIA

Racial/ethnic differences
Due to significant differences in IBD incidences within
different ethnic groups in Israel, such that IBD incidence
was highest among American and European born Jews
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Incidence and prevalence
Wilson et al[74] conducted the first and only prospective
population based study to determine Australia’s IBD inci-
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dence over a period of 1 year using the capture-recapture
method with good sample size. The crude annual incidence rate for overall IBD, UC and CD were 29.3 per
105, 17.4 per 105 and 11.2 per 105 respectively. This result
in the overall IBD incidence rate of 29.6 per 105 after
age-standardised to the World Health Organisation world
standard population[74]. When compared to global IBD
incidence, the most recent systematic review of regional
epidemiology demonstrates that Australia has higher UC
rates than Europe (12.7 per 105), Asia and Middle East
combined (6.3 per 105), and lower when compared to
North America. For CD, compared to Europe (12.7 per
105) and North America (20.2 per 105), Australia’s rates
are less, while higher than Asia and the Middle East (5.0
per 105)[68]. This study is critical in confirming Australia’s
high IBD incidence which was not previously established;
additionally it supports the assumption that Australia
shares similar genetic and environmental risk factors with
other westernised nations[74].
An earlier smaller study was conducted in the Hunter
Valley region of New South Wales on CD patients between 1967 and 1991. A mean incidence of 1.38 per 105
with a 3-fold increase in incidence rates between the first
and second 10 years was found. The prevalence of these
patients was 34 per 105. There was a female dominance
(1.4:1) and the most common intestinal involvement site
was ileocolonic, followed by colonic only, and jejuna[75].
The study’s inclusion of only surgically managed CD
means there is an underestimation of the total CD incidence in the area.
The short time period of the study conducted by Wilson et al[74] is the main limiting factor. Hence in actuality
IBD incidence in Australia could be higher. Additionally,
further population-based studies conducted over longer
periods should stratify results by ethnic subgroups to better represent Australia’s IBD epidemiology considering
the multiculturalism of this country.

of migrants populate the country, causing it to be a prime
setting to study environmental risk factors of IBD when
tracing generational changes. The 2006 census data indicates 193633 people born in the Middle East who were
resident in Australia. This accounted for 4.4% of the
overseas-born population. Approximately 40% were born
in Lebanon, 16.8% were born in Iraq, 15.7% in Turkey,
11.6% in Iran, 4.0% in Israel, 3.6% in Syria and 1.9% in
Jordan[77]. Most of the Middle-Eastern - born population
reside in Sydney (58.1%). Arrival peaks occurred in 1977
and 1987 coinciding with the Lebanese Civil War. The
union of individuals with a common ancestor known as
consanguinity is found in the Middle East with a prevalence of 26% in 1988[78]. As IBD has a genetic component it may therefore be more likely to manifest in this
migrant group given suitable environmental condition.
This migration of Middle Eastern populations to Australia therefore allows for the study of the development
of IBD and allows for comparison of first- and secondgeneration migrants.

CONCLUSION
Migrant studies exploring generational IBD changes and
risk factor profiles contribute towards greater understanding of IBD environmental influences due to the
advantages they confer. Modern migration patterns offer
unique opportunities for these epidemiological studies.
Identifying and studying suitable migrant groups, such as
Middle Eastern migrants in Australia, is likely to increase
our understanding of the environmental triggers of IBD
which thus far remain ambiguous entities.
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gins, which block the trafficking of leukocytes into the
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Core tip: Overall the physician must keep an open mind
when treating inflammatory bowel disease. These patients have a long-term incurable condition than can
significantly impact on all aspects of their life. Surgery
does not cure the disease and thus medications may
be required for many decades in order to give the patients a decent quality of life. Both the patient and the
physician, therefore, need to remember the “oldies but
goodies” but also keep the door open to new innovations and novel therapies.

Abstract
The inflammatory bowel diseases (IBDs) are chronic
incurable conditions that primarily present in young patients. Being incurable, the IBDs may be part of the patient’s life for many years and these conditions require
therapies that will be effective over the long-term. Surgery in Crohn’s disease does not cure the disease with
endoscopic recurrent in up to 70% of patients 1 year
post resection. This means that, the patient will require
many years of medications and the goal of the treating
physician is to induce and maintain long-term remission without side effects. The development of the antitumour necrosis factor alpha (TNFα) agents has been
a magnificent clinical advance in IBD, but they are not
always effective, with loss of response overtime and, at
times, discontinuation is required secondary to side effects. So what options are available if of the anti-TNFα
agents can no longer be used? This review aims to provide other options for the physician, to remind them of
the older established medications like azathioprine/6mercaptopurine and methotrexate, the less established
medications like mycophenolate mofetil and tacrolimus
as well as newer therapeutic options like the anti-inte-
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The chronic inflammatory bowel diseases, Crohn’s disease (CD) and ulcerative colitis (UC), are a huge challenge
for the treating physician as these are life-long incurable
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conditions that frequently present in the 2nd or 3rd decade
of life, a stage in the patient’s life where education, social
integration and personal identity are key aspects being developed. There is no doubt that the anti-tumour necrosis
factor alpha (TNFα) medications are efficacious in the
management of both conditions[1-8] but they are, however,
not a panacea as they are not effective in all patients and
even in those in whom a remission is achieved, the effect
may be lost over time.
The efficacy of maintenance therapy in CD with the
anti-TNFα medication, certolizumab pegol, has been investigated out to 18 mo. This observed that slightly more
than 60% of the original 60% of patients who responded
to induction therapy continued to respond, which is encouraging[9,10]. This suggests, however, that by 18 mo only
40% of patients are still getting benefit from this medication. This is similar to the findings for adalimumab where
24% of all patients in the CHARM study remained in
response at week 26[3] and after 2 years of adalimumab
therapy, between 37% and 50% of these patients were in
clinical remission[11]. Published data for infliximab out to
54 wk would also appear to be similar[12]. Additional longterm data, out to 4.5 years, suggest that although efficacy
for certolizumab in CD is still present[13], the number of
patients continuing to benefit falls with time. The problem for both the patient and physician is that the IBDs
are life-long conditions and arguably the best medication
options for these patients have only a limited subset of
patients in whom they will be of long-term benefit.
In addition to a loss of effect over time, like all medications, there are potential side effects to the use of the
anti-TNFα agents. As TNF is involved in the immunemediated response to infection it is not unexpected that
anti-TNF medications are associated with[14,15]
an increased
risk of serious and opportunistic infections
, including
tuberculosis[16], Pneumocystis jirovecii pneumonia[17], and various viral, fungal and bacterial infections[18]. Deramatological side effects are also possible with new onset cutaneous eruptions observed in 20% of CD patients treated
with infliximab[19], and immune-mediated cutaneous reactions seen in 11% of patients[20]. This risk is also present
with the fully humanised antibody, adalimumab[21]. In
addition, the potential risks of medication-induced skin
cancers and lymphomas need to be considered[22].
Thus these long-term chronic inflammatory diseases,
which may be part of a patient’s life anywhere from 10
and 70 years, require medications that will be effective
over the long-term with minimal side effects. The development of the anti-TNFα agents has been a magnificent
clinical advance in this management of these conditions,
but what options are available if they lose effect or side
effects necessitate cessation of the therapy?

are still frequently used and with more innovative thinking may be able to either enhance the effects of the antiTNFα agents, or be a backstop if, or when, they are no
longer of benefit. Through their effects on the synthesis
of nucleic acids, the thiopurines reduce intracellular purine metabolism, induce T lymphocyte apoptosis, cause a
reduction in the number of circulating B and T lymphocytes[23], decrease immunoglobulin synthesis[24] and reduce
the production of interleukin (IL)-2[25] with the desired
effect of reducing inflammation.
In many IBD centres, the measurement of thiopurine
methyltransferase (TPMT) activity is frequently undertaken as this is the primary determinant of azathioprine
(AZA)/6-mercaptopurine (6-MP) metabolism. For patients with moderate enzymic activity (5-12 U/mL), they
are likely to achieve 6-thioguanine nucleotides (6-TGN)
levels at standard drug dosing (AZA 1.5 mg/kg/6-MP
1.0 mg/kg), while patients with high enzyme activity
(usually > 12 U/mL) may require higher doses than normal. TPMT activity, however, does fluctuate, and TPMT
enzymic activity can be induced by AZA/6-MP therapy,
while 5-aminosalicylates may cause a mild, but reversible,
inhibition of TPMT activity.
The measurement of 6-TGN and 6-methylmercaptopurine (6-MMP) levels are now also frequently undertaken as these levels can correlate with the therapeutic
response. A 6-TGN level of between 230-400 pmol/8
× 108 RBC has been associated with clinical response,
although this data needs to be re-examined in a larger patient cohort. Of note is that 6-TGN levels > 400 pmol/8
× 108 RBC are often associated with myelosuppression,
while 6-MMP levels of > 5700 pmol/8 × 108 RBC can
be a cause of hepatotoxicity and other AZA/6-MPinduced side effects[26-29].
Of particular note is that the 6-TGN and 6-MMP
levels can be used to determine a patient’s compliance and
may indicate high TMPT activity with shunting of thiopurine metabolism towards the 6-MMP metabolite and away
from 6-TGN. If shunting is observed with high 6-MMP
and low 6-TGN levels, the addition of allopurinol (100
mg/d) appears to increase the activity of hypoxanthineguanine phosphoribosyltransferase, which is the first step
in the metobolism of the thiopurines to 6-TGN, resulting
in increased 6-TGN levels[30-32]. If allopurinol is used then
the AZA/6-MP dose must be markedly reduced, generally
the author would reduce it to 25% of the original dose
until rechecking of the metabolite profile[33].
If there is loss of response to anti-TNFα therapy
then the combination of AZA/6-MP with the antiTNFα agent could also be of benefit. It is now accepted
that the combination of the thiopurines with the antiTNFαs is more effective for the induction and maintenance of steroid-free remission, and mucosal healing in
CD than with the use of either drug alone for up to 1
year in patients who are naïve to both agents[34,35]. The
evidence for reclaiming a response to anti-TNFα therapy
once lost is not clear, but it is a least a viable option for
consideration. The evidence of the combined use of

OLD BECOMES NEW AGAIN
Azathioprine and 6-mercaptopurine
An oldie but a goodie. We must never forget about the
older medications that have stood the test of time as they
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these agent in UC, however, is not as strong as in CD, but
as there is a role for AZA/6-MP in mucosal healing, and
protection against the development of colorectal cancer
the combination of the two agents would again seem to
be reasonable to consider[36].

amino acid synthesis, MTX alters their incorporation in
the DNA and reduces cellular proliferation, increases T
cell apoptosis and endogenous adenosine with alteration
of the expression of cellular adhesion molecules and the
production of proinflammatory cytokines. The resultant
effect is a reduction on systemic inflammation.
Unfortunately, there have been only limited studies
investigating MTX in IBD. The largest trial investigated
the use of 25 mg/wk intramuscular (im), or placebo, in
combination with 20 mg/d prednisolone[49]. At 16 wk,
significantly more patients receiving MTX were in remission off steroids compared to placebo (P = 0.025),
however, adverse events were significantly more common
with MTX. Two other small trials examining oral MTX
15 mg/wk[50] for 3 mo compared to placebo and oral
MTX 12.5 mg/wk in combination with 50 mg/d 6-MP
or placebo for 9 mo[51] demonstrated no significant differences between the groups. The second study, however,
used suboptimal doses of the immunomodulators, did
not have well defined steroid reduction protocols and included patients with known thiopurine-resistant disease.
The use of MTX has been further examined in two
open-label studies in CD, the first compared 25 mg/wk
MTX intravenously for 3 mo followed by 25 mg/wk
MTX orally, with 2 mg/kg per day oral AZA[52] for 6 mo.
At 3 and 6 mo there was no difference between the percentage of patients in remission between the MTX and
AZA groups, but there were significantly more adverse
events with MTX. The second study examined patients
naïve to immunomodulator therapy[53] and compared
MTX 15 mg/wk orally with 6-MP 1.5 mg/kg per day and
5-ASA 3 g/d for 30 wk. Remission was achieved in 80%
of patients on MTX and 94% on 6-MP, but this was not
statistically different.
The combination of MTX and the anti-TNF medications has been suggested to be beneficial in paediatric patients with one retrospective analysis[54], and the findings
are similar to those seen with the combination of thiopurines and an anti-TNF agent in CD. Expert opinion is
also that the combination MTX and an anti-TNF agent
can be of benefit in the adult IBD population[55], particularly when the anti-TNF therapy is used episodically. In
addition, although the data on the effect that MTX has
on mucosal healing is very limited with only a single case
series of in CD patients, it does suggest that MTX does
have the potential for mucosal healing[56].
Despite the limited number of studies of MTX in the
induction and maintenance of remission in CD the conclusion of the Cochran review was that MTX was useful
in steroid dependent CD and should be commenced
at 25 mg/wk im of subcutaneous (SC) and continued
for 16 wk[57-59]. Maintenance of remission could then be
continued with MTX at 15 mg/wk im or SC but with no
evidence to recommend the use of oral MTX[60]. The evidence for MTX in UC is even more limited with a single
retrospective case series suggesting some benefit, and
only a single prospective randomised trial[51]. The efficacy
in UC thus appears to be primarily based on anecdotal

Mycophenolate mofetil
Mycophenolate mofetil (MMF) is a immunosuppressing
agent with similar anti-metabolite and pharmacodynamic
properties to the thiopurines, which has primarily been
used for preventing the rejection of solid organ transplantants. Its role as an immunosuppresant in the management of IBD has to date been fairly limited with several open labelled studies[37-39] and only a few randomized
trials that have been limited by low patient numbers[40-42].
Consideration of its use in the management of difficult
IBD cases, however, should not be ignored.
Most early studies investigating the use of MMF
were undertaken in CD patients who had failed, or were
intolerant to, AZA, and these demonstrated good efficacy[40,42,43]. Unfortunately, these findings were not always
reproduced by later studies. These later studies suggested
that there was both a low initial response rate as well as
a high relapse rate. It was also noted that there was frequently a high medication discontinuation rate secondary
to side effects[37,38,41,44,45]. Additional studies comparing the
efficacy of AZA to MMF, however, observed that MMF
could be more effective in AZA intolerant, rather than
refractory patients, while being non-inferior to AZA in
the management of UC, for the induction and maintenance of remission at 6 mo[40,46,47]. A longer-term study in
a cohort of AZA resistant/intolerant patients, however,
observed that although MMF was initially effective, the
relapse rates were high, with the suggestion that MMF
may be potentially effective but not a long-term solution[48]. There has also been suggested that the MMF dose
needs to be increased over time in order to maintain an
effect. This has not been the experience of the author as
our data demonstrate that MMF was efficacious and well
tolerated in treating refractory IBD who are intolerant
to AZA/6-MP without the problems of an early disease
flare, or the need for dose escalation over time[39].
As many of the studies suggest that MMF is potentially as effective as conventional immunosuppressants
when these medications fail, or cannot be used due to
hypersensitivity reactions including pancreatitis, then it
is a potential alternative that is worthwhile for consideration[46,47]. Further evaluation of its role needs to be undertaken in larger randomized, double-blind studies comparing it to conventional immunosuppressants, however,
such studies are expensive and not easy to undertake.
Methotrexate
Methotrexate (MTX) exerts its activity at the DNA level.
It inhibits the conversion of dihydrofolic acid to folinic acid, its active metabolite, through the competitive
inhibition of dihydrofolate reductase. As folonic acid
is required for purine and pyrimidine metabolism and
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experience alone and this is reflected in the Cochran review which stated that there was no evidence for MTX
treatment in UC[61-63].

to achieved mucosal healing in 78.9% (15/19) of patients
with the high trough levels compared to 44.4% (8/18)
of patients with low trough levels and placebo 12.5%
(2/16)[81]. The most recent Cochran review[84] also concluded that tacrolimus was effective in inducing a clinical
improvement in a dose-dependent manner in treatmentresistant UC with the number needed to treat being 3.
More recently the long-term efficacy of tacrolimus in
both CD and UC patients who had failed standard immunosuppressive and anti-TNFα therapy was assessed in
a retrospective study with a trough level targeted between
8-12 ng/mL[85]. Clinical response, remission and surgery
were then assessed at 30-d, 90-d and 1-year. This paper
identified that 65.7% of patients had a clinical response
at 30 d, 60% at 90 d and 31.4% at 1 year while 40% of
patients were in remission at 30 d, 37.1% at 90 d and
22.9% at 1 year. The risk of surgery was significantly
reduced in patients who achieved and maintain a clinical response at 90-d (P = 0.004). The risk of surgery at
1 year was still very high at 40% and almost 60% by 2
years, but the figures were similar to the 50% three year
colectomy rate observed in steroid refractory UC patients
treated with infliximab as rescue therapy[86]. The findings
thus suggest that tacrolimus could induce both a clinical
response and clinical remission in medically refractory
IBD patients with long-term benefits.

Tacrolimus
Tacrolimus is a macrolide immunosuppressant that is frequently used to prevent the rejection of renal and hepatic
allografts. It has the ability to inhibit T cell activation
through the formation of an intracellular complex with
immunophilins[64] and these bind to, and inhibit, calcineurin, an enzyme involved in the regulation of transcription
factors. Tacrolimus thus does not exert its effect through
the inhibition of DNA synthesis but instead inhibits T
lymphocyte proliferation through the inhibition of proliferative cytokine production like IL-2[65].
Its role in the management of IBD has been investigated in a number of studies, but unfortunately the
majority of these are small, retrospective and uncontrolled[66-78]. In general there would appear to be some efficacy with remission rates ranging from 7%-69% in patients with luminal CD[79] and 9%-74%[70,80] in those with
UC. The durability of the clinical response, however, is
something that may not be optimal[72] with significant
variability in the findings and this, in combination with
the potential adverse effects of headache, tremor, parasaethesia, insomnia, gastrointestinal upset, arthralgia and
particularly nephrotoxity[73,81], makes the use of tacrolimus in IBD somewhat controversial and its use is not wide
spread.
Tacrolimus was initially used in the management of
perianal CD where for 10 wk patients received tacrolimus
0.1 mg/kg per day or placebo[82]. There was a significant
reduction in fistulae drainage in the tacrolimus-treated
group of 43% compared to the placebo group of 8% (P
= 0.01), however there was no difference in the remission
rates between the groups.
The rest of the data for luminal CD comes primarily
from retrospective case series that focus on patients who
have failed, or are intolerant, to AZA/6-MP. There are
also studies that have included patients failing anti-TNFα
therapy, but the proportion of these patients is generally
low and are in the range from 13% to 47%[67,70,83]. These
studies, however, do suggest some efficacy in both the
induction and maintenance of remission[68,70,72] with most
patients commencing on 0.1 mg/kg tacrolimus twice a
day with the aim to get the tacrolimus trough level within
the therapeutic range of 5-20 ng/L. Better response and
remission rates would appear to be associated trough levels of > 10 ng/L, and these can reach a response rate of
between 68% to 83%[73] and a remission rate of 64% in
CD patients[72].
In UC patients hospitalised with moderate/severe steroid refractory disease[81], not on AZA/6-MP, the use of
tacrolimus after two weeks was associated with a clinical
improvement that was statistically significant, and dose
dependent, suggesting that high serum concentrations
(10-15 ng/L) are more efficacious that low concentrations (5-10 ng/L) or placebo. Tacrolimus was also noted
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TOPICAL THERAPIES
In all conditions the disease location, severity, patient
preferences and allergies need to be considered when
prescribing any treatment. Topical tacrolimus has been
effective in the treatment of both the perioral and perineal inflammation present in paediatric CD, with resolution
of symptoms in up to 75% of patient[87]. More aggressive or novel topical therapy may also be of benefit in
distal UC[88,89]. Distal ulcerative colitis (DC), also known
as left-sided colitis or E2 disease under the Montreal classification[90], is disease confined to the colon distal to the
splenic flexure, while proctitis, or E1 disease (Montreal
classification), is disease localized to the rectum. These
occur in over 50% of UC patients and, although these
result in distressing symptoms, including increased stool
frequency, tenesmus, urgency and bleeding, they can often be managed within the community. Resistant disease,
however, can be extremely difficult to manage and when
there is failure of disease control with routine topical
5-aminosalicylic acid (5-ASA) and steroid therapy, oral
agents including the 5ASAs, AZA/6-MP, steroids or an
anti-TNFα medication may be use. Unfortunately they
do not always help and clinical remission with anti-TNFα
therapy only occurs in at most a third of patients[7,91].
It is in these patients that the investigation of other
agents is required. To date there have been numerous
topical agents proposed for left-sided disease and these
have been investigated primarily by open-labelled studies
including tacrolimus suppositories[92,93], as well as tacrolimus[93], ecabet sodium[94,95], acetarsol[96] and thromboxane
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Figure 1 Modification of Leukocyte trafficking by the anti-integrins. VCAM-1: Vascular cell adhesion molecule-1; MAdCAM-1: Mucosal addressin cell adhesion
molecule 1.

enemas[97]. Unfortunately none of these have undergone
blinded randomised studies as yet, although tacrolimus
suppositories are currently being investigated in a doubleblind placebo-controlled trial. There are, fortunately, several other agents that have undergone randomised studies, and these include butyrate[98-100], cyclosporine[101] and
nicotine enemas[102], however, none have demonstrated
better efficacy than placebo in left-sided disease or proctitis. In addition, despite impressive evidence for epidermal
growth factor enemas in one small randomized study, the
finding has never been reexamined or reproduced[103]. It
does appear, however, that the mucosal medication concentration and/or contact time may be important for the
topical agents to work[104]. This suggests that enemas are
not the best method of administration for patients with
proctitis. Further investigation is still required, however,
before any of these agents can be considered as routine
in the management of DC or proctitis, but the need is
great and hopefully further work will be undertaken.

α- and β-subunit with at least 24 different combinations
already identified allowing for a wide range of receptor
specificity[107]. The α subunit determines the specificity of
the interaction between the leukocyte and the endothelial
cell and the α4 integrin is widely expressed in both the
intestine and brain, and is able to form two different heterodimers with either the β1 or β7-subunit (Figure 1)[107].
The α4β1 integrin is primarily expressed on lymphocytes and monocytes[108], and binds with vascular cell adhesion molecule-1 that is located on vascular endothelial
cells allowing cellular migration into the tissue matrix of
the brain109. The α4β7 integrin demonstrates some overlapping specificity with the α4β1, but also recognises mucosal addressin cell adhesion molecule-1 (MAdCAM-1)
that is important in trafficking of lymphocytes into the
gut[109,110]. Of particular note is that MAdCAM-1 expression levels are know to be upregulated in association with
chronic inflammation in both the small and large intestine of patients with both CD and UC[111,112] and that the
α4β7 heterodimer is highly expressed on memory T cells
within the intestine[113].
In addition to the integrins there are other proteins
that are found on the cell surface of circulating lymphocytes. One of these is chemokine receptor 9 (CCR9) and
it is the only known ligand for CCL25, which is expressed
by gastrointestinal tract epithelial cells[114]. When CCR9 is
expressed on circulating lymphocytes these cells are able
to traffic to the intestine[115,116] and thus CCR9 has been
implicated in the development and maintenance of the
inflammation observed in IBD[117]. Thus modifying the
trafficking of these cells may also impact on the development and progression of IBD inflammation.

MODIFYING T CELL TRAFFICKING
As inflammation in IBD is thought to result from inappropriate activation of the mucosal immune system by
intestinal luminal antigens in genetically susceptible individuals[20,105], the trafficking of leukocytes into the intestinal mucosa would appear to be central to the induction,
and maintenance, of the intestinal inflammation in IBD.
Trafficking of leukocytes is mediated via the recognition of specific adhesion molecules, or integrins that are
heterodimeric glycoproteins located on the cellular membrane[106]. These transmembrane receptors consist of an
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Natalizumab
The first of the medications to test the concept of altering leukocyte trafficking was Natalizumab (Tysabri, Elan
Pharmaceuticals and Biogen Idec), which is a humanised
anti-integrin to IgG4 monoclonal antibody that bound to,
and inhibited that binding of the α4 integrin to its target
proteins in the brain and the gut and it was shown to
be effective in the treatment of multiple sclerosis[118,119].
In the 12-wk induction trial in moderate to severe CD
patients, patients were randomly assigned in a 4:1 ratio
to receive Natalizumab or placebo with the primary
endpoint at week 10 and this was defined as a clinical
response with a drop in the CD activity index (CDAI) of
[120]
≥ 70 points . Although the primary end point was not
met (P = 0.05) post hoc analysis identified that if a CDAI
drop of > 100 was used or if patients were stratified for
an elevated C-reactive protein at baseline, significance
was detected between the groups. In the maintenance
study, Natalizumab, however, demonstrated an ability
to maintain a clinical response (P < 0.001) and remission (P = 0.003) compared to placebo. Unfortunately the
emergence of the life threatening side effect, progressive
multifocal leukoencephalopathy (PML), was associated
with the use of Natalizumab and due to this the FDA
added the criteria that Natalizumab must not be used in
combination with immunosuppressants or inhibitors of
TNF-α, and the use of Natalizumab for the management
of CD has never been approved in many countries.

had a clinical response compared to 25.7% of patients
on placebo (P = 0.23) but 14.5% of patients on active
treatment were in remission compare to 6.8% receiving
placebo (P = 0.02). At week 52, however, the percentage
of patients who were in clinical remission was 39.0% (4
weekly infusion), 36.4% (8 weekly infusion) compared
to 21.6% receiving placebo (P < 0.0001 and P = 0.004
respectively). There was noted to be a higher risk of
adverse events for patients receiving Vedolizumab, but
there were no cases of PML, compared to those getting
placebo suggesting that further experience and data collection will be required.
Vercirnon
Vercirnon (CCX282-B) is a selective antagonist of CCR9
with the advantage of being orally active[124] that was initially synthesised by ChemoCentryx Inc, but was subsequently investigated by GlaxoSmithKline where it has just
completed the pivotal induction study and was to continue investigation in the SHEID studies for the management of CD. The preclinical studies demonstrated that
this molecule inhibits the CCL25-induced chemotaxis[125]
and in animal models of colitis, was shown to reduce the
severity of intestinal inflammation in the TNF∆ARE murine model of colitis[125].
In the two Phase Ⅱ/Ⅲ parallel studies, Vercirnon
was examined in moderate to severe active CD. The percentage of patients achieved a clinical response (CDAI
decrease ≥ 70 points from baseline), or remission (CDAI
< 150), at 12 wk CD was 61% and 29.9% compared to
those getting a placebo of 47.2% (P = 0.039) 27.1% (not
significant) respectively. The percentage of patients in
remission at 52 wk was 47% in the treatment arm and
31% with placebo (P = 0.012) suggesting that there was
potentially some efficacy of the medication.
Further studies, however, have been unimpressive
with the SHIELD-1 study undertaken by GSK determining that in adult patients with moderately-to-severely active CD, Vercirnon did not achieve the primary endpoint
of improvement in clinical response nor the key secondary endpoint of clinical remission. Of note was that although the rates of serious adverse events, and withdrawals due to adverse events, were similar among the groups,
there was a trend for a dose-dependent increase in overall
adverse event rates with Vercirnon. Consequently, GSK
has cease all clinical trials into the use of Vercirnon in
management of CD until there have been further analysis
of the SHIELD-1 findings.

Vedolizumab
Natalizumab demonstrated that altering lymphocyte trafficking could effect site-specific inflammation[121,122]. But
as this anti-α4 monoclonal antibody targeted both the
α4β1 and α4β7, and was associated with an increased
risk of PML, the potential of targeting the β7 subunit, or
both the α4 and β7 subunits was considered. This would
improve antibody specificity by only affecting those leukocytes homing to the intestine, and potentially would
have less systemic side effects.
The humanised monoclonal antibody Vedolizumab
(Millennium: The Takeda Oncology Company, Cambridge, MA, United States) was developed as a highly
selective adhesion molecule antagonist that blocked the
interaction between the α4β7 integrin and its ligand thus
preventing lymphocyte migration into the gut[123]. Recently the phase Ⅲ induction and maintenance studies for
both CD and UC have been presented with very encouraging results. In UC there were response rates at 6 wk of
47.1% in the treatment arm [300 mg intravenously (iv) at
weeks 0 and 2] compared to 25.5% of patients receiving
placebo (P < 0.001), while maintenance therapy with iv
Vedolizumab at either 4 of 8 weekly was compared to
placebo and the percentage of patients who were in clinical remission at week 52 was 41.8, 44.8 and 15.9 respectively (P < 0.001 both treatment arms to placebo).
The use of Vedolizumab in CD has also been encouraging. The induction phase was the same as for the UC
study and at week 6, 31.4% of patients on Vedolizumab
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CONCLUSION
There is no doubt that the anti-TNFα medications have
been a great addition to the treatment options for both
UC and CD with many promoting at “top down” therapeutic approach that commences with an anti-TNFα
medication in the management of CD, or a rapid “step
up” approach when this is not feasible. These medications, however, do not always induce remission and loss
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of response over time, or the development of side effects, may also limit their long-term efficacy.
In all cases the location and severity of the intestinal
inflammation with determine which medications are required and the best mode of administration. For the left
sided and distal colidities, and perianal CD, topical agents
may be the best choice. Particular thought should be put
into this by the physician as these often have less systemic
side effects than other agents and can be every effective.
Unfortunately further investigation is required before
many of these will be part of routine management.
The thiopurines have demonstrated long-term efficacy and by measurement of their metabolities and modification of their activity of hypoxanthine-guanine phosphoribosyltransferase with allopurinol, their efficacy may
be increased. Use in combination with the anti-TNFα
medications is also of benefit and should be considered
in all patients in order to prolong and improve the longterm outcomes with these medications. Methotrexate
may also be able to be used in a similar manner to the
thiopurines and improved patients outcomes. Less recognized are MMF and tacrolimus as medications for use in
IBD but these should also be considered when conventional therapies fail or patient intolerances limit the use
of conventional therapies.
There are now newer therapies that have been developed to target leukocyte trafficking to the intestine and
these have, fortunately, demonstrated clinical efficacy.
The most recent is Vedolizumab, which blocks the α4β7
integrin and it achieved demonstrated impressive efficacy
for the induction and maintenance of remission in UC
and also has a long-term effect on the maintenance of remission in CD. It would thus be expected that very soon
this medication will be under consideration by the various regulatory authorities around the world for use in the
IBDs thus allow a further therapeutic option.
Overall the physician must keep an open mind when
treating IBD. These patients have a long-term incurable
condition than can significantly impact on all aspects
of their life. Surgery does not cure the disease and thus
medications may be required for many decades in order
to give the patients a decent quality of life. Both the patient and the physician, therefore, need to remember the
“oldies but goodies” but also keep the door open to new
innovations and novel therapies.
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Campylobacter concisus and inflammatory bowel disease
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zonulin receptor binding domain. Both Vibrio cholerae
Zot and human zonulin are known to increase intestinal
permeability by affecting the tight junctions. Increased
intestinal permeability is a feature of IBD. Based on
these data, we propose that a primary barrier function
defect caused by C. concisus Zot is a mechanism by
which zot -positive C. concisus strains may trigger the
onset and relapse of IBD.

Li Zhang, Hoyul Lee, School of Biotechnology and Biomolecular Sciences, University of New South Wales, Sydney, NSW
2052, Australia
Michael C Grimm, St George and Sutherland Clinical School,
University of New South Wales, Sydney, NSW 2052, Australia
Stephen M Riordan, Gastrointestinal and Liver Unit, The Prince
of Wales Hospital, Prince of Wales Clinical School, University of
New South Wales, Sydney, NSW 2052, Australia
Andrew S Day, Daniel A Lemberg, Department of Gastroenterology, Sydney Children’s Hospital, Sydney, NSW 2031, Australia
Andrew S Day, Department of Pediatrics, University of Otago,
Christchurch, North Dunedin 9016, New Zealand
Andrew S Day, Daniel A Lemberg, School of Women’s and
Children’s Health, University of New South Wales, Sydney,
NSW 2031, Australia
Author contributions: Zhang L wrote the review and identified the motifs; Lee H analyzed genes and proteins in putative
prophages; Grimm MC, Riordan SM, Day AS and Lemberg DA
provided critical feedback and helped in editing the manuscript.
Correspondence to: Li Zhang, MBBS, PhD, Senior Lecturer
(Medical Microbiology and Immunology), School of Biotechnology and Biomolecular Sciences, University of New South Wales,
High St, Kensington, Sydney, NSW 2052,
Australia. l.zhang@unsw.edu.au
Telephone: +61-1-93852042 Fax: +61-2-93851483
Received: September 27, 2013 Revised: November 7, 2013
Accepted: December 12, 2013
Published online: February 7, 2014

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

Key words: Campylobacter concisus ; Inflammatory
bowel disease; Zonula occludens toxin; Tight junctions;
Intestinal permeability
Core tip: Campylobacter concisus (C. concisus ) is an
oral bacterium that was previously shown to be associated with inflammatory bowel disease (IBD). Evidence
presented in this review shows that some strains of C.
concisus acquired zonula occludens toxin (zot ) gene
from a virus (prophage), suggesting that a primary
barrier function defect caused by C. concisus Zot is a
mechanism by which zot -positive C. concisus strains
may trigger the onset and relapse of IBD.
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Abstract
Investigation of the possible role of Campylobacter
concisus (C. concisus ) in inflammatory bowel disease

(IBD) is an emerging research area. Despite the association found between C. concisus and IBD, it has
been difficult to explain how C. concisus , a bacterium
that is commonly present in the human oral cavity, may
contribute to the development of enteric diseases. The
evidence presented in this review shows that some C.
concisus strains in the oral cavity acquired zonula occludens toxin (zot ) gene from a virus (prophage) and
that C. concisus Zot shares conserved motifs with both
Vibrio cholerae Zot receptor binding domain and human
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INTRODUCTION
Inflammatory bowel disease (IBD) is a chronic inflammatory condition of the gastrointestinal tract[1]. The two
major clinical forms of IBD are Crohn’s disease (CD)
and ulcerative colitis (UC). The etiology of IBD is not
fully understood. Multiple contributors including genetic
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Table 1 Detection of Campylobacter concisus in samples
obtained from healthy individuals
Samples
Human saliva
Human feces
Human intestinal biopsies

Cultivation of

C. concisus

Detection of C. concisus
DNA by PCR

75%
0%-2.8%
0%

97%-100%
33%
2%-38%

Data shown in this table were obtained from references 5-10 and 17-21.
To date, no studies have detected Campylobacter concisus (C. concisus)
in samples obtained from healthy animals. The collective data suggest
that humans are the natural host of C. concisus and the oral cavity is the
primary colonization site. PCR: Polymerase chain reaction.

HV
mag
WD
tilt
2.00 kV 24000 × 4.6 mm -0°

det
TLD

in 97% (57/59) of saliva samples collected from healthy
individuals aged 3-60 years old by polymerase chain reaction (PCR) targeting 16S rRNA gene and cultured from
75% (44/59) of these saliva samples using a filtration
method. A study from Petersen et al[6] also detected a
high prevalence of C. concisus in the human oral cavity: in
this study C. concisus was detected in 100% of saliva samples (11/11) collected from healthy individuals by a PCR
targeting 16S rRNA gene. Despite its high prevalence in
the human oral cavity, C. concisus is not a dominant oral
bacterial species[7].
In comparison to the high isolation of C. concisus from
saliva samples, the isolation rates of C. concisus from fecal
samples collected from healthy individuals were much
lower. Using the filtration method, Engberg et al[8] isolated C. concisus from 2.8% (3/107) of fecal samples and
Nielsen et al[9] did not isolate C. concisus from any of 108
fecal samples collected from healthy individuals. The low
isolation rates of C. concisus from fecal samples suggest
that the human intestinal tract of healthy individuals is a
less optimal site for C. concisus colonization compared to
the oral cavity.
To date, C. concisus has not been detected in any
healthy animals. In a study examining the presence of
Campylobacter species in fecal samples collected from 70
healthy pet dogs using a quantitative PCR targeting the
60 kDa chaperonin gene, Chaban et al[10] detected seven
different campylobacter species but not C. concisus. Various campylobacter species have been detected in fecal
samples collected from animals or birds, but C. concisus
was not detected[3,10,11]. Lynch et al[12] isolated C. concisus
from 10% (18/185) of chicken meat and 3% of beef
meat (6/186) samples. However, whether chicken and
cattle are natural hosts of C. concisus cannot be determined from these data.
C. concisus has been detected in some animals with
gastrointestinal disorders. Petersen et al[6] detected C. concisus in 12.5% (1/8) of saliva samples from pet cats with
dental diseases by PCR targeting the 16S rRNA gene[6].
In addition, Chaban et al[10] detected C. concisus in fecal
samples of 9% of dogs with diarrhea (6/65).
The collective data suggest that humans are the natural host of C. concisus, with the human oral cavity being
the primary colonization site (Table 1).

5 μm
Nova NanoSEM

Figure 1 Electron microscopic image of Campylobacter concisus.

factors, environmental factors and intestinal microbiota
have been suggested to play a role in the development
of IBD[1]. The pathogenesis of IBD is thought to result
from a dysregulated response of the intestinal mucosal
immune system to luminal commensal microbes[1].
The highest incidence of IBD, both CD and UC, is in
young adults[2]. This implies that in most of the patients
with IBD, the intestinal mucosal immune system has
maintained a non-hostile relationship with the intestinal
commensal microbes for decades prior to the onset of
the disease. Given this, the uncontrolled attack of the
intestinal mucosal immune system to luminal commensal
bacteria would have been initiated by a trigger. Such a
trigger may not necessarily be a dominant intestinal bacterial species or a long-term intestinal resident microbe.
Evidence presented in this review suggests that zonula
occludens toxin gene (zot)-positive Campylobacter concisus (C.
concisus) strains, a bacterium colonizing the human oral
cavity, may be a trigger of IBD.
C. concisus
C. concisus is a Gram negative bacterium that requires microaerobic or anaerobic conditions enriched with H2 for
growth[3]. Cells of C. concisus are curved, with a size of (0.5
- 1) × (2 - 6) μm. C. concisus is motile, driven by a single
polarized flagellum (Figure 1).

HUMANS ARE THE NATURAL HOST OF
C. CONCISUS AND THE ORAL CAVITY IS
THE PRIMARY COLONIZATION SITE
Tanner et al[4] first reported the isolation of C. concisus
from patients with gingivitis in 1981. Zhang et al[5] examined the presence of C. concisus in saliva samples obtained from healthy individuals of different age groups
and found that C. concisus is commonly present in the
human oral cavity. In that study, C. concisus was detected
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concisus detected in the intestinal tract may also come
from a different source, most likely through materials
contaminated with saliva from others. For example, in the
above patient with UC, while the C. concisus strain isolated
from intestinal biopsies had housekeeping genes identical
to that of the patient’s own oral C. concisus strain, the C.
concisus strain isolated from the luminal fluid of this patient had a genetic relationship closely related to an oral
C. concisus strain from a healthy control, rather than to the
patient’s own oral C. concisus (Table 2)[13].
The human intestinal environment is not optimal for
C. concisus colonization in general, as suggested by the low
isolation rate of C. concisus from fecal samples of healthy
individuals (Table 1). Given this, C. concisus intestinal
colonization is most likely a short-term event in most individuals. However, with the human oral cavity as a constantly available source of C. concisus, repeated intestinal
colonization of C. concisus may occur.
Whether the characteristics of a given oral C. concisus
strain or the intestinal environment of an individual, or
both, plays the major role in determining whether or not
intestinal colonization of oral C. concisus strains will occur
is currently unknown. A previous study by Haag et al[16]
showed that intestinal microbiota shifts towards elevated
commensal Escherichia coli loads abrogated colonization
resistance against Campylobacter jejuni in mice. Currently,
it is not clear whether the dysbiosis associated with IBD
plays a role in C. concisus intestinal colonization.

Table 2 Genetic relatedness of enteric and oral Campylobacter
concisus strains
Enteric C. concisus strains from
patients with IBD
A strain isolated from intestinal
biopsies of patient No. 1
A strain isolated from intestinal
biopsies of patient No. 3
A strain isolated from luminal fluid
of patient No. 3

Genetically related C. concisus
strains
An oral strain from patient No. 6
An oral strain from patient No. 3
(identical)
An oral strain from healthy No. 1

Data shown in this table were obtained from reference 13. The genetic
relatedness was assessed based on the sequences of six housekeeping
genes. These data provide evidence showing that Campylobacter concisus
(C. concisus) strains colonizing the intestinal tract of patients with IBD
originating from either the patient’s own oral C. concisus strains or oral C.
concisus strains from other individuals. IBD: Inflammatory bowel disease.

DIVERSITY OF C. CONCISUS STRAINS
COLONIZING THE HUMAN ORAL CAVITY
C. concisus strains colonizing the human oral cavity are
greatly diverse. On examination of oral C. concisus strains
isolated from individual patients with IBD and healthy
controls, it was found that C. concisus strains isolated from
each individual had unique protein patterns on sodium
dodecyl sulphate polyacrylamide gel electrophoresis[5,13,14].
Furthermore, some individuals were colonized with
multiple C. concisus strains in the oral cavity, with as many
as three different C. concisus strains having been isolated
from individual patients with IBD or healthy controls[5,13,14]. A significantly higher number of patients with
active IBD were colonized with multiple C. concisus strains
in the oral cavity compared to healthy controls[14].

PREVALENCE OF C. CONCISUS IN THE
INTESTINAL TRACT OF PATIENTS WITH
IBD AND HEALTHY CONTROLS
A number of studies have examined the prevalence of C.
concisus in the intestinal tract of patients with IBD using
PCR methods. Most of these studies detected a significantly higher prevalence of C. concisus DNA in patients
with IBD and controls[17-21]. The reported detection rates
of C. concisus by PCR in enteric samples (biopsies and
fecal samples) were 33%-69% in patients with IBD and
2%-38% in controls[17-21]. Analysis of the data in these
studies revealed a number of interesting findings.
Firstly, different PCR strategies affect the detection
of C. concisus in enteric samples. This was best seen in
the study conducted by Man et al[18], who compared the
prevalence of C. concisus in fecal samples collected from
54 children with CD, 33 healthy controls and 27 non-IBD
controls using two different PCR methods. The first PCR
method employed campylobacter genus specific PCR
(primers C412F/C1288R) and sequencing the PCR products to determine campylobacter species. The second PCR
method was a nested PCR, using campylobacter genus
specific PCR (primers C412F/C1288R) followed by C. concisus specific PCR (primers Concisus F/Concisus R). These
two PCR methods yielded very different results in detection of C. concisus in the same samples. The prevalence of
C. concisus in children with CD, healthy controls and nonIBD controls detected by C. concisus genus specific PCR

COLONIZATION OF ORAL C. CONCISUS
STRAINS IN THE INTESTINAL TRACT
It is estimated that 1-1.5 L of saliva is produced daily in
humans, most of which is swallowed[15]. Thus, the human
oral cavity is a constantly available source, transporting
C. concisus from the oral cavity along with saliva to lower
parts of the gastrointestinal tract. However, as mentioned
previously, both the detection of C. concisus by PCR and
the cultivation of C. concisus from fecal samples were
much lower than that from saliva samples, indicating that
C. concisus routinely transported from the oral cavity to the
intestines does not commonly establish colonization there.
Nevertheless, intestinal colonization of oral C. concisus
strains does occur in some individuals. For example, in
a study comparing the housekeeping genes of C. concisus
strains isolated from intestinal biopsies of patients with
IBD and controls, Ismail et al[13] found that a C. concisus
strain isolated from intestinal biopsies of a patient with
UC had housekeeping genes identical to that of an oral
C. concisus strain isolated from the same patient, providing
evidence that the oral C. concisus strains are in fact able to
colonize the human intestinal tract (Table 2).
In addition to an individual’s own oral C. concisus, C.

WJG|www.wjgnet.com

1261

February 7, 2014|Volume 20|Issue 5|

Percentage of C. concisus detection (%)

Zhang L et al . C. concisus and IBD
Table 3 Detection rates of Campylobacter concisus in fecal
samples by two polymerase chain reaction methods
Campylobacter genus PCR Nested PCR
CD (n = 54)
Healthy controls (n = 33)
Non-IBD controls (n = 27)

19%
12%
0

65%
33%
37%

An example showing that different polymerase chain reaction (PCR)
methods affect the detection of Campylobacter concisus (C. concisus) in
intestinal samples. Data included in this table were from reference 18.
Primers C412F and C1288R were used in campylobacter genus PCR. In
nested PCR, PCR products amplified by primers C412F and C1288R were
amplified again using C. concisus specific primers Concisus F and Concisus
R. The nest PCR detected a significantly higher intestinal prevalence of C.
concisus in patients with Crohn’s disease (CD) compared to both healthy
controls and non-inflammatory bowel disease (IBD) controls. The genus
PCR detected a significantly higher intestinal prevalence of C. concisus in
patients with CD compared to non-IBD controls, but not healthy controls.

70
60
50
40
30
20
10
0

One
biopsy
from
ileum

One
biopsy
from
caecum

One
biopsy
from
colon

One
biopsy
from
rectum

The combined
results from
four biopsies

Figure 2 An example showing that collection of multiple intestinal biopsies
increases the detection of intestinal prevalence of Campylobacter concisus. Data included in Figure 2 were from reference 20. In both patients with inflammatory bowel disease (IBD) (right column) and healthy controls (left column),
the detection of intestinal prevalence of Campylobacter concisus (C. concisus)
was greatly increased using four biopsies as compared to using one biopsy. In
healthy controls, C. concisus detection rates in a single biopsy collected from
ileum, caecum, colon and rectum were 21%, 18%, 18% and 9% respectively. If
results from the four biopsies were used in determining the intestinal prevalence
of C. concisus, the intestinal prevalence of C. concisus in healthy controls was
36%. Similarly, in patients with IBD, C. concisus detection rates in a single biopsy collected from ileum, caecum, colon and rectum were 23%, 15%, 43% and
26% respectively, and the intestinal prevalence of C. concisus in patients with
IBD was 68% when four biopsies were taken into consideration.

was 19% (10/54), 12% (4/33) and zero (0/27) respectively.
The nested PCR greatly increased the detection of C. concisus in the same cohort of samples, with the prevalence
of C. concisus being 65% (35/54) in children with CD, 33%
(11/33) in healthy controls and 37% (10/27) in non-IBD
controls. The nested PCR, but not the genus specific PCR,
detected a significantly higher prevalence of C. concisus in
children with CD as compared to healthy controls[18] (Table
3). Indeed, in studies revealing a significant difference in
intestinal prevalence of C. concisus between patients with
IBD and controls, nested PCR was used to examine all of
the samples or part of the samples[17-20].
Secondly, collection of multiple intestinal biopsies
increases the detection of intestinal prevalence of C. concisus. A study by Mahendran et al[20] showed that in comparison to the collection of one biopsy, the collection of
four biopsies from each individual greatly increased the
detection of C. concisus (Figure 2).
Thirdly, despite the increased prevalence of C. concisus detected by PCR in the intestinal tract of patients
with IBD, the isolation rates of C. concisus from intestinal
biopsies of patients with IBD were low (3%-7.7%)[17,20,21].
This suggests that C. concisus detected in most of the enteric samples were at a low number or in a nonculturable
state.

C. CONCISUS ZOT GENE AND IBD
Mahendran et al[14] examined the prevalence of zot gene
in 56 oral C. concisus strains isolated from saliva of 19
patients with IBD and 20 healthy controls. This study
showed that 30% (17/56) of the oral C. concisus strains
carried the zot gene. The zot-positive C. concisus strain was
present in 55% (6/11) of patients with active IBD and
40% (8/20) of healthy controls. Some IBD patients with
active disease 18% (2/11) were colonized with multiple
zot-positive C. concisus strains in the oral cavity. Interestingly, polymorphic forms of the C. concisus zot gene resulting in the substitution of valine at amino acid position
270 were found to be associated with active IBD.
The zot gene was first discovered in Vibrio cholerae
where it is carried by a filamentous prophage[26,27]. The zot
gene in V. cholerae is required for phage production; a V.
cholerae strain with zot gene mutation did not produce phage
particles into the culture supernatant[28]. The V. cholerae Zot
toxin was shown to increase intestinal permeability and to
be associated with mild to moderate diarrhea[26,29,30].
Previous studies have found a human intestinal Zot
analogue, namely zonulin, which is a physiological regulator that increases the intestinal permeability[31,32].

ADVERSE EFFECTS OF C. CONCISUS ON
INTESTINAL EPITHELIAL CELLS
A number of adverse effects of C. concisus on intestinal
epithelial cells have been described. Using in vitro cell
culture models (Caco2 cells or HT-29 cells), epithelial
adhesion and invasion, damage of the barrier function
and up-regulation of Toll-like receptors-4 expression
by C. concisus have been reported. Different strains
showed varying degrees of ability to induce such adverse effects[13,22-25]. The underlying molecular mechanisms responsible for these effects have not yet been
investigated.
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C. CONCISUS ZOT GENE IS A
COMPONENT OF A CHROMOSOMALLY
INTEGRATED PUTATIVE PROPHAGE
Stothard et al[33] established a visual database of bacterial
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Figure 3 Genetic structures of putative prophage identified in Campylobacter concisus strain 13826. A: Multiple prophages at nucleotide position between
1576686 and 1614075; B: One putative prophage at nucleotide position between 939158 and 946901. Identical genes were indicated with the same color. int: A gene
encodes phage integrase; zot: Zonula occludens toxin gene. The numbers are the locus tags.

chromosome maps in which C. concisus strain 13826 (Accession No. CP000792. 1) was included. Stothard et al[33]
identified a region from nucleotide position 1576683 to
1615449 (38767 bp) in the genome of C. concisus strain
13826 as an “incomplete prophage”. In this region, 39
genes with open reading frames were identified, with four
of these genes encoding integrases and 10 genes encoding phage-like proteins[33].
The genetic structures of this “incomplete prophage”
region are shown in Figure 3A and the proteins encoded
by genes in this region are shown in Table 4. We compared the genes within this region using publicly available softwares[34,35]. A number of genes that have identical nucleotide sequences, including CCC13826_1099,
CCC13826_0020, CCC13826_1102, CCC13826_0164,
CCC13826_0185, CCC13826_2082 and CCC13826_2077
were annotated with identical protein names.
Interestingly, the region that was considered as an
“incomplete prophage” by Stothard et al[33] turned out to
be four putative prophages, each beginning with a phage
integrase (Figure 3 and Table 4). The first prophage had
a genome size of 5.2 kb, which contained seven proteinencoding genes. The second prophage and third prophage were identical, each having a genome size of 9.6
kb consisting of 10 protein-encoding genes. The fourth
prophage contained 11 protein-encoding genes with a
genome size of 8.6 kb. We named the first prophage
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CON_phi1, the second prophage and third prophage
CON_phi2 and the fourth prophage CON_phi3. The
zot gene is a component of CON_phi2. Comparison of
the proteins encoded by genes in CON_phi2 with that
encoded by genes in CTX phage, the phage that carries
the zot gene in V. cholera, did not show high similarities
except for the Zot protein (data not shown), suggesting
the CON_phi2 is a previously uncharacterised prophage.
A study by Kaakoush et al [36] found that two hypothetical proteins encoded by CCC13826_0191 and
CCC13826_1210 have 47% and 46% similarity respectively to C. concisus Zot. Here we found that CCC13826_0191
is a gene of CON_phi3 and CCC13826_1210 is a gene
of an additional putative prophage, which was named
CON_phi4. A number of genes in CON_phi3 and
CON_phi4 had high similarities, however, CON_phi4
did not contain the gene that corresponding to
CCC13826_0188 in CON_phi3 (Table 5).

IDENTIFICATION OF CONSERVED
MOTIFS SHARED BY C. CONCISUS ZOT
AND ZONULIN/ZOT RECEPTOR BINDING
DOMAINS
Kaakoush et al[36] compared Zot sequences in C. concisus
strain 13826 and V. cholerae strain 86015 and reported that
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Table 4 Proteins encoded by putative prophages in Campylobacter concisus strain 13826
Nucleotide position
1576686..1581986
1582376..1583269
1583269..1583880
1583895..1585235
1585467..1585853
1585894..1586115
1586807..1587043
1587044..1587496
1587598..1588506
1588755..1589966
1590015..1591184
1591228..1592352
1592354..1592800
1592797..1594923
1594955..1595095
1595477..1595698
1596412..1596648
1596649..1597101
1597203..1598111
1598360..1599571
1599620..1600789
1600833..1601957
1601959..1602405
1602402..1604528
1604560..1604700
1605082..1605303
1606017..1606253
1606254..1606706
1606808..1607701
1607701..1608312
1608327..1609667
1609899..1611041
1610992..1612116
1612118..1612438
1612537..1613946
1613956..1614075
1614090..1614209
1614489..1614707
1614801..1615178

Locus tag

Encoded proteins

Size (aa)

CCC13826_0568
CCC13826_0638
CCC13826_2272
CCC13826_2273
CCC13826_2274
CCC13826_1101
CCC13826_1102
CCC13826_2275
CCC13826_2082
CCC13826_1099
CCC13826_1100
CCC13826_2276
CCC13826_2277
CCC13826_0183
CCC13826_0184
CCC13826_2278
CCC13826_0164
CCC13826_2078
CCC13826_2077
CCC13826_0020
CCC13826_0019
CCC13826_2075
CCC13826_2074
CCC13826_1299
CCC13826_1298
CCC13826_2279
CCC13826_0185
CCC13826_0186
CCC13826_0706
CCC13826_0188
CCC13826_0189
CCC13826_0190
CCC13826_0191
CCC13826_0192
CCC13826_0193
CCC13826_0194
CCC13826_0195
CCC13826_0196
CCC13826_0197

Hypothetical protein
Phage integrase
Glutathionylspermidine synthase family
Bacteriophage replication gene A protein
Protein yitk
Phosphonate uptake transporter
Sensory box protein
Hypothetical protein
Phage integrase
Putative phage replication protein A
ATP binding protein (ABC) transporter
Zonula occludens toxin (Zot) family protein
Hypothetical protein
Hypothetical protein
Hypothetical protein
Phosphonate uptake transporter
Sensory box protein
Hypothetical protein
Phage integrase
Putative phage replication protein A
ABC transporter
Zot family protein
Hypothetical protein
Hypothetical protein
Hypothetical protein
Phosphonate uptake transporter
Sensory box protein
Hypothetical protein
Phage integrase
Glutathionylspermidine synthase family
Bacteriophage replication gene A protein
Type Ⅱ and Ⅲ secretion system protein
Hypothetical protein
Hypothetical protein
Hypothetical protein
Alkyl hydroperoxide reductase
Hypothetical protein
Hypothetical protein
Hypothetical protein

1766
297
203
446
128
73
78
150
302
403
389
374
148
708
46
73
78
150
302
403
389
374
148
708
46
73
78
150
297
203
446
380
374
106
469
39
39
72
125

aa: Amino acids.

the biological active domain (FCIGRL) previously found
in V. cholerae Zot was not found in C. concisus Zot. In this
review, we compared the sequence of C. concisus Zot with
human zonulin receptor binding domain and V. cholerae
Zot receptor binding domain previously reported[32,37]. Interestingly, we found that C. concisus Zot shares conserved
motifs with both the human zonulin receptor binding
domain and the V. cholerae Zot receptor binding domain
(Table 6). These data suggest that C. concisus Zot may increase intestinal permeability using a mechanism that is
similar to the human zonulin and V. cholerae Zot, affecting
the tight junctions through proteinase activated receptor
2 activation[37,38]. The motif “GRFLSYHG” is located at
amino acid position 123-130 in C. concisus Zot, which was
found in all oral zot-positive C. concisus strains that we previously isolated as well as in the C. concisus strain 13826[14].
The polymorphisms of C. concisus zot gene that Mahendran et al[14] previously detected were not in the receptor
binding domain, suggesting that these polymorphisms
may impact on the function of C. concisus Zot, if there is
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any, using a different mechanism rather than affecting the
binding of C. concicsus Zot to the receptor.

INCREASED INTESTINAL PERMEABILITY
IN PATIENTS WITH IBD
Increased intestinal permeability is a feature of both CD
and UC[39-43]. While epithelial cell death and proinflammatory cytokines may damage the intestinal epithelial barrier
during active disease, evidence shows that increased intestinal permeability may precede the initial onset or relapse
of IBD. An early study from Hollander et al[39] reported
that increased intestinal permeability was detected not
only in patients with CD but also in their healthy relatives. A family history of IBD is a known risk factor for
IBD[44]. Irvine et al[41] reported that an individual with a
family history of CD had elevated intestinal permeability
eight years prior to the onset of clinical symptoms and
diagnosis of CD. Wyatt et al[43] measured the intestinal
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Table 6 Motifs shared by Campylobacter concisus zonula
occludens toxin and zonulin/zonula occludens toxin receptor
binding domains

Table 5 The similarity of proteins in CON_phi3 and
CON_phi4
CON_phi3
CCC13826_0706
CCC13826_0188
CCC13826_0189
CCC13826_0190
CCC13826_0191
CCC13826_0192
CCC13826_0193
CCC13826_0194
CCC13826_0195
CCC13826_0196
CCC13826_0197

CON_phi4

Similarity

CCC13826_1213

23.23%

CCC13826_1212
CCC13826_1211
CCC13826_1210
CCC13826_1209
CCC13826_1208
CCC13826_2249
CCC13826_2248
CCC13826_1206
CCC13826_1205

93.72%
98.95%
92.25%
92.03%
58.90%
100%
97.44%
61.11%
95.24%

1

C. concisus Zot1
Human adult intestine zonulin
Human fetal intestine zonulin
C. concisus Zot2
V. cholerae Zot

1
Campylobacter concisus zonula occludens toxin (Zot) and zonulin binding
domain shares a motif (bold letters): Non-polar G, variable, non-polar,
non-polar L, variable, polar, variable and non-polar G; 2C. concisus Zot
and Vibrio cholerae Zot shares a motif (bold letters): non-polar G, basic
polar R, non-polar, non-polar, variable, polar, variable and non-polar G.
Comparison of C. concisus Zot and zonulin/Zot receptor was performed in
this review. The amino acid sequences of human intestinal zonulin and V.
cholerae Zot were obtained from reference 32.

1

Similarity is the percentage of identical amino acids.

permeability in patients with quiescent CD and found
that those with increased intestinal permeability were at
a significantly higher risk of clinical relapse. These data
suggest that increased intestinal permeability occurred
prior to the onset and relapse of the disease may be a
possible aetiological factor of IBD.

than in the oral cavity. For example, the expression of C.
concisus Zot may require induction of prophage from the
C. concisus genome. As prophage induction usually occurs
when bacterial cells are under stressful conditions[47], the
fact that C. concisus uses the human oral cavity as its primary colonization site suggests that the oral cavity is not
a stressful site for C. concisus. However, as the C. concisus
travels to the more hostile lower parts of the gastrointestinal tract, the stressful environment may trigger the
induction of C. concisus prophage.
Another possible factor that may reduce the pathogenic effect of C. concisus Zot in the oral cavity is that
the epithelium in the oral cavity is a stratified squamous
epithelium, either keratinized or non-keratinized[48]. In
contrast, the intestinal epithelium is a simple columnar
epithelium[48]. The impact on permeability caused by Zot,
even it is expressed in the oral cavity, in multiple layers of
squamous epithelium may not be as evident as that in the
single layered columnar epithelium.

C. CONCISUS ZOT: A POTENTIAL
TRIGGER OF IBD THROUGH CAUSING
PRIMARY BARRIER DEFECT
The human zonulin and V. cholerae Zot toxin are known
to increase intestinal permeability through affecting the
tight junctions[31,32,37]. In this review, we found that C. concisus Zot has conserved motifs shared by the zonulin/Zot
binding receptor domains. Given this, it is very likely that
C. concisus Zot also affects the tight junctions.
Based on the information obtained from previous
publications and the analysis that we have performed in
this review, we propose a mechanism by which C. concisus,
an oral bacterium, may trigger the onset or relapse of
IBD: that some oral C. concisus strains acquire zot gene
from a virus (prophage). With the human oral cavity as
the reservoir of C. concisus, repeated intestinal colonization of C. concisus and release of C. concisus Zot due to
prophage induction may occur, which is likely to result in
a prolonged primary epithelial barrier defect and translocation of macromolecule such as luminal microbes and
their products. In genetically susceptible individuals, this
may trigger the development of IBD.
Damage to the intestinal epithelial tight junctions
may also lead to the development of diarrhea. Indeed, in
addition to its association with IBD, C. concisus has been
frequently isolated from non-IBD-related diarrheal stool
samples[9,45,46].
If some oral C. concisus strains are indeed involved in
the development of human IBD, the question as to why
the lesions of IBD occur more often in the intestinal
tract rather than in the oral cavity arises. One explanation
is that the virulence factors that are associated with IBD
are more often expressed in the intestinal tract rather
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GRF LSYHG
GGXL
GGVLVQPG
GRF LSYHG
FCIGRLCVQDG

C. CONCISUS ZOT: A POTENTIAL
ENVIRONMENTAL FACTOR
CONTRIBUTING TO THE INCREASED
RISK OF IBD IN INDIVIDUALS WITH A
FAMILY HISTORY OF IBD
A family history of IBD is a risk factor for developing
IBD[44]. In addition to genetic factors, environmental
factors have been shown to be involved in the increased
incidence of IBD in members with a family history of
this disease[49,50]. We suggest that C. concisus Zot is one
such factor. This suggestion is based on the findings that
the higher numbers of the relatives of patients with IBD
have increased intestinal permeability and that some oral
C. concisus strains carry the zot gene that encodes a toxin
known to promote this[14,39,41]. This hypothesis remains to
be further assessed by examining the correlation between
colonization of zot-positive C. concisus strains and the
increased intestinal permeability in family members of
patients with IBD.
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CONCLUSION

10

The evidence presented in this review shows that some C.
concisus strains colonizing the human oral cavity acquired
zot gene from a virus (prophage). We are currently examining the biologic activities of C. concisus Zot, the expression of Zot in zot-positive C. concisus strains isolated from
patients with IBD and controls as well as the presence of
C. concisus Zot in the oral cavity and intestinal tract of patients with IBD and controls, which will provide further
information in understanding the role of C. concisus Zot
in IBD and other human diseases.
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turned out not to be of practical utility. This is the reason why active investigations are ongoing in this field.
Given the huge amount of published works aimed at
the identification of HCC biomarkers, in this review we
mainly focused on the data published in the last year,
with particular attention to the role of (1) molecular
and biochemical cellular markers; (2) micro-interfering
RNAs; (3) epigenetic variations; and (4) tumor stroma.
It is worth mentioning that a significant number of the
HCC markers described in the present review may be
utilized also as targets for novel therapeutic approaches, indicating the tight relation between diagnosis and
therapy. In conclusion, we believe that integrated researches among the different lines of investigation indicated above should represent the winning strategies to
identify effective HCC markers and therapeutic targets.

Abstract

Core tip: Hepatocellular carcinoma (HCC) is the third
leading cause of cancer-related death. The modest efficacy of the therapeutic approaches also depends on the
fact that the diagnosis often occurs in the late stages
of the disease. Thus, the identification of early markers
of onset and progression could be of significant benefit.
Here we mainly focus on the latest data pointing the
attention towards: (1) biochemical cellular markers; (2)
micro-interfering RNA; (3) epigenetic variations; and (4)
tumor stroma. The integration of these different lines
of investigations should represent promising strategies
to identify effective HCC markers.

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

Key words: Hepatocellular carcinoma; Biochemical
markers; Micro-interfering RNA; Epigenetic variations;
Tumor stroma; Angiogenic factors

Hepatocellular carcinoma (HCC), the predominant form
of primary liver cancer, is the sixth most common cancer worldwide and the third leading cause of cancerrelated death. The difficulty to diagnose early cancer
stages, the aggressive behaviors of HCC, and the poor
effectiveness of therapeutic treatments, represent the
reasons for the quite similar deaths per year and incidence number. Considering the fact that the diagnosis
of HCC typically occurs in the advanced stages of the
disease when the therapeutic options have only modest efficacy, the possibility to identify early diagnostic
markers could be of significant benefit. So far, a large
number of biomarkers have been associated to HCC
progression and aggressiveness, but many of them
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MOLECULAR AND BIOCHEMICAL
CELLULAR MARKERS
Table 1 resumes the most relevant findings with regard to
the molecular and biochemical markers below described.
Glypican-3
Glypican-3 (GPC3) is a family member of heparan sulfate proteoglycan membrane proteins. It anchors to the
cytoplasmic membrane via a glycosyl-phosphatidyl-inositol linkage. GPC3 can regulate in a positive or negative
manner the activities of many growth factors depending
on the cellular context[9]. In the adult, the expression of
GPC3 can be detected in many types of cancers, including lung carcinoma and ovary adenocarcinoma. GPC3
was first proposed as a potential marker for hepatocellular carcinoma in 1997[10]. Nowadays it is considered as
a relatively specific HCC biomarker being not detectable
in hepatic para-carcinomatous and cirrhotic tissues[11]. It
is interesting to note that more than 80% of HCCs overexpress GPC3[12]; additionally, GCP3 is also an interesting
therapeutic target for HCC[9]. In this regard, a humanized
monoclonal antibody against GPC3 has been recently
developed[13] and it is under evaluation in a clinical trial
phase Ⅱ in patients with advanced or metastatic HCC
(http://www.cancerresearchuk.org/cancer-help/trials/
trial-looking-gc33-advanced-liver-cancer). Moreover, it is
worth mentioning that a vaccine GPC3-derived has been
developed and tested in phase Ⅰ and Ⅱ clinical trials. The
results of these studies are under evaluation[14].
GPC3 has been also proposed as a marker of HCC
progression as it promotes cell growth by stimulating
Wnt signal transduction pathway. Wnt is known to be
involved in cancer acting as an oncogene able to induce
the cytosolic accumulation and nuclear translocation
of the transcription factor for the β-catenin; in turn,
β-catenin activates the expression of genes promoting cell proliferation and survival[15]. The progressionassociated meaning of GPC3 has been corroborated by
a multivariate analysis on patients affected by HCC of
different etiology where GPC3 resulted to be a predictor of poor prognosis[16]; however, in another study, the
correlation was found only for HCC developed in HCV
positive patients[17]. In a recent study of 172 patients undergoing liver resection, GPC3 was positively correlated
with alpha-fetoprotein (AFP) levels and tumor node
metastasis stage. Importantly, an high level of GPC3 in
tissue was found to be an independent risk for a shorter
post-operative disease-free survival, recurrence and for a
decreased overall survival[18].

INTRODUCTION
Hepatocellular carcinoma (HCC), the predominant
form of primary liver cancer is the sixth most common
cancer worldwide and the third leading cause of cancerrelated death. Almost 80 percent of cases are etiologically related to chronic hepatitis B and C virus infection.
Whereas the disease is most common in Asia and Africa,
its incidence in the western countries is worrisome increasing. At present, the first line of curative treatment
consists of the surgical resection or liver transplantation.
The worldwide number of deaths per year in HCC is
quite similar to the incidence number, underlying the
very aggressive behavior of this disease as well as the
poor effectiveness of first and second line of curative
treatments. Additionally, as HCC is characterized by fast
tumor cell growth, early hepatic metastasis, high grade
malignancy and multidrug resistance, the 5-year survival
rate is in the range of only 5%[1].
Effective treatment of HCC remains a big challenge
also due to the lack of sensitive, early and specific diagnostic markers. Whereas the molecular mechanisms
contributing to carcinogenesis and progression of HCC
still need to be fully clarified, many biological molecules
have been proposed as relevant players. Some of them
are mutually exclusive of neoplastic transformation as in
the case of eukaryotic elongation factor 1 A2, a protein
normally expressed only by skeletal muscle, heart and
nervous system[2-7]. Thus, a better understanding of the
mechanisms underlying these signaling cascades may be
of great diagnostic and therapeutic potentials.
A large number of biomarkers associated with HCC
progression and aggressiveness has been proposed so far,
but most of them turned out not to be of practical utility.
This is the reason why the scientific community is actively
investigating this field as demonstrated by the number of
papers published in 2012 (740 items in PubMed using the
key words: “hepatocellular carcinoma” and “marker”).
Given the fact that the diagnosis of HCC typically occurs
in the advanced stages of the disease when the therapeutic options have only modest efficacy, the possibility to
identify early markers could be of significant benefit. In
this regard, it should be pointed out that biomarkers can
be searched in fresh/paraffin-fixed tissue specimens and
in serum, targeting both proteins or nucleic acids[8].
Given the huge amount of published works aimed at
the identification of HCC biomarkers, in this review we
mainly focused on the data published in 2013 with particular attention to the role of (1) molecular and biochemical cellular markers; (2) micro-interfering RNAs (miRNAs); (3) epigenetic variations; and (4) tumor stroma.

WJG|www.wjgnet.com

Dickkopf-1
Dickkopf-1 (DKK1), a secreted inhibitor of the Wnt/
β-catenin pathway, is a negative regulator of bone formation and plays a role in cell proliferation and survival
control. DKK1 is frequently overexpressed in many human tumors where it can promote or suppress tumor
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Table 1 Molecular and biochemical markers of human hepatocellular carcinoma progression and poor prognosis
Molecule

Molecular category

GPC3

Member of heparan sulfate Regulates the signalling
proteoglycan membrane
pathways of several
proteins family
growth factors,
including Wnts
Member of dickkopf family
Cell proliferation
of secreted protein with
and survival control,
two cysteine rich regions
differentiation, and
cell motility; negative
regulator of Wnt/
β-catenin pathway
Member of S100 calciumTarget gene of Wnt/
binding protein family
β-catenin pathway

DKK1

S100A4

S100 calciumbinding protein
A14
Sex determining
region Y (SRY)
related highmobility group
box 6 (SOX6)
SUOX

xCT

Member of S100 calciumbinding protein family

Component of cystine/
glutamate transporter
designated as system xc–

Member of the G proteincoupled receptor kinase of
the Ser/Thr protein kinase
family

GPR87

Member of the family of
G protein-coupled cell
surface receptor related
to lysophosphatidic acid
receptor family
Members of the cysteinerich, low molecular weight
membrane proteins,
localized on Golgi
apparatus

MT-1 and MT-2

SSX2IP

Role not yet defined

Member of the SRY
Involved in cell
box gene superfamily
embryogenesis,
of transcription factors
differentiation and
containing a DNA-binding
proliferation
high mobility group
(HMG) domain
Mitochondria member
Involved in oxidative
of molybdenum
phosphorylation for
oxotransferases
ATP generation via
superfamily
electron transport chain

GRK6

RAI3

Biological function

Member of G-coupled cell
surface receptor
Spindle protein
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In mammalian
cells involved in
redox balance by
mediating cystine
entry in exchange for
intracellular glutamate
Phosphorylates the
activated forms of
G protein-coupled
receptors. It is involved
in migration and
invasion
Antiapoptotic role
sustaining p53mediated pro-survival
of cells, involved in cell
communication
Protect from oxidative
damage and regulate
metals homeostasis
(storage, transport and
detoxification). Involved
in angiogenesis,
apoptosis, cell cycle
progression and
differentiation
Involved in the
regulation of cell
proliferation.
Helps centrosome
prepare for mitosis.
Essential for centrosome
maturation

Target for
therapy

Ref.

Over-expression;
Metastasis, overall survival
In tissue or serum decrease, recurrence, prognostic
(protein)
value in early diagnosis

Yes

[12,14,16-18]

Over-expression Vascular invasion and metastasis,
in tissue (mRNA early diagnosis in AFP-negative
and protein)
HCC, distinguish between
and in serum
malignant and non-malignant
(protein)
liver diseases

Potential

[22]

Over-expression
Poorly differentiated HCC,
in tissue
vascular invasion and recurrence,
overall survival decrease, up to
now limited to HBV + HCC
Over-expression
HCC vascular invasion and
in tissue (mRNA
metastasis, disease-free and
and protein)
overall survival decrease
Decreased
Overall survival decrease,
expression in
advance tumor stage
tissue (mRNA
and protein)

Potential

[24]

No data

[25]

No data

[27]

No data

[28]

Potential

[31]

Over-expression Aggressiveness related to Ki-67,
in tissue (protein)
overall survival decrease

No data

[34]

Over-expression
Aggressiveness, intrahepatic
in tissue (protein) metastasis related to CD133 upregulation

Potential

[37]

Decreased
Agressiveness, vascular invasion,
expression in
recurrence free survival time
tissue (protein)
reduced and overall survival
decrease

No data

[39]

Over-expression Agressiveness, vascular invasion,
in tissue (mRNA
increased tumor recurrence,
and protein)
shorter overall survival
Over-expression Larger tumor size and metastasis,
in tissue (mRNA) overall post-operative survival
time reduced

Potential

[42]

Potential

[44]

Expression levels
in human HCC
tissue or serum

Clinical pathological indications

Decreased
expression in
tissue (protein)

Overall survival decrease in
serum AFP positive, with
increase of AKR1B10 and CD34
early diagnosis: high grade
dysplastic nodules and HCC
progression
Over-expression Overall survival decrease related
in tissue (mRNA)
to the mRNA levels
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Protein
Phosphatase
magnesiumPpm1d

BCL9

IRF-1 and IRF-2

CDK4

Member of PP2C family
of Ser/Thr protein
phosphatases

Inhibits p53 signalling,
down-regulates p38
mitogen-activated
protein kinase and thus
is a putative oncogenetic
protein
Protein associated with
Involved in signal
B-cell acute lymphoblastic transduction through
leukemia
Wnt pathway, promotes
β-catenin’s transcription
activity
Belongs to transcription IRF-1 and its functional
factors, member of the
antagonist IRF-2
interferon regulatory factor
are involved in the
family
modulation of IFNs
Member of the Ser/Thr
kinase family

Controls the G1-S phase
by phosphorylation of
retinoblastoma protein
Involved in actin
assembly

LASP-1

Not yet elucidated

PTP4A3

Member of PRL subgroup
of protein tyrosine
phosphatases

Involved in signaling
pathways modulating
cell proliferation,
growth and motility

Endoplasmic reticulum
enzyme that catalyzed
the biosynthesis of
monounsaturated fatty
acids

Catalyzed the D9cis desaturation of a
range of fatty acylCoA substrates such as
palmitoyl- and stearoylCoA (converted into
palmitoleoyl-and oleylCoA, respectively)
A mediator of filipodia
formation

Steroyl-CoAdesaturase

PAK5

hnRNP-L

CYLD

MAGE-D4

Member of the p21activated kinase (Pak)
family that serves as target
for GTP-binding proteins
involved in modulation
of cell shape, movement,
proliferation and survival
Member of the hnRNPs Regulator of alternative
that are involved in the
splicing with both
processing of pre-mRNAs activator and repressor
functions (retention and
skipping of the exons)
Protease, displaying
Involved in the
endodeubiquitinase
regulation of cell
activity. Specifically
survival, proliferation,
cleaves 'Lys-63'-linked
and differentiation.
polyubiquitin chains.
Plays an important role
in pathways activating
NF-κB and is a negative
Wnt regulator. Involved
in modulation of cell
polarization, migration
and angiogenesis
Component of the MAGE
Expressed during
family protein
development and
involved in regulation
of cell survival, cell
cycle progression and
apoptosis
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Over-expression
in tissue (mRNA
and protein),
correlates with
high AFP level

Larger tumor size, metastasis,
shorter overall survival

No data

[46]

Over-expression
in tissue (protein)

Aggressiveness, vascular
invasion and metastasis.
Shorter disease free status after
hepatectomy

No data

[47]

IRF-1 decreased Aggressiveness, shorter overall
expression or
survival and early recurrence
IRF-2 overexpression in
tissue (protein)
Over-expression
Larger tumor size, HBV and
in tissue (mRNA
shorter median survival
and protein)
Positive cytosolic
Poorer survival
expression in
tissue (protein)
Over-expression Overall survival decrease and
in tissue (protein) shorter recurrence free survival

No data

[49]

potential

[50]

No data

[51]

Potential

[52]

Yes

[54]

Potential

[56]

Potential

[57]

Over-expression Distinguishes between high and
in tissue (mRNA) low risk HCC, positively related
to AFP levels, tumor size and
staging

Over-expression
in tissue (mRNA)

Early diagnosis and possibly
indicator of HCC progression

Over-expressed
Progression in HBV-HCC
(serum and
patients, tumor size increase and
tissue)
overall survival decrease that
correlates with high serum levels
Downregulation
at mRNA and
protein levels
(tissue)

Relates to resistance to
chemotherapeutic agents

Yes

[58]

Over-expression
at mRNA and
protein levels
(tissue)

Relates to HCC poor
differentiation and invasion.
Marks early recurrence and
decrease overall survival

No data

[59]
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EphA3

Flot-1

Member of the receptor of Involved in develop- Over-expression
tyrosine kinase family
ment, particularly of the at protein level
nervous system. Binds
(tissue)
to ephrin-A ligands (especially EFNA5). Regulates cell-cell adhesion,
cytoskeletal organization, cell differentiation
and migration
Member of the Flotillin
Acts as a scaffolding
Over-expressed
subfamily
protein within caveolar at mRNA and
membranes and mediprotein levels
ates cell signalings.
(tissue)
Involves in the formation of caveolae and
caveolae-like vesicles to
regulate membrane trafficking. Participates to
cytoskeleton organization, cell adhesion and
invasion

Decrease in overall survival

potential

[60]

High levels relates to increase
tumor size, invasion and short
disease-free time and overall
survival

No data

[61]

GPC3: Glypican-3; DKK1: Dickkopf-1; S100A4: S100 calcium-binding protein A4; SUOX: Sulfite oxidase; xCT: Cystine/glutamate transporter; GRK6: G
protein-coupled receptor kinase 6; GPR87: G protein-coupled receptor 87; MT-1: Metallothionein 1; MT-2: Metallothionein 2; RAI3: Retinoic acid-induced
protein 3; SSX2IP: Synovial sarcoma X break point 2 interacting protein; Ppm1d: Protein phosphatase magnesium-dependent 1d; BCL9: B-cell CLL/lymphoma 9 protein; IRF-1: Interferon regulatory factor-1; CDK4: Cyclin-dependent kinase 4; LASP-1: LIM and SH3 protein 1; PTP4A3: Protein tyrosine phosphatase type ⅣA member 3; PAK5: P21-activated kinase 5; hnRNP-L: Heterogeneous nuclear ribonucleo protein L; CYLD: Cylindromatosis (turban tumor
syndrome); MAGE-D4: Melanoma-associated antigen D4; EphA3: Ephrin receptor A3; Flot-1: Flotillin-1.

growth, depending on the tumor type[19]. In HCC, DKK1
expression was found to be significantly up-regulated.
The identification of DKK1 in the serum allowed the
detection of early stages of HCC development[20] and the
identification of HCC in patients negative for the tumor
marker AFP or to distinguish, in AFP positive patients,
between HCC and chronic hepatitis B or liver cirrhosis[21]. In HCC tissue samples, the increased expression of
DKK1 correlated with poor overall and disease-free survival, indicating its prognostic value[20]. Finally, as DKK1
up-regulation promotes invasion and metastasis in HCC,
probably via a non-canonical Wnt pathway, it has been
proposed as a useful therapeutic target[22].

HCC tissues with and without vascular invasion, the
mRNA and protein levels of S100A4 were found to correlate with multiple tumor nodes and vascular invasion.
Moreover, S100A14 detection correlated with both shortened disease-free survival and overall survival in HCC
patients, thus proving its potential as prognostic factor.
The role of S100A14 in sustaining HCC proliferation,
migration and invasion was confirmed in HCC cell culture and in vivo (mice) analysis, thus supporting the role
of S100A14 in sustaining HCC metastasis[25].
SOX6
SOX6 belongs to the high mobility group (HMG)containing domain proteins whose biological role has
been poorly investigated in humans so far. SOX proteins
play part in embryogenesis regulating cell differentiation and proliferation. In particular SOX6 has a primary
role in erythropoiesis and it seems to contribute to stem
cell phenotype[26]. The decreased expression of SOX6 in
HCC tissue samples, has been correlated with advanced
tumor stage and less than 5-year-disease free overall survival in HCC patients. Notably, whereas in fresh and paraffin-embedded HCC human tissues SOX6 expression
is down-regulated, in adjacent non-neoplastic tissues its
level is un-affected. Therefore, reduced SOX6 expression
is now considered a poor prognostic factor in HCC[27].

S100A4
The up-regulation of S100 calcium binding protein A4
(S100A4), a member of the calcium-binding protein family, has been related to the metastatic cancer phenotype
in a wide spectrum of cancers[23]. In HCC, a retrospective
study showed that the expression levels of S100A4 correlated with tumor differentiation, invasion, recurrence, and
overall survival. Notably, undifferentiated HCC tumors
expressed higher levels of S100A4 compared to welldifferentiated tumor forms. Additionally, increased levels
of S100A4 were detected in HCC tumors with vascular
invasion and recurrence[24]. It is worth mentioning that in
this study the majority of the samples derived from patients with HBV-induced HCC; thus it has to be pointed
out that the usefulness of S100A4 as a marker for HCC
progression needs to be confirmed in other HCC types
non promoted by HBV infection.

SUOX, AKR1B10 and CD34
Sulfite oxidase (SUOX), aldo-ketoreductase family 1
member B10 (AKR1B10) and CD34 markers, alone or
in combination, have been very recently used for the differential diagnosis between high-grade dysplastic nodules
and well-differentiated HCC. During hepatocarcino-

S100A14
A novel member of S100 protein is S100A14. In fresh
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genic progression, SUOX levels were decreased, while
AKR1B10 and CD34 showed elevated levels. Moreover,
when combined with serum AFP, SUOX can independently predict post-surgical outcome, as well as the risk
of tumor recurrence[28].

as key players in the development of different tumors,
including HCC. For example, the knocking down of
GPR87 expression resulted in the decrease of CSCs cell
migration and invasion in mice[37]. Together, these data
suggest a strong connection between GPR87 expression
and CSCs, thus indicating GPR87 as a potential marker
of HCC tumor development.

Cystine/glutamic acid transporter
Cystine/glutamic acid transporter (xCT) regulates the
redox state in the cell by acting as an exchange system
for cysteine/glutamine to produce glutathione (GSH), a
major cellular antioxidant. GSH availability is limited by
the amount of the sulfhydryl amino acid cysteine, which
is readily oxidized to cystine and taken up by the Na+independent cystine/glutamate exchange transporter
(system xc-). System xc- is composed of a light-chain
subunit named xCT, which confers substrate specificity,
and a glycosylated heavy-chain subunit (4F2hc or rBAT)
common to the transporter family. xCT has been demonstrated to play a role in many cancers regulating the redox
state of the tumor cells[29]. Recently, xCT has been proved
to sustain the viability of the cancer stem cells[30]. In HCC
fresh tissues it was found that xCT expression was higher
than in normal liver tissues. Moreover, poor prognosis of
HCC patients correlated with tumor size and the amount
of xCT mRNA, indicating that xCT expression level can
be used as a marker of HCC aggressiveness. Additionally,
xCT has been proposed as a novel potential molecule for
targeted therapy[31].

Metallothioneins
A group of intracellular metal binding proteins, called
metallothioneins (MTs)-1 and -2 play distinct roles in
metal homeostasis and in different cellular events including carcinogenesis[38]. The presence of MT-1 and -2 in the
nuclei of rapidly growing cells is mainly correlated with
their functions to provide zinc to the enzymes involved
in the synthesis of nucleic acids or to chelate zinc from
transcriptional factors, respectively. The expression of
these two proteins is up-regulated in a variety of cancers,
contributing to aggressiveness, poor prognosis, as well as
to radiation and drug-resistance. In contrast to many other cancers, in HCC tissues, MT-1 and MT-2 expression,
evaluated by microarray, has been found to be reduced,
a fact correlated with a poor prognosis[39]. Additionally,
reduced expression levels have been correlated to higher
HCC grade and tumor vascular invasion[40]. Together
these data indicate that the down-regulation of MT-1 and
MT-2 may be undertaken as a poor prognostic factor for
HCC patients.
Retinoic acid-induced protein 3
Retinoic acid-induced protein 3 (RAI3) is a member of
G-protein-coupled receptors (GPCRs). It acts as a pivotal
tumor suppressor or oncogene, depending on the human
cancer type[41] where its expression can be either down or
up-regulated. In HCC, increased expression of RAI3 has
been associated with malignant progression and poor outcome after hepatic resection. Moreover, it has been considered an attractive candidate for targeted therapies[42].

GRK6
G protein-coupled receptors belong to a superfamily of
cell surface molecules known to regulate cell proliferation, migration and survival. G protein-coupled receptor
kinase 6 (GRK6) is a member of the guanine nucleotidebinding protein (G protein); it is bound to the receptor
kinase subfamily belonging to the Ser/Thr protein kinase
family[32]. GRK6 regulates the activity of chemokine
receptor and it is implicated in the modulation of cell
adhesion[33]. A study performed using fresh and paraffinembedded human tissue samples from HCC patients,
demonstrated that GRK6 expression is higher in cancerous cells compared to the peri-tumor cells. Additionally,
GRK6 expression level was positively related to the aggressiveness of the tumor and with the cell proliferation
marker Ki-67. Finally, GRK6 expression level resulted
to be negatively correlated with the survival rate. Thus
GRK6 is considered a potential useful marker to predict
prognosis of HCC patients[34].

Synovial sarcoma X breakpoint 2
Synovial sarcoma X breakpoint 2 interacting protein
(SSX2IP), initially identified as an acute myeloid leukemia
associated antigen, has been recently proved to play an
important role in centromere maturation and thus in the
correct spindle formation[43]. In HCC cell cultures and
in mice, overexpression of SSX2IP promoted migration
and invasion as well as drug-resistance. Additionally, the
expression levels of SSX2IP in tumor tissues correlated
with tumor size, tumor thrombosis and reduced survival
of HCC patients. Thus SSX2IP may represent an interesting marker for HCC progression and a new target for
therapeutic treatments[44].

GPR87
G protein-coupled receptor 87 (GPR87) can, among its
functions, mediate p53 pro-survival effect[35]; additionally, it is frequently overexpressed in cancer[36]. GPR87
was found to be up-regulated in CD133+ HCC cancer
stem cells (CSCs) and to promote their survival in vitro.
Notably, GPR87 favors CSCs migration and invasion as
shown by the fact that GPR87 knock down significantly
reduced these properties in CSCs. CSCs are proposed
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Protein phosphatase magnesium-dependent 1 delta
Protein phosphatase magnesium-dependent 1 delta isoform (Ppm1d) also known as Wip 1 (wild type p53 induced protein phosphatase 1) belongs to Ser/Thr protein
phosphatase 2C (PP2C) family. Ppm1d is involved in G2/

1273

February 7, 2014|Volume 20|Issue 5|

Scaggiante B et al . Novel prognostic-therapeutic molecules in HCC

poor survival. In vitro LASP-1 was found to promote
migration of HCC cell lines and its silencing strongly
reduced migration. Thus, these findings suggest that the
cytosolic elevation of LASP-1 levels may represent a
marker of poor outcome and a potential target for therapeutic approaches[51].

M transition and acts as a regulator of cell proliferation.
In particular it inhibits p53 and p38 functions thus being
recognized as a putative oncogene[45]. Ppm1d is overexpressed in fresh HCC tissues compared to non-cancerous
liver tissues. Notably, high levels of PPMD1 mRNA correlated with tumor size and stage and with poor patient’s
prognosis. Thus PPMD1 can be considered an interesting
potential marker of HCC progression[46].

PTP4A3
Protein tyrosine phosphatase type ⅣA member 3 (PTP4A3) is also known as phosphatase of regenerating
liver-3 (PRL-3). It belongs to the PRL family of enzymes
that regulates the signaling cascade for the maintenance
of cellular viability and growth. By microarray gene expression assay, PTP4A3/PRL-3 was found to be overexpressed in poorly differentiated HCC tissues; additionally, its overexpression was related to a reduced overall
survival. The close association between PTP4A3/PRL-3
expression and HCC progression, invasion and metastasis suggests that PTP4A3/PRL-3 could be a prognostic
marker of poor outcome[52].

BCL9
BCL9, a gene derived from the translocation t(1;14)
(q21;q32), is overexpressed in B-cell acute lymphoblastic
leukemia and plays a role in Wnt/β-catenin signaling
pathway thus contributing to cancer development and
progression. Immuno-histochemical staining of primary
HCC tissues indicated that BCL9 protein overexpression
is related to younger age, higher Edmondson grade, tumor microvascular invasion and intrahepatic metastasis.
Moreover, increased expression levels of BCL9 correlated with a lower five-year disease free survival rate, thus
making of this protein a novel potential marker of HCC
prognosis[47].

Fatty acid
The lipid metabolites derived from the activity of the
stearoyl-CoA-desaturase (SCD) enzyme, a modulator of
fatty acid flux, were independently associated with HCC
outcome. The potential of SCD as a biomarker of poor
outcome was demonstrated in a panel of HCC cell lines
with increasing aggressive features. Additionally, high
levels of SCD were detected in HCC specimens and were
correlated with a short disease-free survival. Notably
SCD expression was found to predict the prognosis both
in HCC associated and HCC non-associated hepatitis B
infection[53]. How SCD contributes to HCC aggressiveness remains to be defined. It has been suggested that the
increased levels of the mono-unsaturated palmitoleate
(MUPA), derived from the SCD enzymatic conversion of
saturated palmitic acid (SPA), negatively affect Kupffer
cell activation, cytokine expression and increase liver
fibrosis. Finally an increased MUPA level promotes and
sustains metabolic syndrome and inflammation, factors
favoring tumor growth and progression[54,55].

Interferon regulatory factor-1 and 2
Interferon regulatory factor-1 and 2 (IRF-1, IRF-2) are
transcription factors that mediate interferon (IFN) functions. As these two transcription factors compete for
the same DNA sequence, they are each other functional
antagonist. Many evidences confer to IRF-1 and 2 a role
in tumor onset and progression: in particular, the first
is considered a tumor suppressor while the second an
oncogene[48]. In HCC tissues both IRF-1 and 2 proteins
localize in the nucleus. Whereas low levels of nuclear
IRF-1 correlate with a poor outcome, low levels of IRF-2
correlate with a favorable outcome. Moreover, analyzing
HCC cancer cell lines with low, moderate or high metastatic potential, correlations between the ratio IRF-2/
IRF-1 and cell phenotype were observed. Thus IRF-1
and IRF-2 expression and their ratio may be considered
relevant with regard to HCC prognosis[49].
CDK4
CDK4 is a member of the cyclin - dependent Ser/Thr
protein kinase family that plays an important role in
G1-S cell cycle phase progression by phosphorylating the
retinoblastoma protein. CDK4 overexpression has been
observed in many cancers. In HCC tissues, the analysis
of mRNA and protein expression showed that CDK4 is
frequently (68%) overexpressed. Notably, CDK4 expression directly correlates with tumor stage, size and poor
survival rate[50].

PAK5
P21-activated kinase 5 (PAK5) represents the latest family
member of P21-activated kinases (PAKs) with Ser/Thr
kinase activity. Expression of PAK5 gene in 25 out 30
HCC tissues has been demonstrated to be highly elevated
with respect to the surrounding paraneoplastic tissue,
making this gene an interesting diagnostic/prognostic
marker for HCC[56].
hnRNPL
Humoral immunity response to tumor antigens (autoantibodies), known as tumor-associated antigens (TAAs),
can occur in cancers and can be used to detect tumor
presence. Heterogeneous ribonuclear protein L (hnRNP
L) is a component of the hnRNP complexes involved in
the processing of the pre-mRNA. By immune-proteomic

LASP-1
LIM and SH3 protein 1 (LASP-1) is a protein of not yet
well-characterized functions. It is known to participate
in cell motility and its up-regulation has been associated
with invasive cancers. The immune-reactivity of cytosolic
LASP-1 in HCC tissues correlates with overall patients’
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screening of HBV-HCC sera, hnRNP L has been recognized as a TAA in HCC. TAAs against the N-terminal
glycine-rich region of hnRNP L (polypeptide sequence
67-88) were detectable in 60% of the serum samples
from patients with HBV-related HCC but neither in normal controls nor in HBV-related liver cirrhosis serum
samples. Interestingly, the titer of autoantibodies against
hnRNP L 67-88 epitope, positively correlated with the
increase in tumor size and with a reduced patients’ survival. Moreover, in HCC cell cultures hnRNP L knocking
down demonstrated that this protein sustains the growth,
migration and invasion of the cancer cells. Thus the
N-terminal epitope of hnRNP L is a potential biomarker
for HCC progression at least in HBV-associated HCC
and a potential candidate for HCC therapeutics[57].

rin receptor EphA3 is mainly localized in the cytoplasm
and plasma membrane of cells. The down-regulation of
EphA3 expression in HCC cell lines determines a decrease in the cell invasion capacity, suggesting its possible
role as a therapeutic target. Finally, the overexpression of
EphA3 in HCC tissues correlates with a decrease in the
overall survival of patients[60].
Flotillin-1
Flotillin-1 (Flot-1) is a member of the membrane proteins belonging to the ubiquitary expressed lipid raft
family. These proteins take part in the regulation of
many cellular processes as membrane receptor signaling
factors and regulate membrane trafficking, cytoskeleton
organization, cell adhesion and migration. Flot-1 acts
as a scaffolding protein within caveolae and is involved
in the formation of caveolae; its de-regulation has been
documented in many human cancers. Flot-1 was found
overexpressed both at mRNA and protein levels in HCC
cell lines. In HCC archive tissue samples, high level of
Flot-1 protein correlates with an increase of tumor size,
invasion, recurrence and shorter patients’ survival time.
Flot-1 levels thus could mark the aggressive HCC status
and the poor prognosis of HCC patients[61].

Cylindromatosis gene
The tumor suppressor cylindromatosis gene (CYLD)
codifies an ubiquitin carboxyl terminal hydrolase, a protease able to cleave Lys-63-linked polyubiquitin chains in
proteins. CYLD plays important roles in the regulation
of cell survival/proliferation/differentiation, as a proapoptotic factor and as a regulator of the pathways connected to NF-κB activation. In immuno-histochemical
and tissue microarray analysis of HCC tissues, CYLD
mRNA and protein levels were found to be considerably down-regulated in tumor sections with respect to
surrounding non-malignant tissue. Interestingly, in cell
cultures, the down-regulation of CYLD by siRNA was
found to relate to an increase of HCC cells resistance
to chemotherapy and to TNF- α -induced apoptosis.
Moreover, in HCC cells, CYLD was found to be a negative modulator of NF-κB activity; importantly, CYLD
expression can be restored by inhibition of EGFR-RafMEK-ERK signaling cascade as demonstrated by the
use of EGFR tyrosine kinase inhibitor AG1478. Thus,
CYLD could be a promising marker for HCC aggressiveness and progression, as well as an interesting target
for HCC therapy[58].

MICRORNAS
In the last seven years the role of miRNAs in HCC development has become evident. MicroRNAs are small
(approx 18-25 nt) non-coding double-stranded RNAs
with the capacity to regulate the expression of target
genes mainly by impairing mRNA translation, but also by
inducing mRNA degradation[62,63] and by affecting chromatin remodeling[64]. The miRNA pathway starts with
the transcription of a long precursor defined primary
miRNA (pri-miRNA), which is subsequently processed
(pre-miRNA) in the nucleus by a cellular enzyme called
Drosha. The pre-miRNA is then exported from the
nucleus to the cytoplasm where it is processed by the
DICER enzyme complex to generate an approximately
22 bp long RNA duplex. The mature miRNA is then
loaded onto RNA-induced silencing complexes (RISC)
whose best-known component is the Argonaute (Ago2)
protein. Within the two miRNA strands, the “sense” is
discarded while the other, “antisense”, is selected and
used by RISC to bind complementary target RNA determining the so called “interference process”. It should be
noted that miRNA action tends to be highly redundant as
multiple miRNAs can regulate the same transcript and a
single miRNA can regulate several transcripts.
Due to their capacities to control gene expression behaving like tumor suppressors or oncogenes, miRNAs are
considered to play a crucial role in carcinogenesis. The
key role of many miRNAs in the control of cell proliferation, apoptosis and invasion underlies the relevance of
their de-regulation in promoting cancer[65]. The frequent
de-regulation of miRNAs in various human cancers, has
lifted these small molecules to the ranks of attracting

Melanoma-associated antigen family protein D-4
Melanoma-associated antigen family protein D-4 (MAGE
D-4), originally termed MAGE-E1, is a MAGE family
gene expressed at high levels in malignant tumors. Overexpression of MAGE D-4 mRNA was found in 34 out
94 HCC tissue samples; additionally, the expression levels
of MAGE D-4 as well as of the MAGE D4b protein
were found to be directly related to HCC aggressiveness.
Moreover, MAGE D-4 expression in combination with
the AFP level, correlates with a poor tumor differentiation and vascular invasion, thus underlying the potential
of MAGE-D4 as marker for early tumor recurrence and
poor survival outcome[59].
EphA3
Ephrin receptors, the largest family of tyrosine kinases
interacting with ephrins, are involved in a variety of cell
functions including cell motility and adhesion. The eph-
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pharmaceutical targets[66]. miRNAs are also considered
amenable anticancer targets because of the wide spectrum of oncogenic targets they can control. There are
two strategies to develop miRNA-based therapies: (1)
microRNA antagonists, typically represented by antisense
DNA oligonucleotides, which inhibit microRNAs by
binding to the antisense strand of the miRNA; and (2)
miRNA mimics, represented by short double stranded
RNA molecules mimicking the miRNA of interest,
which are used to simulate miRNAs function[67]. A relevant number of miRNAs have been proved to be downregulated in HCC (see[68] for a comprehensive review).
Here we focused on some new discoveries (Table 2) of
miRNAs involved in HCC progression.
miRNA-122 is the best studied miRNA in liver; not
only it plays an important role in maintaining the normal
liver phenotype, its deregulation has been related to an
increased risk to develop HCC[69]. Another HCC related
miRNA is miR-181b. Upon HCC cells exposure to
transforming growth factor (TGF)-β1, the expression of
miR-181b is up-regulated with the consequent promotion of cell growth, survival, migration and invasion[70].
TGF-β1 can also induce the expression of miR-23a, 27a,
and 24, which are involved in HCC cell growth and survival too[71].
In HCC cell lines and in HCC human tissue samples
the overexpression of miR-18b is related to tumor progression and metastatic potential. Additionally, miR-18b
overexpression is associated with a poor HCC prognosis. The tumorigenic effect of this miRNA seems to
be related to the down-modulation of its target gene
trinucleotide repeat containing 6B (TNRC6B), whose reduction promotes the metastatic potential of HCC cells.
TNRC6B is a RRM-protein that mediates miRNA-guided
mRNA cleavage[72]. Recently TNRC6B has been indicated
to contribute to breast cancer metastasis probably acting
like a transcription factor[73].
miR-372 regulates cell cycle, pro-survival signals
and proliferation in cancer cells. In retrospective HCC
human tissue samples, it was observed that miR-372 is
overexpressed compared to the peri-tumor tissue; this
observation was confirmed in HCC cell line compared
to normal human hepatocytes. From the clinical point of
view, miR-372 overexpression correlates with tumor aggressiveness and overall shorter patients survival. Because
of all these observations, miR-372 has been suggested as
a potential therapeutic target for HCC[74].
miR-650, a novel miRNA overexpressed in gastric
cancer, promotes cell proliferation by binding to the inhibitor of growth family 4 (ING4)[75,76]. miR-650 was also
found to be overexpressed in HCC tissues; notably, the
highest levels were found in younger patients and in poor
differentiated tumors.
miR-100 functions as a tumor suppressor and is often de-regulated in many cancers. Down-regulation of
miR-100 in HCC tissues was found to positively correlate
with higher tumor grade, metastasis and recurrence; it
also represents an independent factor of poor prognosis.
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Moreover, in vitro up regulation of miR-100 was proved to
inhibit HCC cell growth and to promote cell apoptosis via
down-regulation of the polo like kinase-1. Thus it could
be also an interesting new target for HCC therapy[77].
Recently it has been proposed that miRNAs may not
only promote HCC when over-expressed in the cellular
environment, but also when released into the extracellular environment by the producing cells. Thus, HCC cells
can also condition the tumor microenvironment[78] (for a
comprehensive review see[79]).
A mechanism through which miRNA expression can
be de-regulated in HCC cells includes the modification
of the methylation pattern of the miRNA promoters.
For example, it was demonstrated that HBx, the oncoprotein encoded by the hepatitis B virus (HBV), causes
the hyper-methylation of the promoter of miR-132 thus
down-modulating its expression; this in turn results in
the activation of Akt-signaling pathway which promotes
HCC development in HBV positive patients[80].
The effects of miRNAs on HCC biology are not limited to miRNA up/down regulation. It is indeed possible
that in the presence of physiological miRNA levels, the
specific miRNA cannot control the expression of its target. This condition takes place when nucleotide polymorphisms/deletions/insertions/mutations occur either in
the miRNA or in the target sequence. Since the binding
of a miRNA to its target mRNA depends on a certain
degree of complementarity, the presence of nucleotide
polymorphisms/deletions/insertions/mutations may alter
the binding capacity thus preventing/minimizing miRNA
function. For example, a “TTCA” insertion disrupts the
binding site for miR-122 and miR-378m to interleukin
(IL)-1alpha leading to the up-regulation of IL-1alpha expression and the promotion of HCC development[81].
Recent studies indicate that among the molecular
mechanisms de-regulating miRNA functions in tumors, a
relevant role is played by the miRNA biogenesis-related
genes (miRBir genes). These genes codify for proteins involved in miRNA processing and miRNA-induced silencing. Among these, it should be mentioned the Ago2 protein. Ago2 plays a paramount role in RNA-silencing as it
cleaves the miRNA targeted mRNA[82]. In vitro and in vivo
studies showed that Ago2 overexpression promotes HCC
cell proliferation and migration. Moreover, mice injected
by HCC cells with different aggressive phenotypes and
containing the recombinant adenovirus harboring Ago2,
developed tumors and metastasis. In contrast, non-visible
or smaller tumors were found in control mice injected
with the same HCC cells but containing an Ago2 empty
adenovirus. Notably, the knocking down of Ago2 significantly reduced and in some cases suppressed cell tumor
migration and metastasis. To further point towards a role
of Ago2 in HCC, there is the observation that Ago2 is
frequently found to be overexpressed in HCC tissues[83]. It
seems that Ago2 tumorigenic potential may be due to the
concomitant overexpression of the focal adhesion kinase
(FAK), a protein tightly involved in tumor metastasis[83].
Ago2 is not the only miRBir genes involved in HCC.
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Table 2 Micro-interfering RNA, miRBir and epigenetic markers of human hepatocellular carcinoma progression and poor prognosis
Molecule

Molecular category

Biological function

Expression levels in
human HCC tissue

Clinical pathological indications

Target for
therapy

Ref.

Involved in embryogenesis and
spermatogenesis

Over-expressed

[70]

Over-expressed

Potential

[74]

miRNA-650

Oncomir

Not well defined: it can act
as an oncomir or as an antioncomir depending on the
malignancy
Targets protein involved in cell
proliferation and survival

Potential

[75,76]

miRNA-100

Tumor suppressor

Regulates cell differentiation
and survival

Down-regulated

Potential

[77]

miRNA-132

Tumor suppressor Involved in the repression and
control of inflammation and in
neuronal morphogenesis

Poor differentiated HCC, high levels
positively correlate with lower
survival time
High levels positively correlate
with advance TNM stage, shorter
recurrence-free survival and overall
survival
Higher levels in less than 60-year-old
patients; levels positively correlate
with HCC differentiation status
Levels negatively correlate with
tumor grade, metastasis and
recurrence
Levels of miR-132 inversely correlate
with those of HBx in HBV-HCC
patients. Early diagnosis of HBVHCC

Potential

miRNA-372

Belongs to
Oncomir-1 or
miR17-92 cluster
Oncomir

Potential

[80]

Ago2

Belongs to eIF2C/
AGO subfamily

Can signed metastasis

No data

[83]

Dicer

Belongs to the
RNaseⅢ family

Shorter recurrence-free survival time

No data

[84]

TFPI2 methylation levels positively
correlate with high grade TNM, improved detection of HCC in patients
with AFP levels less than 400 μg/L
Low levels of TET 1 and 5hmC
relates to shorter overall survival

No data

[87]

No data

[89]

Based on in cell culture and animal
models studies, decreased MAT1A/
MAT2A expression ratio has been
proposed as s poor prognostic factor
in HCC patients

No data

[90]

miRNA-18b

TFPI2 gene

Member of the
Kunitz-type serine
protease inhibitors
gene
Ten-eleven
Member of the TET
translocation family of methylcyprotein 1 gene tosine dioxygenase
enzymes gene
MAT1A,
Member of the
MAT2A genes SAM synthesizing
isozymes genes

Over-expressed

In HBV-HCC
down-modulated
by HBx protein
causing promoter
methylation
One of the effectors of
Overexpressed
RNA interference either at
(mRNA and protein
initiation or elongation phases,
levels) and gene
endowed with PIWI domain
amplification
(endonuclease activity)
Cleaves double-stranded RNA Down-regulated
and pre-miRNA in the short
(20-25 nt) active miRNA
The encoded protein inhibits
Up-regulation of
plasmin-and trypsin-mediated
gene promoter
activation of matrix metallomethylation (HCC
proteinases.
tissues and serum)
The encoded protein convert
Up-regulation of
5-methylcytosine to 5-hydroxy- promoter methylamethylcytosine (5hmC) in
tion
various embryonic and adult
tissues
The encoded enzymes are
Up-regulation of
essential to SAM biosynthesis. MAT1A promoter
MAT1A is expressed in mature methylation and
liver, whereas MAT2A is ex- down-regulation of
pressed by fetal liver, extrahe- MAT2A promoter
patic tissues or in HCC.
methylation

TFPI2: Tissue factor pathway inhibitor-2; Ago2: Argonaute-2; MAT1A: Methionine adenosyltransferase; HCC: Hepatocellular carcinoma; HBx: Hepatitis B
virus x; SAM: S-adenosylmethionine.

In this regard, it has been observed that Dicer and Ago3/
Ago4 down-regulation is related to HCC promoting risks.
In particular, their down-regulation was observed in noncancerous samples derived from patients with smoking
or alcohol intake habits. Finally, a decreased expression
of Dicer genes was of prognostic significance of shorter
recurrence-free survival time[84].

called DNA methyltransferases which covalently link a
methyl group to the cytosine residue within 5’-CpG-3’
palindromes. While 5’-CpG-3’ palindromes cluster
(CpG islands) in the promoters of about half of all human genes, they are rare in other regions of the human
genome, indicating their role in the regulation of gene
expression. Following methylation, particular proteins
containing a methylcytosine binding domain are recruited
and linked to the methylated DNA, thus repressing gene
transcription by blocking the access of transcription factors to the gene promoter. Thus, the preservation of the
physiological methylation pattern of gene promoters is
critical for the homeostasis of the normal cells. In contrast, alteration of promoter methylation patterns is commonly found in tumor cells including HCC cells[85] (Table
2). For example, the tissue factor pathway inhibitor-2

EPIGENETIC VARIATIONS
Modification of accessibility of the transcription machinery to gene promoters is one of the mechanisms regulating gene expression in mammalian cells. Although several
mechanisms concur to regulate this process, the status of
DNA methylation/de-methylation is of major relevance.
DNA methylation is mediated by a class of enzymes
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(TFPI2) gene encodes a serine protease inhibitor that is
secreted into the extracellular matrix by specialized cells
(i.e., endothelial, smooth muscle, fibroblasts, keratinocytes
and urothelium). Once secreted, it inhibits plasmin and
trypsin-mediated activation of the matrix metalloproteinases (MMPs, see section 5.3 for more MMPs biological
details). Inhibition of MMPs activation in turn results in
a reduced invasion capacity of the tumor cell. Thus, the
down-regulation of TFPI2 expression by promoter methylation reduces the inhibition of MPP activation favoring
cell migration and metastasis. Notably, aberrant TFPI2
promoter methylation has been detected in circulating
cells of patients with colorectal cancer but not after complete surgical resection of the tumor[86]. In HCC serum
samples, the degree of TFP12 promoter methylation in
circulating cell-free tumor DNA was found to positively
relate to tumor stage[87]. Thus, TFPI2 promoter methylation is becoming to be considered a potential marker for
HCC diagnosis and progression.
In normal mammalian cells, the methylation pattern
can be reversible; this phenomenon, although not yet
elucidated in detail, depends on three enzymes ten-eleven
translocation (TET)1, TET2 and TET3, which belong
to the TET family. TET1-3 is necessary to convert the
5-methyl-cytosine (5mC) into 5-hydroxy-methyl-Cytosine
(5hmC) to favor promoter de-methylation. Thus, promoter methylation status is based on the balance between
5mC and 5hmC[85]. In cancer cells 5hmC is frequently decreased compared to 5mC, indicating a hyper-methylated
status of gene promoter[88]. The reduction of 5hmC in
HCC tissue was observed in a rat model of diethyl-nitrosamine-induced liver cancer. Even more interestingly, in
146 human HCC tissue specimens, 5hmC was found to
be significantly decreased in 69% of the samples compared to non-tumor tissues. Notably, patients in the 69%
group were found to be associated with a shorter overall
survival[89]. The fact that TET1 but not TET2 or TET3
proteins, was significantly decreased in HCC fresh human
tissue specimens compared to non-tumor tissues, indicates a major role of TET1 over the other two members
in regulating 5hmC/5mC balancing.
Methionine adenosyltransferase 1 alpha (MAT1A)
gene encodes for an enzyme able to transfer the adenosyl moiety of ATP to methionine to form S-adenosylmethionin (SAM). The liver is the most relevant source
of SAM that in turn is the main source of methyl
groups for biological methylations. The MAT1A gene
products are iso-enzymes organized either in homotetramer (MAT Ⅰ) or in homo-dimer (MAT Ⅲ); a third
iso-enzyme, MAT Ⅱ, is encoded by another gene named
MAT2A. Both MAT1A and MAT2A genes can be
epigenetically modulated. Down-regulation of MAT1A
expression with the consequent reduction of the SAM
levels induces HCC cell proliferation and promotes neovascularization. Since MATⅠⅢ:MATⅡ ratio can significantly predict patient’s survival, it has been proposed
that expression ratio of MAT1A:MAT2A can be used as
a potential prognostic marker for HCC[90]. Finally, liver
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MAT2A expression is substituted in adult life by MAT1A and the induction of the non-liver specific MAT2A
gene is believed to contribute to hepato-carcinogenesis
by stimulating liver cell proliferation[91].

TUMOR STROMA
During recent years, a large body of literature has considered the cross-talk between tumor cells and their surrounding stroma as a fundamental step in the process of
HCC progression, epithelial-to-mesenchymal transition
(EMT), tumor invasion and metastasis[92-95]. Tumor microenvironment (TME) is a dynamic system orchestrated
by inflammatory and cancer cells, as well as stromal tissue
(immune cells, fibroblasts, myofibroblasts, cytokines, and
vascular cells), and extracellular matrix[96]. TME can affect
various aspects of tumor biology, including development,
progression and therapy response. Stromal cells contribute to the hallmarks of cancer by preserving proliferative
signaling, preventing growth suppressors, arresting apoptosis, inducing angiogenesis, stimulating invasion and
minimizing immune destruction[97,98]. Cell components of
the TME can be originated either from nearby or distant
tissues; this last event seems to be due to the fact that
in the case of rapid cancer development, resident cells
may be unable or numerically insufficient to support the
requirements of tumor growth. In line with these findings, improving the knowledge on the cross-talk between
cancer cells and their neighboring environment seems an
emerging challenge for identifying novel molecular targets with diagnostic and prognostic potentials for many
tumors including HCC.
TME, which plays a crucial role in the initiation
and progression of HCC, mainly consists of: (1) a cellular component which includes hepatic stellate cells,
fibroblasts, a vast range of immune cells such as tumorassociated macrophages and endothelial cells embedded
into the extracellular matrix; (2) secreted factors including
cytokines and growth factors such as TGF-β1; and (3)
proteolytic enzymes such as MMPs.
Cellular components
Among the components of tumor stroma, cancer-associated fibroblasts (CAFs), an heterogeneous population
of stromal cells, are the most abundant cell type. During
cancer progression, stromal fibroblasts, the major source
of CAFs, undergo a process called “fibroblast to myofibroblast trans-differentiation[99]. This event is triggered
by growth factors such as TGF-β, platelet-derived growth
factor (PDGF) and basic fibroblast growth factor (bFGF),
mainly secreted by malignant cells[100]. Recent findings indicate that CAFs can arise from mesenchymal stem cells
(MSCs), which are recruited to the tumor milieu from
both adjacent and distant tissues (either bone marrow or
adipose tissue[101,102]). CAFs exhibit completely different
morphological and functional characteristics compared
to their normal counterparts: they contribute to diverse
mechanistic aspects of cancer progression including ex-
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tracellular matrix remodeling, suppression of immune
responses and the secretion of growth factors and cytokines. Notably CAFs are very resistant against apoptosis[103]. Plenty of studies indicate the significance of numerous signaling pathways involved in the modulation of
cancer-promoting characteristics of CAFs[100,104,105]. In this
respect, targeting signaling pathways which modulate the
cross-talk between CAFs and other cellular components
of tumor milieu can be considered as a promising therapeutic strategy for cancer treatment[106].
Under physiological conditions, macrophages play a
leading role in the process of wound healing. They also
take a relevant part in tumors which can be considered
as wounds that never heal[107]. Tumor-associated macrophages (TAMs), another relevant class of the TME
cellular component, secrete cytokines and growth factors necessary for tumor tropism. Moreover, they have a
fundamental role in the degradation of extracellular matrix, a fact that leads to the release of additional growth
factors from the matrix and to the promotion of tumor
cell invasion. Factors released by TAM not only influence
tumor cells, but also TAM themselves. In this regard,
cytokines such as IL-4[108] and IL-10, as well as TGF-β,
found in the tumor milieu, can promote polarization
of TAMs towards M2-activated cells. This last cell type,
defined as M2 in comparison to the classically activated
M1-type macrophages, are activated by glucocorticoid,
IL-10 and cytockines such as IL-4/IL-13 and participate
in HCC progression[109,110]. TAMs showing characteristics
of M2 cells can further secrete a cocktail of cytokines
and chemokines, which influence tumor cells and the surrounding environment. For example, M2 macrophages
can secrete vascular endothelial growth factor (VEGF) or
endothelial growth factor (EGF) inducing tumor angiogenesis. Additionally, by favoring the degradation of the
extracellular matrix, TAMs contribute to the generation
of an inflammatory microenvironment, which promotes
tumor progression. Together, the above reported observations allow the conclusion that the presence of TAMs
represents a maker of poor prognosis in cancers, including HCC[111,112]. Additionally, TAMs targeting can open a
novel avenue towards innovative therapeutic approaches
in various cancers, including HCC[113].
At the tumor site, the role of macrophages and monocytes is not limited to the generation and maintenance
of a tumor inflammatory micro-environment, it also
extends to a pro-angiogenic contribution. HCC is a
highly vascularized neoplastic disease with the neotumor vessels functioning abnormally. Angiogenesispromoting cell types, belonging to myeloid lineage (such
as macrophages and monocytes), play multifaceted roles
in the process of pathological angiogenesis. Angiogenic
factors, among which we can nominate angiopoietin-2
(ANG-2), are secreted from HCC cells to stimulate tumor vascularization. Tie-2, a tyrosine kinase receptor
of angiopoietins capable of binding to all members of
angiopoietin family, is involved in the transduction of
angiogenic signals. Immunofluorescence staining has
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revealed that Tie2 expressing monocytes/macrophages
(TEMs) are actively present in human HCC tissues when
compared to non-HCC tissues. Notably, the amount of
TEMs is definitively superior at the HCC tumor site than
in the peripheral blood. Moreover, significantly higher
micro-vessel density at the site of HCC tumor correlated
with the presence of TEMs, proposing a unique role
for this population of tumor-infiltrating bone marrowderived cells in the process of angiogenesis. It should be
noted that TEMs are not peculiar of HCC; they are also
detectable in a wide range of cancers, where angiogenesis is a determinant factor in cancer progression[114,115].
Together, this information makes the presence of TEMs
an indicator of active angiogenesis in human HCC. Thus
TEMs may be undertaken as a promising diagnostic
marker for HCC[116].
Secreted factors
A wide spectrum of cytokines including various growth
factors and tumor proliferating molecules has been demonstrated to contribute to HCC development and progression (Table 3). Hyeon et al[117] have shown that fibroblast growth factor 19 (FGF19) expression is correlated
with early recurrence and poor prognosis in HCC. It has
been previously demonstrated that FGF family members
play key roles in development, angiogenesis, and cancer[118]. In HCC, over-expression of FGF19 contributes
to the occurrence and progression of the disease; this
is mainly due to the de-regulation of Wnt/β-catenin
signaling which promotes tumor invasion and metastasis[119]. Notably, inactivation of FGF19 or its receptor,
FGFR4, has been shown to reduce the risk of tumor
development[120-122].
TGFβ-1, the most potent pro-fibrotic cytokine, is
in large part produced by cancer cells. TGFβ enhances
HCC progression through a paracrine mechanism. Under
normal conditions, TGFβ-1 inhibits cell proliferation,
induces cell differentiation or triggers apoptosis. However, during cellular transformation, inhibition of cell
growth by TGFβ-1 is hampered, resulting in an excessive
cell proliferation. During tumor development, TGFβ-1
plays a pivotal role in processes such as fibrogenesis,
angiogenesis, immunosuppression, and invasiveness of
neoplasia. In HCC patients, elevated plasma concentration of TGFβ-1 is correlated with shorter survival[123]. It
is believed that TGFβ-mediated EMT plays a crucial role
in the aggressiveness of HCC. In this regard, the TGFβ
concentration has been considered as a potent negative
prognosticator in un-resectable HCC patients[124]. TGFβ
can induce EMT of malignant hepatocytes by stimulating CAFs proliferation. Once activated, CAFs modulate
growth, intra-vasation and metastatic spread of HCC
cells. Interestingly, TGFβ receptor inhibition can significantly reduce the stromal component of the tumors
and the metastatic dissemination of HCC cells via the
reduction of CAF proliferation[125]. TGFβ activation of
CAFs seems to be mediated by the down-regulation of
E-cadherin and by the up-regulation of Snail/PDGF
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Table 3 Some secreted factors from cellular components of tumor microenvironment and their contribution to hepatocellular
carcinoma prognosis
Molecule

Molecular
category

Biological function

Interleukin-4

Cytokine

Alternative activation of
macrophages into M2 cells

TGF-β1

Multifunctional
cytokine

FGF19

Growth factor

Fox C1

FOX transcription
factor family
member

Lcn2

Member of
lipocalin protein
family

uPA

Serine protease

uPAR

Urokinase
receptor

PAI-1

Protease inhibitor

VEGF

Growth factor

HIF-1α

Subunit of HIF-1
transcription
factor

Expression in
human HCC

Clinico-pathological indications

Target for
therapy

Over-expressed Associated with extrahepatic metastasis Not presented
(elevated level
in serum)
Proto-oncogene/tumor
Over-expressed Decreased overall survival, increased
Potential
suppressor
(elevated level
risk of metastasis and recurrence,
in serum)
positively correlated with vascular
invasion, higher PVT, higher overall
invasiveness
Activation of mitogen-activated Over-expressed
Decreased disease-free and overall
Potential
protein kinase; activation of Wnt/
in tissue
survival, increased risk of metastasis,
positively correlated with vascular
β-catenin pathway
invasion
Induction of EMT, promotion
Over-expressed
Increased risk of metastasis and
Potential
of epithelial cell migration
in tissue
recurrence, increased tumor size and
via inhibition of E-Cadherin
number, poorer tumor differentiation,
transcription through
poorer TNM stage, higher vascular
transactivation of SNAI1
invasion
expression
Inhibition of epithelial-toOver-expressed
Positively correlated with poor
Not presented
mesenchymal transition;
in tissue
prognosis and high risk HCC, decreased
suppression of JNK and PI3K/
overall survival, however, elevated
Akt signaling pathways, down
levels of Lcn2 is correlated with the
regulation of Twist1
inhibition of EMT in vitro and in vivo
Plasminogen activation,
Over-expressed
Decreased disease-free and overall
Potential
extracellular proteolytic activity
in tissue
survival, increased HCC invasion,
poorer pathological grade
ECM degradation, migration,
Over-expressed
Decreased disease-free and overall
Potential
invasion and metastasis
in tissue
survival, higher risk of HCC
invasion, portal cancer embolus and
tumor metastasis, poorer tumor cell
differentiation
Regulating extracellular matrix Over-expressed
Decreased disease-free and overall
Not presented
degradation
in tissue
survival, increased risk of metastasis
and recurrence, increased regional
invasion, poorer pathological grade
Regulation of vascularization and Over-expressed Poorer overall survival, increased risk
Potential
angiogenesis
in tissue,
of metastasis and recurrence, higher
elevated level in
vascular invasion
serum
Activating the transcription of
Over-expressed
Decreased disease-free (and overall)
Potential
a variety of genes involved in
in tissue
survival, increased risk of metastasis,
angiogenesis, survival pathways,
higher vascular invasion
immune evasion, invasion, and
metastasis

Ref.
[108]

[123]

[117]

[130,131]

[134,135]

[144,146]

[145,146]

[144,146]

[156]

[162,163]

PVT: Portal vein thrombosis; EMT: Epithelial-to-mesenchymal transition; TNM: Tumor node metastasis; FGF19: Fibroblast growth factor 19; Fox C1: Forkhead box C1; Lcn2: Lipocalin-2; uPA: Urokinase plasminogen activator; uPAR: Urokinase plasminogen activator receptor; PAI-1: Plasminogen activator
inhibitor type-1; VEGF: Vascular endothelial growth factor; HIF-1α: Hypoxia-inducible factor-1α.

signaling pathways[126,127]. Notably, the reduced expression
of E-cadherin has been associated with poor HCC tumor
outcome and shorter disease-free survival[128].
Other transcriptional regulators play a role in EMT
modulation. For example, forkhead box C1 (FoxC1), a
member of the FOX transcription factor family[129,130], is
one of these. Fox proteins are key regulators of epithelial-to-mesenchymal transition. Accordingly, the fundamental role of EMT in the incidence of HCC invasiveness and metastasis strongly indicates the involvement
of these transcriptional factors in HCC metastasis. Xia et
al[131] have demonstrated that the expression of FoxC1 in
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HCC patients is associated with shorter overall survival
time and higher risk of recurrence, thus representing
a negative prognostic factor for HCC patients. FoxC1
contributes to EMT induction through the inhibition of
E-Cadherin expression via the transactivation of Snai1
expression; alternatively, FoxC1 induces the up-regulation
of a protein named “neural precursor cell expressed,
developmentally down-regulated 9 (NEDD9)”, a member of Cas family of signal transduction factors. In turn,
NEDD9 contributes to integrin-dependent cell migration
and invasion through the activation of FAK- and Srcsignaling cascades[132]. In HCC patients, NEDD9 over-
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expression is significantly correlated with shorter overall
survival and higher rate of metastases. FoxC1 can also favor EMT via the interaction with Notch and VEGF pathways, thus facilitating tumor neovascularization and vessel
maturation processes[133]. Together these observations indicate FoxC1 as an interesting prognostic biomarker and
potential target for novel therapeutic strategies for HCC.
In HCC, lipocalin-2 (Lcn2), also known as neutrophil
gelatinase-associated lipocalin (NGAL), negatively modulates EMT acting on the EGF or TGFβ/Lcn2/Twist1
pathway[134,135]. Up to now, conflicting data have been
reported for the biological functions of elevated Lcn2,
stressing its neoplasia-specific effects. However, in HCC
an increasing body of literature indicates Lcn2 as a prognostic marker. Wang et al[134] have demonstrated that HCC
specimens express significantly higher levels of Lcn2
compared to the healthy adjacent liver tissues. In this
study, Lcn2 expression was significantly associated with
a worse differentiation tumor grade even though it negatively correlated with EMT. In line with this last observation, adenoviral transduction of Lcn2 into sarcomatoid
hepatocellular carcinoma (SH-J1) cells reversed EMT in
vitro, inhibited cell proliferation and invasion and suppressed tumor growth and metastasis in a mouse model
of HCC, further stressing the anti EMT function of
Lcn2. In contrast, Lcn2 knock-down in HKK-2, a cholangio-carcinoma cell line, promoted EMT. In fact, a large
body of evidence indicates the role of Lcn2 in preventing
invasion and metastasis in vitro[136-138]. However, elevated
expression level of Lcn2 has been significantly correlated
with a poor prognosis and shorter survival time. Whereas
more knowledge about Lcn2 in HCC needs to be gained,
the above observations propose Lcn2 as a possible metastasis suppressor and a potential therapeutic target in
HCC[139].
Together, the above reported data support the concept that targeting the cross-talk between HCC and its
TME can represent a promising approach for the development of novel prognostic and therapeutic strategies
against HCC.

degraded by various proteolytic enzymes, which include
MMPs[141]. MMPs are a family of enzymes characterized
by their proteolytic ability to degrade the ECM. There
are six main families of MMPs: collagenases (MMP-1,
MMP-8 and MMP-13), gelatinases (MMP-2 and MMP-9),
stromelysins (MMP-3, MMP-10 and MMP-11), matrilysins (MMP-7 and MMP-26), membrane-type MMPs (MTMMPs: MMP-14, -15, -16, -17, -24 and -25), and other
MMPs, which are not categorized in any of the previous
groups. The MMPs may act either as secreted enzymes or
as trans-membrane pro-enzymes that require activation
after secretion. Accelerated breakdown of ECM occurs
in various pathological processes, including inflammation,
chronic degenerative diseases and tumor invasion.
Overexpression of MMP family members alone or
together, has been shown to be associated with the recurrence, invasion and metastasis of HCC[142]. For instance,
plasma levels of MMP-9 can predict the probability of
vascular invasion in HCC patients[143]. Notably, urokinase
plasminogen activator (uPA) is able to degrade ECM and,
by converting plasminogen to plasmin, to activate MMPs.
Increased activity of uPA has been shown to act as a sensitive and reliable marker, affecting HCC invasion, disease
free survival and recurrence of HCC[144]. Additionally,
elevated levels of the uPA receptor (uPAR)[145] and uPA
inhibitor also known as plasminogen activator inhibitor
(PAI-1) factor[146], correlate with tumor aggressiveness
and poorer outcome in HCC patients, especially when all
these three markers are overexpressed[144]. This finding, in
contrast with the inhibitory effect of PAI-1 on uPA and
thus on MMPs, indicates the complexity of the relation
between matrix degradation/remodeling and tumor progression.
Angiogenic factors
Angiogenesis is the process of formation of new blood
vessels from pre-existing ones. Since metabolically active
cancer cells need oxygen and nutrients to survive, they
secrete large amounts of pro-angiogenic factors that promote tumor neovascularization[98,147]. In the past, angiogenesis has been considered an important manifestation
for cancer development only after the formation of macroscopically detectable tumors. However, recent evidence
indicates that this process also significantly contributes
to the microscopic phase of neoplastic formation, as
observed in pre-malignant and non-invasive lesions of in
situ carcinomas[148,149].
Rapid growth of tumor mass leads to increased oxygen consumption. Under such a condition, tumor cells
face hypoxia. Cancer cells overcome the hypoxia imposed
to the tumor microenvironment by two different strategies: promoting angiogenesis, or developing metastatic
behavior as a key tool to escape from hypoxic condition[150]. A remarkable feature of most HCCs is hypervascularization, emphasizing the fact that HCC generates
various angiogenic elements with a high tendency to
invade the vasculature. Angiogenic response in HCC is
regulated by an intricate network of growth factors acting

Proteolytic enzymes
The local microenvironment of a tumor cell has a fundamental role in cancer development. Extracellular matrix
(ECM), the main component of this milieu, is composed
of a complex mixture of macromolecules, each with
unique multifaceted properties. ECM is the fundamental
scaffold of liver architecture and is in constant interaction with its environment, playing key roles in signal
transduction and gene expression variations[140]. Notably,
ECM abnormalities affect the behavior of stromal cells
in favor of tumor-associated angiogenesis, thus establishing a tumorigenic microenvironment. In cancer, ECM is
de-regulated, leading to cancer progression by facilitating
cellular transformation and metastasis. In order a tumor to develop and spread, cancer cells produce certain
proteases responsible for the degradation of ECM. The
components of ECM (collagen, elastin, and gelatin) are
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on both tumor and endothelial cell populations. So far,
a wide range of angiogenic factors and their receptors
have been considered as therapeutic targets for HCC.
In particular, VEGFs, the most studied and potent proangiogenic factors, together with their receptors (VEGFRs), have been the main focus of anti-angiogenic cancer
therapies for the last decades. Indeed, among key signal
transduction pathways, VEGF/VEGFR system plays a
crucial role in the pathogenesis of HCC and a variety of
molecular targeted agents have been developed to target
the process of angiogenesis by inhibitory molecules controlling VEGF pathway. For example, Sorafenib, the first
oral multikinase inhibitor agent, has been demonstrated
to improve the survival of patients by affecting tumor
angiogenesis and proliferation[151]. In particular, Sorafenib
inhibits cancer growth by targeting tyrosine kinase receptors including VEGFR-2 and VEGFR-3. It also inhibits
various kinases in the MAPK pathway. However, the
benefits of VEGF-targeted therapeutics in the treatment
of advanced neoplastic diseases, including HCC, is hampered by multiple escape mechanisms[152].
Not only VEGF has been considered a potential interesting target for novel therapeutic approaches, it is also
considered to have a prognostic value. Elevated plasma
levels of VEGF have been considered a negative prognostic biomarker in patients with advanced HCC[153-156].
Higher expression level of tissue VEGF, a prominent
characteristic of HCC, corresponds to neovascularization
at the site of tumor, associates with poor outcome and
disease free survival, and correlates with higher tumor
grade and vascular invasion[155]. Additionally, increased expression of the VEGF165 isoform has been demonstrated
to be an independent prognostic marker of recurrence
development[157]. High levels of VEGF in the serum of
HCC patients are significantly associated with the presence of intrahepatic metastasis and microscopic venous
invasion, and thus can be considered also a biomarker of
tumor invasiveness[158,159].
In addition to VEGF, low oxygen concentration at the
site of tumor, also induces the expression of hypoxia inducible factor 1 (HIF-1), a transcription factor composed
by two subunits: HIF-1α, and HIF-1β. The expression
of HIF-1α subunit is up-regulated under hypoxic conditions[160]. In contrast, HIF-1β is constitutively expressed.
HIF-1α over-expression is a typical characteristic of
malignant cells. This transcription factor, as a master mediator of hypoxic adaptation, activates the transcription
of a variety of genes including those involved in angiogenesis, survival pathways, immune evasion, invasion, and
metastasis. It has been demonstrated that both mRNA
and protein levels of HIF-1α, can be used as potential
prognostic factors for survival and recurrence in HCC
patients[161-163].
In HCC, hypoxia triggers invasion and metastasis also
by inducing EMT, a phenotypic modification that confers
to tumor cells the ability to migrate and to invade other
organs. In HCC, one of the mechanisms by which EMT
is induced occurs via HIF-1α. This factor can promote
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tumor growth and dissemination through the regulation
of some EMT modulators, such as E-cadherin, a protein
known to stimulate anti-growth signals. More in detail,
it has been proposed that HIF-1α mediates repression
of E-cadherin expression through the up-regulation of
E-cadherin-specific repressor SNAI1. In animal models of HCC, tumor progression was associated with the
up-regulation of HIF-1α and sequential production of
VEGF. Thus, blockade of HIF-1 might be considered as
a promising therapeutic approach in cancer treatment[164].
In a study by Zhang et al[165], the expression levels of
HIF-1α, together with SNAI1 and other EMT modulators, were assessed in a cohort of HCC patients. The
authors demonstrated a significant correlation between
the dual over-expression of HIF-1α and SNAI1 and the
reduced disease-free survival and poor prognosis. Notably, shRNA-mediated suppression of HIF-1α reverses
the process of EMT. Even more interestingly, EMT phenotype can be reversed by re-oxygenation[165]. This phenomenon occurs also in HCC cells cultured in normoxic,
hypoxic and re-oxygenated conditions.
A large body of evidence suggests that hypoxia induced by anti-angiogenic therapy can stimulate the escape of cancer cells from oxygen-deprived areas to wellnourished distant organs. It has been proposed that the
more hypoxic tumor environment induced by inhibitors
of VEGF and its receptors may trigger an invasive metastatic switch[152,166]. However, this hypothesis needs further
investigation[167]. Finally, in some cases, drug induced hypoxia to the tumor site may be responsible for the development of drug resistance behavior. In this regard, it has
been observed that the intra-tumor hypoxia induced by
Sorafenib therapy can cause Sorafenib resistance in HCC
patients; interestingly, the concomitant inhibition of HIF1α can enhance the antitumor effects of this drug[168].

CONCLUSION
The diagnosis of HCC typically occurs in the advanced
stages of the disease when the therapeutic options have
poor efficacy. Thus, the identification of specific markers
for HCC diagnosis and prognosis is thought to improve
the effectiveness of the therapeutic approach to HCC.
Based on this, much effort has been put in the selection
of reliable HCC markers. In addition to the study of the
biochemical markers, of the angiogenic mediators and of
the epigenetic variations, which have obtained promising
results, alternative lines of research have been proposed.
In particular, miRNAs, due to their capacities to control
gene expression, behaving like tumor suppressors or oncogenes, are arising as very attractive molecules. Also very
interesting and novel is the consideration dedicated to the
tumor microenvironment, a crucial regulator of HCC initiation and progression. Improving the knowledge about
the cross-talk between cancer cells and the neighboring
environment may be very useful to design novel molecular targets with diagnostic and prognostic potentials in
HCC.
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In conclusion, the evaluation of a broad spectrum of
different HCC markers can reasonably identify a range
of effective diagnostic, prognostic and therapeutic targets for HCC in the near future. Whereas it is difficult to
predict the timing required to reach the goal, we believe
that an integrated multidisciplinary research among the
different lines of investigation highlighted in this review
should represent the winning strategy.
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Factors correlating with acoustic radiation force impulse
elastography in chronic hepatitis C
Toru Nishikawa, Senju Hashimoto, Naoto Kawabe, Masao Harata, Yoshifumi Nitta, Michihito Murao,
Takuji Nakano, Yuko Mizuno, Hiroaki Shimazaki, Toshiki Kan, Kazunori Nakaoka, Yuka Takagawa,
Masashi Ohki, Naohiro Ichino, Keisuke Osakabe, Kentaro Yoshioka
nificantly with ARFI by Spearman’s rank correlation test
but not by multiple regression analysis. ARFI correlated
significantly with body mass index (BMI) (β = -0.0334,
P = 0.0001) in F 0 or F 1, with γ-glutamyltranspeptidase
levels (β = 0.0048, P = 0.0012) in F 2, and with fibrosis
stage (β = 0.2921, P = 0.0044) and hyaluronic acid
levels (β = 0.0012, P = 0.0025) in F 3 or F 4. The ARFI
cutoff value was 1.28 m/s for F ≥ 2, 1.44 m/s for F ≥ 3,
and 1.73 m/s for F 4.
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CONCLUSION: ARFI correlated with fibrosis stage and
hyaluronic acid but not with inflammation. ARFI was
affected by BMI, γ-glutamyltranspeptidase, and hyaluronic acid in each fibrosis stage.
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Abstract

METHODS: ARFI elastograpy was performed in 108
consecutive patients with chronic hepatitis C who underwent a liver biopsy. The proportion of fibrosis area
in the biopsy specimens was measured by computerassisted morphometric image analysis.

Core tip: The assessment of liver fibrosis stage is important to estimate prognosis and to identify the patients
requiring antiviral treatment in chronic hepatitis C. Liver
biopsy is a gold standard for assessing fibrosis, but is
invasive. Thus methods for noninvasively assessing
fibrosis have been developed. Liver stiffness measurement (LSM) by Fibroscan and acoustic radiation force
impulse correlate with fibrosis stage. However, LSM
may be affected by factors other than fibrosis, such as
edema, steatosis, and inflammation.

RESULTS: ARFI correlated significantly with fibrosis
stage (β = 0.1865, P < 0.0001) and hyaluronic acid
levels (β = 0.0008, P = 0.0039) in all patients by multiple regression analysis. Fibrosis area correlated sig-

Nishikawa T, Hashimoto S, Kawabe N, Harata M, Nitta Y, Murao M, Nakano T, Mizuno Y, Shimazaki H, Kan T, Nakaoka
K, Takagawa Y, Ohki M, Ichino N, Osakabe K, Yoshioka K.

AIM: To investigate the factors other than fibrosis
stage correlating with acoustic radiation force impulse
(ARFI) elastograpy in chronic hepatitis C.
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cluded (Table 1). Liver biopsy was performed using a
14G disposable true-cut needle under ultrasonographic
guidance. Sections were stained with hematoxylin-eosin
and azan stain. Liver specimens of at least 1.5 cm length
with more than 8 portal tracts were assessed. Liver biopsy
specimens were assessed by two hepatologists (Yoshioka
K and Nakaoka K) blinded to the clinical data according
to Metavir score[15]. Fibrosis was staged as follows: F0,
no fibrosis; F1, portal fibrosis without septa; F2, portal
fibrosis and few septa; F3, numerous septa without cirrhosis; and F4, cirrhosis. Activity was graded as follows:
A0, none; A1, mild; A2, moderate; and A3, severe activity. Steatosis was graded according to the nonalcoholic
fatty liver disease activity score as follows: grade 0; <
5% of hepatocytes involved, grade 1, 5%-33%; grade 2,
>33%-66%; and grade 3, > 66%[22]. When fibrosis stage,
activity grade, or steatosis grade evaluated by the two
hepatologists differed, the higher fibrosis stage, activity
grade, or steatosis grade was adopted.

Factors correlating with acoustic radiation force impulse elastography in chronic hepatitis C. World J Gastroenterol 2014;
20(5): 1289-1297 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i5/1289.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i5.1289

INTRODUCTION
The assessment of liver fibrosis stage is important to
estimate prognosis and to identify the patients requiring
antiviral treatment in chronic hepatitis C.
Methods for noninvasively assessing liver fibrosis
have been developed. Liver stiffness measurement (LSM)
by transient elastography (TE) with Fibroscan[1-3] and velocity of shear wave (Vs) measured by acoustic radiation
force impulse (ARFI)[4-6] correlate with liver fibrosis stage
in various liver diseases. However, LSM is affected by
factors other than liver fibrosis, such as edema, steatosis,
inflammation and necrosis. In particular, inflammation affects LSM; acute or chronic inflammation can result in a
high LSM, indicating the presence of falsely higher fibrosis stage than the actual fibrosis stage by both TE[7-9] and
ARFI[10-12]. However, Rizzo et al[13] reported that ARFI is not
correlated with alanine aminotransferase (ALT) levels[13].
Liver fibrosis is usually semi-quantitatively assessed by
the numerical systems of Scheuer[14], the Metavir group[15]
or Ishak et al[16]. Direct measurements of the amount of
fibrosis in a biopsy specimen by computer-assisted morphometric image analysis has been reported, in which
morphometric collagen content is measured quantitatively; it has been shown to correlate well with liver biopsy
assessment numerical systems scores[17-19]. Isgro et al[20]
reported that fibrosis area has a better relationship with
TE than Ishak stage[20], whereas our previous study demonstrated a better correlation of TE with fibrosis stage
than with fibrosis area in patients with chronic hepatitis C[21].
In the present study, factors other than fibrosis
stage that affect ARFI were investigated in patients with
chronic hepatitis C. The proportion of fibrosis area was
quantitatively measured by image analysis software in liver biopsy specimens and the correlation with ARFI was
assessed.

ARFI measurement
Vs measurement by ARFI was performed with a Siemens
ACUSON S2000 (Mochida Siemens Medical Systems
Co., Ltd., Tokyo, Japan) within 1 wk of liver biopsy[4].
A region in liver to be examined for elastic properties
is targeted with a region-of-interest (ROI) cursor while
performing B-mode imaging. Tissue at the ROI is mechanically excited using acoustic push pulses to generate
localized tissue displacements. The displacements result
in propagation of shear-wave away from the region of
excitation which is tracked using ultrasonic correlationbased methods. The maximal displacement is estimated
for many ultrasound tracking beams laterally adjacent
to the single push-beam. By measuring the time to peak
displacement at each lateral location, the shear wave
propagation velocity can be reconstructed. The examination was performed on the right lobe of the liver. A
measurement depth of 2-3 cm below the liver capsule
was chosen. Ten successful acquisitions at different locations were performed on each patient, and the results are
expressed in meters/second (m/s), and the median value
was calculated. The shear wave propagation velocity is
considered to be proportional to the square root of tissue elasticity.
The procedures were performed by two investigators
(Nishikawa T and Hashimoto S) who were blind to clinical, serological and histological data. The correlation in
Vs measurement between two operators was good (r =
0.934).

MATERIALS AND METHODS
Ethical statement
This study was performed in strict accordance with the
ethical guidelines of the Declaration of Helsinki and was
approved by the Fujita Health University ethics committee. All study participants provided written informed
consent.

Proportion of fibrosis area in the liver biopsy specimens
The proportion of fibrosis area in the biopsy specimens
was measured by computer-assisted morphometric image
analysis. Liver biopsy specimens were stained with azan
stain. Microscopic images of the entire biopsy specimen
were obtained with a digital microscope (BZ-9000, Keyence, Tokyo, Japan). Fibrosis area, which was stained blue
with azan, was marked and measured with Image Pro

Patients
A total of 108 consecutive patients with chronic hepatitis
C virus infection who underwent a liver biopsy before
treatment with interferon at Fujita Health University
Hospital from October 2009 to October 2012 were in-

WJG|www.wjgnet.com

1290

February 7, 2014|Volume 20|Issue 5|

WJG|www.wjgnet.com

1291

48.0 (41.0-60.0)
8/6
22.0 (20.0-23.2)
9/5/0/0
8/5/0/1
28.5 (24.0-38.0)
37.5 (22.0-59.0)
23.0 (14.0-27.0)
14.6 (11.7-20.2)
0.95 (0.90-0.99)
4.4 (4.1-4.6)
193 (177-207)
1.28 (1.14-1.40)
39 (30-64)
10/4
6.5 (6.0-6.9)
0.85% (0.41-1.04)
1.2 (1.0-1.3)
0.0261
NS
NS
NS
0.0802
NS
NS
NS
0.0619
0.0262
NS
NS
NS
0.0111
NS

NS
NS
NS

P values of
Mann-Whitney
U test between
F0 and F1
51.0 (41.8-65.5)
8/9
23.5 (19.8-25.4)
2/15/0/0
7/9/0/1
36.0 (23.0-41.3)
39.0 (24.8-52.0)
28.0 (19.5-71.3)
18.2 (16.6-21.2)
0.96 (0.93-1.02)
4.4 (4.2-4.5)
169 (155-193)
1.40 (1.28-1.70)
49 (26-77)
12/5
6.6 (5.4-7.0)
1.37% (0.73-1.85)
1.1 (1.0 -1.2)

F1 (n = 17)

0.0001
NS
0.0033
0.0095
NS
0.0107
NS
NS
NS
NS
0.0041
NS
NS
0.0022
0.0010

NS
NS
NS

P values of
Mann-Whitney
U test between
F0-1 and F2
61.5 (51.5-66.5)
15/17
23.0 (20.7-24.4)
1/9/22/0
10/11/6/5
48.5 (36.5-101.5)
65.0 (41.0-153.0)
39.5 (24.5-89.5)
16.1 (14.0-17.4)
1.00 (0.95-1.03)
4.3 (4.0-4.5)
172 (156-189)
1.44 (1.34-1.64)
89 (66-185)
22/9
6.6 (5.8-7.1)
2.20% (1.62-2.74)
1.3 (1.2-1.6)

F2 (n = 32)

0.0060
NS
NS
NS
NS
0.0080
0.0144
0.0524
0.0615
0.0067
0.0601
NS
NS
< 0.0001
0.0014

NS
NS
NS

P values of
Mann-Whitney
U test between
F2 and F3
61.0 (52.0-67.0)
13/18
23.2 (21.1-26.1)
0/2/22/7
9/14/5/3
48.0 (42.5-85.3)
70.0 (41.3-109.0)
41.0 (28.0-96.8)
12.2 (11.3-14.3)
1.03 (1.00-1.08)
4.1 (3.8-4.3)
159 (141-177)
1.63 (1.51-2.11)
184 (82-245)
5/26
6.7 (5.9-7.1)
4.83% (4.03-6.24)
1.6 (1.5-1.8)

F3 (n = 31)

NS
NS
NS
NS
0.0329
0.0078
0.0229
NS
NS
NS
0.0291
NS
NS
< 0.0001
0.0008

NS
NS
NS

P values of
Mann-Whitney
U test between
F3 and F4

Data are shown as median (interquartile range); 2Difference of frequency of gender was assessed by χ 2 test. AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; γ-GTP: γ-glutamyltranspeptidase.

59.5 (49.0-66.0)
52/56
22.5 (20.5-24.6)
14/17/32/31/14
12/32/53/11
42/42/14/10
44.0 (31.5-82.0)
55.0 (35.0-91.5)
33.0 (23.5-75.0)
14.3 (11.3-17.6)
1.00 (0.96-1.06)
4.2 (4.0-4.5)
170 (150-188)
1.51 (1.33-1.79)
89 (49-206)
81/26
6.6 (5.8-7.0)
2.63% (1.35-4.95)
1.38 (1.19-1.71)

F0 (n = 14)

60.5 (54.0-66.0)
8/6
21.9 (19.0-23.4)
0/1/9/4
8/3/3/0
65.5 (37.0-88.0)
64.0 (36.0-91.0)
30.5 (27.0-38.0)
10.1 (7.1-11.6)
1.10 (1.03-1.12)
4.0 (3.8-4.2)
160 (144-183)
1.66 (1.43-1.97)
232 (191-338)
11/3
6.6 (6.3-6.8)
8.87% (8.04-10.52)
2.1 (1.9-2.2)

F4 (n = 14)

ARFI measurement
ARFI was significantly correlated with fibrosis stage (ρ = 0.732, P < 0.0001) (Figure 1A). ARFI values differed significantly between stages F1 and F2 (P = 0.0010), between F2

Semiquantitative histological assessment using the Metavir system
The liver biopsies of the 108 patients were assessed by the Metavir system. Fibrosis stage was F0 in 14 patients, F1 in 17, F2 in 32, F3 in 31 and F4 in 14 (Table 1).

RESULTS

Statistical analysis
Patients were categorized according to fibrosis stage. The groups were compared with the χ 2 test and Mann-Whitney U test. Factors correlated with ARFI were estimated by
Spearman’s rank correlation test. Factors independently correlated with ARFI were assessed by multiple regression analysis. The diagnostic performance of ARFI and fibrosis
area was determined in terms of sensitivity, specificity, positive and negative predictive value, positive likelihood ratio, diagnostic accuracy, and area under the receiver operating
characteristics (ROC) curve. Optimal cutoff values between fibrosis categories were determined at maximum sum of sensitivity and specificity. Data were analyzed using StatFlex version 5.0 for Windows (StatFlex, Osaka, Japan). A two-sided P value of < 0.05 indicated statistical significance.

Plus 4.0 imaging software (Nippon Roper Co., Ltd., Tokyo, Japan).

1

Age (yr)1
Gender (female/male)2
BMI
Fibrosis stage (F0/F1/F2/F3/F4)
Inflammatory grade (A0/A1/A2/A3)
Steatosis grade (S0/S1/S/2/S3)
AST (IU/L)1
ALT (IU/L)1
1
γ-GTP (IU/L)
Platelet count (× 104/μL)1
Prothrombin time (INR)1
Albumin (g/dL)1
Total cholesterol (mg/dL)1
1
γ-globulin (g/dL)
Hyaluronic acid (ng/mL)1
HCV genotype (1/2)
HCV RNA (logIU/mL)1
Fibrosis area (%)1
Velocity of shear wave (m/s)1

All patients
(n = 108)

Table 1 Characteristics of 108 patients with chronic hepatitis C virus infection
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B

A

20

r = 0.872
P < 0.0001

2.5

r = 0.732
P < 0.0001

15
Fibrosis area (%)

Velocity of shear wave (m/s)

3.0

2.0

1.5

10

5

1.0
0
F0
(14)

F1
(17)

F2
(32)

F4
F3
(31) (14)
Fibrosis stage

F0
(14)

C

F1
F2
F3
(17)
(32) (31)
Fibrosis stage

D
3.0

r = -0.608
P = 0.0003

Velocity of shear wave (m/s)

2.5

2.0

1.5

r = 0.656
P < 0.0001

1.0

0

5
10
15
Fibrosis area (%)

1.3
1.2
1.1
1.0
0.9
0.8

20

E

18

20

22
24 26
2
BMI (kg/m )

28

30

F
3.0

r = 0.554
P = 0.0013

2.5

2.0

1.5

2.6
Velocity of shear wave (m/s)

Velocity of shear wave (m/s)

1.4

Velocity of shear wave (m/s)

F4
(14)

2.4
2.2
2.0
1.8
1.6
1.4
1.2

1.0

r = 0.519
P = 0.0003

1.0
0

20 40

60 80 100 120 140 160
γ-GTP (IU/mL)

0

100 200 300 400 500
Hyaluronic acid (ng/mL)

600

Figure 1 Correlation. A: Between acoustic radiation force impulse (ARFI) and fibrosis stages. The velocity of the sheer wave measured by ARFI was significantly
correlated with fibrosis stage in all 108 patients as assessed by the Metavir system (ρ = 0.732, P < 0.0001). Vertical lines and boxes indicate median values and interquartile ranges, respectively; B: Between proportion of fibrosis area and fibrosis stage. The proportion of fibrosis area was significantly correlated with fibrosis stage in
all 108 patients as assessed by the Metavir system (ρ = 0.872, P < 0.0001). Vertical lines and boxes indicate median values and interquartile ranges, respectively; C:
Between ARFI and proportion of fibrosis area. The velocity of the sheer wave measured by ARFI significantly correlated with the proportion of fibrosis area in all 108
patients (ρ = 0.656, P < 0.0001); D: Between ARFI and body mass index (BMI). The velocity of the sheer wave measured by ARFI significantly negatively correlated
with BMI in patients with stage F0 or F1 (ρ = −0.608, P = 0.0003); E: Between ARFI and γ-glutamyltranspeptidase (γ-GTP) levels. The velocity of the sheer wave
measured by ARFI significantly correlated with γ-GTP levels in patients with stage F2 (ρ = 0.544, P = 0.0013); F: Between ARFI and hyaluronic acid levels. The velocity of the sheer wave as measured by ARFI significantly correlated with hyaluronic acid levels in patients with stage F3 or F4 (ρ = 0.519, P = 0.0003).

and F3 (P = 0.0014), and between F3 and F4 (P = 0.0008)
(Table 1).
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Table 2 Optimal cutoff value of velocity of shear wave
for each fibrosis stage was determined at maximum sum of
sensitivity and specificity

Cutoff value (m/s)
Positive predictive value
Negative predictive value
Sensitivity
Specificity
Positive likelihood ratio
Diagnostic accuracy
AUROC
Standard error of AUROC

F ≥1

F ≥2

F ≥3

F4

1.28
97.0%
29.3%
69.1%
85.7%
4.8
71.3%
0.810
0.046

1.28
94.0%
65.9%
81.8%
87.1%
6.3
83.3%
0.909
0.027

1.44
78.4%
91.2%
88.9%
82.5%
5.1
85.2%
0.869
0.036

1.73
48.0%
97.6%
85.7%
86.2%
6.2
86.1%
0.885
0.058

Table 3 Optimal cutoff value of fibrosis area for each fibrosis
stage was determined at maximum sum of sensitivity and
specificity

Cutoff value
Positive predictive value
Negative predictive value
Sensitivity
Specificity
Positive likelihood ratio
Diagnostic accuracy
AUROC
Standard error of AUROC

F ≥1

F ≥2

1.17%
97.7%
60.0%
91.5%
85.7%
6.4
90.7%
0.935
0.025

1.8%
94.3%
71.1%
85.7%
87.1%
6.6
86.1%
0.927
0.024

F ≥3
3.71%
93.0%
92.3%
88.9%
95.2%
18.7
92.6%
0.963
0.018

F4
7.32%
92.3%
97.9%
85.7%
98.9%
80.6
97.20%
0.962
0.023

AUROC: Area under receiver operating characteristic curve

AUROC: Area under receiver operating characteristic curve

1.28 m/s for F ≥ 2, 1.44 m/s for F ≥ 3, and 1.73 m/s
for F4 (Table 2).

was correlated with ARFI by multiple regression analysis
(β = -0.0334, P = 0.0001).

Fibrosis area in liver biopsy specimens
The proportion of fibrosis area was significantly correlated with fibrosis stage as assessed by the Metavir system
(ρ = 0.872, P < 0.0001) (Figure 1B). The fibrosis area values differed significantly between stages F0 and F1 (P =
0.0111), F1 and F2 (P = 0.0022), F2 and F3 (P < 0.0001),
and between F3 and F4 (P < 0.0001) (Table 1).
The fibrosis area cutoff values for the different fibrosis stages determined by ROC analysis were 1.17% for F
≥ 1, 1.80% for F ≥ 2, 3.71% for F ≥ 3, and 7.32% for
F4 (Table 3).

Factors correlating with ARFI in the stage F2 patients
γ-GTP levels were significantly correlated with ARFI (P
= 0.0013) (Figure 1E) and γ-globulin levels (P = 0.0581)
tended to be correlated with ARFI in the 32 patients
with stage F2 by Spearman’s rank correlation test (Table
4). The multiple regression analysis only selected γ-GTP
levels as a factor correlating with ARFI (β = 0.0048, P =
0.0012).
Factors correlating with ARFI in the stage F3 or F4
patients
In the patients with stage F3 or F4, fibrosis stage (P =
0.0004), platelet count (P = 0.0036), prothrombin time
(INR) (P = 0.0080), albumin levels (P = 0.0015), hyaluronic acid levels (P = 0.0003) (Figure 1F), and fibrosis
area (P = 0.0481) were significantly correlated with ARFI
by Spearman’s rank correlation test (Table 4). The multiple regression analysis selected fibrosis stage (β = 0.2921,
P = 0.0044) and hyaluronic acid levels (β = 0.0012, P =
0.0025) as factors correlating with ARFI.

Factors correlating with ARFI in all 108 patients
ARFI was significantly correlated with fibrosis stage (P <
0.0001) (Figure 1A), inflammatory grade (P < 0.0001), aspartate aminotransferase (AST) levels (P < 0.0001), ALT
levels (P = 0.0008), γ-glutamyltranspeptidase (γ-GTP)
levels (P < 0.0001), platelet count (P < 0.0001), prothrombin time (INR) (P = 0.0003), albumin levels (P =
0.0002), total cholesterol levels (P = 0.0004), γ-globulin
levels (P = 0.0087), hyaluronic acid levels (P < 0.0001),
and fibrosis area (P < 0.0001) (Figure 1) by Spearman’s
rank correlation test (Table 4). ARFI tended to be higher
in genotype 1 [median, 1.49 (interquartile range, 1.22-1.75)
m/s] than in genotype 2 [1.30 (1.17-1.46)] (P = 0.0728).
The multiple regression analysis selected fibrosis stage
(β = 0.1865, P < 0.0001) and hyaluronic acid levels (β =
0.0008, P = 0.0039) as factors that independently correlated with ARFI, whereas inflammatory grade, AST, ALT
and fibrosis area were not selected (Table 4).

DISCUSSION
The assessment of fibrosis stage is important to estimate
prognosis and to identify the patients requiring antiviral
treatment in chronic hepatitis C. A lot of noninvasive
methods to assess liver fibrosis stage other than liver
biopsy are available, for example, ARFI, TE, real-time
elastography[23], and algorithm of serum fibrosis markers such as FibroTest[24] and APRI[25]. They provide good
performances in estimation of fibrosis stage, while there
are problems such as influence of inflammation. In the
present study, factors other than fibrosis stage that affect
ARFI were investigated in patients with chronic hepatitis C.
The present study confirmed findings reported previously that ARFI correlates with fibrosis stage[10-13,26,27].
The ARFI cutoff values for different fibrosis stages were
1.28 m/s for F ≥ 1, 1.28 m/s for F ≥ 2, 1.44 m/s for F
≥ 3 and 1.73 m/s for F4. This result suggests that distinguishing between F0 and F1 is impossible, as the cutoff

Factors correlating with ARFI in stage F0 or F1 patients
To elucidate the factors affecting ARFI other than fibrosis stage, patients with stage F0 or F1, those with F2, and
those with F3 or F4 were analyzed separately.
Body mass index (BMI) was significantly correlated
with ARFI (P = 0.0003) (Figure 1D) and ALT levels (P =
0.0593) and γ-GTP levels (P = 0.0614) tended to be correlated with ARFI by Spearman’s rank correlation test in
the 31 patients with stage F0 or F1 (Table 4). Only BMI
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0.0002
0.0004
0.0087
< 0.0001
0.0728
NS
< 0.0001

< 0.0001
0.0008
< 0.0001
< 0.0001
0.0003

NS
NS
NS
< 0.0001
< 0.0001
NS

P value

0.707
0.490
51.800
< 0.0001

8.00E-4

0.187

β

NS

NS
NS
NS
0.0039
NS

NS
NS
NS
NS
NS

0.0001
NS

P value

Multiple regression analysis

0.343
0.340

-0.608

r

NS
NS
NS
NS
NS
NS
NS

NS
0.0593
0.0614
NS
NS

NS
NS
0.0003
NS
NS
NS

P value

0.645
0.396
20.700
0.0001

-0.033

β

r

NS
NS

-0.344

0.544

NS
NS
0.0581
NS
NS
NS
NS

NS
NS
0.0013
NS
NS

NS
NS

NS
NS
NS

P value

0.546
0.275
12.700

0.005

β

0.0012

NS

0.0012

P value

Multiple regression
analysis

Patients with F 2 (n = 32)
Spearman's rank
correlation test

0.0001

P value

Multiple regression
analysis

Patients with F 0 or F 1 (n = 31)
Spearman's rank
correlation test

0.296

0.519

-0.459

-0.425
0.390

0.505

r

NS

0.0025

NS

NS
NS

0.0044

P value

0.634
0.373
14.100
< 0.0001

0.001

0.292

β

value for F ≥ 1 and that for F ≥ 2 are the same. However, Sporea et al[26] reported that the cutoff value is 1.19 m/s for F ≥ 1, 1.33 m/s for F ≥ 2, 1.43 m/s for F ≥ 3, and 1.55
m/s for F4[26]. Rizzo et al[13] reported that the cutoff value is 1.3 m/s for F ≥ 2, 1.7 m/s for F ≥ 3 and 2.0 m/s for F4[13]. Thus, discrepancies are apparent among the cutoff
values reported in different studies. The discrepancies are probably attributed to the difference in the population studied. Further studies should be conducted to establish standard ARFI cutoff values for staging fibrosis.
In the present study, AST, ALT and inflammatory grade were correlated with ARFI in the univariate analysis that included all patients, but were not selected as factors independently correlating with ARFI in the multiple regression analysis. In addition, inflammatory factors did not correlate with ARFI when patients with different fibrosis stages
were analyzed separately. These results suggest that inflammatory activity does not affect ARFI in patients with chronic hepatitis C. Rizzo et al[13] also reported that ARFI is
not associated with ALT, BMI, Metavir grade, or liver steatosis, whereas TE is significantly correlated with ALT[13]. Bota et al[10] reported that discordance of at least two fibrosis stages between ARFI and histologic assessment were associated with female sex, interquartile range interval (IQR) ≥ 30%, high AST and high ALT in univariate analysis,
while, in multivariate analysis, the female gender and IQR ≥ 30% (P = 0.004) were associated with the discordances. In contrast, Yoon et al[12] reported that the optimum ARFI
cutoff values are 1.13 m/s for F ≥ 2 and 1.98 m/s for F4, whereas these values decreased to 1.09 m/s for F ≥ 2 and 1.81 m/s for F4 when patients with normal ALT levels
were selected. Chen et al[11] reported that ALT, ActiTest A score, Metavir activity (A) grade, Metavir F stage, BMI, and platelet count are independently associated with ARFI
and suggested that a 100 IU/L increase in serum ALT levels augmented ARFI by approximately 0.155 m/s. In the present study, only 25 patients had ALT levels of 100 IU/L

0.0015
NS
NS
0.0003
NS
NS
0.0481

NS
NS
NS
0.0036
0.0080

NS
NS
NS
0.0004
NS
NS

P value

Multiple regression
analysis

Patients with F 3 or F 4 (n = 45)
Spearman's rank
correlation test

Difference of frequency of gender or genotype was assessed by Mann-Whitney U test. AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; γ-GTP: γ-glutamyltranspeptidase.

1

-0.347
-0.337
0.252
0.576

Albumin (g/dL)
Total cholesterol (mg/mL)
γ-globulin (g/dL)
Hyaluronic acid (ng/mL)
HCV genotype (1/2)1
HCV RNA (logIU/mL)
Fibrosis area (%)
R
Adjusted R
F
P value

0.656

0.430
0.318
0.407
-0.441
0.344

0.732
0.612

r

AST (IU/L)
ALT (IU/L)
γ-GTP (IU/L)
Platelet count (× 104/μL)
Prothrombin time (INR)

Age (yr)
Gender (female/male)1
BMI
Fibrosis stage
Inflammatory grade
Steatosis grade

Spearman's rank
correlation test

All patients (n = 108)

Table 4 Factors correlating with velocity of shear wave in 108 patients with chronic hepatitis C virus infection
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were positively correlated in those with stage F2 and in
those with F3 or F4, respectively. Thus, careful attention
should be paid to BMI, γ-GTP levels, and hyaluronic acid
levels when estimating fibrosis stage by ARFI. Fibrosis
stage showed a better correlation with ARFI than fibrosis
area, indicating that not only the quantity of fibrosis but
also other factors such as patterns of fibrosis also affect
ARFI. Since the number of the patients studied is small,
further studies are needed to confirm the conclusion of
the present study.

or higher. The low ALT levels among the patients studied
may be a reason why ALT was not correlated with ARFI.
A multiple linear regression analysis in our previous
study on TE selected fibrosis area, ALT levels, γ-GTP
levels, prothrombin time, and hyaluronic acid levels as
factors correlating with TE[21]. Many studies on TE have
reported that LSM is affected by ALT levels. Franquelli et
al[28] reported that TE fibrosis staging is overestimated by
necroinflammatory activity and steatosis. Coco et al[7] found
that LSM is higher in patients with an elevated ALT than
in those with either spontaneous biochemical remission
or after antiviral therapy. Thus, it is probable that ALT
or inflammatory activity affects TE. However, it is still
unclear whether they also affect ARFI. Further studies
are needed to clarify factors that affect ARFI other than
fibrosis stage.
ARFI was significantly correlated with BMI in the
31 patients with stage F0 or F1; the higher the BMI, the
lower the ARFI. However, ARFI was not associated with
steatosis grade. Motosugi et al[29] reported that fat deposition in the liver does not affect ARFI. Thus, the negative
correlation between BMI and ARFI could not be attributed to steatosis, which accompanies higher BMI[30].
Actually, BMI and steatosis grade were not correlated in
patients with stage F0 or F1 in the present study (data
not shown). The mechanism of the association between
higher BMI and lower ARFI is unclear. Because a higher
BMI is associated with lower ARFI, and may cause an
underestimation of fibrosis staging, careful attention
should be paid to BMI during ARFI staging of fibrosis in
patients with stage F0 or F1 disease.
ARFI significantly correlated with γ-GTP levels in
patients with F2 and with fibrosis stage and hyaluronic
acid levels in patients with stage F3 or F4. γ-GTP[24,31]
and hyaluronic acid[32,33] levels have been regarded as the
most informative fibrosis markers. Thus, it is reasonable
that γ-GTP and hyaluronic acid levels independently correlated with ARFI.
Isgro et al[20] showed that the collagen proportional
area has a better relationship with TE and with hepatic
venous pressure gradient compared with Ishak stage. In
the present study, fibrosis area was correlated significantly
with fibrosis stage, but only fibrosis stage and hyaluronic
acid levels were selected as factors independently correlating with ARFI. Our previous study demonstrated
a better correlation of TE with fibrosis stage than with
fibrosis area in patients with chronic hepatitis C[21]. The
Metavir stages represent categories of increasing fibrosis
severity based on a combination of location and quantity
of scarring as well as whether the fibrous tissue forms
septa, bridges, or nodules. Fibrosis area represents only
the quantity of fibrosis in liver tissues. Our results indicate that not only the quantity of fibrosis but also other
histological factors such as patterns of fibrosis also affect
ARFI.
The present study demonstrated that ARFI correlated
with fibrosis stage but was not associated with inflammation. BMI negatively correlated with ARFI in the patients
with stage F0 or F1. γ-GTP and hyaluronic acid levels
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Background

Most studies reported that liver stiffness measurement by Fibroscan was affected by inflammation. There have been both of the reports which demonstrated
the correlation of inflammation and acoustic radiation force impulse (ARFI)
and those which denied their correlation. The present study confirmed findings
reported previously that ARFI correlates with fibrosis stage, and demonstrated
that aspartate aminotransferase, alanine aminotransferase and inflammatory
grade did not independently correlate with ARFI in the multiple regression
analysis. The present study also demonstrated the correlation of body mass
index (BMI) and ARFI for the first time.

Innovations and breakthroughs

The new findings of this study are the correlation of BMI and ARFI, and the denial of the correlation between ARFI and inflammation.

Applications

The results showed that ARFI correlated significantly with liver fibrosis stage
and hyaluronic acid in all patients. ARFI correlated significantly with BMI in
fibrosis stage F0-1, with γ-glutamyltranspeptidase (GTP) in F2, and with fibrosis
stage and hyaluronic acid in F3-4. In conclusion, ARFI correlated with fibrosis
stage and hyaluronic acid but not with inflammation. ARFI was affected by BMI,
γ-GTP, and hyaluronic acid in each fibrosis stage.

Peer review

The authors reported the utilities of ARFI elastography for evaluation of hepatic
fibrosis in patients with chronic hepatitis C. This paper looks very important and
has a novelty in this study field.
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Antinociceptive effects of novel melatonin receptor agonists
in mouse models of abdominal pain
Chunqiu Chen, Jakub Fichna, Moshe Laudon, Martin Storr
non-selective MT1/MT2 receptor antagonist luzindole,
the MT2 receptor antagonist 4-P-PDOT, or the μ-opioid
receptor antagonist naloxone were injected ip or intracerebroventricularly (icv ) prior to the induction of pain.
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RESULTS: Orally and ip administered melatonin,
Neu-P11, and Neu-P12 reduced pain responses in a
dose-dependent manner. Neu-P12 was more effective
and displayed longer duration of action compared to
melatonin. The antinociceptive effects of Neu-P11 or
Neu-P12 were antagonized by ip or icv . administered
naloxone. Intracerebroventricularly, but not ip administration of luzindole or 4-P-PDOT blocked the antinociceptive actions of Neu-P11 or Neu-P12.
CONCLUSION: Neu-P12 produced the most potent
and long-lasting antinociceptive effect. Further development of Neu-P12 for future treatment of abdominal
pain seems promising.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Gastrointestinal tract; Melatonin; Neu-P11;
Neu-P12; Opioid; Visceral pain
Core tip: In search for new efficient therapies for the
treatment of pain in the irritable bowel syndrome, the
antinociceptive activity of two novel melatonin receptor
agonists, Neu-P11 and Neu-P12, was characterized in a
well-established mouse model of visceral pain. Neu-P12
produced a potent and long-lasting antinociceptive effect after intraperitoneal and oral administration. Further development of this novel compound for future
treatment of abdominal pain seems promising.

Abstract
AIM: To characterize the antinociceptive action of the
novel melatonin receptor (MT) agonists, Neu-P11 and
Neu-P12 in animal models of visceral pain.
METHODS: Visceral pain was induced by intracolonic
(ic ) application of mustard oil or capsaicin solution or
by intraperitoneal (ip ) administration of acetic acid.
Neu-P11, Neu-P12, or melatonin were given ip or orally
and their effects on pain-induced behavioral responses
were evaluated. To identify the receptors involved, the
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dust-lined plastic cages with free access to standard laboratory chow and tap water. The animal use for these studies was approved by the University of Calgary Animal
Care Committee and the experiments were performed
in accordance with institutional animal ethics committee
guidelines that are in agreement to the guidelines established by the Canadian Council on Animal Care.

htm DOI: http://dx.doi.org/10.3748/wjg.v20.i5.1298

INTRODUCTION
Melatonin is a hormone synthesized primarily in the pineal gland and in peripheral organs, including the gastrointestinal tract, bone marrow, and blood cells[1-3]. Following synthesis, melatonin is released into the blood stream
and acts as an endocrine hormone controlling biological
functions with circadian rhythms, like the sleep-wake cycle. It is a lipophilic compound diffusing rapidly through
biological membranes and is amongst others involved in
the regulation of intestinal reflexes, metabolism, and reproduction[4]. In the pineal gland melatonin is synthesized
and secreted in a circadian manner, with secretion being
highest during nighttime[5].
Morris and Lutsch[6] showed that darkness and elevated levels of melatonin decrease sensitivity to pain,
suggesting that the hormone may play a significant role
in the modulation of pain. In the following years, several
studies characterized the antinociceptive effect of melatonin in multiple animal models[7]. Melatonin receptors (MT)
mediate or modulate antinociceptive effects at spinal and
supraspinal levels[8]. More recently, melatonin-induced
antinociception has been reported using neuropathic pain
models[9].
Recent clinical trials provided evidence for a beneficial
role of melatonin in gastrointestinal functional pain[10].
Double-blinded placebo-controlled clinical trials showed
that melatonin reduced extra-colonic symptoms and abdominal pain in patients with irritable bowel syndrome
(IBS)[11-14].
Although melatonin has been studied for the treatment of many diseases such as cancer, cardiovascular
diseases, depression, seasonal affective disorder, circadian
rhythm sleep disorders and insomnia, its actions are limited by rapid degradation and short half-life. Recently,
two novel melatonin receptor agonists with high affinity at MT receptors and prolonged duration of action,
Neu-P11 and Neu-P12, were developed [15-17]. It was
shown that Neu-P11 and Neu-P12 display long half-life
and oral availability and are thus promising drug candidates, which require further characterization.
In the present study, we evaluated the possible antinociceptive effects of Neu-P11 and Neu-P12 in mouse
models of visceral pain and compared their effects to
those of melatonin. We also aimed at characterizing the
mechanism of action of Neu-P11 and Neu-P12 via identifying the receptors involved.

Behavioral responses to mustard oil and capsaicin
solution
Behavioral pain-related responses to intracolonic (ic)
administration of mustard oil (MO) and capsaicin solution were determined in the morning as described previously[18-20]. Fifteen minutes after ip injection of Neu-P11,
Neu-P12, or melatonin (25 and 50 mg/kg) or 20 min
after oral gavage (25, 50 and 100 mg/kg), 50 μL of MO
(1% vol/vol dissolved in 70% ethanol) or capsaicin (0.3%
w/v in 10% ethanol, 10% Tween 80, 80% saline) were
administered into the colon of anesthetized mice using
a fine catheter (external diameter 0.61 mm, 4 cm long,
Minipack, Portex, Hythe, United Kingdom). Vaseline
was applied to the perianal area to avoid the stimulation
of somatic areas by contact with MO or capsaicin. After
the administration of MO or capsaicin, the animals were
placed in individual plastic cages in a quiet environment.
Five minutes later, spontaneous pain-related responses:
licking of the abdomen, stretching the abdomen, squashing the lower abdomen against the floor, and abdominal
retractions were counted for 20 min.
Typically, the number of behaviors in MO- and
capsaicin-treated mice was 60-70 and 30-40, respectively.
In these conditions even slight changes in the number of
behaviors, caused by either anti- or pro-nociceptive action
of studied compounds, can be noticed, but simultaneously only statistically significant differences in obtained
values reflect pharmacologically relevant action.
The non-selective MT1/MT2 receptor antagonist luzindole (5 mg/kg), the selective MT2 receptor antagonist
4-P-PDOT (4 mg/kg) and the opioid receptor antagonist
naloxone (1 mg/kg) were administered ip 15 min prior to
Neu-P11, Neu-P12 and melatonin. To study the role of
MT and opioid receptors in the central nervous system,
luzindole (5 μg/animal), 4-P-PDOT (10 μg/animal) or
naloxone (5 μg/animal) were injected icv. Five minutes
prior to the ip administration of Neu-P11, Neu-P12 and
melatonin. Vehicles only were used in control experiments.
Acetic acid induced pain
The acetic acid test was performed as described recently[19-21]. Fifteen minutes after ip injection of Neu-P11,
Neu-P12, or melatonin (1 and 5 mg/kg), mice received
an ip injection of an acetic acid solution (0.5%, vol/vol
in 0.9% NaCl). Animals were then placed individually in
empty cages and after 5 min abdominal stretchings were
counted for 15 min in 5 min intervals. A typical stretch
was characterized by an elongation of the body and the
development of tension in the abdominal muscles and

MATERIALS AND METHODS
Animals
Male Swiss albino CD1 mice, weighing 25-30 g were
obtained from Charles River (Canada). Animals were
housed at a constant temperature of 22 ℃ and kept at a
constant photoperiod (12:12-h light-dark cycle) in saw-
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A

were obtained from Tocris Bioscience (Tocris, Ellisville,
Missouri, United States). Allyl isothiocyanate (mustard
oil, MO) was purchased from Merck (Darmstadt, Germany). Neu-P11 and Neu-P12 were obtained from Neurim
Pharmaceuticals Ltd., Israel. All drugs were dissolved in
dimethyl sulfoxide and diluted in 0.9% saline to final concentrations.
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Statistical analysis
PRISM 5.0 (GraphPad Software Inc., La Jolla, CA,
United States) was used for statistical and curve-fitting
analyses. One-way analysis of variance followed by Student-Newman-Keuls post hoc test was used for analysis of
multiple treatment means. P values < 0.05 were considered significant. The data are expressed as mean ± SE.

0
25 mg/kg
50 mg/kg
Melatonin

ic saline

Neu-P11

Neu-P12

ic mustard oil

B

f
f

Total number of behaviors
(% of control)

100

c

c
75

RESULTS
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Effects of melatonin and melatonergic agonists on MOinduced pain
As shown in Figure 1, melatonin, Neu-P11 and Neu-P12
injected ip (Figure 1A) or given orally (Figure 1B) significantly reduced the number of pain-related behaviors in
the OM visceral pain sensitivity test compared to control
in a dose-depended fashion. Oral Neu-P12 was the most
effective compound of all melatonin agonists in decreasing the pain behaviors.
The antinociceptive effect of Neu-P12 (ip 50 mg/kg)
was observed up to 4 h after administration, the effect of
Neu-P11 (ip 50 mg/kg) up to 2 h. Melatonin (ip 50 mg/
kg) produced a short-lasting effect, which was observed
at 15 min but disappeared at 2 h (Figure 1C).
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Effect of naloxone and melatonergic antagonists on
melatonin, Neu-P11 and Neu-P12-induced effects on
MO-induced pain
The effects of melatonin, Neu-P11 and Neu-P12 on
the visceral pain-related behaviors in the MO sensitivity
test were blocked by the ip administration of the opioid
receptor antagonist naloxone, but not by ip application
of the MT1/2 receptor antagonist luzindole or the MT2
antagonist 4-P-PDOT (Figure 2A). Naloxone and MT
receptor antagonists administered directly to the central
nervous system all effectively blocked behavioral responses in the visceral pain tests (Figure 2B).

h
h

25

0
Melatonin
Neu-P11
Neu-P12
15 min

2h

4h

Figure 1 Effects of melatonin and melatonergic agonists on mustard oilinduced pain. A: Ip melatonin, Neu-P11, and Neu-P12 (all 25 and 50 mg/kg)
reduced the number of pain-related behaviors in the mustard oil (MO) sensitivity
test 15 min after drug administration; B: Oral melatonin, Neu-P11 and Neu-P12
(all 25 mg/kg, 50 mg/kg and 100 mg/kg) decreased the number of pain-related
behaviors in the MO sensitivity test 20 min after drug administration; C: Effect
of ip injected melatonin, Neu-P11 and Neu-P12 (all at 50 mg/kg) on the number
of pain-related behaviors in the MO sensitivity test at 15 min, 2 and 4 h after
drug administration. Data are mean ± SE (n = 6-10). bP < 0.01 vs MO; cP < 0.05,
d
P < 0.01 vs vehicle + MO; eP < 0.05, fP < 0.01 vs drug; gP < 0.05, hP < 0.01 vs
control.

Effect of melatonin, Neu-P11 and Neu-P12 on capsaicininduced pain
Melatonin, Neu-P11 and Neu-P12 administered ip (25
mg/kg) significantly decreased the number of pain induced behaviors following ic administration of capsaicin
(Figure 3A). Of all compounds tested, Neu-P12 displayed the most potent antinociceptive action.

hind paws. Vehicle was used in control experiments. Typically, the number of behaviors in acetic acid solutiontreated mice was 30-40.

Effect of melatonin, Neu-P11 and Neu-P12 on the acetic
acid induced pain
Melatonin, Neu-P11 and Neu-P12 (5 mg/kg, ip) all effectively reduced the total number of visceral pain be-

Drugs
Melatonin, luzindole, 4-P-PDOT, naloxone and capsaicin
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Figure 2 Effect of naloxone and melatonergic antagonists on melatonin, Neu-P11 and Neu-P12-induced effects on mustard oil-induced pain. A: Effects of
antagonists: ip naloxone (1 mg/kg), but not luzindole (5 mg/kg) or 4-P-PDOT (4 mg/kg) blocked the effects of melatonin, Neu-P11, and Neu-P12 (all at 25 mg/kg, ip)
on the number of pain-related behaviors in the mustard oil sensitivity test 15 min after drug administration; B: Icv naloxone (5 μg/animal), luzindole (5 μg/animal) and
4-P-PDOT (10 μg/animal) blocked the effects of melatonin, Neu-P11 and Neu-P12 (all at 25 mg/kg, ip) in the mustard oil sensitivity test 15 min after drug administration. Data are mean ± SE (n = 6-10). aP < 0.05, bP < 0.01 vs control; cP < 0.05 vs drugs + vehicle; eP < 0.05, fP < 0.01 vs vehicle icv + drugs ip.

haviors induced by the ip injection of acetic acid (Figure
3B). Neu-P12 displayed the most potent antinociceptive
effect.

In our studies, the two novel non-selective MT1/MT2
melatonergic agonists used, Neu-P11 and Neu-P12, produced a potent antinociceptive effect comparable to that
of melatonin and this effect holds true in three different
models of visceral pain. The in vivo experiments indicated that Neu-P12 is the most effective drug with the
longest duration of action.
We showed that the antinociceptive effects of melatonin, Neu-P11 and Neu-P12 were blocked by the icv
administration of a MT2 receptor antagonist 4-P-PDOT,
as well as icv and ip injection of naloxone, suggesting a
crucial role of central MT2 and opioid receptors, as well
peripheral opioid receptors. The involvement of MT2
and opioid receptors in the antinociceptive effects of
melatonin was earlier suggested by Ambriz-Tututi and
Granados-Soto in models studying other forms of pain,
who showed that intrathecal luzindole and 4-P-PDOT
and intrathecal or subcutaneous naltrexone blocked the
effect of melatonin on tactile allodynia in neuropathic
rats[23]. Another study revealed that the antihyperalgesic
effect of melatonin on nociceptin-induced hyperalgesia
in mice was significantly antagonized by the icv. admin-

DISCUSSION
In this study we showed that ip and oral administration
of melatonin, Neu-P11 and Neu-P12 produced a potent
antinociceptive effect in different animal models of visceral pain of abdominal origin. The analgesic action of
all compounds was mediated by central and peripheral
opioid and central, but not peripheral, MT receptors.
Melatonin significantly and dose-dependently decreased the total number of pain-related behaviors induced by OM, capsaicin and acetic acid solution in mice.
This observation is in line with earlier reports suggesting
a role of melatonin and MT receptors in pain signaling.
It was shown by others that intrathecal co-administration
of low doses of melatonin and morphine attenuated mechanical and thermal hyperalgesia in acute postoperative
pain model in rats, suggesting that melatonin acts as a
neuromodulator in the spinal cord[22].
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Total number of behaviors
(% of control)

A

explanation is that melatonin may interfere with the neural mechanisms involved in the development of tolerance
to a delta-opioid agonist analgesia via its receptor[30]. Recently Wang reported that co-activating delta-opioid receptor and melatonin receptor could induce much longer
analgesia by deltorphin-5-methoxytryptamine chimeric
opioid peptides[31].
Some reports suggest that the interaction between
melatonergic and opioidergic system may be explained at
a molecular level. Melatonin may regulate changes in pain
threshold by modulating fluctuations in opioid receptor
expression and the release of beta-endorphin from pituitary gland[32-34]. It can be also suggested that melatonin,
similarly to opioids, may modify K+ and Ca2+ ion channel
function[35,36]. Furthermore, melatonin and opioid receptors are coupled to Gi proteins and may share the Gimediated intracellular pathways[27,37].
Rapid elimination of melatonin from the circulation is
a major obstacle in its potential use in clinical treatment.
The reported half-life of melatonin in blood is approximately 20-30 min[38-40]. However, administration of higher
doses of melatonin induces a nocturnal decrease in body
temperature and may desensitizes its receptors[41,42]. A
possible solution to overcome limited melatonin bioavailability is by developing formulations with prolongedrelease or the design of synthetic melatonergic agonists
with prolonged action. A controlled-release melatonin
formulation (Circadin®) has recently been approved in
the European Union and other countries for the treatment of insomnia in patients aged 55 years and older[43].
Neu-P11, one of the novel melatonergic agonists
used in our study was shown to be a melatonin agonist,
serotonin 5-HT-1A and 5-HT-1D agonist and serotonin
5-HT2B antagonist[44]. Sleep promoting, anti-diabetic,
antihypertensive, analgesic, anti-neurodegenerative, anxiolytic and antidepressant effects of Neu-P11 have been
demonstrated in a series of relevant animal models[15,16].
The pharmacological actions of Neu-P12, which is a
close derivative of Neu-P11, have not been fully studied
yet. In the present study we report that both Neu-P12
and Neu-P11 display potent antinociceptive effects and
have longer duration of action compared to melatonin
and might thus become potential analgesics for future use
in clinical treatment of visceral pain of abdominal origin.
From our experience Neu-P12 has the longest duration
of action and may thus be the most promising compound fur further development. It is finally important
to mention that the effects are seen following ip or oral
application as especially the oral activity is a good prerequisite for future human use as oral application seems
the most favorable delivery pathway.
Since melatonin receptors are also involved in the
regulation of gastrointestinal motility, drugs targeting
these receptors might be useful in the treatment of motility disorders where increased motility is a problem as
in diarrhea or IBS. Thus, the effects of melatonin and its
agonists on gastrointestinal motility worth additional research.
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Figure 3 Melatonin, Neu-P11 and Neu-P12 decreased the number of painrelated behaviors. A: Melatonin, Neu-P11 and Neu-P12 (all at 25 mg/kg,
ip) decreased the number of pain-related behaviors in the capsaicin-induced
visceral pain test 15 min after drug administration; B: Melatonin, Neu-P11 and
Neu-P12 (all 5 at mg/kg, ip) decreased the number of pain-related behaviors in
the writhing test 15 min after drug administration. Data are mean ± SE (n = 6-10).
a
P < 0.05, bP < 0.01 vs control.

istration of luzindole or naloxone [24]. Similar results
were recently reported by Mickle et al[25] suggesting that
melatonin attenuates post-inﬂammatory hypersensitivity
through a supra-spinal process linked to the central opioidergic system.
The involvement of opioid receptors in the antinociceptive effects of melatonin and melatonergic agonists
observed in our study is an interesting, and complex
phenomenon. Earlier receptor binding experiments confirmed the presence of mu- and delta-, but not kappaopioid bind sites in bovine pinealocyte membranes[26].
(D-Ala2, N-MePhe4, Gly-ol)-enkephalin and (D-Pen2,
D-Pen5)-enkephalin, which are mu- and delta-selective
opioid receptor agonists, respectively, enhanced melatonin synthesis in pineal cultures by a naloxone-reversible
manner[27,28] and acute administration of morphine induced melatonin release from rat pineal glands[29]. Despite these findings, there is no clear evidence for a melatonin-opioid system interaction or melatonergic ligand
binding to opioid receptors. We might suggest a possible
involvement of delta-opioid receptors in the antinociceptive activity of melatonin, as it was shown that its
antihyperalgesic effect was partially inhibited by the selective delta opioid receptor antagonists, naltrexone and
naltrindole, but not by a selective kappa opioid receptor
antagonist 5’-guanidinonaltrindole[7]. Another possible
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In summary melatonin, and its agonists Neu-P11, and
Neu-P12 decreased visceral abdominal pain-related behaviors in mice. The antinociceptive action of the melatonergic agonists was mediated by central and peripheral
opioid receptors, as well as central MT2 receptors. All
analgesic effects were seen following oral application, an
attribute that allows oral treatment if further developed
for clinical use.
Neu-P12, which displayed the most significant analgesic effect and the longest duration of antinociceptive
action and Neu-P11 have the potential to become future
drugs for the treatment of pain in abdominal diseases including, but not limited to, IBS and ulcerative colitis.
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Melatonin was reported to attenuate pain in animals and in patients with irritable
bowel syndrome. However, due to low metabolic stability, it is rapidly degraded
in physiological conditions.
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Research frontiers

The aim was to characterize the antinociceptive action of the novel melatonin
receptor agonists, Neu-P11 and Neu-P12 in animal models of visceral pain and
to compare their effects to that of melatonin.
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Innovations and breakthroughs

Orally and intraperitoneally administered melatonin, Neu-P11, and Neu-P12
reduced pain responses in a dose-dependent manner. Neu-P12 was more
effective and displayed longer duration of action compared to melatonin. The
antinociceptive effects of Neu-P11 or Neu-P12 were antagonized naloxone.
Centrally, but not intraperitoneally administration of melatonin receptor antagonists, luzindole or 4-P-PDOT blocked the antinociceptive actions of Neu-P11 or
Neu-P12.
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Applications

Neu-P12 produced a potent and long-lasting antinociceptive effect after intraperitoneal and oral administration. Further development of this novel compound
for future treatment of abdominal pain seems promising.
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Bax protein may influence the invasion of colorectal cancer
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to lymph and blood vessels (P < 0.05), which may suggest the participation of this protein in the early stages of
colorectal cancer progression. Moreover, a positive expression of Bcl-xL protein correlated with a positive expression
of Bak protein. This may suggest a greater participation
of Bcl-xL protein in the inhibition of the proapoptotic Bak
protein, but not the Bax protein.
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CONCLUSION: Bax protein is probably very significant in
the cancerogenesis mechanism in the large intestine.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: We determined the expressions of Bax, Bak, and
Bcl-xL proteins in colorectal cancer tissue. We reported
that low expression of Bax and Bak proteins is related to
the localization of the tumor in the rectum, which may
explain an increased incidence of colorectal cancer in this
area. We also presented the participation of Bax protein
in the early stages of colorectal cancer progression. Moreover, our results suggest a greater participation of Bcl-xL
protein in the inhibition of the proapoptotic Bak protein,
but not the Bax protein. Therefore, Bax protein is probably very significant in the carcinogenesis mechanism in
the large intestine.

Abstract
AIM: To evaluate the expression of Bcl-xL, Bak, and Bax
proteins in correlation with particular clinico-histopathological parameters, including tumor invasion front, in patients with colorectal cancer.

Pryczynicz A, Gryko M, Niewiarowska K, Cepowicz D, Ustymowicz
M, Kemona A, Guzińska-Ustymowicz K. Bax protein may
influence on the invasion of colorectal cancer. World J Gastroenterol 2014; 20(5): 1305-1310 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v20/i5/1305.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i5.1305

METHODS: The expression of these proteins was evaluated with the use of the immunohistochemical method in
50 primary tumors.
RESULTS: According to observations, a low expression of
Bax and Bak proteins is related to the localization of the
tumor in the rectum (P < 0.05 and P < 0.05 respectively),
which may explain an increased incidence of colorectal
cancer in this area. A positive expression of Bax protein
also correlates with the presence of cancer cell infiltration
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INTRODUCTION
In Poland, colorectal cancer is the second most common
cause of malignant cancer death in men (after bronchial
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and lung cancers), as well as the third most common
in women (after breast and lung cancers). Although
the incidence rate in Poland is relatively low, colorectal
cancer is becoming increasingly common. The worldwide approximate percentage of 5-year-survival is about
45%, whereas in Poland it is only 25%. Therefore, both
prophylactics and improvement in diagnostic tests and
cancer therapy are crucial.
Apoptosis is controlled by various cellular signals
from within or without the cell, and thus apoptosis may
have two paths (internal and external). The intracellular
apoptosis path is regulated by the family of Bcl-2 proteins which control cytochrome c release from the mitochondria. The family of Bcl-2 proteins can be divided
into two groups: apoptosis inducing (proapoptotic Bax,
Bak, Bid, Bad, and Bok) and apoptosis impeding (antiapoptotic Bcl-2, Bcl-xL, and Bcl-w). The mechanism of
apoptosis induction depends on the quantitative ratio
of the proapoptotic proteins to the antiapoptotic proteins. The major impeding proteins are Bcl-2 and Bcl-xL.
They connect with Bax and Bak domains, divide them,
and prevent their oligomerization. This way they block
the mitochondrial apoptosis path. Their overexpression
strongly impedes apoptosis due to cytotoxic damage by
elimination of free radicals, prevention of mitochondrial
canal formation, and the release of c cytochrome[1-3].
Apoptosis plays a significant role in the prevention
of cancer development in the body. As the cell cannot
undergo apoptosis due to mutation or impediment by
biochemical factors, it continues to divide and thus transforms into a tumor. At this point, the most important
factor is Bcl-2 oncogene, as its mutations lead to tumor
development. A number of studies have shown a gradual
increase in the expression of this antiapoptotic protein
in the adenoma-adenocarcinoma sequence, while others
have suggested that Bcl-2 expression increases only at
the early stages of carcinogenesis and then decreases at
the later stages. Apart from Bcl-2, the overexpression of
the antiapoptotic Bcl-xL also leads to the protection of
cancer cells from death. Bax protein, which is a promoter of cell death, is inactivated in cancer cells. According
to studies, as much as 50% of colorectal cancer cases
have the BAX gene mutation, which is related to the decrease in the apoptotic index in cancer cells. Moreover,
the relationship of Bcl-xL and Bax proteins, which is
decreased in the normal epithelium of the intestinal mucous membrane, is a crucial factor in the regulation of
apoptosis. The expression of Bcl-xL in adenocarcinoma
increases while Bax and Bak decrease, which is related to
the cancer cells’ ability to escape from death[4-6].
Therefore, the aim of this work was to evaluate the
expression of Bcl-xL, Bak, and Bax proteins in correlation with particular clinico-histopathological parameters
including tumor invasion front.

carcinoma, operated on in the Surgical Department of
the J. Śniadecki Hospital in Bialystok. Colorectal carcinoma specimens and 17 control samples of normal
colorectal mucosa were examined. Sections, 4 µm-thick,
were cut from paraffin blocks and stained with hematoxylin and eosin (H and E). The routine histopathological
assessment of the sections referred to the histological
type, malignancy grade (G), clinico-pathological pTN
status, regional lymph node involvement, presence of
distant metastases, lymphocytic infiltration, vascular invasion, and tumor budding[7]. Inflammatory lymphocytic
infiltration was graded as: 0-lacking; 1-weak, diffused;
2-moderate; 3-strong, lymphocyte nests, according to the
Jass classification[8]. Lymphatic and venous invasions were
examined and assessed together as vascular invasion as in
the Guzińska-Ustymowicz[9] article. Tumor budding was
defined as the presence of isolated single undifferentiated cancer cells, or as clusters of five or more cancer
cells forming microtubular cancerous glands scattered in
the stroma at the invasive margin of colorectal cancer[10].
The study protocol was approved by the local Bioethics
Committee.
Immunohistochemical analysis
Formalin-fixed and paraffin-embedded tissue specimens
were cut on a microtome into 4 μm sections. The sections were deparaffinized in xylenes and hydrated in alcohols. To visualize the antigen, the sections were heated
in a microwave oven for 15 min in a citrate buffer (pH
= 6.0). They were incubated with 3% hydrogen peroxide
solution in order to block endogenous peroxidase. Next,
incubation was performed with antibodies against BclxL (goat polyclonal anti-human antibody, Sc-7122, Santa
Cruz Biotechnology-incubation 1 h, dilution 1:300), Bak
(goat polyclonal anti-human antibody, Sc-1035, Santa
Cruz Biotechnology-incubation 1 h 30 min, dilution
1:150), and Bax (goat polyclonal anti-human antibody,
Sc-526-G, Santa Cruz Biotechnology - incubation 1 h
30 min, dilution 1:100). The reaction was carried out
using the EnVision FLEX two-step visualization system (DAKO, Poland). A color reaction for peroxidase
was developed with chromogene DAB (DAKO, Poland).
Bcl-xL, Bak, and Bax expression were determined by
two independent pathologists using the semiquantitative
method and assessed as strong (reaction visible in ≥ 25%
of tumor cells) or weak (lack of reaction or the reaction
present in < 25% of cancer cells). Positive reactions were
calculated in at least 500 cancer cells in each tissue specimen under a light microscope (× 400) (Figure 1).
Statistical analysis
Statistical analysis was conducted using Student’s t test
and the Fisher exact test. A P value of < 0.05 was considered statistically significant. Missing data were removed in pairs.

MATERIALS AND METHODS

RESULTS

Study group
The study group consisted of 50 patients with colorectal
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Positive expression was observed as follows: Bcl-xL
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C

Figure 1 Positive immunohistochemical expression of Bcl-xl (A), Bak (B), and Bax (C) proteins in the main mass of colorectal carcinoma. Magnification ×
400, × 400, × 100, respectively.

brane of the large intestine is observed in the cells which
are localized on the crypt surface. Bak expression in adenocarcinoma of the large intestine affects a deeper area
of the crypts. As regards the pattern of malignant cancer
of the large intestine, Bak expression is lower compared
to the normal mucous membrane and it is also dispersed
irregularly. In a normal mucous membrane of the large
intestine, the expression of Bax protein is absent in the
crypt base and increases towards the villa. Cancer cells
in a malignant primary tumor of the large intestine show
medium to strong Bax expression. As regards metastases to the liver, a strong decrease in Bax expression is
observed. Moreover, Bax expression is lower compared
to the normal intestinal mucous membrane[11-14]. The
expression of the antiapoptotic Bcl-xL protein in most
cancer cells is strong, while no expression of this protein
is observed in most of the glandular and well-differentiated parts of colorectal cancer. The increase in Bcl-xL
protein level is also related to the more advanced tumors
T3 and T4, as well as the tumors which give metastases
to lymph nodes and distant organs. According to this
study, Bcl-xL protein plays a significant role in apoptosis
impediment, which is related to a longer survival of neoplastic cells and cancer progression[15-18].
According to scientific documentation, a positive
expression of the antiapoptotic Bcl‑xL protein is observed in a higher number of patients (64%) compared
to the proapoptotic Bax and Bak proteins (42% and
40% patients, respectively). Bcl-xL protein can form heterodimers with Bak and Bax proteins, and thus prevent

protein: 64% of the patients; Bax protein: 42% of the
patients; and Bak protein: 40% of the patients. Statistical
analysis showed no statistically significant dependencies between the expression of these proteins and the
following parameters: age, gender, histological type of
neoplasm, pT stage, presence of metastases to regional
lymph nodes, presence of distant metastases, infiltration
from inflammatory cells, and tumor budding. According
to observations, low expression of Bax and Bak proteins
is related to the location of the tumor in the rectum (P <
0.05 and P < 0.05 respectively). Moreover, positive Bax
expression correlates with the presence of cancer cell
infiltration to lymph and blood vessels (P < 0.05) (Tables
1 and 2). According to the statistical analysis of mutual
correlations, Bak expression correlated with Bcl-xL expression (P < 0.01) (Table 3). In 19 patients with positive Bak expression, a positive Bcl-xL was also observed
in 94.74% (18/19 patients). No similar dependency was
observed in the case of Bax protein.

DISCUSSION
It has been shown that the abnormalities in the expression of proteins which regulate programmed cell death,
namely proapoptotic proteins (among others Bak, Bax,
and Bid) and antiapoptotic proteins (among others Bcl-2
and Bcl-xL), lead to the formation and development of
cancer.
According to the literature, the expression of the
proapoptotic Bak protein in a normal mucous mem-
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Table 1 Relationship between proapoptotic Bax and Bak proteins and clinico-pathological parameters n (%)
Variables

Bax expression

Age

≤ 60

Gender
Localization
Adenocarcinoma type
pT stage
Lymph node metastasis
Distant metastasis
Lymphocytic infiltration

Vascular invasion
Tumor budding

> 60
Male
Female
Colon
Rectum
Non-mucinous
Mucinous
2
3
Absent
Present
Absent
Present
Absent
Weak
Moderate
Strong
Absent
Present
Absent
Present

Weak

Strong

5 (50)
24 (60)
14 (60,9)
15 (55.6)
12 (42.9)
17 (77.3)
28 (62.2)
1 (20)
3 (100)
26 (55.3)
17 (60.7)
12 (54.5)
27 (60)
2 (40)
2 (40)
14 (56)
13 (76.5)
0 (0)
17 (73.9)
12 (44.4)
7 (63.6)
22 (56.4)

5 (50)
16 (40)
9 (39.1)
12 (44.4)
16 (57.1)
5 (22.7)
17 (37.8)
4 (80)
0 (0)
21 (44.7)
11 (39.3)
10 (45.5)
18 (40)
3 (60)
3 (60)
11 (44)
4 (23.5)
3 (100)
6 (26.1)
15 (55.6)
4 (36.4)
17 (43.6)

P value
0.566
0.704
< 0.050
0.069
0.128
0.660
0.390
0.064

< 0.050
0.668

Bak expression
Weak

Strong

5 (50)
25 (62.5)
15 (65.2)
15 (55.6)
13 (46.4)
17 (77.3)
27 (60)
3 (60)
3 (100)
27 (57. 5)
18 (64.3)
12 (54.5)
26 (57.8)
4 (80)
4 (80)
14 (56)
11 (64.7)
1 (33.3)
15 (65.2)
15 (55.6)
8 (72.7)
22 (56.4)

5 (50)
15 (37.5)
8 (34.8)
12 (44.4)
15 (53.6)
5 (22.7)
18 (40)
2 (40)
0 (0)
20 (42.5)
10 (35.7)
10 (45.5)
19 (42.2)
1 (20)
1 (20)
11 (44)
6 (35.3)
2 (66.7)
8 (34.8)
12 (44.4)
3 (27.3)
17 (43.6)

P value
0.470
0.487
< 0.050
1.000
0.144
0.485
0.335
0.562

0.487
0.329

Relationships were considered significant at P < 0.05. Significant relationships are marked in bold. Missing data were removed in pairs.

Table 2 Relationship between antiapoptotic protein Bcl-xL and clinico-pathological parameters n (%)
Variables

P value

Bcl-xL expression

Age

≤ 60

Gender
Localization
Adenocarcinoma type
pT stage
Lymph node metastasis
Distant metastasis
Lymphocytic infiltration

Vascular invasion
Tumor budding

> 60
Male
Female
Colon
Rectum
Non-mucinous
Mucinous
2
3
Absent
Present
Absent
Present
Absent
Weak
Moderate
Strong
Absent
Present
Absent
Present

Weak

Strong

3 (33.3)
15 (36.6)
9 (37.5)
9 (34.6)
8 (28.6)
10 (45.5)
16 (35.6)
2 (40)
2 (66.7)
16 (34)
8 (29.6)
10 (43.5)
14 (31.8)
4 (66.7)
2 (40)
8 (32)
8 (47.1)
0 (0)
10 (43.5)
8 (29.6)
5 (45.4)
13 (33.3)

6 (66.7)
26 (63.4)
15 (62.5)
17 (65.4)
20 (71.4)
12 (54.5)
29 (64.4)
3 (60)
1 (33.3)
31 (66)
19 (70.4)
13 (56.5)
30 (68.2)
2 (33.3)
3 (60)
17 (68)
9 (52.9)
3 (100)
13 (56.5)
19 (70.4)
6 (54.5)
26 (66.7)

0.853
0.831
0.216
0.844
0.253
0.309
0.095
0.423

0.309
0.459

Relationships were considered significant at P < 0.05. Significant relationships are marked in bold. Missing data were removed in pairs.

their oligomerization and impede apoptosis. Therefore,
a strong overexpression of the antiapoptotic proteins
is significant in the carcinogenesis of colorectal cancer.
According to this study, a positive Bcl-xL expression
correlated with a positive Bak expression, however such
dependency was not observed in the case of Bax protein. This may suggest a greater participation of BclxL protein in the impediment of the proapoptotic Bak

WJG|www.wjgnet.com

protein, but not Bax. This study may confirm the results
obtained by other authors who have observed a decrease
in Bak expression and an increase in Bax expression in
neoplastic tissue[11-14]. Thus, Bax protein probably plays a
very significant role in the carcinogenesis mechanism in
the large intestine.
According to this study, a statistically-significant dependency between a positive expression of the proapop-
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Table 3 Correlations between apoptotic proteins: antiapoptotic Bcl-xL protein and proapoptotic Bak and Bax proteins in colorectal
cancer n (%)
P value

Bcl-xL expression
Weak
Bak weak
strong
Bax weak
strong

15 (51.72)
1 (5.26)
11 (39.29)
5 (25)

Strong
14 (48.28)
18 (94.74)
17 (60.71)
15 (75)

< 0.010

P value

Bak expression
Weak

Strong

19 (65.52)
11 (52.38)

10 (34.48)
10 (47.62)

0.349

0.300

Relationships were considered significant at P < 0.05. Significant relationships are marked in bold. Missing data were removed in pairs.

cant role in the development of colorectal cancer and
its metastases[20]. A decrease in the expression of Bax
proapoptotic protein was related mainly with an increase
in cancer stage by Duke’s classification. Moreover, the
percentage of positive cells in the metastasis to the liver
decreased with the occurrence of primary tumor metastases to regional lymph nodes, as well as with an increase
in its size[11,19]. A decreased Bax expression is related
with the loss of mitochondrial apoptosis activation. This
mechanism allows for easy cancer cell development. In
this case, a decrease in Bax expression is connected with
a poor prognosis for the patient. Moreover, scientists
noticed that Bax-negative patients with colorectal cancer show a shorter survival compared to Bax-positive
patients[21]. According to other scientists, a positive expression of this protein is related to a poor prognosis
in patients with colorectal metastases. The discrepancies
resulted mainly from different study groups. As has been
mentioned, these proteins play a more or less significant
role depending on the colorectal cancer stage. Therefore,
changes in their expression give different prognoses in
different study groups.
No dependencies between the expression of BclxL, Bax, and Bak and the presence of buds in the tumor
invasion front were observed. The presence of tumor
buds, single or small groups of invasive cancer cells in
the tumor front which infiltrate the desmoplastic stroma,
is an indicator of malignancy potential, including metastatic abilities. Despite reports suggesting the existence
of a relationship between the expression of the antiapoptotic Bcl-2 protein and tumor budding presence,
Bcl-xL, Bax, and Bak proteins seem not to be involved
in the process of their formation[22].

totics Bax and Bak and tumor location was observed.
Particularly, a negative expression of these proteins was
related with the tumor location in the rectum (77.3%
and 77.3% of the patients, respectively). In cases of patients with the tumor located in other parts of the large
intestine, the expression of Bax and Bak proteins was
positive in 57.1% and 53.6% of patients, respectively.
This may indicate a greater incidence of colorectal cancer located in the rectal area. However, no such dependencies have been reported in the literature. According
to this study, no relationship between Bcl-xL expression
and tumor location was observed.
Studies on the relationship between apoptosis-regulating proteins and cancer histological type showed no
dependencies. However, Jansson et al[13] observed that a
decrease in Bax expression is related to poorly differentiated cancer and the mucogenic type of colorectal cancer.
A similar dependency has also been observed by other
authors[11,19]. According to Zhang et al[20], an increase in
Bcl-xL expression correlated with a poorly-differentiated
cancer type, which is contrary to other apoptosis proteins. Most likely, the proteins which regulate cell death
are also involved in the differentiation of cancer cells,
yet this process is poorly understood and requires further studies.
Statistical analysis of this work also showed a correlation between Bax positive expression and the presence
of cancer cell infiltration to lymph and blood vessels.
Bax protein seems to participate in colorectal cancer cell
spread, which may indicate this protein’s participation in
the early stages of colorectal cancer progression. However, Ogura et al[21] observed that a positive Bax expression is related with a smaller cancer cell infiltration to
lymph vessels. The most probable cause of these contradictive results is due to the study group, or difference in
the methods of immunohistochemical staining and the
estimation of this protein’s expression.
Our study showed no dependency between the expression of the apoptosis regulating proteins, local neoplasm
advancement, and the presence of colorectal metastases
to regional lymph nodes and distant organs. However,
apart from the results similar to this study, such dependencies have also been reported in the literature. The
increase in Bcl-xL expression is associated with the presence of metastases to regional lymph nodes and the C
+ D stage of colorectal cancer in Duke’s classification.
Thus, it is suggested that Bcl-xL protein plays a signifi-
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Background

Colorectal cancer is still the most common cancer in terms of incidence and
cancer motility. Processes responsible for the carcinogenesis of cancers are
still investigated. One of these processes is apoptosis, essential for the removal
of abnormal and damaged cells. Therefore the authors wanted to present the
development of resistance to apoptosis in colorectal cancer cells in correlation
with clinicopathological parameters.

Research frontiers

It is known that the ratio of proapoptotic to antiapoptotic proteins in cancer cells
is disrupted. The main causes of this disorder are mutations in the Bcl-2 and
Bax genes. However, it is unknown whether any of these proteins play a more
important role in the carcinogenesis of colorectal cancer.

1309

February 7, 2014|Volume 20|Issue 5|

Pryczynicz A et al . Apoptosis markers in colorectal cancer

Innovations and breakthroughs
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The authors showed that low expression of Bax and Bak proteins is related
with the localization of the tumor in the rectum, which may explain an increased
incidence of colorectal cancer in this area. They also presented the participation of Bax protein in colorectal cancer progression by vascular invasion. This is
also the first study which presents a greater participation of the Bcl-xL protein in
the inhibition of the proapoptotic Bak protein, but not the Bax protein. Therefore
Bax protein is probably very significant in the carcinogenesis mechanism in the
large intestine.

12

Applications

By demonstrating Bax proteins as an important protein involved in the regulation of apoptosis in colorectal cancer cells, this fact can be used by experts as a
target in cancer therapy.
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Peer review

The authors evaluated the expression of Bcl-xL, Bak, and Bax proteins in correlation with particular clinico-histopathological parameters, including tumor
invasion front, in patients with colorectal cancer, and demonstrated that a low
expression of Bax and Bak proteins is related with the localization of the tumor
in the rectum. They also demonstrated that a positive expression of Bax protein
correlates with the presence of cancer cell infiltration to lymph and blood vessels, which may suggest the participation of this protein in the early stages of
colorectal cancer progression. This manuscript is very interesting and provides
novel evidence.

14

15

16

REFERENCES
1
2

3
4
5
6
7
8
9

10

Borner C. The Bcl-2 protein family: sensors and checkpoints
for life-or-death decisions. Mol Immunol 2003; 39: 615-647
[PMID: 12493639 DOI: 10.1016/S0161-5890(02)00252-3]
Bouillet P, Strasser A. BH3-only proteins - evolutionarily
conserved proapoptotic Bcl-2 family members essential
for initiating programmed cell death. J Cell Sci 2002; 115:
1567-1574 [PMID: 11950875]
Kroemer G, Reed JC. Mitochondrial control of cell death. Nat
Med 2000; 6: 513-519 [PMID: 10802706 DOI: 10.1038/74994]
Glinsky GV. Apoptosis in metastatic cancer cells. Crit Rev
Oncol Hematol 1997; 25: 175-186 [PMID: 9177940 DOI: 10.1016/
S1040-8428(97)00234-5]
Holdenrieder S, Stieber P. Apoptotic markers in cancer. Clin
Biochem 2004; 37: 605-617 [PMID: 15234242 DOI: 10.1016/
j.clinbiochem.2004.05.003]
Huerta S, Goulet EJ, Livingston EH. Colon cancer and apoptosis. Am J Surg 2006; 191: 517-526 [PMID: 16531147 DOI:
10.1016/j.amjsurg.2005.11.009]
AJCC Cancer Staging Manual, 7th ed. Available from: URL:
http://cancerstaging.org/Pages/default.aspx
Jass JR. Lymphocytic infiltration and survival in rectal
cancer. J Clin Pathol 1986; 39: 585-589 [PMID: 3722412 DOI:
10.1136/jcp.39.6.585]
Guzińska-Ustymowicz K. Aggressive and non-aggressive
tumor budding in colorectal cancers. In: Tumor budding in
colorectal cancer. New York: Nova Science Publishers, Inc.,
2006: 105-116
Morodomi T, Isomoto H, Shirouzu K, Kakegawa K, Irie K,
Morimatsu M. An index for estimating the probability of
lymph node metastasis in rectal cancers. Lymph node metastasis and the histopathology of actively invasive regions of

17

18

19

20
21

22

cancer. Cancer 1989; 63: 539-543 [PMID: 2912530]
Sturm I, Köhne CH, Wolff G, Petrowsky H, Hillebrand T,
Hauptmann S, Lorenz M, Dörken B, Daniel PT. Analysis of
the p53/BAX pathway in colorectal cancer: low BAX is a
negative prognostic factor in patients with resected liver metastases. J Clin Oncol 1999; 17: 1364-1374 [PMID: 10334520]
Partik G, Kahl-Rainer P, Sedivy R, Ellinger A, Bursch W,
Marian B. Apoptosis in human colorectal tumours: ultrastructure and quantitative studies on tissue localization and
association with bak expression. Virchows Arch 1998; 432:
415-426 [PMID: 9645440 DOI: 10.1007/s004280050185]
Jansson A, Sun XF. Bax expression decreases significantly
from primary tumor to metastasis in colorectal cancer. J
Clin Oncol 2002; 20: 811-816 [PMID: 11821465 DOI: 10.1200/
JCO.20.3.811]
Alper M, Cukur S, Belenli O, Suna M. Evaluation of the immunohistochemical stain patterns of survivin, Bak and Bag-1
in colorectal cancers and comparison with polyps situated in
the colon. Hepatogastroenterology 2008; 55: 1269-1273 [PMID:
18795671]
Badvie S, Hanna-Morris A, Andreyev HJ, Cohen P, Saini
S, Allen-Mersh TG. A “field change” of inhibited apoptosis
occurs in colorectal mucosa adjacent to colorectal adenocarcinoma. J Clin Pathol 2006; 59: 942-946 [PMID: 16679352 DOI:
10.1136/jcp.2005.033431]
Maurer CA, Friess H, Bühler SS, Wahl BR, Graber H, Zimmermann A, Büchler MW. Apoptosis inhibiting factor BclxL might be the crucial member of the Bcl-2 gene family
in colorectal cancer. Dig Dis Sci 1998; 43: 2641-2648 [PMID:
9881495 DOI: 10.1023/A:1026695025990]
Koornstra JJ, de Jong S, Hollema H, de Vries EG, Kleibeuker JH. Changes in apoptosis during the development of
colorectal cancer: a systematic review of the literature. Crit
Rev Oncol Hematol 2003; 45: 37-53 [PMID: 12482571 DOI:
10.1016/S1040-8428(01)00228-1]
Krajewska M, Moss SF, Krajewski S, Song K, Holt PR, Reed
JC. Elevated expression of Bcl-X and reduced Bak in primary
colorectal adenocarcinomas. Cancer Res 1996; 56: 2422-2427
[PMID: 8625322]
Tsamandas AC, Kardamakis D, Petsas T, Zolota V, Vassiliou
V, Matatsoris T, Kalofonos H, Vagianos CE, Scopa CD. Bcl-2,
bax and p53 expression in rectal adenocarcinoma. Correlation with classic pathologic prognostic factors and patients’
outcome. In Vivo 2007; 21: 113-118 [PMID: 17354623]
Zhang YL, Pang LQ, Wu Y, Wang XY, Wang CQ, Fan Y. Significance of Bcl-xL in human colon carcinoma. World J Gastroenterol
2008; 14: 3069-3073 [PMID: 18494061 DOI: 10.3748/wjg.14.3069]
Ogura E, Senzaki H, Yamamoto D, Yoshida R, Takada H,
Hioki K, Tsubura A. Prognostic significance of Bcl-2, Bcl-xL/
S, Bax and Bak expressions in colorectal carcinomas. Oncol
Rep 1999; 6: 365-369 [PMID: 10023006]
Karamitopoulou E, Lugli A, Panayiotides I, Karakitsos P,
Peros G, Rallis G, Patsouris ES, Terracciano L, Zlobec I. Systematic assessment of protein phenotypes characterizing
high-grade tumour budding in mismatch repair-proficient
colorectal cancer. Histopathology 2010; 57: 233-243 [PMID:
20716165 DOI: 10.1111/j.1365-2559.2010.03615.x]
P- Reviewer: Nakajima A S- Editor: Cui XM
L- Editor: Rutherford A E- Editor: Liu XM

WJG|www.wjgnet.com

1310

February 7, 2014|Volume 20|Issue 5|

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748/wjg.v20.i5.1311

World J Gastroenterol 2014 February 7; 20(5): 1311-1317
ISSN 1007-9327 (print) ISSN 2219-2840 (online)
© 2014 Baishideng Publishing Group Co., Limited. All rights reserved.

BRIEF ARTICLE

Reduced hemoglobin and increased C-reactive protein are
associated with upper gastrointestinal bleeding
Minoru Tomizawa, Fuminobu Shinozaki, Rumiko Hasegawa, Akira Togawa, Yoshinori Shirai, Noboru Ichiki,
Yasufumi Motoyoshi, Takao Sugiyama, Shigenori Yamamoto, Makoto Sueishi
examined at around the day of endoscopy and 3 mo
prior to endoscopy. The rate of change was calculated
as follows: (the result of blood examination on the day
of endoscopy - the results of blood examination 3 mo
prior to endoscopy)/(results of blood examination 3 mo
prior to endoscopy). Receiver operating characteristic
curves were created to determine threshold values.
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RESULTS: Seventy-nine men and 77 women were enrolled. There were 17 patients with upper GI bleeding:
12 with a gastric ulcer, 3 with a duodenal ulcer, 1 with an
acute gastric mucosal lesion, and 1 with gastric cancer.
The area under the curve (AUC), threshold, sensitivity,
and specificity of Hb around the day of endoscopy were
0.902, 11.7 g/dL, 94.1%, and 77.1%, respectively, while
those of CRP were 0.722, 0.5 mg/dL, 70.5%, and 73%,
respectively. The AUC, threshold, sensitivity, and specificity of the rate of change of Hb were 0.851, -21.3%,
76.4%, and 82.6%, respectively, while those of CRP
were 0.901, 100%, 100%, and 82.5%, respectively.
CONCLUSION: Predictors for upper GI bleeding were
Hb < 11.7 g/dL, reduction rate in the Hb > 21.3% and
an increase in the CRP > 100%, 3 mo before endoscopy.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Receiver operating characteristic; Area under
curve; Sensitivity; Specificity; Gastrointestinal bleeding
Core tip: Mortality rate of upper gastrointestinal (GI)
bleeding is approximately 10%. Early upper gastrointestinal endoscopy significantly reduces mortality. We
attempted to search for predictors of bleeding. Patient
records were analyzed retrospectively. The rate of
change was calculated as follows: (the result of blood
examination on the day of endoscopy - the results of
blood examination 3 mo prior to endoscopy)/(results of
blood examination 3 mo prior to endoscopy). Receiver

Abstract
AIM: To investigate the early upper gastrointestinal
endoscopy (endoscopy) significantly reduces mortality
resulting from upper gastrointestinal (GI) bleeding.
METHODS: Upper GI bleeding was defined as 1a, 1b,
2a, and 2b according to the Forrest classification. The
hemoglobin (Hb), and C-reactive protein (CRP) were
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white blood cell (WBC) count and C-reactive protein
(CRP) levels were also evaluated because they were useful
indicators of inflammation including peptic ulcers[13].

operating characteristic curves were created to determine threshold values. Predictors for upper GI bleeding
were hemoglobin (Hb) < 11.7 g/dL, reduction rate in
the Hb > 21.3% and an increase in the C-reactive protein > 100%, 3 mo before endoscopy.

MATERIALS AND METHODS
In our hospital, standard Olympus endoscopes (GIF
Q260, GIF XQ260) (Olympus, Tokyo, Japan) were used.
Patients with bleeding were subjected to endoscopic clipping (HX-610-135) (Olympus) or argon plasma coagulation (APC300) (ERBE, Tokyp, Japan).
Patient records were analyzed retrospectively from
April 2012 to March 2013. During this period, 1101
patients underwent upper GI endoscopy (endoscopy).
Indications of 1101 endoscopies were screening, anemia,
examination of abdominal symptoms and other reasons.
We chose patients who had laboratory data around the
day of endoscopy and 3 mo before endoscopy to analyze
reduction rate. Patient number, thus, reduced to 156 patients. Seventeen patients with bleeding matched the criteria and were analyzed. The other patients were excluded
from the present study. No patients were thalassemia or
sickle cell anemia. Bleeding was found in 15 patients with
a peptic ulcer, 1 patient with an acute gastric mucosal lesion (AGML), and 1 patient with gastric cancer. Bleeding
was classified according to the Forrest classification[14].
Patients were categorized into the bleeding group when
they met the Forrest classification because our goal was
the assessment of upper GI bleeding; therefore, subjects
were not restricted to those with peptic ulcers. In brief,
active bleeding lesions include spurting vessels (1a), oozing vessels (1b), visible vessels (2a), and clots (2b). Patients diagnosed as 1a, 1b, 2a, and 2b were classified into
the bleeding group (15 patients), and all others made up
the non-bleeding group (142 patients). Gastritis was diagnosed according to the Sydney system[15]. Blood examination results were analyzed between 2 d before endoscopy
and the day of endoscopy (defined as around the day of
endoscopy). Data were also collected 3 mo before endoscopy to analyze the rate of change in the results. Patients
were enrolled only when their data were available, around
the day of endoscopy and 3 mo prior to endoscopy.
The parameters analyzed in the blood examination were
WBC (× 104 cells/µL), Hb (mg/dL), CRP (mg/dL),
Cr (mg/dL), and BUN (mg/dL) levels. Our study was
subjected to our institutional ethics committee, and approved. It was not considered a clinical trial because it
was performed as part of routine clinical practice. Patient
anonymity was preserved.
The rate of change was calculated as follows: (the results of blood examination on the day of endoscopy-the
results of blood examination 3 mo prior to endoscopy)/
(results of blood examination 3 mo prior to endoscopy).
Receiver operating characteristic (ROC) curves were created with JMP 8.0.2 (SAS Institute Japan, Tokyo, Japan).
We investigated the Hb, CRP, Cr, and BUN levels, and
WBC count around the day of endoscopy. The rate of
change in the WBC count, and Hb, CRP, Cr, and BUN
levels was also analyzed. The area under the curve (AUC)

Tomizawa M, Shinozaki F, Hasegawa R, Togawa A, Shirai Y,
Ichiki N, Motoyoshi Y, Sugiyama T, Yamamoto S, Sueishi M.
Reduced hemoglobin and increased C-reactive protein are associated with upper gastrointestinal bleeding. World J Gastroenterol
2014; 20(5): 1311-1317 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i5/1311.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i5.1311

INTRODUCTION
Upper gastrointestinal (GI) tract bleeding is diagnosed
and treated with upper gastrointestinal endoscopy (endoscopy)[1]. Longstreth reported an annual incidence rate
of 102.0 acute upper GI bleeding hospitalizations per
100000 population from a San Diego health maintenance
organization; 61.6% of the patients were diagnosed with
peptic ulcers[2]. Patients with bleeding are treated endoscopically using endoscopic clipping and bipolar electrocoagulation[3]. Endoscopic clipping significantly reduces
recurrent bleeding as compared with epinephrine[4]. For
patients who do not respond to these therapies, arteriographic embolization is performed[5,6]. Transcatheter
embolization is a second line for patients failure of endoscopical hemostasis particularly in poor condition[7]. Despite these advances, mortality from the disorder has remained at approximately 10%[8]. The disease often occurs
in patients using antiplatelet agents and anticoagulants.
Early endoscopy significantly reduces the mortality by
peptic ulcer bleeding[9]. Patients at risk factors for mortality should be assessed for early endoscopy[10]. Clinical predictors of increased risk for mortality are age > 65 years,
shock, poor overall health status, low initial hemoglobin
(Hb) levels, melena, transfusion requirement, fresh red
blood on rectal examination and nasogastric aspirate, sepsis, and elevated blood urea nitrogen (BUN) or creatinine
(Cr) levels[11]. However, there are no data regarding the
threshold levels of Hb, BUN, and Cr to assess patients
for the risk of bleeding prior to endoscopy.
Mahlknecht et al[12] report age-related change of Hb.
They excluded patients who had hematological history,
oncological diseases, chronic infection or inflammation.
They show that Hb decreases as aging, and that average
Hb is, interestingly, below normal range of Hb. When
patients with low Hb are encountered, Hb of previous
days is always checked. Decreasae in Hb suggested that
the patients had bleeding diseases, such as gastric ulcers.
Therefore, we analyzed the change rate of Hb and other
parameters.
Therefore, we attempted to evaluate the usefulness of
Hb, BUN, and Cr levels as predictors of bleeding. The
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The threshold value of Hb was 11.7 g/dL. For this value,
sensitivity and specificity were 94.1% and 77.1%, respectively. The AUC of CRP was 0.722, which was lower than
expected. The threshold value of CRP was 0.5 mg/dL.
Sensitivity and specificity of this value were 70.5% and
73%, respectively. Sensitivity and specificity did not seem
useful for predicting bleeding before endoscopy.
Figure 2 depicts the ROC curve of the rate of change
of each parameter between around the day of endoscopy
and 3 mo prior to endoscopy. WBC (Figure 2A) and
Cr (Figure 2E) were far from the reference line. BUN
crossed the reference line (Figure 2D). Hb (Figure 2B)
and CRP (Figure 2C) were close to the reference line.
The AUC, threshold, sensitivity, and specificity are presented in Table 5. The AUC of Hb and CRP was 0.851
and 0.901, respectively. They were approximately 0.9. The
other threshold values were < 0.6. The threshold of Hb
was -21.3%. For this value, sensitivity and specificity were
76.4% and 82.6%, respectively. The threshold value of
CRP was 100%. Sensitivity and specificity for this value
were 100% and 82.5%, respectively.

Table 1 Endoscopic diagnosis and patient number
Number
Number
of patients
of
with
patients
bleeding

Diagnosis

Gastric ulcer
Duodenal ulcer
AGML
Gastric cancer
Esophageal varix
Gastritis
Esophageal
hiatus hernia
Gastric polyp
Submucosal tumor
Normal
Total

Forrest classification
1a
1b
2a
2b

38
9
1
5
1
50
2

12
3
1
1
0
0
0

1
0
1
0
NA
NA
NA

1
1
0
0
NA
NA
NA

5
2
0
1
NA
NA
NA

5
0
0
0
NA
NA
NA

5
1
45
157

0
0
0
17

NA
NA
NA
2

NA
NA
NA
2

NA
NA
NA
8

NA
NA
NA
5

AGML: Acute gastric mucosal lesion; NA: Not applicable.

was used as a measure of diagnostic efficacy. The threshold value was determined as the highest sensitivity and
specificity and calculated automatically by the software on
the location where a line with a slope of 45° contacted
the ROC curve. The Wilcoxon signed rank test was used
for statistical analysis, and P < 0.05 was considered statistically significant. Adobe Illustrator CS4 (Adobe Systems,
San Jose, CA) was used to make figures.

DISCUSSION
A low Hb level is strongly associated with upper GI bleeding. Wong et al[16] followed up with 3386 patients with
bleeding peptic ulcers after initial hemostasis. They found
that an Hb level of < 10 g/dL is a predictive value for rebleeding (OR = 1.87; 95%CI: 1.18-2.96). Heldwein et al[17]
reported that Forrest 1a and 2a classifications are associated with a poor prognosis, and a decreased Hb level and
a requirement for blood transfusion are prospective values
for emergency endoscopy. These reports focus on the
prediction of rebleeding or emergency. In our study, the
correlation between blood examination and bleeding diagnosed with endoscopy was analyzed. Our data clearly show
that a low Hb level indicated bleeding from the upper GI
tract. Similar to our study design, Giese et al[18] retrospectively analyzed the medical records of patients who underwent emergency endoscopy. The relative risks (P value) of
the WBC count (> 12000/µL) and Hb (< 8.0 g/dL) level
for bleeding were 1.18 (P = 0.6) and 1.38 (P = 0.3), respectively. A low Hb level did not correlate with bleeding. They
excluded patients with symptoms of bleeding because their
aim was to examine predictive values for bleeding. The
reason of the discrepancy between the previous report and
our results might be that we included patients with symptoms of bleeding such as low blood pressure and tachycardia. Srygley et al[19] reported that the likely ratio of Hb < 8.0
g/dL is 4.5-6.2 for severe bleeding. Our threshold value of
Hb was 11.7 g/dL. The reason for this difference might
be the inclusion of patients with mild bleeding. It might be
proposed that Hb < 11.7 g/dL is the threshold for patients
with mild and severe bleeding, and Hb < 8.0 g/dL is the
threshold for those with severe bleeding.
It is hard to discriminate upper GI bleeding from lower GI bleeding with the parameters we presented. Endoscopy and colonoscopy should be performed for patients

RESULTS
Seventy-nine patients were women (age, 68.2 ± 11.5
years, mean ± SD), and 77 were men (age, 70.5 ± 12.6
years). Table 1 presents the patient number, endoscopic
diagnosis, and Forrest classification. Bleeding was noted
in 17 patients: 12 patients with a gastric ulcer, 3 patients
with a duodenal ulcer, 1 patient with an AGML, and 1
patient with gastric cancer. Spurting-type bleeding (1a)
was found in 1 patient with a peptic ulcer and 1 patient
with an AGML. Their bleeding was controlled using endoscopic clipping. The other patients with bleeding were
treated with endoscopic clipping or argon plasma coagulation. None of the patients died in our study. Table
2 shows laboratory data of each disease. Table 3 shows
the comparison of each parameter between the bleeding and non-bleeding groups. WBC, BUN and Cr levels,
and BUN/Cr were higher in the bleeding group than in
the non-bleeding group, but the difference was not significant. Hb (P < 0.0001) level was lower and CRP (P =
0.009) level was higher in the bleeding group than in the
non-bleeding group, with a statistical significance difference. Hb and CRP were candidates for threshold values
to diagnose bleeding before endoscopy.
Figure 1 depicts the ROC curves of each parameter
around the day of endoscopy. WBC (Figure 1A), CRP
(Figure 1C), BUN (Figure 1D), Cr (Figure 1E), and BUN/
Cr (Figure 1F) were closer to the reference line than Hb
(Figure 1B). The AUC, threshold, sensitivity, and specificity are presented in Table 4. The AUC of Hb was > 0.9,
whereas that of the other parameters was lower < 0.8.
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Figure 1 Receiver operating characteristic curves of the results of blood examination around the date of endoscopy. Receiver operating characteristic curves
were created based on the results of blood examination around the day of endoscopy. The analyzed data were white blood cell count (A), hemoglobin (B), C-reactive
protein (C), blood urea nitrogen (D), and creatinine (E), and blood urea nitrogen/creatinine (F). Solid straight line, a line with a slope of 45° to calculate threshold by
the software (JMP 8.0.2); broken line, reference line.

with low Hb[20]. Low Hb suggests patients with upper or
lower GI bleeding, hematological disorders, such as thalassemia and sickle cell anemia. Those patients should be
investigated following Goddard et al[21]. Endoscopy and
colonoscopy were desirable for patients suspected with
upper or lower GI bleeding. Parameters analyzed in our
present study suggested bleeding from upper or lower
GI. It was expected to be applied to lower GI bleeding.
Erosive esophagitis, gastritis, and duodenitis are associated with a low Hb level because of slow and long-term
bleeding[22]. The rate of reduction in the Hb level might
be another predictor of bleeding from the upper GI
tract. Pundzius[23] analyzed 659 patients whose bleeding
peptic ulcer was treated endoscopically. They determined

WJG|www.wjgnet.com

that the rate of reduction in the Hb level is a predictive
value for rebleeding. In our study, the rate of reduction in
the Hb level during 3 mo strongly correlated with bleeding from the upper GI tract. The previous report and our
data suggested that a higher rate of reduction in the Hb
level predicted bleeding prior to endoscopy. Our results
clearly showed that 21.3% was the threshold of the rate
of reduction rate in the Hb level.
CRP is a plasma protein produced in the liver in response to tissue inflammation[24]. Boehme et al[25] reported
that an elevated CRP level was a positive predictive value
for peptic ulcers caused by active inflammation. In the
present study, CRP around the day endoscopy was performed was significantly higher in the bleeding group than
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Table 2 Laboratory data of each disease
Diagnosis

WBC count (/μL)

Gastric ulcer
Duodenal ulcer
AGML
Gastric cancer
Esophageal varix
Gastritis
Esophageal hiatus hernia
Gastric polyp
Submucosal tumor
Normal

8080 ± 4104
5520 ± 729
6600
5860 ± 1132
4700
6073 ± 2032
8350 ± 495
6480 ± 1136
5000
5865 ± 1516

Hb (g/dL)

CRP (mg/dL)

10.4 ± 3.2
10.8 ± 2.7
4.8
11.1 ± 2.3
10.1
13.4 ±1.9
11.8 ± 1.1
13.3 ± 0.5
12
13.3 ± 1.6

BUN (mg/dL)

1.17 ± 1.43
0.28 ± 0.21
0.1
0.17 ± 0.11
0.13
0.23 ± 0.22
1.45 ± 1.77
0.95 ± 1.20
1
0.64 ± 0.81

Cr (mg/dL)

23.3 ± 14.1
11.0 ± 5.5
20.7
16.1 ± 3.2
21.7
14.5 ±5.4
23.5 ± 4.9
13.4 ± 4.6
20
14.4 ± 2.1

1.01 ± 0.44
0.80 ± 0.14
0.9
0.80 ± 0.16
0.8
0.81 ± 0.18
1.30 ± 0.71
0.78 ± 0.08
0.6
0.77 ± 0.19

BUN/Cr
31.7 ± 38.4
14.9 ± 10.2
23
20.5 ± 4.7
27.1
18.7 ± 6.4
20.0 ± 7.07
17.0 ± 4.6
33.3
18.4 ± 4.3

WBC: White blood cell; Hb: Hemoglobin; CRP: C-reactive protein; BUN: Blood urea nitrogen; Cr: Creatinine; AGML: Acute gastric mucosal lesion.
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Figure 2 Receiver operating characteristic curves of the results of change rate of blood examination. Receiver operating characteristic curves were created
based on the rate of change in the results of blood examination. The rate of change rate was calculated as a comparison between around the day of endoscopy and 3
mo prior to the date of endoscopy (see text). The analyzed data were white blood cell count (A), hemoglobin (B), C-reactive protein (C), blood urea nitrogen (D), and
creatinine (E). Solid straight line, a line with a slope of 45° to calculate threshold by the software (JMP 8.0.2); broken line, reference line.
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Table 3 Comparison between bleeding (+) and (-) around
the day of endoscopy
Laboratory data
WBC count (/μL)
Hb (g/dL)
CRP (mg/dL)
BUN (mg/dL)
Cr (mg/dL)
BUN/Cr

Mean

Bleeding (-)
95%CI

Mean

Bleeding (+)
95%CI

Wilcoxon
(P value)

6370
12.8
0.50
16.4
0.83
22.0

5946-6795
12.5-13.3
0.346-0.656
14.6-18.1
0.78-0.88
17.6-26.3

6700
8.4
1.37
22.5
0.92
25.1

5613-7786
6.9-9.8
0.29-2.44
15.4-29.7
0.74-1.10
17.4-32.8

0.341
< 0.0001
0.009
0.096
0.302
0.196

Table 5 Area under curve and threshold of the rate of
change rate

AUC

Threshold

Sensitivity

Specificity

0.573
0.902
0.722
0.635
0.580
0.605

5600 (/μL)
11.7 (g/dL)
0.5 (mg/dL)
20.7 (mg/dL)
1.20 (mg/dL)
23.0

70.5%
94.1%
70.5%
52.9%
35.3%
58.8%

46.4%
77.1%
73.0%
85.0%
94.9%
29.9%

Sensitivity

Specificity

6.0%
-21.3%
100%
50.3%
-14.3%

64.7%
76.4%
100%
58.8%
35.3%

55.3%
82.6%
82.5%
89.6%
90.4%

COMMENTS
COMMENTS
Background

Upper gastrointestinal (GI) bleeding is fatal when patients are not diagnosed
correctly and treated adequately. Early upper GI endoscopy (endoscopy) significantly reduces mortality. Clues for decision making of endoscopy is awaited.

Research frontiers

Clinical predictors of increased risk for mortality are age > 65 years, shock, poor
overall health status, low initial hemoglobin (Hb) levels, melena, transfusion
requirement, fresh red blood on rectal examination and nasogastric aspirate,
sepsis, and elevated blood urea nitrogen or creatinine levels.

AUC: Area under curve; WBC: White blood cell; Hb: Hemoglobin; CRP:
C-reactive protein; BUN: Blood urea nitrogen; Cr: Creatinine; BUN/Cr:
The ratio of BUN divided by Cr.

Innovations and breakthroughs

Threshold values of hemoglobin and C-reactive protein (CRP) to diagnose
bleeding peptic ulcer were investigated with receiver operating characteristic
(ROC) curves. An Hb level < 11.7 g/dL indicated bleeding from the upper GI
tract. Other predictors for bleeding were a > 21.3% rate of reduction in the Hb
level and an increase in the CRP level by > 100%, 3-6 mo before endoscopy.

in the non-bleeding group, although the AUC was not
high. The increase in the CRP level significantly correlated
with bleeding. Our data indicated that a > 2-fold increase in
the CRP level was indicative of bleeding. Serum CRP level
correlates with serum interleukin (IL)-6 level, a key cytokine involved in the acute-phase response[26]. Tomita et al[27]
compared the expression levels of IL-6 in the biopsy specimens of peptic ulcers with those from the antrum. They
found that IL-6 is expressed more in peptic ulcers than the
antrum. These reports indicate that peptic ulcer upregulates IL-6 and, consequently, increases the production of
CRP. The problem with CRP is that its increase is nonspecific to peptic ulcers or upper GI bleeding. It is also used as
a biomarker for predicting cardiovascular diseases[28]. The
nonspecific nature of CRP might be the reason for the
relatively low specificity of its rate of change, although its
sensitivity was 100%. CRP, Hb, clinical symptoms, and patient conditions are cumulatively essential to predict bleeding from the upper GI tract prior to endoscopy.
A BUN/Cr ratio > 30 is a useful value to diagnose upper GI bleeding[19]. We hypothesized that BUN levels and
BUN/Cr were higher in bleeding patients than in nonbleeding patients. However, according to our results, BUN
and BUN/Cr did not correlate with bleeding. The reason
for the discrepancy between Srygley et al[19] and our results
is unclear. Chalasani et al[29] compared the BUN/Cr ratio
between upper GI bleeding patients and lower GI bleeding patients. They concluded that the ratio is not useful to
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Threshold

differentiate between the 2 types of bleeding.
In conclusion, an Hb level < 11.7 g/dL indicated
bleeding from the upper GI tract. Other predictors for
bleeding were a > 21.3% rate of reduction in the Hb level
and an increase in the CRP level by > 100%, 3-6 mo before endoscopy.

Table 4 Area under curve and threshold around the day of
endoscopy
Laboratory data

AUC
0.577
0.851
0.901
0.592
0.527

AUC: Area under curve; WBC: White blood cell; Hb: Hemoglobin; CRP:
C-reactive protein; BUN: Blood urea nitrogen; Cr: Creatinine.

Bleeding (-), patients not diagnosed as 1a, 1b, 2a, or 2b by Forrest
classification; bleeding (+), patients diagnosed as 1a, 1b, 2a, and
2b.Wilcoxon: Wilcoxon signed rank test; CI: Confidence interval; WBC:
White blood cell; Hb: Hemoglobin; CRP: C-reactive protein; BUN: Blood
urea nitrogen; Cr: Creatinine.

WBC count
Hb
CRP
BUN
Cr
BUN/Cr

Laboratory data
WBC count
Hb
CRP
BUN
Cr

Applications

Endoscopy is strongly recommended for patients with Hb and CRP above
threshold values.

Terminology

Receiver operating characteristic: ROC is a graph that plots the fraction of true
positives out of the positives true positive rate) vs the fraction of false positives
out of the negatives false positive rate), at various thresholds.

Peer review

This study attempted to establish biomarkers for upper gastrointestinal bleeding
by measuring Hb and CRP. The study design is rational. It is hard to discriminate upper and lower gastrointestinal bleeding with lower Hb and higher CRP
because blood loss from any part of the body will lead to low Hb and CRP is a
non-specific indicator of inflammatory response. Endoscopy is strongly recommended for patients with lower Hb and higher CRP. If upper GI does not show
any evidence of bleeding, the patients should be subjected to colonoscopy. The
study is of particular interest to the practical medicine.
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Risk factors for proximal migration of biliary tube stents
Yoshiaki Kawaguchi, Masami Ogawa, Yohei Kawashima, Hajime Mizukami, Atsuko Maruno, Hiroyuki Ito,
Tetsuya Mine
the total patient population was 3.5%. The cases in
which tube stent migration occurred included those
with common bile duct stones (3/190; 1.6%), malignant lesions (2/112; 1.8%), chronic pancreatitis (4/62;
6.5%), autoimmune pancreatitis (2/14; 14.3%), trauma (1/8; 12.5%), surgical complications (2/6; 33.3%),
and PSC (0/4; 0%). The potential risk factors for migration included bile duct stenosis secondary to benign
disease such as chronic pancreatitis and autoimmune
pancreatitis (P = 0.030); stenosis of the lower bile duct
(P = 0.031); bile duct diameter > 10 mm (P = 0.023);
duration of stent placement > 1 mo (P = 0.007); use
of straight-type stents (P < 0.001); and 10-Fr sized
stents (P < 0.001). Retrieval of the migrated stents was
successful in all cases. The grasping technique, using
a basket or snare, was effective for pig-tailed or thin
and straight stents, whereas the guidewire cannulation
technique was effective for thick and straight stents.
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Abstract

CONCLUSION: Migration of tube stents within the bile
duct is rare but possible, and it is important to determine the risk factors involved in stent migration.

AIM: To analyze the risk factors for biliary stent migration in patients with benign and malignant strictures.

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

METHODS: Endoscopic stent placement was performed in 396 patients with bile duct stenosis, at our
institution, between June 2003 and March 2009. The indications for bile duct stent implantation included common bile duct stone in 190 patients, malignant lesions
in 112, chronic pancreatitis in 62, autoimmune pancreatitis in 14, trauma in eight, surgical complications in
six, and primary sclerosing cholangitis (PSC) in four. We
retrospectively examined the frequency of stent migration, and analyzed the patient factors (disease, whether
endoscopic sphincterotomy was performed, location of
bile duct stenosis and diameter of the bile duct) and
stent characteristics (duration of stent placement, stent
type, diameter and length). Moreover, we investigated
retrieval methods for migrated stents and their associated success rates.

Key words: Migration; Endoscopic biliary stent; Risk
factor; Endoscopic retrograde cholangiopancreatography; Retrieval
Core tip: Endoscopic biliary stenting with a tube stent is
an accepted therapy for biliary obstruction due to malignant or benign disease. However, stent migration occurs in 5%-10% of patients undergoing biliary stenting.
Therefore, it is important to know the factors affecting
biliary tube stent migration. We retrospectively examined endoscopic stent placement in 396 patients with
bile duct stenosis, and analyzed the frequency of stent
migration and the risk factors (patient factors disease,
endoscopic sphincterotomy, location of stenosis, diameter of bile duct) and stent factors (duration of place-

RESULTS: The frequency of tube stent migration in
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ment, type, diameter, length).

cal complications in six, and primary sclerosing cholangitis (PSC) in four (Table 1).

Kawaguchi Y, Ogawa M, Kawashima Y, Mizukami H, Maruno A,
Ito H, Mine T. Risk factors for proximal migration of biliary tube
stents. World J Gastroenterol 2014; 20(5): 1318-1324 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/i5/1318.
htm DOI: http://dx.doi.org/10.3748/wjg.v20.i5.1318

Endoscopic therapy
Endoscopic retrograde cholangiopancreatography was
performed using a JF-240, JF-260V, or TJF-260V unit
(Olympus Medical Systems, Tokyo, Japan) with the patient under conscious sedation with diazepam and pethidine. We attempted to place a guidewire (Jagwire High
Performance Guidewire; Boston Scientific, Natick MA,
United States) across the stenotic lesion. After the guidewire was successfully placed across the stenotic lesion,
intraductal ultrasonography, brushing cytology, bile juice
cytology, and biopsy were performed to diagnose the disease on a case-by-case basis.

INTRODUCTION
Endoscopic biliary stenting using a tube stent is an accepted therapy for biliary obstruction developing secondary to malignant or benign disease[1]. The complication
rate associated with biliary stent use reportedly ranges
from 8% to 10%[2-4], and the described complications
include cholangitis, cholecystitis, duodenal perforation,
bleeding, pancreatitis, stent fracture, proximal stent
migration, distal stent dislocation, and stent occlusion
resulting in recurrent biliary obstruction[5-16]. Stent migration is a rare complication associated with biliary stenting[11,17,18]. Most tube stents are pig-tailed shaped with
flaps at each end, to prevent proximal or distal migration.
However, stents may migrate proximally or distally as a
late complication of endoscopic stenting in 5%-10% of
patients who have undergone biliary stenting[19]. Proximal
stent migration can cause biliary obstruction and cholangitis, thus requiring retrieval or re-stenting. Therefore, it
is important to determine the factors influencing biliary
tube stent migration that have not yet been documented.
A few studies have reported on the risks of stent migration[17]. Johanson et al[17] reported that stent migration
occurs in cases of cholangiocarcinoma, larger diameter
stents, and short stents. In addition, they concluded that
the reason for migration was malignant stricture of the
bile duct or, in cases of benign disease, advancement of
a stricture that was previously present. In addition, the
presence of multiple stents, a broken stent, and differences in physical constitution are proposed as factors
causing stent migration. The retrieval of migrated stents
is technically challenging, but may usually be achieved
endoscopically, by using forceps, snare, or balloon techniques, and rarely requires surgical intervention[18,20-22]. In
the present study, we aimed to determine the frequency
of biliary stent migration; analyze the risk factors for
proximal stent migration; and describe the methods used
for retrieval of migrated stents.

Dilation of stenosis
In the case of severe stenosis, the stenotic lesions were
dilated with a dilation catheter (6-, 7-, or 9-Fr, Soehendra
Biliary Dilation Catheter; Cook Medical, Bloomington,
IN, United States) or a dilation balloon catheter (diameter:
6 mm, length: 2 cm; Hurricane TM RX Balloon Dilation
Catheter; Boston Scientific).
Bile duct stenting
After dilation, a pig-tail shaped (Cook Medical) or a
straight stent (Double layer stent; Olympus Medical
Systems) was implanted in the stenotic lesion; the stents
included 7- or 10-Fr polyethylene stents with multiple
side holes. A bile duct stent was implanted to drain the
bile juice and dilate the stenotic lesions of the bile duct.
In cases involving common bile duct stones, a temporary
stent was implanted in cases with residual stones, and
residual stone removal was postponed until the next procedure.
Stent migration
We defined stent migration in the present study as proximal migration of the stent into the bile duct.
Retrieval of migrated stents
We retrieved the migrated stents by using a basket catheter (4 or 8 wires), snare catheter, rat-toothed forceps,
biopsy forceps, balloon catheter, or stent retriever.
Study items
We retrospectively examined the frequency of stent migration, and analyzed the patient factors [disease, whether
endoscopic sphincterectomy (EST) was performed, location of bile duct stenosis, diameter of the bile duct] and
stent factors (duration of stent placement, stent type,
diameter and length). We also investigated the retrieval
methods for migrated stents and their success rates.

MATERIALS AND METHODS
Patients
Between June 2003 and March 2009, endoscopic stent
placement was performed in 396 patients with bile duct
stenosis at our institution. The diseases requiring bile
duct stenting included common bile duct stones in 190
patients, malignant lesions in 112, chronic pancreatitis in
62, autoimmune pancreatitis in 14, trauma in eight, surgi-
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Statistical analysis
Results were expressed as means or as a percentage of
the total number of patients. The Mann-Whitney U test
and the χ 2 test were used to compare differences between
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Table 1 Diseases requiring bile duct stenting
Diseases
Benign
Common bile duct stone
Chronic pancreatitis
Autoimmune pancreatitis
Trauma
Post operation
PSC
Malignant

Table 3 Stent shape, diameter and length

n

Migrated

Non migrated

227
133
62
14
8
6
4
169

12
3
4
2
1
2
0
2

215
130
58
12
7
4
4
167

Stent
Stent shape
Stent diameter
Stent length

Factor

n

Pig-tail
Straight
7 Fr
10 Fr
5 cm

263
133
280
116
108

3
11
3
11
5

260
122
277
105
103

7 cm

270

8

262

9 cm

18

1

17

Migrated Non migrated

PSC: Primary sclerosing cholangitis.

< 0.001
< 0.001
1.000
0.530
2.000
> 0.990
3.000
0.450

5 cm vs 7 cm; 2.5 cm vs 9 cm; 3.7 cm vs 9 cm.

Table 2 Disease
n

Diseases

P value

Migrated Non migrated P value

Benign
Malignant
EST

227
169
263

12
2
11

215
167
252

Non EST
Low
Hilar or middle
Bile duct > 10 mm
Bile duct ≤ 10 mm
≤1m
>1m

133
156
107
154
135
263
133

3
10
1
11
2
4
10

130
146
106
143
133
259
123

EST (P = 0.40) (Table 2).

0.03

Location of bile duct stenosis: Among the cases with
bile duct stenosis, except for cases with common bile
duct stones, stenosis of the lower common bile duct was
noted in 10 of the 11 cases (90.9%) with stent migration.
Among the total number of cases with bile duct stenosis
in the series, stenosis of the lower common bile duct was
noted in 156 of 263 cases (59.3%). The frequency of migration was significantly higher in cases with stenosis of
the lower common bile duct when compared with cases
with hilar stenosis or stenosis of the middle common bile
duct (P = 0.031) (Figure 1, Table 2).

0.400
0.031
0.023
0.007

EST: Endoscopic sphincterectomy.

the two groups. P < 0.05 was considered to be significant.
All analyses were performed using statistical software (Stat
View Ver.5.0; SAS Institute, Cary, NC, United States).

Bile duct diameter: Among the cases of stenosis of
the lower bile duct, except for those with hilar stenosis
or stenosis of the middle bile duct, a bile duct diameter
> 10 mm was noted in 11 of 13 cases (84.6%) of stent
migration. The overall number of patients with a bile
duct diameter > 10 mm was 154/289 (53.3%). The frequency of migration was significantly higher in cases
with a bile duct diameter > 10 mm when compared with
cases with a bile duct diameter ≤ 10 mm (P = 0.023)
(Figure 1, Table 2).

RESULTS
Frequency of stent migration
The frequency of stent migration was 3.5% (14/396)
(Table 1). Stent migration occurred in cases with common bile duct stones (3/190; 1.6%), malignant lesions
(2/112; 1.8%), chronic pancreatitis (4/62; 6.5%), autoimmune pancreatitis (2/14; 14.3%), trauma (1/8; 12.5%),
surgical complications (2/6; 33.3%) and PSC (0/4; 0%)
(Table 1).

Stent factors
Duration of stent placement: Stent placement duration > 1 mo was noted in 10 of 14 cases (71.4%) of stent
migration. The number of patients with stent placement
duration > 1 mo in the series was 133/396 (33.6%). The
frequency of migration was significantly higher in cases
with stent placement duration > 1 mo when compared
with ≤ 1 mo (P = 0.007) (Figure 1, Table 2).

Patient factors
Disease (benign or malignant): In total, 12 of 14
cases (85.7%) of stent migration had benign disease. The
overall number of cases with benign disease in this series
was 227/396 (57.3%). The frequency of migration was
significantly higher in cases with benign disease, such as
chronic pancreatitis and autoimmune pancreatitis, when
compared with cases of malignant disease (P = 0.030)
(Figure 1, Table 2).

Stent shape: Straight-type stents were used in 11 of 14
cases (72.7%) of stent migration. The overall number
of patients receiving straight-type stents was 133/396
(33.6%). The frequency of migration was significantly
higher in cases with straight-type stents when compared
with pig-tailed stents (P < 0.001) (Figure 1, Table 3).

Cases undergoing EST: In total, 11 of 14 cases (78.6%)
of stent migration had previously undergone EST. The
overall number of cases who had undergone EST in this
series was 263/396 (66.4%). The frequency of migration
was not significantly higher in cases who had undergone
EST when compared with cases who had not undergone
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Stent diameter: In total, 11 of 14 cases (78.6%) of stent
migration received a 10-Fr stent. The overall number of
patients who received a 10-Fr stent was 116/396 (29.3%).
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Figure 1 Potential risk factors. The potential risk factors
for migration included bile duct stenosis secondary to benign
disease (P = 0.030); stenosis of the lower bile duct (P = 0.031);
bile duct diameter > 10 mm (P = 0.023); duration of stent placement > 1 mo (P = 0.007); use of straight-type stents (P < 0.001);
and 10-Fr stents (P < 0.001).

Disease factor
Benign stenosis

Proximal migration
Stent factor

Bile duct factor
Stenosis of the lower bile duct
Bile duct diameter > 10 mm

Use of straight type stents
10-Fr sized stents
Duration of stent placement > 1 mo

Pig-tailed type stent or
thin straight type stent

Grasping technique
Basket
Snare
Rat-toothed forceps

Thick straight type stent

Guide wire
Cannulation technique
Stent retriever
Regular catheter
Balloon catheter

Figure 3 Retrieval methods for migrated stents.

cases of stent migration, and 60% of the cases had 7-Fr
pig-tail stents. This is a technique of retrieval that is attempted by directly grasping the distal end of the stent
with a basket (Figure 2), a snare, rat-toothed forceps or
biopsy forceps. This method is effective for pig-tailed or
thin straight stents (Figure 3). The cannulation technique
was used in six of 14 (42.9%) cases of stent migration,
and all cases had 10-Fr straight stents. This is a technique
of retrieval that is attempted by connecting the distal
end of the stent with a stent retriever, a balloon catheter,
and a cannula (Figure 4) by using the guidewire passed
through the lumen of the migrated stent. This method is
effective for thick straight stents (Figure 3). Stent retrieval
was successful in all cases.

Figure 2 Grasping technique (Case 1). Examination was performed for hilus
bile duct tumor. Pig-tailed-type 7-Fr stent migrated upon stent insertion. An
opened eight-wired basket grasped the distal part of the stent. Stent retrieval
was successful in Case 1.

The frequency of migration was significantly higher in
cases with 10-Fr stents compared with 7-Fr stents (P <
0.001) (Figure 1, Table 3).
Stent length: A 5-, 7- and 9-cm stent was used in 5/14
(57.1%), 8/14 (57.1%) and 1/14 (7.1%) cases of stent
migration, respectively. The overall number of patients
who received a 5-, 7- and 9-cm stent was 108/396 (27.3%),
270/396 (68.2%) and 18/396 (4.5%), respectively. No
significant differences in the frequency of migration were
noted among the patients who received 5-, 7- and 9-cm
stents (Table 3).

DISCUSSION
Endoscopic biliary stenting using a tube stent is now a
well-established therapy for biliary obstruction developing secondary to malignant or benign disease[1]. However,
certain complications may develop with this technique
and should be carefully considered. The complication
rate for biliary stents reportedly ranges from 8% to

Retrieval methods for migrated stents, and their success
rates
The grasping technique was used in eight of 14 (57.1%)
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A

B

C

D

Figure 4 Cannulation technique (Case 2). A: Biliary drainage was performed for bile duct stenosis due to alcoholic chronic pancreatitis. Straight-type, 10-Fr stent
migrated 6 mo after insertion; B: The guidewire was passed through the lumen of the migrated stent; the distal end of the migrated stent was connected with a cannula; C: Migrated stent was pulled, orienting the axis carefully; D: Stent retrieval was successful in Case 2.

10%[2-4], and the complications include cholangitis, cholecystitis, duodenal perforation, bleeding, pancreatitis,
stent fracture, proximal stent migration, distal stent dislocation, and stent occlusion resulting in recurrent biliary
obstruction[5-16]. Stent migration, a rare complication associated with biliary stenting[7,8,12], is a late event following
endoscopic stenting. It occurs in 5%-10% of patients
who undergo biliary stenting, and may involve proximal
or distal migration[7,8,15,17,18,20,23-28]. Previous studies have
reported that 3.1%-4.9% and 3%-6% of patients undergoing biliary stenting experience proximal and distal stent
migration, respectively[5,7,17,18,24,25,29,30]. In the present study,
the frequency of stent migration was 3.5%, which is consistent with previous studies.
Stent migration can lead to symptoms of biliary obstruction, therefore, it is important to determine the risk
factors of stent migration[17,20,31]. However, thus far, the
risk factors for biliary stent migration have yet to be clarified. Arhan et al[32] reported that proximal stent migration
occurs in cases with cholangiocarcinoma, short stents,
or stents with large diameters. Moreover, the placement
of multiple stents and breaking of stents may cause
stent migration. In addition to these risk factors, we also
analyzed other possible risk factors including subtypes
of both benign and malignant biliary disease; EST use;
location of the stenosis; duration of stent placement; and
stent shape, diameter, and length.
A previous study has indicated that stent displacement is less frequently noted in malignant than in benign
biliary stenosis, which may be attributed to the tight
covering of the stents by malignant tissue[32]. Similarly, in
the present study, the frequency of migration was significantly higher in cases of benign than malignant disease (P
= 0.030). One possible explanation for this phenomenon
is that stenosis in benign disease is not as tight as that in
malignant disease, which may be due to differences in the
resolution of local inflammation. In cases of malignant
stenosis, tumor growth may help to anchor the stent, thus
preventing its migration. Arhan et al[32] reported that stent
migration was observed less frequently in post-cholecystectomy strictures than in other benign biliary stenosis,
except in cases of PSC[32]; the authors had indicated that
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the tightness of the fibrotic stricture could be a possible
explanation for this finding. However, it was difficult to
assess these hypotheses due to the low number of available cases in the present study.
Data on whether undergoing an EST before placement of a biliary stent affects the risk of migration are
scarce. EST did not significantly affect the frequency of
stent migration in previous studies[17,27,29,33]. Similarly, in
the present study, the frequency of stent migration was
not significantly higher in the cases who had undergone
EST compared to those who had not undergone EST (P
= 0.40). However, one study indicated a higher frequency
of stent migration in patients who had undergone stent
placement without prior EST compared to patients who
had undergone stent placement after undergoing EST.
The higher migration rate in these patients was primarily because of distal migration, whereas the incidence of
proximal stent migration was not influenced by EST[34].
Thus, undergoing EST prior to stent placement cannot
be considered as a proven risk factor for proximal stent
migration.
With regard to stricture location, we generally believe
that distal stent dislocation occurred more frequently in
cases with stenosis of the upper bile duct, whereas proximal stent migration occurred more frequently in those
with stenosis of the lower bile duct. In the present study,
the frequency of migration was significantly higher in
cases with stenosis of the lower common bile duct when
compared with hilar stenosis or stenosis of the middle
common bile duct (P = 0.031). However, in cases with
stenosis of the lower common bile duct, it was unclear
whether the migration was related to stent length.
We believe that a greater amount of space in the
proximal bile duct is necessary for migration. Therefore,
we hypothesized that the stent would be more likely to
migrate proximally in cases with a larger bile duct diameter. In the present study, the frequency of migration was
significantly higher in cases with a bile duct diameter >
10 mm compared with ≤ 10 mm (P = 0.023).
Moreover, in the present study, the frequency of migration was also significantly higher in cases with stent
placement duration > 1 mo compared with ≤ 1 mo (P
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therapy for biliary obstruction developing secondary to malignant or benign
disease. Endoscopic biliary stents may migrate proximally or distally as a late
complication in 5%-10% of patients who have undergone biliary stenting. It is
important to determine the factors influencing biliary tube stent migration. However, a few studies have reported on the risks of stent migration.

= 0.007). A longer duration of stent placement increased
the risk of migration. Therefore, we suggest that the
stents should be exchanged or removed after a short
placement interval.
Biliary stent design may also affect the risk for migration. With regard to stent shape, we used pig-tailed
shaped and straight tube stents only in the present study.
Straight tube stents have been modified with side flaps
or barbs to decrease the risk of migration[35]. Pig-tailed
shaped stents were also used to decrease the risk of
migration. In the present study, the frequency of stent
migration was significantly higher in cases with straighttype stents when compared with pig-tailed stents (P <
0.001). We noted that the presence of side flaps or barbs
was not sufficient to prevent stent migration. The diameter and length of the stents may also be associated with
the risk of migration[17]. With regard to stent diameter,
in the present study, the frequency of migration was significantly higher in the cases with 10-Fr stents compared
with 7-Fr stents (P < 0.001). We believe that, because
stenotic lesions of the bile duct were already improved
in cases in which thick stents (such as 10-Fr stents) were
used, these cases were more likely to experience migration. With regard to stent length, in the present study, no
significant differences in the frequency of migration were
noted among the patients who had 5-, 7- and 9-cm stents.
Arhan et al[32] have reported that shorter stents tend to
migrate proximally, whereas longer stents tend to migrate
distally, in cases of benign biliary stenosis. Moreover,
longer stents in the bile duct are less likely to migrate
because a longer portion is fixed in the common bile
duct, thus limiting proximal movement[17]. I think that we
should pay attention to using shorter and straight stents
in high-risk patients. I recommend using pig-tailed type
stent for those cases.
Most of the stents that have migrated proximally
can be successfully retrieved indirectly, through stone
extraction with a balloon catheter, or directly by using
various grasping accessories. All the stents were successfully retrieved in the present study, therefore, none of the
patients required surgery for stent retrieval. In patients with
benign strictures, this favorable finding could be a result of
the dilation of the stricture due to further stenting, thereby
facilitating the retrieval of the proximally migrated stent.
In conclusion, the risk of stent migration is higher in
benign than in malignant biliary stenosis. Proximal migration of biliary or pancreatic stents is an infrequent occurrence. Proximal stent migration was found to be closely
associated with benign stenosis, stenosis in the lower
common bile duct, bile duct diameter > 10 mm, stent
placement duration > 1 mo, straight-type stents, and
10-Fr stents. The migrated stents can be extracted endoscopically, with a high degree of success, using a variety
of techniques involving baskets or balloons.

Research frontiers

In this study, the frequency of tube stent migration in the total patient population
was 3.5%. The potential risk factors for migration included bile duct stenosis secondary to benign disease (P = 0.030); stenosis of the lower bile duct (P = 0.031);
bile duct diameter > 10 mm (P = 0.023); duration of stent placement > 1 mo (P =
0.007); use of straight-type stents (P < 0.001); and 10-Fr stents (P < 0.001).

Innovations and breakthroughs

Retrieval of the migrated stents was successful in all cases. This paper describes the methods used for retrieval of migrated stents. The grasping technique, using a basket or snare, was effective for pig-tailed or thin and straight
stents, whereas the guidewire cannulation technique was effective for thick and
straight stents.

Applications

It is important to pay attention to the factors influencing biliary tube stent migration, and know the method for retrieval of migrated stents.

Terminology

Proximal stent migration is a rare complication associated with biliary stenting.
Proximal migration means movement of stent distal end into common bile duct.
Proximal stent migration can cause biliary obstruction and cholangitis, thus
requiring retrieval or re-stenting.

Peer review

The potential risk factors for migration included bile duct stenosis secondary to
benign disease; stenosis of the lower bile duct; bile duct diameter > 10 mm; duration of stent placement > 1 mo; use of straight-type stents; and 10-Fr stents.
It is important to pay attention to these risk factors, and know the method for
retrieval of migrated stents. These results are impressive.
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CONCLUSION: We believe that the proposed hemostatic clip and clip applier can enhance patient safety
during laparoscopic surgery.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: This paper present a preclinical experimental
study aimed at demonstrating the utility of a new clip
designed to preserve blood flow while clipping a bleeding vessel. It can be a reasonable solution for partial
large vessel injuries or avulsion injuries.
Nam KW, Lee SB, Kim IY, Kim KG, Park SJ. A new hemostatic
clip for endoscopic surgery that can maintain blood flow after
clipping. World J Gastroenterol 2014; 20(5): 1325-1331 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i5/1325.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i5.1325

Abstract
AIM: To develop a new hemostatic device for endoscopic surgery that can control the bleeding without
completely occluding the bleeding vessel.
METHODS: A hemostatic clip and its applier that can
stanch bleeding while maintaining blood flow through
the clipped vessel was introduced, and the performance
of the proposed clip was evaluated using in vitro and in
vivo experiments.

INTRODUCTION
Most laparoscopic operations are performed using the
limited 2-dimensional visual information about the operative site that is supplied by an endoscope; as a result,
accidents due to the narrow field of vision and low depth
perception frequently occur. One of the most common
accidents is blood vessel injury caused by the misuse of
cutting tools such as scissors, electrocautery, or harmonic
scalpel[1]. Various hemostatic tactics can be applied to
accidental vascular injuries that occur during laparoscopic surgery. These include the use of energy-based
electrosurgical devices[2,3], insertion of hemostatic tubes

RESULTS: During in vitro experiments, no leakage was
found after clipping at cuts made in artificial vessels,
and flow was maintained through the clipped artificial
vessels. In experiments on rats, all the implanted clips
occluded the target vessels successfully, and no bleeding or tissue damage was observed at the operative site
after the rats were euthanized on postoperative day 7.
In experiments on pigs, bleeding stopped immediately
after partial clipping of a damaged vessel, and some
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A

clip; (4) manipulate the handle of the clip applier to hold
the hemostatic clip in place until the bleeding is stopped;
and (5) resume the main procedure (Figure 1B).

B

In vitro evaluation
To evaluate the hemostatic performance of the clip in
situations where it is important to maintain blood flow
through the bleeding vessel, a closed-flow circuit consisting of a pneumatic pulsatile-flow pump and a Donovantype mock circulatory system was assembled to simulate
the main circulatory system of the human body, as
shown in Figure 2A. The mock circulatory system and
the sac of the pulsatile-flow pump were connected with
2 Tygon tubes with an internal diameter of 1/2 inch, to
simulate an aorta and a vena cava. Then, the aortic tube
was bifurcated to establish 2 flow paths for 1/2-inch and
1/4-inch artificial vessels, as shown in Figure 2B. Three
hydraulic pressure sensors (PS9030VY™; Sensortechnics
GmbH, Puchheim, Germany) and an ultrasonic flow meter (TS410; Transonic Systems Inc., Ithaca, NY, United
States) were attached to the closed-flow circuit to observe
the variations of hydraulic pressure and flow in accordance with the degree of vessel occlusion.
During the experiments, the average afterload pressure of the mock circulatory system was adjusted to 100
mmHg and the pumping rate of the pulsatile pump was
fixed to 50 beats per minute to limit the maximal hydraulic pressure within the artificial vessel to ≤ 200 mmHg
when the artificial vessel was completely occluded (average outflow of the hydraulic pump = 3.0 L/min). During
experiments on the 1/4-inch artificial vessel, the tubes
before and after the 1/2-inch artificial vessel were completely occluded using 2 clamping scissors and similarly,
the tubes before and after the 1/4-inch artificial vessel
were completely occluded during experiments on the
1/2-inch artificial vessel.

Figure 1 Proposed laparoscopic hemostatic clip and clip applicator. A:
Shape of the clip and clip applier; B: Procedure for sealing a damaged vessel
without fully occluding it.

or catheters[4,5], injection of hemostatic solution[6], use
of hemostatic clips alone[7,8] or with epinephrine injection[9,10], injection of Histoacryl[11], or the use of topical
hemostatic agents such as gelatins, collagens, thrombin
and fibrin sealants, and synthetic glues[12-15].
However, energy-based vessel-sealing devices can
cause thermal injuries that can result in neural damage
and necrosis[16] or tissue distortions[17]. Additionally, when
the damaged vessel cannot safely be completely occluded,
it is difficult with conventional hemostatic clips to achieve
hemostasis while maintaining blood flow through the
damaged vessel after clipping[18].
In this article, we propose a new hemostatic clip and
dedicated clip applier that can stanch bleeding from a
damaged vessel during laparoscopic surgery without
completely occluding the vessel and report on our in vitro
and in vivo evaluation of their performance.

In vivo evaluation
To assess the stability and clinical feasibility of the clip,
short-term animal experiments were performed using
4 rats (all males; average age = 3 mo) for full-occlusion
tests and 2 pigs (all females; average age = 3 mo, average weight = 40 kg) for partial-occlusion tests. The rat
experiments were performed at the Korean National
Cancer Center, and the pig experiments were performed
at the Yonsei University (Sinchon Severance Hospital).
The experimental protocols were approved by the ethics
committees for animal study of both medical institutions,
and the studies were performed in strict compliance with
the Korean Ministry of Health and Welfare Guidelines
for the Care and Use of Research Animals.

MATERIALS AND METHODS
Proposed laparoscopic hemostatic clip and clip applier
The proposed hemostatic clip and clip applier are shown
in Figure 1A. The clip is 6 mm wide, 6 mm long, and 5
mm high, and the total length of the clip applier is 480
mm with a working length of 320 mm. When accidental
vascular injury and bleeding occur during laparoscopic
surgery, the clip is to be used as follows: (1) temporarily
stop the main procedure; (2) grasp the bleeding vessel using laparoscopic forceps; (3) locate the clip applier so that
the defect in the vessel is completely surrounded by the

WJG|www.wjgnet.com

RESULTS
Table 1 shows the measurements of the 3 pressure sensors during in vitro experiments lasting 3 h. The 1/4-inch
artificial vessel was occluded 0%, 25%, 50%, and 75%
using the proposed hemostatic clip and the 1/2-inch ar-
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Figure 2 Setting for in vitro evaluation of the clip. A: Closed-flow loop including a pulsatile pump, a mock circulatory device, and 2 artificial vessels; B: 1/4-inch
and 1/2-inch artificial vessels. PS: Pressure sensor; FS: Flow sensor.
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Figure 3 Flow variations according to the occlusion rate. A: 1/4-inch artificial vessel; B: 1/2-inch artificial vessel.

tificial vessel was occluded 0%, 25%, and 50%. Figure 3
shows the measurements of flow variation through the
clipped artificial vessels. In all cases, no leakage at the
cut area was found after clipping, and flow through the
clipped artificial vessel was maintained after clipping the
cut area. The average decreases in flow rates due to the
clipping were 6.25% at 25% occlusion, 18.75% at 50%
occlusion, and 35% at 75% occlusion for the 1/4-inch
artificial vessel and 0% at 25% occlusion and 13% at 50%
occlusion for the 1/2-inch artificial vessel.
Figure 4 demonstrates the procedures of the fullocclusion test. During the operation, each rat was laid on
the operating table in a supine position; in 2 rats, the clip
was implanted on the right iliac vein, in 1, on the inferior
vena cava, and in 1, on the splenic artery and vein. The
target vessels were completely occluded by the clip. The
rats fully recovered from anesthesia within a few hours
and were given food and water for 1 wk without any ad-
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ditional medical treatments. After the operation, 1 of the
4 clip-implanted rats died on postoperative day 3 and the
remaining 3 lived for 1 wk. All of the surviving rats were
euthanized on postoperative day 7 by anesthetic overdose. During autopsy, all of the implanted clips were seen
to successfully occlude the target vessels and no bleeding
or tissue damage was observed at the operative site.
Figure 5 demonstrates the procedures of the partialocclusion test. Partial-occlusion tests were performed as
laparoscopic surgeries. The target vessel (infra-hepatic
inferior vena cava) was separated from the surrounding
tissues, and then bleeding was intentionally induced on
the surface of the target vessel using electrocautery. After
the intentional injury, the armed clip applier was inserted
through a trocar, and the bleeding site was occluded by
the clip. During the experiment, the bleeding stopped immediately after clip implantation.
To assess blood flow through the clipped vessel, the
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A

B

C

D

Figure 4 In vivo experiments for full-occlusion testing. A: The rat is supine on the operating table with the abdomen opened; B: The clip applier is positioned on
the target vessel; C: The target vessel is clipped; D: The abdomen is sutured after clipping.

a perforation or fistula during laparoscopic surgery, but
the proposed clip aims to immediately stanch bleeding
from an injured blood vessels while maintaining blood
flow through the clipped vessel. Additionally, the deep
pistol-shaped clip applier aims to seal the bleeding of the
venous channel at the intercavernous sinus during dural
incision, but the proposed clip can cover a wider range
of vascular injuries and therefore can minimize the number of clips needed to control bleeding from an injured
vessel. Furthermore, unlike conventional hemostatic
clips[22,23] that completely occlude blood vessels, the proposed clip can maintain a certain amount of blood flow
through a clipped vessel.
Currently, the proposed clip is manufactured using biocompatible titanium; however, this presents the
problem of postoperative incompatibility with magnetic
resonance imaging[24]. To prevent this, the clip needs to
be manufactured using non-metallic materials or nonmagnetic metals (such as nitinol[25]) that have sufficient
strength, durability, and biocompatibility. Additionally,
applying the metallic clip to the bleeding vessel has a potential risk of tearing if the handle of the clip applier is
tightened excessively by the surgeon, which might exacerbate the bleeding condition. This risk can be reduced by
further improving the design of the clip applier to restrict
the power transfer to the distal site of the clip applier,
and surgeons undergoing additional preoperative training.
Furthermore, sometimes, the clip may be applied on an
unwanted area by mistake and should be removed immediately to reapply at the desired site. However, since

Table 1 Variation in pressure according to the occlusion rate
(mean ± SD)
D

OR

PS1 (mmHg)

PS2 (mmHg)

PS3 (mmHg)

1/4

0%
25%
50%
75%
0%
25%
50%

149.57 ± 0.73
132.06 ± 0.80
149.85 ± 1.27
149.09 ± 0.56
160.38 ± 1.22
124.20 ± 2.26
137.30 ± 1.46

138.06 ± 0.59
123.15 ± 0.54
139.95 ± 1.20
135.18 ± 0.50
152.42 ± 1.70
124.20 ± 2.26
130.25 ± 1.17

129.83 ± 0.64
117.71 ± 0.82
138.05 ± 1.32
136.16 ± 0.57
143.89 ± 2.45
125.62 ± 3.41
122.44 ± 1.40

1/2

D: Diameter (inch); PS: Pressure sensors in Figure 2B.

flow through the partially-clipped vessel was monitored
using ultrasound (M-Turbo; Fujifilm Sonosite Inc., Tokyo, Japan). Because the ultrasonic probe utilized was not
designed for laparoscopic use, the abdomen was opened
and the probe was applied on the surface of the clipped
vessel. Figure 6 shows the measurements of blood flow
through the partially-clipped vessel. As is shown in the
figure, some amount of blood flow was consistently
maintained after clipping. After the measurements were
taken, the pigs were euthanized by anesthetic overdose.

DISCUSSION
The clip and clip applier proposed in this article have a
similar operating mechanism to the conventional overthe-scope clip[19,20] or the deep pistol-shaped clip applier[21]. The over-the-scope clip is primarily used for closing
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A

B

C

D

E

F

Figure 5 In vivo experiments for partial-occlusion testing. A: Separating the target vessel (infra-hepatic inferior vena cava) from surrounding tissues; B: Scratching the surface of the target vessel using electrocautery; C: Inducing intentional bleeding on the target vessel; D: Grabbing the bleeding site using the clip applier; E:
Stanching the bleeding site on the target vessel by implanting the proposed hemostatic clip; F: Suctioning the blood around the target vessel after hemostasis.

A

B

24

C

24

-24

24

-24

-24

Figure 6 Measurements of blood flow through the clipped inferior vena cava using an ultrasonic Doppler machine. The probe was applied to the positions before (A), on (B), and after the clipped site (C), respectively. The Doppler signal was slightly increased at the clipped site because the diameter of the vessel decreased
after clipping the bleeding site.
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currently developed clip and clip applier do not have such
clip-removal ability, we are in the process of implementing such ability by redesigning the structure of the clip
and clip applier in the future. By adding such ability, it
may even be possible to remove the clip after the bleeding site is sealed, using additional hemostatic agents and
preventing clinical complications from the clip remaining
in the body. Furthermore, if it is possible to manufacture
the clip using bio-degradable materials such as absorbable
hemostatic agents[26], the clip will degrade naturally after
the bleeding is controlled.
Currently, the tip of the clip applier is straight, which
makes it difficult to clip the bleeding vessel accurately in
the perpendicular direction. To improve clinical feasibility, it will be necessary to redesign the clip applier to have
1 or 2 degrees of freedom at the distal end to be able to
clip the bleeding vessel at various angles.
In this study, the sealing performance of the proposed
clip was evaluated by in vitro and short-term animal experiments. Further studies are needed to investigate additional clinical concerns about the proposed hemostatic
clip including intra-operative blood loss, surgical time, clip
retention rate, and physiological and pathological effects
on the vessel and surrounding tissues after long-term application of the clip[27-29] to verify its clinical feasibility.
In conclusion, we believe that the proposed hemostatic clip and clip applier have the potential to enhance
patient safety during laparoscopic surgery.

3

4

5

6

7

8

9

COMMENTS
COMMENTS

10

Background

Most laparoscopic operations are performed depending on the limited 2-D
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pyruvatekinase, angiopoietin-2, fibroblast growth factor-23 (FGF-23), proteins of the matrix metalloproteinase, thrombopoietin (TPO) and interleukin-13 (IL-13)
were significantly different between CRC and healthy
controls. The sensitivity of all the seven proteins combined was 0.7, specificity was 0.4, and area under the
receiver operating characteristics was 0.729. The most
promising combinations of test proteins were FGF-23,
TPO, and IL-13, reaching a sensitivity of 0.7 and a
specificity of 0.7. The combination of FGF-23 and TPO
scored highest with sensitivity of 0.7 and specificity of
0.8. Its mean that the combination of FGF-23 and TPO
has the highest value for the diagnosis of CRC in our
study.

Abstract

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

CONCLUSION: A protein biochip composed of proteins
found to be elevated in the feces of colorectal cancer
patients has great potential as a noninvasive diagnostic
for colorectal cancer. The addition of new protein biomarkers and technologies, as they are discovered, is an
excellent avenue of future research.

AIM: To develop and initially test a potential fecal protein biochip for the screening of colorectal cancer (CRC).

Key words: Protein biochip; Feces; Colorectal cancer;
Fibroblast growth factor-23; Thrombopoietin

METHODS: Fecal protein from 20 colorectal cancer
patients and 20 healthy controls were extracted from
all of the fecal samples and screened for proteomic differences using a Biotin label-based protein array. Candidate proteins were then verified by ELISA. Finally, we
will select out the significant protein and a seven-target
multiplex fecal protein biochip was generated and tested for 20 fecal samples to determine the effectiveness
of the biochip on identifying CRC. And the value of the
protein biochip would be discussed.

Wang HP, Wang YY, Pan J, Cen R, Cai YK. Evaluation of specific fecal protein biochips for the diagnosis of colorectal cancer.
World J Gastroenterol 2014; 20(5): 1332-1339 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i5/1332.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i5.1332

INTRODUCTION

RESULTS: After tested by protein biochip of the fecal protein from 20 colorectal cancer patients and
20 healthy controls and levels of calprotectin, M2-
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Colorectal cancer (CRC) is the second leading cause of
cancer death worldwide. About 1 million CRC cases oc-
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cur each year, of which 500000 people will die[1]. There
are multiple stages along the pathological progression
of CRC. The progression occurs over 7-10 years from
normal mucosa through adenoma to cancer[2]. Unfortunately, about 30%-50% of patients have metastases
at the time of diagnosis; the 5-year survival rate is less
than 10%[1]. In contrast, the 5-year survival of patients
who are in Dukes A with surgical resection is more than
90%[3]. Therefore, it is imperative to detect CRC at an
early stage in order to reduce mortality and morbidity.
There are many methods to detect CRC. Noninvasive methods include fecal occult blood test (FOBT),
fecal immunochemical test (FIT), computer tomography
(CT) colonoscopy, magnetic resonance imaging (MRI)
colonoscopy, and barium enema. More invasive methods include flexible sigmoidoscopy and colonoscopy.
FOBT, which is low-cost, simple, and painless, is the
most widely used method. However, it has a high incidence of false positive and false negative results, as well
as low specificity. The flexible sigmoidoscopy procedure
can only detect cancer within the sigmoid colon and
rectum[4]. Colonoscopy is considered the gold standard
in the diagnosis of CRC[5], but its application is limited
because of its high cost, invasiveness, patient discomfort
during preparation, and complications, such as hemorrhage, intestinal perforation, and myocardial infarction.
As the normal biological function of colorectal epithelial cells becomes damaged, changes in oncogenes
and tumor-suppressor genes result in mutations at the
DNA, RNA, and protein levels[5]. Therefore, it may possible to develop a new method that detects these molecular changes in blood or feces; carcinoembryonic antigen
(CEA) is an example of the earliest application of this
strategy[6]. A detection method that uses fecal material
has the advantages of being simple, flexible, and noninvasive, with no need for bowel preparation, and may
reflect pathologies involving the whole gut. Molecules
found in the feces include DNA, RNA, and protein. Detection of mutations in the genes encoding KRAS, APC,
BRAF, and TP53 have been proposed recently, but the
sensitivity is too low[5] and it is a high cost, complex
operation. Proteins, in contrast, are more suitable for
such a large-scale screen, because of their stability, high
sensitivity, and operation simplicity[7]. Therefore, fecal
detection is a very promising method for the detection
of biomarkers in the feces of CRC patients.
In this study, we collected fecal specimens from CRC
patients and healthy controls, and used protein biochip
methods to measure several significant proteins chosen
from the current literature. Finally, we verified the value
of them as combined CRC biomarkers in the diagnosis
of CRC by protein biochip.

Table 1 Information of colorectal cancer patients and healthy
controls n (%)

Gender
Male
Female
Age group (yr)
46-55
56-65
66-75
≥ 75
Location of tumor
Ascending colon
Transverse colon
Descending colon
Rectum
Tumor stage (TNM)
Ⅰ
Ⅱ
Ⅲ
Ⅳ

Healthy controls
(n = 20)

10 (50)
10 (50)

14 (70)
6 (30)

5 (25)
3 (15)
6 (30)
6 (30)

5 (25)
4 (20)
7 (35)
4 (20)

6 (30)
1 (5)
6 (30)
7 (35)

-

2 (10)
7 (35)
9 (45)
2 (10)

-

and 20 cases of healthy controls (14 men and 6 women)
were collected. The average patient age was 67.5 years
(range: 46-88 years). Within the CRC group, diagnoses
were all confirmed as CRC by pathology from a colonoscopy biopsy. For both groups, patients were excluded
if they had any one of the following: long-term history
of irritable bowel disease (IBD); ulcerative colitis (UC);
intestinal polyp; chronic constipation; diarrhea; hereditary intestinal polyposis syndrome and intestinal surgery;
any diseases of the respiratory, urinary, cardiovascular,
and nervous systems; or other diseases of the digestive
system excluding the gastrointestinal tract. Patients were
instructed to eat a normal protein diet for 1-2 wk prior
to electronic colonoscopy. Information about the demographics of all test subjects is detailed in Table 1.
Feces collection and protein extraction
All stool specimens were collected 1-2 wk before surgery.
Avoiding urine or water pollution, samples were collected,
cut to 8.0 cm3 in size (2.0 cm × 2.0 cm × 2.0 cm), and
immediately preserved in -80  ℃ for at least 30 min. For
each sample, 0.1 g feces weighed precisely, added to 0.4
mL RIPA lysis buffer, vortexed for 1 min alternating with
a 5-min ice bath until no visible feces granules remained,
and then centrifuged. The supernatant fraction was collected and put on ice for about 60 min, centrifuged for 30
min at 10000 rpm at 4  ℃, and then the supernatant fraction was collected again. The final supernatant was stored
at -80  ℃. The samples of CRC were labeled as C1-C20;
the healthy controls were labeled as N1-N20.
Protein concentration detection
The protein concentration was measured first by spectrophotometry using a NanoDrop ND-2000 (Thermo
Fisher, United States), and then by bicinchoninic acid
(BCA) using a standard protocol. The protein concentra-

MATERIALS AND METHODS
Patients and healthy controls
A total of 20 CRC patients (10 men and 10 women)
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A

Figure 1 Example images of protein biochip scans of colorectal cancer and healthy control samples. A: Normal control group; B: Colorectal
cancer group.

B

mined using the t test. A P value of less than 0.05 was
considered statistically significant. All statistical analyses
were performed using SPSS 16.0 software.

Table 2 Data of the first five proteins after normalization
Name

C-Nor

N-Nor

C/N

Angiopoietin-2
MMP-10
FGF-23
Thrombopoietin
IL-13

263.60
223.58
345.69
229.29
243.38

6.89
10.14
22.60
18.03
21.05

38.27
22.05
15.3
12.72
11.56

RESULTS
To determine the proteomic differences in fecal matter
of CRC and healthy control samples, we screened fecal
samples using a biotin label-based human antibody array
1. The results are shown as scanned images (Figure 1).
The raw data were read using GenePix Pro 6.0 software,
and the normalized results are shown in Table 2. Normalization was calculated by the size ratio of CRC group
(C)/healthy controls (N). Initially, we found five proteins
with maximum differences between the cohorts: angiogenin 2 (Ang-2), matrix metallopeptidase 10 (MMP-10),
fibroblast growth factor-23 (FGF-23), thrombopoietin
(TPO), and interleukin 13 (IL-13). We decided to use
these five candidate proteins for further analysis.
Through a literature search, we uncovered two additional candidate proteins for analysis: calprotectin and
pyruvate kinase isoenzyme type M2 (M2-PK). We measured all seven proteins in the fecal samples using ELISA. During sample processing, we lost C5 from the CRC
group and N9 and N17 from the control group. Thus,
the final sample sizes were: CRC, n = 19; Healthy, n =
18. The concentrations of the seven proteins in CRC
group and healthy controls are shown in Figure 2A and
B. After receiver operating characteristic curve (ROC)
analysis, the cut off and area under the curve (AUC),
sensitivity and specificity were calculated, as shown in
Figure 3A and Table 3. The levels of calprotectin, M2PK, Ang-2, FGF-23, MMP-10, TPO, and IL-13 were
significantly higher in CRC cases compared with the
controls.
Calprotectin, sensitivity 1, specificity 1, average concentration of group C was 179.12 IU/mL, N was 116.08
IU/mL; M2-PK, sensitivity 0.895, specificity 0.889,
average concentration of group C was 141.15 IU/mL,
N was 100.19 IU/mL; Ang-2, sensitivity 1, specificity 1,
average concentration of group C was 86.46 IU/mL, N
was 55.85 IU/mL; MMP-10, sensitivity 0.895, specificity
1, average concentration of group C was 518.37 IU/mL,
N was 348.61 IU/mL; FGF-23, sensitivity 1, specificity

N: Normal control group; C: Colorectal cancer group; MMP: Proteins
of the matrix metalloproteinase; FGF: fibroblast growth factor-23; IL-13:
Interleukin-13.

tion was tested by colorimetric determination under 562
nm and compared to a standard curve of bovine serum
albumin.
Protein biochip screen and test
Fecal samples were analyzed by RayBio Biotin Labelbased Human Antibody Array1 (507 Human Proteins),
using Raybiotech kits. Samples were dialyzed, biotin
labeled, dried, blocked, and then incubated in Antibody
Array. Raw data were collected by fluorescence detection
(GenePix 4000 b, Axon Instruments, United States), using the GenePix Pro 6.0 software (Axon Instruments,
United States).
Enzyme linked immunosorbent assay test
After screening by protein biochip and literature review,
we chose seven proteins for enzyme linked immunosorbent assay (ELISA) analysis. For each protein, 10 µL of
sample were tested by ELISA using the manufacture’s
protocol (Labsystems Multiskan MS, Finland). A standard curve was drawn with the concentration of the
standard as abscissa, the A value as ordinate.
Ethics
This study was approved by the ethics committee of
The 5th People’s Hospital of Shanghai, Fudan University.
All the patients in the study signed consent forms before
participating.
Statistical analysis
The statistical differences concentration of selected
proteins between CRC and healthy controls were deter-
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Figure 3 Receiver operating curve for the seven fecal protein. A: Receiver
operating curve (ROC) for the seven fecal protein in detecting patients with
colorectal cancer (CRC, n = 19) and healthy controls (n = 18). Calprotectin,
angiopoietin-2 (Ang-2), thrombopoietin (TPO), interleukin-13 (IL-13): area under
the curve (AUC) = 1; M2-pyruvatekinase (M2-PK): AUC = 0.933; matrix metalloproteinase (MMP-10): AUC = 0.991; fibroblast growth factor-23 (FGF-23): AUC
= 0.994; B: ROC for the seven fecal protein combined in detecting patients with
CRC (n = 10) and healthy controls (n = 10). Sensitivity= 0.7, specificity = 0.4.
AUC = 0.729.
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Figure 2 Median and interquartile range of proteins concentrations
among colorectal cancer patients and healthy controls. A: Calprotectin,
M2-pyruvatekinase (M2-PK), proteins of the matrix metalloproteinase (MMP-10);
B: Angiopoietin-2 (Ang-2), fibroblast growth factor-23 (FGF-23), thrombopoietin
(TPO) and interleukin-13 (IL-13).

lation of the seven proteins with age of patients, tumor
location (ascending colon, transverse colon, descending
colon, or rectum), and tumor stage (Dukes stage or
TNM stage) by t test; there were no statically significant
correlations. Thus, the abundance of these seven proteins is independent of patient age, tumor location, and
tumor stage.

0.944, average concentration of group C was 72.84 IU/
mL, N was 48.55 IU/mL; TPO, sensitivity 1, specificity 1,
average concentration of group C was 19.76 IU/mL, N
was 7.39 IU/mL; IL-13, sensitivity 1, specificity 1, average concentration of group C was 21.01 IU/mL, N was
12.99 IU/mL. After T-test and P values are calculated by
SPSS16.0, P < 0.05, Table 4.
Finally, a protein biochip was made composed of the
seven proteins. We selected 20 samples of 10 cases of
CRC and 10 cases of healthy controls for retesting. The
results are shown in Figure 3B. For the seven protein
combined, the AUC = 0.729, the sensitivity was 0.7, and
the specificity was 0.4. We also examined the sensitivity
and specificity for select subsets of the seven proteins.
For a subset containing FGF-23, IL-13, and TPO, the
sensitivity was 0.7 and the specificity was 0.7. For a subset containing FGF-23 and TPO only, the sensitivity was
0.7 and the specificity was 0.8, making this the best combination for CRC screening. We also analyzed the corre-
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DISCUSSION
There is an ongoing search for new methods and markers for the diagnosis of CRC. Many studies of attempted
proteomics on CRC samples, but the results lack consistency for a number of possible reasons. First, there is
always heterogeneity and variation in the experimental
material, such as a varied patient population and different genetic and environmental factors, which can lead to
different results. Second, the use of different research
methods, such as 2D-polyacrylamide gel electrophoresis
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Table 3 Information of area under the curve and 95%CI of
the seven proteins

Table 4 Cutoff value, 95%CI, P value of the protein
concentration

Test result
variable(s)

Area

Name

Calprotectin
M2-PK
Ang-2
MMP-10
FGF-23
TPO
IL-13

1.000
0.933
1.000
0.991
0.994
1.000
1.000

SE
0.000
0.039
0.000
0.010
0.008
0.000
0.000

Asymptotic
sig
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Asymptotic 95%CI

Calprotectin-C
Calprotectin-N
M2-PK-C
M2-PK-N
Ang-2-C
Ang-2-N
MMP-10-C
MMP-10-N
FGF-23-C
FGF-23-N
TPO-C
TPO-N
IL-13-C
IL-13-N

Lower bound Upper bound
1.000
0.856
1.000
0.972
0.979
1.000
1.000

1.000
1.009
1.000
1.011
1.010
1.000
1.000

M2-PK: M2-pyruvatekinase; Ang-2: Angiopoietin-2; MMP-10: Proteins
of the matrix metalloproteinase-10; TPO: Thrombopoietin; IL-13:
Interleukin-13; FGF-23: Fibroblast growth factor-23.

and mass spectrometry, hinders the ability to properly
compare results. Another factor is the lack of detailed
experimental methods from independent researchers,
thus direct comparisons cannot be made.
In contrast, there are several advantages to using
stool specimens and protein biochip technology. First of
all, the use of feces is noninvasive, resulting in a good
patient compliance rate. Second, comparing abundance
of a small set of proteins has shown to have relatively
high sensitivity and specificity. This approach overcomes
the disadvantage of diagnosing cancers using a single
molecular marker. Third, the method is simple, fast and
convenient. Fourth, the amount of fecal sample does
not limit the analysis[8,9]. Finally, it shows that the abundance of tumor-specific proteins in feces is significantly
high compared with blood; this sample type and can reflect the full length of the colorectum[1].
There are several types of proteins found in feces,
including products of digestion, and cell secretion, shedding from the lumen, and bacteria. Protein from food
has no specificity in stool specimens; however, in this
study patients were requested to limit their intake of
high-protein foods before sample collection, especially
animal protein. In feces, bacteria constitute nearly half
of the total sample weight, excluding water. By centrifuging the samples, these proteins were cleared completely[1]. Proteins that come from lumen can be roughly
classified into three categories: leakage, secretion, and
exfoliation[10]. Due to dysfunction of the blood and lymphatic vessels of tumor, certain molecules leaked into
the feces. However, this is not a consistent or continuous
process, and it can also occur with tumor lesions, thus it
lacks sensitivity and specificity. The most typical example
in this case is hemoglobin[11]. Many other molecules are
secreted by the epithelial cells of the colorectal lumen.
Cancer cells can secrete unusual glycosylated proteins,
such as mucin[12,13], CEA, and mini chromosome maintenance proteins (MCM2). These proteins can be detected
by specific antibodies, but the intestinal bacteria secrete
proteases and other glycosidic enzymes that can interfere
with this process. Still other exfoliated molecules are
released into the lumen during apoptosis of epithelial

WJG|www.wjgnet.com

SE

mean

95%CI

5.725
2.906
1.516
0.725
0.627
0.324
4.505
2.267
0.607
0.304
0.118
0.069
0.122
0.064

179.12
116.08
141.15
100.19
86.46
55.85
518.37
348.61
72.84
48.55
19.76
7.39
21.01
12.99

167.09-191.14
109.95-122.21
137.97-144.34
98.66-101.72
85.14-87.78
55.16-56.53
508.91-527.84
343.82-353.89
71.56-74.11
47.91-49.19
19.51-20.01
7.24-7.53
20.76-21.27
12.85-13.12

Cutoff value P value
144.39

0.00

114.49

0.00

69.62

0.00

440.41

0.00

56.33

0.00

13.08

0.00

16.76

0.00

N: Normal control group; C: Colorectal cancer group; M2-PK: M2pyruvatekinase; Ang-2: Angiopoietin-2; MMP-10: Proteins of the matrix
metalloproteinase-10; TPO: Thrombopoietin; IL-13: Interleukin-13; FGF-23:
Fibroblast growth factor-23.

cells; they often come directly from the tumor itself. As
a result, they have a high specificity for the presence of
tumors. The renewal speed of tumor tissue is usually
higher than that of normal tissue, therefore these molecules are even more likely to be found. Tumor sources
of protein or peptide sequence are very stable in the
feces, such as M2-PK, DAF, CEA, etc., and have high
specificity[10].
In this study, calprotectin, M2-PK, Ang-2, MMP-10,
FGF-23, TPO and IL-13 were identified and verified as
statistically significant tumor markers. Every molecule
was analyzed individually. The sensitivity and specificity
of calprotectin, Ang-2, TPO, and IL-13 are all highest,
with a value of 1. This result may have been because of
the small sample size. Calprotectin, a 36.5 kDa zinc/calcium-binding protein, is made up of three polypeptide
chains. calprotectin mainly comes from neutrophils[14].
CRC is tightly linked to acute inflammation reactions[15],
therefore it was reasonable to test the levels of calprotectin as a marker of CRC[16]. Calprotectin is stable in
feces, and small samples can be measured reliably. Tibble
et al[16] found that the sensitivity and specificity of calprotectin are 79% and 72%, respectively. In the same study,
concentration of FOBT was found to have no correlation with the tumor location or Dukes staging; the same
results were found in this experiment.
M2-PK, an important enzyme for the metabolism of
tumor cells, is a dimer of pyruvate kinase isoenzyme and
target of many oncogenes. Hardt et al[17,18] and Ayling et
al[19] reported that M2-PK can be detected in feces of
CRC patients by ELISA. Hardt et al[18] found that M2-PK
concentrations in feces were significantly higher in the
60 cases of CRC than the control group by ELISA; the
sensitivity was 73%, specificity was 78%, and the concentration of M2-PK is closely related to TNM and Dukes
staging. Because of the high sensitivity and specificity of
M2-PK, it has high potential as a biomarker of CRC.
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t test. Although the test was limited by sample size and a
non-normal distribution, the results were not significant.
In this study, the diagnosis value of a single molecular
maker is comparable with other studies. However, due
to the different sample size and research methods, the
results also have slight differences. Studies using feces
as a specimen source to discover protein biomarkers for
CRC is scarce. Moreover, it is rarer to see this strategy
combined with the protein biochip approach. Stefanie
Bunger detected CEA, IL-8, vascular endothelial growth
factor, S100A11, macrophage colony-stimulating factor,
C3adesArg, CD26 in the blood of patient using a protein
biochip approch, and the best combinations in this study
were (1) CEA with IL-8; and (2) CEA with C-reactive
protein; the sensitivity/specificity were 37%/83% and
35%/81%, respectively. This study provided a basis for
the successful application of protein chips in the aid of
CRC diagnosis. However, this study used blood samples
as its specimen, but stool specimens may have additional
advantages.
In our study, the sample size is small, so additional
samples would afford increased confidence in our findings. The use of proteins as molecular markers may
also have its shortcomings. First, proteins could be decomposed easily by proteases, leading to a false negative
result. Second, there is no method to amplify protein
as there is for DNA or RNA, thus limiting the application. Thirdly, changes in the phenotype of the tumor
occur at the genomic level first, rather than the protein
sequence[28]. Thus, protein molecules used as biomarkers need further in-depth study before they can be used
widely for cancer screening.
In summary, we found seven proteins whose abundance is significantly higher in the feces of CRC compared with healthy controls. The strongest test combination is FGF-23 and TPO, with sensitivity of 0.7 and
specificity of 0.8. These proteins did not correlate in any
way to patient age, tumor stage, or location. We have
shown that protein biochips have potential to be used
as a noninvasive screening method for CRC. Additional
protein biomarkers and optimized technology are areas for future research to develop this new diagnostic
technique. With the discovery of new protein molecules
and progress of diagnosis technology, the value of this
method for CRC diagnosis will be subjected to further
improvement and development.

Ang-2, the Tie-2 receptor ligand of tyrosine specificity in endothelial cells, can disrupt cellular stability
to induce angiogenesis[20]. Ahmad et al[21] detected the
expression of Ang-1 and Ang-2 by RT-PCR and double
staining fluorescence immunoassay in CRC cell lines, as
well as a CRC resection specimen and normal mucosa.
The results showed that Ang-2 was not only expressed
in normal cells, it was also highly expressed in colon cancer cells. These results indicate that Ang-2 may be the
promoting factor in tumor angiogenesis.
FGF-23, which is 32 kDa, it is secreted by bone
cells or osteoblasts. Its target organ is the kidney, and
its main function is to regulate phosphate and vitamin
D metabolism. Leaf et al[22] found the levels of FGF-23
were higher than normal in one patient with colonic carcinoma, suggesting a correlation between high FGF-23
levels and CRC[22,23]. MMP-10 is a member of the zincdependent family of endopeptidases. It can decompose
the extracellular matrix and break the blood-brain barrier. Because the reconstruction of the extracellular matrix is related to tumor metastasis and invasion, MMP-10
is considered to be related to these events. Asano et al[24]
found the expression of MMP-10 to be increased in 112
cases of colorectal tumor tissues.
IL-13 is a cytokine which has anti-inflammatory and
immunomodulatory effects. Its overexpression in cancer
tissue is associated with tumor infiltration, apoptosis
suppression, tumor metastasis, and lower mucin calcium[25]. Formentini et al[26] investigated the expression
of IL-13R in epithelial cells of ulcerative colitis, colonic
cancer and control patients. They found that IL-13R
levels were significantly higher in colonic cancer samples
than in the control and ulcerative colitis groups. TPO is
a cytokine produced mainly by the liver, but also by the
kidneys and other organs. In the process of tumorigenesis, blood coagulation dysfunction, platelet activation,
increased number of platelet and thrombosis are common. Dymicka-Piekarska et al[27] found that TPO levels
in a set of 38 cases of CRC was significantly higher than
that of a control group of 35 individuals. Furthermore
the concentration was higher in stage Ⅲ tumors.
In this study, the concentration of all seven of these
protein molecules was significantly higher in the CRC
patients than the healthy controls, consistent with other
research results. This result further validates the relationship between these seven proteins and CRC. Additionally, a protein biochip was used to combine measurements
for all proteins simultaneously. With the seven protein
molecules combined, sensitivity was 0.7 and specificity
was 0.4. By combining FGF-23, IL-13, and TPO, the
sensitivity was 0.7 and specificity was 0.7. If FGF-23 and
TPO only were considered, the sensitivity was 0.7 and
specificity was 0.8. Hence, FGF-23 and TPO is the best
combination found in this study to accurately identify the
presence of tumors from a fecal sample of the patient.
We also analyzed the relationship between the seven
protein levels and patient age, tumor location (ascending
colon, transverse colon, descending colon, and rectum),
and tumor staging (Dukes staging and TNM staging) by
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Background

Colorectal cancer (CRC) is the second leading cause of cancer death worldwide. Fecal occult blood test and others have a high incidence of false positive and false negative results, as well as low specificity. Proteins, using fecal
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material have the advantages of being simple, flexible, and non-invasive, with
no need for bowel preparation, and may reflect pathologies involving the whole
gut, are more suitable for such a large-scale screen, because of their stability,
high sensitivity, and operation simplicity. Therefore, fecal detection is a very
promising method for the detection of biomarkers in the feces of CRC patients.

9
10

Research frontiers

There are many researches in the finding out the biomarkers of CRC. DNA,
RNA and protein are the most hotspots in this field. However, single molecular
of which is deeply researched. And most of the single molecular biomarker in
blood had a low sensitivity and specificity, especially there are less research of
the fecal molecular biomarkers.

11

12

Innovations and breakthroughs

Fecal biomarker is a new method for cancer research. The aim of this study is
not only to evaluation the value of specific fecal protein biochips, but also the
authors wanted to find out new fecal molecular biomarkers for the diagnosis
of CRC. It is significant for the diagnosis and treatment of CRC. The study is a
research paper, and in the next period we will continue to focus on the specific
fecal protein and the mechanism of them.

13
14

Applications

The study results suggest that the combination of fibroblast growth factor-23
(FGF-23) and thrombopoietin (TPO) by protein biochip method has a high value
for the diagnosis of CRC and it may be used in clinical in the future.

15

Terminology

There is an ongoing search for new methods and markers for the diagnosis of
CRC. Stool specimens and protein biochip technology is noninvasive, simple,
fast and convenient, resulting in a good patient compliance rate and overcomes
the disadvantage of diagnosing cancers using a single molecular marker.
Proteins that come from lumen can be roughly classified into three categories:
leakage, secretion, and exfoliation.

16

Peer review

This is a good retrospective study in which the authors analyzed the value of
the protein biochip in the diagnosis of CRC. The results are valuable and suggest that the combination of FGF-23 and TPO by protein biochip method has a
high value for the diagnosis of CRC. It is also need to be have a deep research
in the future.
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BRIEF ARTICLE

Endoscopic ultrasonography for staging of T1a and T1b
esophageal squamous cell carcinoma
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Shi-Yong Lin, Guo-Liang Xu, Jian-Jun Li
tients with pathologically confirmed T1a or T1b ESCC,
was undertaken between January 2005 and December
2011 in Sun Yat-sen University Cancer Center. The accuracy and efficiency of EUS for detecting stages T1a
and T1b ESCC were examined.
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RESULTS: The overall accuracy of EUS for detecting
stage T1a or T1b ESCC was 70.8% (51/72), and the
sensitivity was 74.3%. 77.8% (7/9) of lesions originated in the upper thoracic region, 73.1% (38/52) in
the mid-thoracic region and 72.7% (8/11) in the lower
thoracic region. Multivariate analysis revealed that the
diagnostic accuracy of EUS was closely related to lesion
length (F = 4.984, P = 0.029).
CONCLUSION: EUS demonstrated median degree of
accuracy for distinguishing between stages T1a and
T1b ESCC. Therefore, it is necessary to improve EUS
for staging early ESCC.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Endoscopic ultrasound (EUS) is the best option for staging early esophageal squamous cell carcinoma (ESCC). However, the accuracy of EUS for staging ESCC is not good and diverse. There is no other
report about sub-staging T1 disease as T1a or T1b by
EUS for ESCC. This study indicated that accuracy demonstrated by EUS for sub-staging T1a and T1b ESCC
was only about 70%. Therefore, the technique of EUS
requires further refinement to enhance its diagnostic
accuracy for staging early ESCC. The results in this
study indicated that EUS can stage and sub-stage early
ESC pre-operatively whereas this modality need to be
improved.

Abstract
AIM: To investigate the accuracy of Endoscopic ultrasound (EUS) in staging and sub-staging T1a and T1b
esophageal squamous cell carcinoma (ESCC).
METHODS: A retrospective analysis involving 72 pa-
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ment and more reliable decision-making on the appropriateness of endoscopic treatment or surgical resection.

He LJ, Shan HB, Luo GY, Li Y, Zhang R, Gao XY, Wang GB,
Lin SY, Xu GL, Li JJ. Endoscopic ultrasonography for staging
of T1a and T1b esophageal squamous cell carcinoma. World J
Gastroenterol 2014; 20(5): 1340-1347 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i5/1340.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i5.1340

MATERIALS AND METHODS
Patients
From January 2005 to December 2011, 72 ESCC patients
who underwent endoscopic treatment or surgical resection and whose cancers were confirmed as T1N0M0
post-operatively were enrolled. Then, we retrospectively
compared the preoperative EUS stages with the pathological results. The study protocol was approved by the
institutional review board. All patients provided written
informed consent before preoperative EUS examination.
In addition, to compare the accuracy of EUS for
staging early and advanced ESCC, 90 randomly chosen
patients with non-T1 ESCC (30 cases each of T2, T3 and
T4, all confirmed post-operatively) were also enrolled.

INTRODUCTION
In accordance with the American Joint Committee on
Cancer (AJCC) TNM classification of carcinoma of
the esophagus and the esophageal-gastric junction (7th
edition, 2010), the T1 stage of esophageal squamous
carcinoma (ESCC) is subdivided into T1a (the tumor
has infiltrated into the mucosal lamina propria and muscularis mucosa) and T1b (the tumor has infiltrated into
the submucosa)[1,2]. Lymph node metastases occur in approximately 3%-6% of T1a cases, and T1a cancers can be
removed surgically or with endoscopic treatments such
as endoscopic mucosal resection (EMR) or endoscopic
submucosal dissection, both of which have advantages
of less damage and lower cost than esophagectomy[3-5].
In contrast, lymph node metastases occur in 21%-24%
of those with T1b stage of ESCC, and these patients are
not suitable for endoscopic treatment and require surgical resection[4-8]. Therefore, identifying the lesion stage of
ESCC prior to treatment is essential.
The T staging classification depends mainly on the
depth of the infiltration and the extent of damage to histological layers. At present, the most effective method for
diagnosing and defining ESCC is endoscopic ultrasonography (EUS)[9,10]. EUS delivers the ultrasound probe via
endoscopy and directly observes echoes in different layers
of the digestive tract wall, and therefore, the depth of lesion infiltration and the extent of damage in different layers can be relatively easily visualized using this approach.
In contrast, methods such as computed tomography (CT),
magnetic resonance imaging (MRI) and positron emission computed tomography (PET-CT) cannot provide an
accurate assessment of the different layers of the esophageal wall. In addition, the accuracy of EUS for T1 staging
in ESCC is greater than that of other methods[11-13]. A
meta-analysis demonstrated that the sensitivities of EUS
in stages T1, T2, T3 and T4 are 81.6%, 81.4%, 91.4%
and 92.4%, with corresponding specificities of 99.4%,
96.3%, 94.4% and 97.4%, respectively. However, there
are few reports that have distinguished between T1a and
T1b stages of ESCC using EUS[14]. In addition, this metaanalysis enrolled most pathological types of esophageal
carcinoma, including adenocarcinoma, adenosquamous
carcinoma and sarcoma, but there was a paucity of data
concerning ESCC[15-17]. Due to the importance of preoperative staging in patients with stage T1a or T1b ESCC, a
statistical analysis of the accuracy of EUS for identifying
specific stages is needed[18,19]. This study focused on the
role of EUS in distinguishing between the T1a and T1b
stages of ESCC, to facilitate accurate preoperative assess-
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Device
An Olympus GF-UM2000 EndoEcho Ultrasonic Gastrovideoscope was used for the study, and the EUS transducer offered four frequency modes, 5.0, 7.5, 12.0 and
20 MHz, to suit the clear-view requirement. Esophageal
lesions were observed using the balloon method and the
sterile deaerated water immersion method. All enrolled
cases were observed using EUS with 7.5 and 12 MHz
probes. The EUS examinations were performed by two
experts in endoscopy, both of whom had at least 10 years
of experience in Sun Yat-sen University Cancer Center.
Both the balloon method and the water immersion method were performed during EUS examination.
EUS staging standard
Lightdale et al[20] stated that the esophageal wall can be
divided into five layers by ultrasound. The first layer is
a high echogenic band, which represents the interface
echo of the mucosa; the second layer is a low echogenic
band, which represents the muscularis mucosae; the third
layer is a high echogenic band, which represents the submucosa; the fourth layer is a low echogenic band, which
represents the muscularis propria; and the fifth layer is a
high echogenic band, which represents the serosal layer,
or the adventitia and the interface. Therefore, with EUS,
ultrasonic images of stage T1a ESCC can identify significant thickening of the first and/or second layers, as well
as an intact third layer. In contrast, the imaging of stage
T1b ESCC shows continuous infiltration from the first
to the third layer; the third layer becomes narrower, and
the fourth layer remains complete or intact. Two experts
in endoscopy conducted staging for all patients independently, thus creating two sets of staging data. When the
results of both sets were consistent, the data were used
in the analysis. When the results were not consistent, the
experts discussed and read the images together to obtain
a third common set of results.
Statistical analysis
Data from the two independent assessors were statisti-
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SP of 64.9%, PPV of 63.9% and NPV of 66.7%. The
area under the curve (AUC) was 0.668 (P = 0.014). The
second expert concluded that 39 cases were stage T1a
and 33 were T1b, with an AC of 66.7% (48/72), SE of
64.1%, FPR of 35.9%, FNR of 30.3%, SP of 69.7%,
PPV of 71.4%, NPV of 62.2% and an AUC of 0.668 (P
= 0.014). However, the combined assessment concluded
that 36 cases were stage T1a and 36 were stage T1b. Pathological results confirmed an AC of 70.8% (51/72), SE
of 74.3%, FPR of 27.0%, FNR of 25.7%, SP of 73.0%,
PPV of 72.2%, NPV of 75.0% and AUC of 0.736 (P =
0.001, Table 2). These results indicate that EUS is a valid
method for diagnosing and identifying stages T1a and
T1b disease.

Table 1 Characteristics of the 72 patients with early esophageal squamous cell carcinoma of T1a or T1b stage n (%)
Characteristics
Age (yr)
1
≤ 58
> 58
Sex
M
F
T1 stage
T1a
T1b
Differentiation
Carcinoma in situ
Well
Moderately
Poorly
Site of neoplasm
Upper third
Mid third
Lower third2

Data
36 (50)
36 (50)
47 (65.3)
25 (34.7)
35 (48.61)
37 (51.39)
26 (36.11)
6 (8.33)
30 (41.67)
10 (13.89)

Impact of lesion location on EUS diagnosis of stage T1
ESCC
We conducted statistical analyses of the impact of tumor site on EUS staging accuracy for T1 stage ESCC.
The combined set of common results revealed that for
ESC in the upper thoracic region, EUS had an AC of
77.8% (7/9), SE of 80.0%, SP of 75.0%, PPV of 80.0%
and NPV of 77.8%. For ESCC in the middle thoracic
region, EUS had an AC of 73.1% (38/52), SE of 68.0%,
SP of 77.8%, PPV of 73.9% and NPV of 72.4%. Finally, for ESC in the lower thoracic region, EUS had an
AC of 72.7% (8/11), SE of 83.3%, SP of 60.0%, PPV
of 71.4% and NPV of 75.0%. Furthermore, when compared with the combined set of common results, data
obtained by the experts individually were not significantly better (Table 3).

9 (12.50)
52 (72.22)
11 (15.28)

1

Median age; 2The lower third not including the squamous cell carcinoma
in the esophageal-gastric junction. M: Male; F: Female.

cally compared using SPSS version 13.0 software (SPSS
Inc., Chicago, IL).
Numerical data are expressed as frequencies and
percentages. A statistical descriptive method was used to
analyze EUS evaluation indices for the clinical value of
preoperative T and N staging of ESC, and this analysis
included the diagnostic accuracy (AC), sensitivity (SE),
false positive rate (FPR), false negative rate (FNR), specificity (SP), positive predictive value (PPV) and negative
predictive value (NPV). The χ 2 test was used to analyze
interclass differences in numerical data between the EUS
and pathological results.

Analysis of clinicopathological features related to the
accuracy of EUS for distinguishing T1a or T1b ESCC
A multivariate statistical analysis of the accuracy of the
distinguishing set was conducted (Table 4). The accuracy
was closely related to tumor length (F = 4.984, P = 0.029)
but not to tumor width (all P values > 0.05).

RESULTS
Clinical pathological characteristics of 72 patients with
stage T1 ESCC
There were 47 males (65.3%) and 25 females (34.7%)
with T1 ESCC. Their ages varied from 37 to 78 years,
with a median of 58 years. Pathological examination
revealed that 35 patients had stage T1a (48.61%) disease and 37 patients had stage T1b (51.39%) disease.
Pathologically, there were 26 cases of carcinoma in situ
(36.11%), six cases of well-differentiated squamous cell
carcinoma (8.33%), 30 cases of moderately differentiated
(41.67%), and 10 cases of poorly differentiated (13.89%).
Regarding lesion location, 9 patients had lesions in the
upper esophagus (12.50%), 52 had lesions in the midesophagus (72.22%), and 11 had lesions in the lower
esophagus (15.28%) (Table 1).

Comparison of the accuracy of EUS for distinguishing
T1 and non-T1 ESCC
Given that the images of those with stage T1 and those
with non-stage T1 disease were randomly arranged, the
experts evaluated the images together. The combined
set of common results had an AC of 93.21% (151/162),
PPV of 92.5% and NPV of 92.8%. Among the 11 cases
that were misdiagnosed, 7 cases with stage T1 were misdiagnosed and were re-staged based on the pathological
results: 2 cases were T1a and 5 cases were T1b disease.
Four patients in the non-stage T1 group were misdiagnosed as stage T1, and the pathological results showed
that all 4 cases were stage T2 disease. These results demonstrate that EUS has a high accuracy and reliability for
distinguishing stage T1 ESCC from non-T1 ESCC.

Diagnostic value of EUS for stage T1 ESCC
Based on EUS results, the first expert concluded that 36
cases were stage T1a and 36 cases were stage T1b (Figure 1). Pathological results confirmed an AC of 65.3%
(47/72), SE of 65.7%, FPR of 35.1%, FNR of 34.3%,
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DISCUSSION
Early diagnosis and treatment are keys to reducing the
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Figure 1 Images of patients with stage T1a or T1b early esophageal squamous carcinoma. A-C: Stage T1a early esophageal squamous carcinoma; A: The
lesion visualized by endoscopy and chromoendoscopy with iodine staining; B: The lesion visualized by ultrasonography. The lesion appeared as a hypoechoic line in
the first layer, and the outside edge of the second layer was smooth; these two layers represent the mucosa and muscularis mucosa, and thus, the lesion was limited
to the mucosa. The third layer (hyperechoic), which represented the submucosa, was intact; C: The post-operative pathology revealed that the tumor had invaded the
lamina propria; therefore, this case was confirmed as T1a stage; D-F: Stage T1b early esophageal squamous carcinoma; D: The lesion visualized by endoscopy and
chromoendoscopy with iodine staining; E: The lesion visualized by ultrasonography appeared as a hypoechoic line not only in the first and second layers but also in
the third layer (hyperechoic), which represents the submucosa; the fourth layer (hypoechoic), which represents the muscularis propria, was intact; F: The postoperative pathology confirmed that the lesion covered the mucosa and had invaded into the submucosa; therefore, the patient was staged as T1b.

morbidity and mortality associated with ESCC. With recent developments in endoscopic techniques, endoscopic
treatment has become a standard first-line management
strategy for early ESCC and precancerous lesions. However, due to significant differences in the presence of
lymph node metastases and the prognosis of patients
with stage T1a ESCC compared to those with stage T1b
ESCC, accurate staging is necessary to choose the most
appropriate treatment. The 2011 NCCN Guidelines state
that stage T1a esophageal cancer (EC) is an indication for
endoscopic treatment. Because imaging methods such as
CT, MRI, and PET-CT cannot distinguish the layers of
the esophageal wall, they are unable to accurately distinguish between T1a and T1b. Preoperative EUS can provide accurate information on echoes, the depth of lesion
infiltration, and even the interface between the esophageal wall layers. Therefore, EUS is widely used clinically
so that the most appropriate treatment can be chosen[21].
Pech et al[22] demonstrated an EUS accuracy of 92%
for diagnosing stage T1 EC, which was higher than the
reported accuracy for stages T3 and T4. This is essentially
consistent with our results (93.21%). This observation
may be explained by the fact that in stage T1, the extent
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of tumor infiltration ranges from the first layer to the
third layer, and these three layers, particularly the submucosa, are relatively thick and significantly different from
the muscular layer in terms of echo grayscale. Therefore,
EUS has a high accuracy for evaluating early tumor infiltration. Hence, we believe that EUS is reliable for staging
T1 ESCC. However, few studies have focused on the
accuracy of EUS for sub-staging T1 esophageal carcinoma. There has been only one relevant study[17], which
reported an accuracy of 86% (19/22) for stage T1a and
an accuracy of 60% (22/33) for stage T1b. However, of
the 55 cases in that study, 33 were adenocarcinomas, of
which, 27 had developed from Barrett’s esophagus, and
most of the EUS images showed thickening of the muscularis mucosae rather than the mucosal layer. Our study,
on the other hand, focused on ESCC, which is a tumor
that has a high occurrence rate in South China, generally
develops in the mucosal layer and gradually infiltrates
into the submucosa. Therefore, reliable statistical data
about the accuracy of EUS for diagnosing ESCC stages
T1a and T1b are needed, and some possible clinical and
pathological factors that may impact the diagnostic accuracy of EUS should be considered.
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Table 2 Accuracy of endoscopic ultrasound for staging T1a or T1b esophageal squamous cell carcinoma
Pathology

Expert 1
T1a (n = 36)

T1a (n = 35)
T1b (n = 37)
Group
AC
SE
FPR
FNR
SP
PPV
NPV
AUC
P value

Expert 2

T1b (n = 36)

23
13

T1a (n = 39)

13
24

25
14

65.30%
65.70%
35.10%
34.30%
64.90%
63.90%
66.70%
0.653
0.026

Common results

T1b (n = 33)

T1a (n = 36)

10
23

26
10

66.70%
64.10%
35.90%
30.30%
69.70%
71.40%
62.20%
0.668
0.014

70.80%
74.30%
27.00%
25.70%
73.00%
72.20%
75.00%
0.736
0.001

AC: Accuracy; SE: Sensitivity; FPR: False positive rate; FNR: False negative rate; SP specificity; PPV: Positive predictive
value; NPV: Negative predictive value. AUC: Area under the curve.

Table 3 Accuracy of endoscopic ultrasound for staging T1a or T1b esophageal squamous cell carcinoma in relation to tumor location
Site of neoplasm
Upper third T1a
T1b
Mid third
T1a
T1b
Lower third T1a
T1b
Group
AC
Upper third
Mid third
Lower third
SE
Upper third
Mid third
Lower third
FPR
Upper third
Mid third
Lower third
FNR
Upper third
Mid third
Lower third
SP
Upper third
Mid third
Lower third

Expert 1

Expert 2

Common results

T1a

T1b

T1a

T1b

T1a

T1b

4
1
14
9
5
2

2
2
10
19
1
3

4
1
16
7
5
2

2
2
11
18
1
3

4
1
17
6
5
2

1
3
8
21
1
3

66.7%
63.50%
72.70%
66.70%
58.30%
83.30%
66.70%
67.90%
60.00%
80.00%
60.90%
71.40%
50.00%
65.50%
75.00%

66.7%
65.40%
72.70%
66.70%
59.30%
83.30%
66.70%
72.00%
60.00%
80.00%
69.60%
71.40%
50.00%
62.10%
75.00%

77.8%
73.10%
72.70%
80.00%
68.00%
83.30%
75.00%
77.80%
60.00%
80.00%
73.90%
71.40%
75.30%
72.40%
75.00%

AC: Accuracy; SE: Sensitivity; FPR: False positive rate; FNR: False negative rate; SP: Specificity.

Because relatively few patients with ESCC have stage
T1N0M0 disease, our retrospective study enrolled only
72 cases from 2005 to 2011. Both endoscopists had 10
years of experience in endoscopic diagnosis, and their individual assessments revealed similar figures in terms of
accuracy of diagnosis (65.3% vs 66.7%). In addition, data
on accuracy from the combined assessment did not reveal
a significant increase (70.8%, P > 0.05). Low diagnostic
accuracy might be explained by a few reasons[23]. First, the
esophageal wall is thin, and it is difficult to distinguish the
boundaries of various layers according to the gray scale
in EUS images alone. Second, the boundaries in EUS images are actually the reflections of the interfaces between
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various layers, and there is little difference between the
actual anatomical structure and the echoic gray scale of
EUS. Third, the two experts made the diagnosis through
static images, without consistent and dynamic ultrasonic
images. Moreover, this study focused on early ESCC, yet
previous reports included all pathological types, such as
squamous carcinoma, adenocarcinoma, adenosquamous
carcinoma and sarcoma. Additionally, in most early ESCC
patients, inflammation was present around the lesions,
especially in the lower esophagus (e.g., the impact of reflux esophagitis), resulting in changes in the layers of the
esophageal wall (particularly when shown as thickening
of the esophageal submucosa), which may have an im-
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especially when the lesion is located in the mid-thoracic
section. Therefore, EUS as a technique needs to be improved to distinguish T1a and T1b disease in patients
with early ESCC.

Table 4 Cox multivariate analyses of factors affecting
diagnostic accuracy of endoscopic ultrasound for staging T1a
or T1b esophageal squamous cell carcinoma
Characteristics
Age (≤ 58 vs > 58 yr)
Sex (male vs female)
Tumor width, cm (≤ 2 vs > 2)
Tumor length, cm (≤ 2 vs > 2)
Differentiation (well-moderate vs poor)

Hazards ratio

P value

1.240
0.923
1.407
4.984
2.815

0.269
0.340
0.240
0.0291
0.098

COMMENTS
COMMENTS
Background

Correct staging and sub-staging of early esophageal squamous cell carcinoma
(ESCC) is of great importance for guiding therapy. Endoscopic ultrasound (EUS)
is the most common modality for staging early ESCC.

1

A probability value of less than 0.05 was considered significant.

Research frontiers

However, the accuracy of EUS for staging ESCC is not good and diverse. In
addition, there is no other report about sub-staging T1 disease as T1a or T1b
by EUS for ESCC.

pact on diagnosis.
In addition, we found that the accuracy of EUS for
staging T1 was related to tumor site and length. The diagnostic accuracy of both experts was lower for lesions in
the middle section than in the upper and lower sections.
The common results revealed that the diagnostic accuracy of lesions in the middle section increased to 73.1%,
which was slightly higher than the accuracy observed
for the lower section (72.7%), but still lower than the accuracy of for the upper section (77.8%). We believe that
this difference may be explained by several factors. First,
a minority of ESCC cases originated in the upper and
lower sections (9 and 11, respectively), which may have
adversely affected the statistical accuracy. Second, the
data also showed that T staging of ESCC in the middle
section was more difficult, and both experts had lower
accuracy rates in this area (63.5% and 65.4%), which
necessitated negotiation or discussion (which generated
the common results) that increased the accuracy rate
(73.1%). Third, because the esophagus is relatively wide
in its thoracic section, it is difficult to fill the lumen with
water during EUS examination; therefore, it is hard for
the ultrasonic probe to get close to the lesion. Finally, the
middle section of the esophagus is near the left atrium
of the heart and the thoracic aorta[24,25], both of which
pulsate and make it difficult to image. Consequently, T1
staging of ESCC in the middle section is more difficult.
Furthermore, our multivariate statistical analysis demonstrated that accuracy was related to tumor length (maximum vertical axis of parallel esophagus) (P = 0.029), but
not to tumor width (maximum vertical axis of vertical
esophagus) or the degree of differentiation (P = 0.098).
This result may be explained by the fact that when the
tumor is long, the ultrasonic probe has to be moved
backwards and forwards to visualize the lesion. At present, circle-scan probes are used in most clinical situations,
which can comprehensively scan tumor width, and thus,
width does not necessarily affect diagnostic accuracy.
Our team had tried to employ submucosal saline
injection (a novel technique) to improve EUS for staging and sub-staging early ESCC. The preliminary results
revealed that the accuracy of SSI + EUS for staging or
substaging early ESCC increased significantly[26,27].
In conclusion, EUS plays an important role in defining the T stage of ESCC. However, accurately staging
early ESCC as T1a or T1b is difficult using EUS alone,
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Innovations and breakthroughs

This study investigated whether EUS can distinguish between T1a and T1b
ESCC. The results indicated that accuracy demonstrated by EUS for substaging T1a and T1b ESCC was only about 70%. Therefore, the technique of
EUS requires further refinement to enhance its diagnostic accuracy for staging
early ESCC.

Applications

The results in this study revealed that EUS can stage and sub-stage early
ESCC preoperatively whereas EUS should be improved to better stage early
ESCC.

Peer review

This is a retrospective study for diagnostic value of EUS for early esophageal
cancer with squamous cell carcinoma. The authors concluded that EUS demonstrated median degree of accuracy for distinguishing between T1a and T1b
ESCC, and so it is necessary to improve EUS for staging and sub-stage early
ESCC.
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RESULTS: MTT assay showed that 7 x 10 -7 mol/L
H2O2 decreased G1 phase subpopulation from 73.8%
to 49.6% compared with the control group, and increased S phase subpopulation from 14.5% to 31.8%
(P < 0.05 vs control group). Cell morphology showed
that nucleus to cytoplasm ratio increased, many mitotic
cells, prokaryotes and even tumor giant cells were
shown in H2O2-induced WB-F344 cells. Fluorescence activated cell sorting analysis showed that WB-F344 cell
aneuploidy increased to 12% following H2O2 treatment.
Flow cytometric analysis of the transformed WB-F344
cells following treatment with OA (4 μmol/l) and UA (8
μmol/l) showed that OA increased G1 subpopulation to
68.6%, compared to 49.7% in unexposed cells. UA increased G1 subpopulation to 67.4% compared to 49.7%
in unexposed cells (P < 0.05 vs H2O2 model group).
CONCLUSION: H2O2 causes the malignant transformation of WB-F344 cells. OA and UA exert anti-tumor effects by inhibiting the proliferation in malignantly transformed WB-F344 cells.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Abstract

Key words: Oxidative stress; Hepatocarcinogenesis;
Malignant transformation; Oleanolic acid; Ursolic acid

AIM: To investigate H2O2-induced promotion proliferation and malignant transformation in WB-F344 cells and
anti-tumor effects of ursolic acid (UA) and oleanolic
acid (OA).

Core tip: It is known that H2O2 can promote tumorigenesis. Here, we used H2O2 as a premalignant and malignant agent to induce proliferation and malignant transformation in quiescent rat liver oval cell line WB-F344.
Multistage carcinogenic processes provide the basis
for interrupting and reversing precancerous changes;
therefore, reversing precancerous changes is critical for
tumor prevention and treatment. The salient and novel
findings of the study are that ursolic acid (UA) and
oleanolic acid (OA) induced malignantly transformed
WB-F344 cell arrest in the G1 phase and apparently

METHODS: WB-F344 cells were continuously exposed
-7
to 7 x 10 mol/L H2O2 for 21 d. Observations of cell
morphology, colony formation rates, flow cytometric
analysis of cell cycle changes and aneuploidy formation
indicated that H2O2 was able to induce malignant transformation of WB-F344 cells. We treated malignantly
transformed WB-F344 cells with 4 μmol/l OA or 8
μmol/l UA for 72 h and analyzed the cell cycle distribu-
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cells, which may explain the anti-tumor effects of UA
and OA.

inhibited the proliferation of these cells. These results
better our understanding of the antitumor effects of OA
and UA.

MATERIALS AND METHODS
Han YY, Xue XW, Shi ZM, Wang PY, Wu XR, Wang XJ. Oleanolic acid and ursolic acid inhibit proliferation in transformed rat
hepatic oval cells. World J Gastroenterol 2014; 20(5): 1348-1356
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i5/1348.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i5.1348

Cell culture
The rat oval cell line WB-F344 (a gift from Dr. Geng-Tao
Liu, Peking Union Medical College) was grown in highglucose Dulbecco’s Modified Eagle Medium (DMEM)
with 100 U/ml penicillin and 100 μg/ml streptomycin
and with or without 10% fetal bovine serum (FBS). The
cells were maintained in the logarithmic growth phase
at 37 ℃ in 5% CO2. The buffalo rat liver cells (BRL) rat
hepatocyte cell line (purchased from Life Research Institute, Chinese Academy of Sciences, Shanghai, China)
was cultured in high-glucose DMEM media that was
supplemented with 10% FBS, 100 U/ml penicillin and
100 μg/ml streptomycin. These cells were maintained
in the logarithmic growth phase at 37 ℃ in 5% CO2. The
WB-F344 cells were stimulated with 7 × 10-7 mol/L H2O2
for 12 h per day. After 21 d, these cells served as the malignant transformation model group cells (H2O2). The
WB-F344 cells that were cultured in complete medium
were used as one control group. The cells in both of
these groups were cultured for Western blotting and flow
cytometric analyses.

INTRODUCTION
Hepatocarcinogenesis is a multistage developmental process that is divided into three stages: initiation, promotion
and progression[1]. The initiation stage is characterized
by irreversible genetic mutations. The promotion stage
is characterized by a process of clonal cell hyperplasia,
a process that is generally considered to be reversible,
thus being an ideal target for cancer prevention[2]. The
promotion stage is also referred to as the stage of hepatic precancerous lesions, and its principle pathological
feature is oval cell hyperplasia. Oval cells are involved in
liver regeneration and can mobilize and differentiate into
hepatocytes and bile duct cells when the liver is injured.
However, changes in the liver microenvironment can lead
to the malignant transformation of oval cells during the
process of hyperplasia, which is involved in the initiation
and promotion stages of liver cancer development[3-5].
Reactive oxygen species (ROS) induce oxidative
stress, serve as a major intrinsic factor in multistage carcinogenic processes and are involved in every step of
this progression. Therefore, ROS and their downstream
effects may be targets for cancer prevention[6,7]. Our
previous studies demonstrated that ROS levels were significantly increased in aflatoxin- and diethylnitrosamineinduced rat hepatic precancerous lesions, whereas the
activity of antioxidant enzymes decreased significantly[8].
To further explore the mechanism of ROS-induced
hepatocellular carcinoma (HCC) development, we used
7 × 10-7 mol/L hydrogen peroxide (H2O2) as a premalignant and malignant agent to induce proliferation and
malignant transformation in quiescent rat hepatic oval
cells (WB-F344 cells). In this way, a model of oval cell
malignant transformation was established[9]. Multistage
carcinogenic processes provide the basis for interrupting
and reversing precancerous changes. Ursolic acid (UA)
and its isomer oleanolic acid (OA) are triterpenoic acids
that naturally coexist in many Chinese herbs, such as
cornel[10], glossy privet fruit[11] and Chinese hawthorn[12].
On the basis of our previous studies, we here explored
the efficacy of OA and UA in the prevention and treatment of precancerous changes. Flow cytometry analysis
of cell cycle distribution revealed differences in malignantly transformed WB-F344 cells following UA and
OA treatment. We observed that OA and UA can inhibit
the proliferation of malignantly transformed WB-F344

WJG|www.wjgnet.com

Drugs and drug treatment
OA, UA and fluorouracil (5-FU) were purchased from
Sigma (St Louis, MO, United States). OA and UA were
dissolved in dimethyl sulfoxide (DMSO) and added to the
cultures at a final concentration of 4 μmol/l or 8 μmol/
l for 24, 48, 72 or 96 h. For the control experiments, an
equal volume of DMSO was added to the control group.
Fluorouracil (5-FU), a positive control, was added to the
cultures at a final concentration of 0.05 mmol/l for 24,
48, 72 or 96 h.
Colony forming cell assays
The model group and the control group cells were resuspended in DMEM that was mixed with methylcellulose,
which consisted of 1% methylcellulose, 10% bovine
serum albumin, 100 U/ml penicillin and 100 μg/ml
streptomycin. Next, 500 cells were suspended in 1.0 ml
and were then plated in 24-well plates and cultured for
7-10 d. The colonies were counted at 400 × magnification under microscope.
Cell proliferation assay (MTT method)
This assay was performed as described previously[13], with
slight modifications. Briefly, 24 h prior to the experiment,
the WB-F344 cells and the transformed WB-F344 cells
were added into 96-well dishes. The WB-F344 cells were
exposed to 7 × 10-4-7 × 10-9 mol/L H2O2 for 6, 9, 12,
15, 18 h. The transformed WB-F344 cells were treated
with OA at 0.5, 1, 2, 4 or 8 μmol/l or with UA at
1, 2, 4, 8 or 16 μmol/l and allowed to incubate for 24,
48, 72 or 96 h. Prior to harvesting, 20 μl of 5 mg/mL
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MTT [3-(4,5-dimethythiazolzyl)-2,5-diphenyl tetrazolium
bromide; Sigma, St Louis, MO, United States] was added
to each well. After incubating for 4 h, 0.2 ml of DMSO
was added to stop the reactions. The absorbance values
for each well were determined spectrophotometrically at
490 nm on a Microplate Reader (BIO-TEK, Rockville,
MA, United States).

cells became anomalous and changed in size. An increasing nucleus to cytoplasm ratio was observed (Figure
2A), as were many mitotic cells (Figure 2A), prokaryotes
(Figure 2A) and even tumor giant cells (Figure 2A). Compared with normal WB-F344 cells, there was no contact
inhibition between the cells, and overlapping growth was
often present (Figure 2A). The cell morphologic changes
indicated that H2O2 had induced the malignant transformation of WB-F344 cells. Moreover, H2O2-treated
WB-F344 cells formed clones in methylcellulose medium
culture (Figure 2B). These results indicate that oxidative
stress plays an important role in the progression of hepatocarcinogenesis.
FACS analysis was used to examine the tumorigenicity
of H2O2 in WB-F344 cells. DNA was stained with propidium iodide to analyze cellular DNA content. The population of > 4N cells represent aneuploidy cells. WB-F344
cell aneuploidy increased to 12% following H2O2 treatment (Figure 2C). Thus, H2O2 significantly induced aneuploidy in WB-F344 cells. These results suggest that H2O2
could cause the malignant transformation of WB-F344
cells.

Flow cytometry (FACS)
The cell cycle analysis was performed as previously described[14]. Briefly, aliquots of cells (1.5 × 106) were pelleted (1300 rpm × 5 min at 4 ℃) and were washed twice
in ice-cold phosphate-buffered saline (PBS). The cells
were fixed in 70% ethanol overnight at 4 ℃, washed in
PBS and digested with DNase-free RNase A (10 μg/ml)
at 37 ℃ for 30 min. Prior to FACS analysis, the cells were
resuspended in 200 μl propidium iodide (PI, 10 μg/ml;
Sigma, St Louis, MO, United States) for DNA staining. A
BD FACSCalibur (Becton Dickinson, Franklin Lakes, NJ,
United States) flow cytometer was used to analyze cellular
DNA contents.
Statistical analysis
The experimental data were expressed as the mean ±
SD, and the SPSS 11.5 statistical package was used for
data analysis. The data were compared using single factor
analysis of variance (one way). P values < 0.05 were considered statistically significant.

OA and UA inhibited the proliferation of malignantly
transformed WB-F344 cells but had no obvious effect in
normal rat liver BRL cells
We analyzed the inhibitory effects of OA and UA on the
proliferation of malignantly transformed WB-F344 cells
using the MTT method. The time- and dose-effect curves
revealed that 4 μmol/l OA or 8 μmol/l UA caused
significant growth inhibition in malignantly transformed
WB-F344 cells within 24-96 h (Figure 3A and B). Based
on these results, we chose 4 μmol/l OA or 8 μmol/l
UA as the final concentrations and 72 h as the drug intervention time. To estimate the genotoxicity of OA and
UA, the normal rat liver cell BRL line was also exposed
to 4 μmol/l OA or 8 μmol/l UA for 72 h. However,
no obvious inhibitory effect on the growth of BRL cells
was observed (Figure 3C). To estimate the genotoxicity
of OA and UA on quiescent WB-344 cells, the quiescent
WB-344 cells were also exposed to 4 μmol/l OA or 8
μmol/l UA for 72 h. Also no obvious inhibitory effect
on the growth of quiescent WB-344 cells was observed
(Figure 3D).

RESULTS
H2O2 promoted WB-F344 cell proliferation
To estimate the effects of H2O2 on cell proliferation,
WB-F344 cells were exposed to 7 × 10-4-7 × 10-9 mol/L
H2O2 for 6, 9, 12, 15 and 18 h, respectively. Cell proliferation was evaluated using the MTT assay. Our results
showed that 7 × 10-7 mol/L H2O2 promoted WB-F344
cell proliferation obviously (Figure 1A), so we used 7 ×
10-7 mol/L H2O2 as a premalignant and malignant agent
to induce proliferation and malignant transformation in
quiescent rat hepatic oval cells. To determine whether the
H2O2-induced effect on cell growth was closely related
to cell cycle control, we determined the cell cycle distribution of WB-F344 cells using FACS analysis. In H2O2exposed WB-F344 cells, the G1 phase subpopulation
decreased from 73.8% to 49.6% compared with the control group, and the S phase subpopulation increased from
14.5% to 31.8% (Figure 1B and C). These results indicated that H2O2 promoted WB-F344 cell proliferation,
an effect that is potentially involved in the carcinogenic
effects of this ROS.

OA and UA induced the arrest of malignantly
transformed WB-F344 cells in the G1 phase
Using FACS analysis, we observed that treatment with 4
μmol/l OA increased the G1 subpopulation of H2O2treated WB-F344 cells to 68.6% within 72 h, compared
to 49.7% in unexposed cells (Figure 4A and B). In H2O2treated WB-F344 cells, 8 μmol/l UA increased the G1
subpopulation to 67.4% at 72 h, compared to 49.7%
in unexposed cells. As a positive control, 5-FU also increased the G1 subpopulation to 75.5% compared to
unexposed cells (49.7%). In addition, OA, UA and 5-FU
decreased the size of the G2/M phase and S phase subpopulations in transformed WB-F344 cells. These results

H2O2 induced WB-F344 malignant transformation
Cell morphology was observed under microscope to
further investigate the H2O2-induced tumorigenicity of
WB-F344 cells. The cells in the control group exhibited
a regular shape and abundant cytoplasm and grew with
contact inhibition. After H2O2 stimulation for 21 d, the
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Figure 1 H2O2 promoted WB-F344 cell proliferation. A: The effect of H2O2 on cell proliferation. WB-F344 cells were exposed to 7 × 10-4-7 × 10-9 mol/L H2O2 for 6, 9,
12, 15, and 18 h. Cell proliferation was evaluated using the MTT assay. The data represent the mean ± SD derived from three independent experiments; B: Flow cytometric analyses of the cell cycle in H2O2-treated WB-F344 cells. The cells in the control and the H2O2 groups were stained with 10 μg/ml propidium iodide, and the
DNA content was analyzed as described in the Materials and Methods; C: Histograms indicating the percentages of WB-F344 cells in the control and H2O2 exposure
groups in the G1, G2/M and S phases. The data represent the mean ± SD derived from three independent experiments. aP < 0.05 vs control group.

indicate that OA and UA could inhibit DNA replication
in malignantly transformed WB-F344 cells, leading to cell
cycle arrest in the G1 phase.

cer cells can express the same surface markers as do stem
cells, providing support for this theory[16,17]. Stem cell
differentiation is affected by microenvironment changes
in tissues and organs. When the stem cell microenvironment changes, it is possible for stem cells to malignantly
differentiate, providing a certain degree of evidence that
these cells are involved in tumorigenesis[18,19]. Many studies have demonstrated that oxidative stress produces
excess ROS, which can be involved in various stages of
tumor development[20]. ROS, as an important microenvironment factor, can play important roles in stem cell

DISCUSSION
The hypothesis that cancers arise from stem cells is currently an active research field. The main premise of this
hypothesis is that cancer results from a subset of cancer
stem cells that do not mature into terminally differentiated cells but instead continue to proliferate[15]. Certain can-
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Figure 2 H2O2 induced WB-F344 malignant transformation. A: The morphology of H2O2-treated WB-F344 cells. The cells were cultured in complete medium (control)
or treated with 7 × 10-7 mol/L H2O2 12 h per day for 21 d. Cell morphology was observed under microscope (× 400). An increasing nucleus to cytoplasm ratio was observed (green arrow), as were many mitotic cells (yellow arrow), prokaryotes (blue arrow) and even tumor giant cells (red arrow); B: The tumorigenicity of transformed
WB-F344 cells as determined using the methylcellulose culture assay. Cell colony formation was observed under microscope (× 400); C: H2O2 increased WB-F344 cell
aneuploidy. The cells were cultured in complete medium (control) or treated with 7 × 10-7 mol/L H2O2 12 h per day for 21 d and harvested for flow cytometry. DNA was
stained with propidium iodide (10 μg/ml), and a BD FACS Calibur was used to analyze cellular DNA content. The population of > 4N cells represent aneuploidy cells.
Histograms indicating the aneuploidy cells among the control cells and the H2O2-treated cells. The data represent the mean ± SD derived from three independent experiments.
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Figure 3 Effect of oleanolic acid and ursolic acid on cell proliferation. A, B: The inhibitory effect of oleanolic acid (OA) and ursolic acid (UA) on H2O2-induced cell
proliferation. Cell proliferation was evaluated using the MTT assay (see Materials and Methods). The data represent the mean ± SD derived from three independent
experiments; C: The effects of OA and UA on quiescent BRL rat liver epithelial cell proliferation. BRL cells were exposed to 4 μmol/l OA or 8 μmol/l UA for 72 h. Cell
proliferation was evaluated using the MTT assay. The data represent the means ± SD derived from three independent experiments; D: The effects of OA and UA on
quiescent WB-344 cells proliferation. WB-344 cells were exposed to 4 μmol/l OA or 8 μmol/l UA for 72 h. Cell proliferation was evaluated using the MTT assay. The
data represent the mean ± SD derived from three independent experiments.

differentiation. Oval cells are hepatic stem cells with a
distinct phenotype and have been demonstrated to be a
bipotential progenitor of epithelial cells that are found in
the liver, namely, hepatocytes and bile duct cells[21]. In the
present study, we used a low dose of H2O2 to continuously stimulate WB-F344 cells (an in vitro model of liver
oval cells) to explore the effects of oxidative stress on the
malignant transformation of oval cells.
The MTT colorimetric experiments led us to select
the concentration of 7 × 10-7 mol/L H2O2 to stimulate
WB-F344 cells. This concentration, when applied to
WB-F344 cells for 12 h per day for 21 d, clearly stimulated proliferation. Specifically, the treated cells exhibited
characteristics of transformed cells, e.g., mitotic activity,
a loss of contact inhibition, and multinucleation, with
tumor giant cells also being observed. The H2O2-treated
cells were able to form colonies cultured in methylcellulose semi-solid medium, indicating that the anchorage
dependence of cells was lost following H2O2 stimulation,
which is an important feature of transformed cells[22]. It
has been reported that cancer is a disease that is caused
by a cell cycle disorder[23,24]. Mutations can be clonally
amplified in the promotion, or precancerous lesion stage;
therefore, cancer cells exhibit active proliferation and an
increase in the S phase fraction[25]. Our results demon-
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strated that continuous stimulation of WB-F344 cells
with H2O2 significantly increased the S phase fraction and
the number of aneuploid cells. Increased aneuploidy is
an important feature of tumor cells[26]. Flow cytometric
analysis indicated that the proportion of hypotetraploid
cells may have increased, but specific karyotype changes
require further confirmation. The important features that
were observed in the malignantly transformed cells provide strong evidence that the continuous stimulation of
liver oval cells with H2O2 causes these cells to transform.
Thus, a malignant transformation model was successfully created; however, the behavior of the transformed
cells should be further confirmed by experiments in nude
mice.
The prevention and treatment of liver cancer has
been receiving a great deal of attention. Traditional Chinese medicines (TCMs), with their low toxicity and many
targets, have huge advantages as potential treatments[27,28].
However, the pharmacological effects of TCM are complex. To further explore the mechanism of tumor suppression by TCM, the purification of the active ingredients and their use in research has become a popular area
of research. UA and its isomer OA are triterpenoic acids
that coexist in many Chinese herbs. There are multiple
uses of TCM herbs that contain UA and OA. To further
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Figure 4 Growth inhibitory effects of oleanolic acid and ursolic acid on H2O2-treated WB-F344 cells. A: Flow cytometric analyses of the cell cycle of H2O2treated WB-F344 cells following treatment with oleanolic acid (OA) (4 μmol/l), ursolic acid (UA) (8 μmol/l) or 5-FU (0.05 mmol/l, positive control). After 72 h, the
cells were harvested and stained with 10 μg/ml propidium iodide (PI), and the DNA content was analyzed, as described in the Materials and Methods; B: Cell cycle
quantitative analysis. Histograms indicating the fraction of H2O2-treated WB-F344 cells and those that were treated with OA, UA or 5-FU in the G1, G2/M and S phases.
The data represent the means ± SD derived from three independent experiments. aP < 0.05 vs H2O2 model group.

examine the role of OA and UA in hepatic precancerous
lesions, we designed experiments to investigate the abnormal proliferation of oval cells in hepatic precancerous
lesions.
Cell cycle checkpoint disorders are closely related to
the development of tumors. Once the function of the
cell cycle monitoring point is weakened, mutant genes
can accumulate (i.e., the accumulation of genetic instability). Additionally, the accumulation of mutant genes can
destroy the normal progress of the cell cycle, resulting in
a vicious cycle. Thus, genetically modified tumor cells are
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not like normal cells, which are controlled by all cell cycle
checkpoints, but instead exhibit uncontrolled growth[29].
One mechanism of anticancer drugs is to control the
growth of tumor cells. The present study demonstrated
that the cell cycle distribution changed in malignantly
transformed WB-F344 cells following UA and OA treatment. The S phase fraction was significantly reduced
compared with the control group, and the proportion of
cells in G1 phase was significantly increased, indicating
that an inhibition of cell proliferation may be involved in
the anti-tumor effects of UA and OA.
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Background

Hepatocarcinogenesis is a multistage developmental process that is divided
into three stages: initiation, promotion and progression. The promotion stage is
also referred to as the stage of hepatic precancerous lesions, and its principal
pathological feature is oval cell hyperplasia. However, changes in the liver microenvironment can lead to the malignant transformation of oval cells during the
process of hyperplasia, which is involved in the initiation and promotion of liver
cancer development.
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Research frontiers
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Oleanolic acid (OA) and ursolic acid (UA) naturally coexist in many plants and
herbs and have been reported to possess hepatoprotective effect and anticancer activities. Based on a large number of chemical and pharmacological
studies, numerous bioactive compounds have been found in Chinese medicinal
plants for prevention and treatment of tumor. OA and UA as monomer drugs
showed potential preventive and anti-tumor properties in this study.
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Innovations and breakthroughs

It is known that H2O2 can promote tumorigenesis. Here, the authors used H2O2
as a premalignant and malignant agent to induce proliferation and malignant
transformation in quiescent WB-F344 cells. Multistage carcinogenic processes
provide the basis for interrupting and reversing precancerous changes; therefore, reversing precancerous changes is critical for tumor prevention and treatment. The salient and novel findings of the study are that OA and UA induced
malignantly transformed WB-F344 cell arrest in the G1 phase and apparently
inhibited the proliferation of these cells. These results improve their understanding of the anti-tumor effects of OA and UA.
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Applications

Hepatocellular carcinoma is one of the most prevalent human malignancies.
The prevention and treatment of liver cancer has been receiving a great deal
of attention. Traditional Chinese medicines (TCMs), with low toxicity and many
targets, have huge advantages. The separation and extraction of effective
monomer from TCM is an important direction of anti-tumor drug discovery currently. OA and UA as monomer drugs show potential preventive and anti-tumor
properties in hepatocarcinogenesis.
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Terminology

Premalignant lesion is a morphologically altered tissue or cells in which cancer
is more likely to occur than its apparently normal counterpart. Malignant lesion
is a state in which cancer has occurred.
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Peer review

The authors induced malignant transformation into rat hepatic oval cells
WB-F344 by low-dose H2O2 treatment and evaluated the effects of OA and UA.
Overall, the data is convincing. The manuscript describes the effect of the phytochemicals OA and UA on the malignant phenotype of tumor cells. The authors
analyzed cell morphology and colony formation rates. The data presented in
this manuscript is with great interest.
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A trichobezoar in a child with undiagnosed celiac disease: A
case report
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gluten-free diet, complete relief of trichotillomania and
trichophagia was achieved. In this report, we describe
a behavioral disorder as a primary phenomenon of celiac disease, irrespective of nutritional status.
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Core tip: Celiac disease has been associated with
trichotillomania and trichophagia but is always secondary to iron deficiency anemia. We describe a behavioral
disorder as a primary phenomenon of celiac disease,
irrespective of nutritional status.
Irastorza I, Tutau C, Vitoria JC. A trichobezoar in a child with
undiagnosed celiac disease: A case report. World J Gastroenterol
2014; 20(5): 1357-1360 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i5/1357.htm DOI: http://dx.doi.
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Abstract
Celiac disease is a chronic, immune-mediated enteropathy caused by a permanent sensitivity to ingested
gluten cereals that develops in genetically susceptible
individuals. The classic presentation of celiac disease
includes symptoms of malabsorption but has long been
associated with cognitive, emotional, and behavioral
disorders. We describe an 8-year-old patient with nonscarring alopecia and diagnosed with trichotillomania.
Furthermore, she presented with a 3-year history of
poor appetite and two or three annual episodes of
mushy, fatty stools. Laboratory investigations showed
a normal hemoglobin concentration and a low ferritin
level. Serologic studies showed an elevated tissue immunoglobulin G anti-tissue transglutaminase level. A
duodenal biopsy showed subtotal villous atrophy and
crypt hyperplasia, and a large gastric trichobezoar was
found in the stomach. Immediately after beginning a
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INTRODUCTION
A trichobezoar is a mass of hair found in the stomach[1] or, less commonly, in the small bowel (Rapunzel
syndrome)[2]. This rare condition is nearly exclusively
observed in young females. One should be aware of a
trichobezoar in young females with psychiatric comorbidity, as this condition is usually the result of the urge to
pull out one’s own hair (trichotillomania) and swallow it
(trichophagia). Human hair is resistant to digestion and
peristalsis due to its smooth surface. Hair therefore accumulates among the mucosal folds of the stomach. The
continuous ingestion of hair together with mucus and
food can cause impaction, leading to the formation of a
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trichobezoar[3].
Trichobezoars may not be recognized in the early
stages due to their non-specific presentation or even
lack of symptoms. When unrecognized, a trichobezoar
continues to grow in size and weight due to the continued ingestion of hair. This growth increases the risk of
severe complications, such as gastric mucosal erosion,
ulceration, and even perforation of the stomach or the
small intestine. In addition, intussusception, obstructive
jaundice, protein-losing enteropathy, pancreatitis, and
even death have been reported in the literature as complications of (unrecognized) trichobezoars[3].
Celiac disease (CD OMIM 212750) is an immunemediated systemic disorder elicited by gluten and related
prolamines in genetically susceptible individuals and
characterized by the presence of a variable combination
of gluten-dependent clinical manifestations, CD-specific
antibodies, an human leukocyte antigen (HLA)-DQ2 or
HLA-DQ8 haplotype, and enteropathy. CD-specific antibodies comprise autoantibodies against transglutaminase
2, including endomysial antibodies, and antibodies against
deamidated forms of gliadin peptides[4]. This disease is
one of the most common lifelong disorders affecting
Caucasians. Recent studies have estimated a prevalence
of CD close to 1:120[5].
The clinical presentation depends on age, sensitivity
to gluten, and the amount of gluten ingested in the diet
and on unknown factors. CD has highly variable clinical
expression. The classical presentation of CD is characterized by steatorrhea, abdominal distension, and edema, but
constitutional symptoms, such as lethargy, poor appetite,
depression, and emotional disorders, are frequently present. Iron and folate deficiencies are commonly found,
either in isolation or as a feature, and may occur with or
without anemia[6].
There are still insufficient data on the association
of CD with various neurological disorders in children,
adolescents, and young adults, including certain common and “soft” neurological conditions, such as headache, learning disorders, attention-deficit/hyperactivity
disorder, and tic disorders[7]. Pica may be a symptom of
numerous childhood conditions, including CD[8], and
children with this condition require careful diagnostic
evaluation.
Only three articles reporting the association of CD
and trichobezoars have been found in the medical literature[9-11]. A new case of this rare association is reported.

meantime. She had a significantly slowed rate of weight
and growth during this period. Serologic studies for celiac disease were abnormal, and the girl was therefore
referred to the Department of Paediatric Gastroenterology. She weighed 19.5 kg (3rd percentile for age), and her
height was 116 cm (below 3rd percentile for age). Her
examination revealed pallor, thin hair, areas of alopecia, a
decreased subcutaneous adipose layer, muscular hypoplasia, and abdominal distension.
At admission, laboratory investigations showed a
normal hemoglobin concentration of 10.9 g/dL [normal
range (NR) 10.7-14.8 g/dL], a normal red cell count and
hematocrit, mild microcytosis (69.2 fL, NR 73-94 fL),
and a normal white cell and platelet count. Iron at 18
mg/dL, ferritin at 10 ng/mL (NR 12-150 ng/mL), transferrin at 348 mg/dL (NR 200-380 mg/dL), and transferrin saturation at 4.1% (NR 20%-40%) were found in
ferrokinetic studies. Further investigation revealed an
elevated serum glutamic oxaloacetic transaminase level
at 93 U/L (NR 7-50 U/L) and a glutamic pyruvic transaminase level at 114 U/L (NR 5-47 U/L), with normal
clotting tests.
Serologic studies were repeated and showed a tissue IgA anti-tissue transglutaminase level of 989 U/mL
(Celikey®, Phadia, Uppsala, Sweden). To confirm the
suspicion of CD, an intestinal biopsy was indicated. A
first attempt was performed with a Crosby Capsule, as it
was impossible to enter the gastric chamber. An upper
endoscopy was performed, and a large gastric trichobezoar was found in the stomach. Attempts to remove the
bezoar were unsuccessful, so laparotomy and gastrotomy
were therefore performed. By the gastrotomy, a 19 cm by
8 cm gastric bezoar was removed (Figure 1). Duodenal
biopsies were obtained to confirm CD. The postoperative
course was uneventful.
The patient’s duodenal biopsies showed changes
consistent with gluten-sensitive enteropathy, including
subtotal villous atrophy and crypt hyperplasia (MarshOberhuber 3c). The histological findings, positive tissue
IgA anti-tissue transglutaminase antibody testing, and
clinical features supported the presumptive diagnosis of
CD.
Supplementary iron and a gluten-free diet were instituted. Complete relief of trichotillomania and trichophagia was immediately achieved after the withdrawal of
gluten. The excellent response to treatment confirmed
the diagnosis of CD. After the patient had been on a
gluten-free diet for 6 mo, the antibody levels normalized. Further serologic studies performed to monitor
treatment adherence were repeatedly negative. During
clinical follow-up, the patient remained asymptomatic,
reaching the 50th percentile in weight and height. The
control biopsies obtained 2 years after the diagnosis
showed a normal intestinal mucosa. After following a
gluten-free diet for 4 years, the patient remains asymptomatic, without trichotillomania episodes or other behavioral disorders.

CASE REPORT
An 8-year-old girl suffering from mild non-scarring alopecia was referred by her pediatrician to a dermatologist.
The girl was diagnosed with trichotillomania. Together
with this finding, the girl presented with a 3-year history
of poor appetite; irritability; clinginess; and two or three
annual episodes of mushy, fatty stools. These episodes
lasted for one month at most, with normal stools in the
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A

B

Figure 1 An upper endoscopy was performed, and a large gastric trichobezoar was found in the stomach. A: Attempts to remove the bezoar were unsuccessful, so laparotomy and gastrotomy were therefore performed; B: By the gastrotomy, a 19 cm by 8 cm gastric bezoar was removed. Duodenal biopsies were obtained
to confirm celiac disease. The postoperative course was uneventful.

mary phenomenon, leading to pica and therefore to
trichobezoar formation. There are no reports of pica in
patients with CD without anemia.
In this patient, CD presented with severe emotional
symptoms. Iron deficiency was detected, but the hemoglobin level was within the normal range. In this patient,
trichotillomania was more likely due to behavioral disorders secondary to CD rather than due to the iron deficiency. The fact that this habit disappeared immediately
after instituting a gluten-free diet supports this theory.

DISCUSSION
Trichotillomania is the morbid craving to pull out hair
from the scalp or other parts of the body and is frequently associated with trichophagia, the compulsion to
eat hair. This habit is more often observed in girls during the first two decades of life[3]. Trichophagia is one of
the various forms of pica (the compulsion to eat nonnutritious substances). The most common underlying
conditions associated with pica are mineral deficiency
(typically, iron deficiency) and mental health conditions
(such as obsessive-compulsive disorder, schizophrenia,
and autism). The development of a trichobezoar due to
the ingestion of pulled hair is a salient complication.
CD has long been associated with cognitive, emotional, and neurodegenerative disorders, including cerebellar ataxia, peripheral neuropathy, epilepsy, dementia,
and depression. One study reported a prior history of
psychiatric treatment in a high proportion of adults
who were newly diagnosed with CD, even years before
the diagnosis[12]. Furthermore, other more frequent neurological manifestations are being researched and may
be related to this disease, such as headache, learning disorders, attention-deficit/hyperactivity disorder, and tic
disorders[7].
The mechanisms involved in the etiology and pathogenesis of mental and behavioral disorders related to
CD are unclear. The cumulative effect of nutritional,
inflammatory, or immunologic factors may play a certain
role in these manifestations[7]. There are several pathways
through acids, and especially tryptophan, may lead to
disturbances in central nervous-system serotonin which
CD can influence the central nervous system and predispose an individual to mental disorders. Malabsorption of
important nutrients, such as folic acid, vitamin B6, and
amino function that are associated with depression and
aggressive behavior[13].
Case reports on the association of CD and trichophagia have been previously described by three authors[10-12].
In the three patients described, iron deficiency anemia
due to intestinal malabsorption appeared to be the pri-
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Core tip: Nodular fasciitis is a rare benign lesion composed of fibroblast-like cells that occurs at various sites
in the body. In our patient, firm nodular lesions were
incidentally identified in the mesentery during surgical treatment for colon cancer. Although the lesions
were initially diagnosed as peritoneal carcinomatosis,
the pathological examination revealed nodular fasciitis.
This case highlights the need for all clinicians to know
about this rare condition and to prepare for unexpected nodular lesions during surgical treatment of gastrointestinal tract malignancy.
Shiga M, Okamoto K, Matsumoto M, Maeda H, Dabanaka K,
Namikawa T, Uemura S, Munekage M, Kobayashi M, Hanazaki
K. Nodular fasciitis in the mesentery, a differential diagnosis
of peritoneal carcinomatosis. World J Gastroenterol 2014;
20(5): 1361-1364 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i5/1361.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i5.1361

Abstract
Nodular fasciitis is a benign proliferative lesion composed of fibroblast-like cells that affects various sites in
the body. We describe a patient with nodular fasciitis in
the mesentery, encountered during laparotomy for the
treatment of ascending colon cancer. The nodular fasciitis in our patient resembled peritoneal dissemination
of malignancy on macroscopic observation. Because
the treatment options change with concomitant peritoneal dissemination of gastrointestinal tract malignancy,
recognition of this rare condition and preparation for
unexpected nodular lesions are crucial.

INTRODUCTION
Nodular fasciitis is a rare benign lesion comprising a
proliferation of spindle, plump, or stellate fibroblast-like
cells embedded in myxomatous stroma[1,2]. Nodular fasciitis involves subcutaneous fat, fascia, and less commonly,
areas without true fascia[3,4]. Thus, nodular fasciitis can
occur in any part of the body, although the upper extremities or trunk are the sites of predilection[1]. Nodular
fasciitis is a reactive fibroblastic growth; however, the
majority of patients lack an apparent (recognized) history of injury[1], and its etiology remains unclear.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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sification[7]). The resected nodule of the mesentery was
composed of spindle-like cells in myxomatous stroma
without proliferation of adenocarcinoma cells (Figure
1C and D). The nodule was located adjacent to the true
muscle layer and there was no encapsulation. The cells
of the nodule were positive for vimentin, α-smooth
muscle actin (α-SMA), calponin, and negative for podoplanin (D2-40), thrombomodulin, cluster of differentiation molecule 34 (CD34), β-catenin, anaplase lymphoma
kinase, S100 protein, cluster of differentiation molecule
56 (CD56), and stem cell factor receptor (c-kit) according to immunohistochemistry staining. The nodule was
largely negative for AE1/AE3 and carletinin. A diagnosis of nodular fasciitis was made based on observation
of the specimen with HE staining and the immunohistochemical results.

The classical course of nodular fasciitis varies from
stable size to rapid growth[1,2]. Surgical resection is often
the treatment for growing nodules and those causing
symptoms (such as tenderness and pain), while careful
observation of asymptomatic nodules and those that are
stable in size is recommended because of possible spontaneous regression[5]. Diagnosis of nodular fasciitis relies
largely on the clinical features and careful morphological
evaluation of the specimen, including hematoxylin and
eosin (HE) staining[6]. Efforts are being made to establish the typical pattern of immunohistochemical staining
of nodular fasciitis to help distinguish it from other soft
tissue tumors.
Nodular fasciitis is well known to dermatologists
and pathologists due to its preferential occurrence in
subcutaneous tissue and importance in the differential
diagnosis of soft-tissue tumors. Nodular fasciitis is rarely
encountered in other fields of clinical practice. In this
case report, we describe a patient with nodular fasciitis
in the mesentery that mimicked peritoneal dissemination
of colon cancer macroscopically.

DISCUSSION
This case of nodular fasciitis in the mesentery mimicked
peritoneal dissemination of colon cancer, and to the
best of our knowledge, is the first such case report. A
diagnosis of nodular fasciitis should thus be considered
when unexpected nodular lesions suggesting peritoneal
dissemination of gastroenterological malignancy are encountered, and such lesions should be treated carefully.
The pathological diagnosis of nodular fasciitis is difficult because of the rarity of the condition, the resemblance of its pathological features to other soft tissue
tumors, and the lack of typical diagnostic symptoms or
pattern of immunohistochemical staining. In this case,
the fibroblast-like cells were arranged haphazardly in
the myxomatous stroma, giving a “tissue-culture appearance”[8]. Although the fibroblast-like cells varied in
terms of nucleus size and amount of cytoplasm, they
differed from the cells found in sarcomas, which typically have higher cellularity, bizarre nuclei, and less intercellular material; therefore, the nodule was considered
a reactive proliferative lesion rather than a true tumor.
The nodule was positive for vimentin according to immunohistochemical staining, suggesting that the tumor
was derived from soft tissue. The majority of nodular
fasciitis cases are negative for cytokeratin, with few
cytokeratin-positive cases reported[9]. A few spindle cells
of nodular fasciitis in our patient were positive for cytokeratin and calretinin, indicating a possible relationship
with the mesothelium. Positive staining of α-SMA and
calponin suggested myofibroblastic differentiation and
less possibility of a sarcoma[6]. The nodule was negative
for CD34, CD56, S100 protein, and β-catenin, reducing
the possibility of another differential diagnosis (Table
1). A previous report of seven patients demonstrated
that approximately half of leiomyosarcoma lesions were
negative for cluster of differentiation molecule 10 (CD10)
staining[10], while all nodular fasciitis cases were positive
for CD10[6]. In our patient, none of the cells expressed
CD10, suggesting the need to further evaluate the utility of this marker. Comprehensive judgment based on

CASE REPORT
An 88-year-old male patient presented with intermittent
gross hematochezia. He had a history of appendectomy
for appendicitis about 40 years ago. Preoperative colonoscopy revealed a tumor mass with mild distortion of
the intestinal lumen, suggesting tumor infiltration deeper
than the submucosal layer. The biopsy confirmed tubular adenocarcinoma of the ascending colon. Computed
tomography (CT) and 18F-fluorodeoxy glucose positron
emission tomography showed no sign of metastatic
lesion or peritoneal dissemination. The preoperative
diagnosis was colon cancer, which was staged as IIA
(T3, N0, M0) according to the Union for International
Cancer Control (UICC) classification[7]. Thus, the patient
underwent laparoscope-assisted ileocecal resection with
regional lymphadenectomy. After resection of blood vessels and mobilization of the ascending colon, the lesion
was removed from the abdominal cavity through a 7-cm
incision. A flat and slightly reddish hard nodule about 2
cm in diameter was observed on the mesentery of the
terminal ileum (Figure 1A), and a few smaller, whitish
nodules were found around it. Peritoneal dissemination
of colon cancer was suspected, although intraoperative
pathological examination was not considered to change
the surgical method because the primary site of the
colon cancer had been removed completely. Two large
nodules that were suspected of being dissemination of
the colon cancer were resected for pathological diagnosis
and symptom prophylaxis. Functional end-to-end anastomosis was performed between the terminal ileum and
ascending colon.
The postoperative course was uneventful, and the
pathological examination revealed sub-mucosal infiltration of colon cancer without lymph node metastasis
(Figure 1B) (T1, N0, M0, stage Ⅰ of the UICC clas-
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Figure 1 Intraoperative and pathological findings. A: A relatively flat, reddish, and firm nodule was observed on the mesentery of the terminal ilium. The large nodule was accompanied by several whitish, smaller nodules (arrows). The inset shows another resected nodule; B: Resected type 1 ascending colon cancer infiltrating
the submucosal layer; C: Lower magnification of nodular fasciitis showing growth in the adipose tissue, radiating outwardly in one part and growing expansively in another part. The margin of the nodule is not clear or encapsulated. Part of the nodule has sparse proliferation of fibroblast-like cells (less-pink area, center), while other
parts have a quite dense striform proliferative pattern (pink-red color area); D: Higher magnification of nodular fasciitis demonstrating spindle-shape cells, which are
arranged haphazardly throughout the abundant myxomatous interstitial ground substance. Numerous capillaries and extravasation of erythrocytes are visible. Some
nuclei are plump, but do not have the hyperchromatic or bizarre pleomorphic features characteristically observed in sarcomas; E: The cytosol of the cells is positive for
α-SMA staining, suggesting myofibroblastic differentiation; F: The nodule is negative for CD34, except for endothelial-cell CD34. The mucoid materials on the left side
separate the thin spindle-shaped fibroblast-like cells, while the right side of the cells have plump nuclei. The bars for B and C are 500 μm, and the bars for D to F are
50 μm. α-SMA: α-smooth muscle actin.

via a hematological or lymphatic route. While preoperative
CT or other imaging modalities may help assess primary
tumors, detecting small peritoneal nodules is still difficult,
and laparotomy remains an important method for identifying peritoneal dissemination. Ideally, the intraoperative
pathological examination for unexpected peritoneal nodules should be performed to inform the choice of surgical
methods. When intraoperative pathological diagnosis is
not available, judgment regarding surgical options (ranging from observation and biopsy to aggressive surgical
resection) must be based on multiple factors including

examination of multiple related markers and close morphological observation is indispensable for the diagnosis
of nodular fasciitis.
As many as 10% of patients with colorectal cancer develop peritoneal carcinomatosis during the course of the
disease, and half of these are diagnosed at the initial evaluation[11]. While about 20% of T4 tumors are accompanied
by peritoneal dissemination, less than 1% of T2 tumors
have synchronous peritoneal dissemination. This suggests
that less infiltrating tumors have a small, but definite, possibility of peritoneal dissemination, probably occurring
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diagnosis of nodular fasciitis.

Table 1 Immunohistochemistry staining for diagnosis of
nodular fasciitis
Nodular fasciitis

Implication

α-SMA
Vimentin
Calponin

+
+
+

CD10
DGP9.5

+
+

AE1/AE3
CD56

-

S100 protein
Desmin
CD34
β-catenin

-

Myofibroblastic differentiation
Negative in epithelial tumors
Often negative in myofibroblastic
sarcomas
Negative in 50% of leiomyosarcomas
Negative in dermatofibrosarcoma
protuberans
Positive in epithelial tumors
Positive in leiomyomas, nerve sheath
tumors, leiomyosarcomas
Positive in shwannomas
Positive in various sarcomas
Positive in solitary fibrous tumors
Positive in desmoid fibromatosis

Treatment

The nodular fasciitis was surgically resected.

Related reports

Nodular fasciitis could occur at any site in the body. However, the case of nodular fasciitis in the abdominal cavity is quite rare.

Experiences and lessons

The nodular fasciitis in our patient closely resembled peritoneal dissemination
of colon cancer. Because the treatment options could change with concomitant
peritoneal dissemination of gastrointestinal tract malignancy, recognition of this
rare condition and preparation for unexpected nodular lesions are crucial.

Peer review

Although nodular fasciitis shows a reactive fibroblastic growth, the majority of
patients, including the present patient, lack an apparent history of injury and
etiology of nodular fasciitis remains unclear. The further accumulation of clinical
experience is necessary to solve this clinical question.
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was noted in the surgical specimen. The other three
patients did not undergo additional surgery, either because of severe comorbidity or their refusal to undergo
operation, but were subjected to medical follow-up.
None of the ESD-treated patients reported local recurrence or distant metastases during the 27-32 mo of
follow-up after ESD.
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Core tip: The present case studies indicate that treatment of Epstein-Barr virus (EBV)-associated early
lymphoepithelioma-like gastric carcinoma (LELC) by
endoscopic submucosal dissection (ESD) might have favorable long-term outcomes, despite deep submucosal
invasion of tumor cells. Therefore, a conservative management strategy without additional surgery might be
considered for EBV-positive early LELC with submucosal
invasion treated by ESD, especially in patients with severe comorbidity and high operative risk.

Abstract
Epstein-Barr virus (EBV)-associated lymphoepitheliomalike gastric carcinoma (LELC) is characterized by a lower
lymph node (LN) metastasis rate and a higher survival
rate than other forms of gastric cancer. Although current prognosis for LELC is favorable, the most common
approach is radical gastrectomy involving an extensive
D2 lymph node dissection. Here, we report four cases
of EBV-associated early LELC that were treated by an
alternative approach, endoscopic submucosal dissection
(ESD). The long-term outcome of this procedure is discussed. All patients were treated by ESD en bloc , and
all ESD specimens showed tumor-free lateral resection
margins. None of the lesions showed lymphovascular
invasion. A pathological examination of ESD specimens
revealed submucosal invasion of more than 500 μm in
all four cases. One patient underwent additional radical
surgery post-ESD; no residual tumor or LN metastasis
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INTRODUCTION
Lymphoepithelioma-like gastric carcinoma (LELC) is a
rare variant of gastric cancer (GC), constituting 1%-4%
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Figure 1 Endoscopic and pathological features of early
lymphoepithelioma-like gastric carcinoma treated by
endoscopic submucosal dissection (Case 1). A: White
light endoscopy image shows early lymphoepithelioma-like
gastric carcinoma (LELC) with surface hyperemia; B: Image of the same sample after treatment with indigocarmine
dye; C: Photomicrograph of LELC shows dense lymphocytic
infiltration and a pushing margin (HE, × 50); D: Photomicrograph of Epstein-Barr virus-encoded RNA detected by in
situ hybridization (× 50). Note the positive staining localized
specifically to the nuclei of tumor cells, while no signal can
be seen in the lymphocytes.

of all GCs[1,2]. More than 80% of the reported LELC
cases are associated with an Epstein-Barr virus (EBV)
infection. LELC is characterized by (1) a well-defined
tumor margin; (2) dense lymphocytic infiltration, with the
number of infiltrating lymphocytes exceeding the number of tumor cells; (3) indistinct cytoplasmic borders and
a syncytial growth pattern with poorly formed glandular
structures; and (4) lack of desmoplasia[3]. When compared to other forms of GC, LELC cases have shown a
favorable prognosis, especially those involving an EBV
infection[2-5]. This phenomenon could be due to the lower
propensity of EBV-associated GC cells invading adjacent
lymph nodes (LNs). However, despite the low rate of LN
metastasis and a favorable prognosis, current treatment of
LELC involves a radical gastrectomy procedure accompanied by extensive D2 LN dissection. Nakamura et al[4] reported that the 5-year survival rate of LELC and conventional
adenocarcinoma patients undergoing surgical treatment
was 84% and 58%, respectively. Few studies have focused
on the outcomes of alternative therapeutic strategies for
LELC, such as endoscopic submucosal dissection (ESD).
Here, we report the long-term outcomes of four cases of
EBV-associated early LELC treated with ESD.

LB was a 1.0 cm large round, mucosal elevation that
displayed a central ulceration. The pathological examination of specimens collected by forceps biopsy of both
lesions revealed them to be moderately differentiated
adenocarcinomas. A similar biopsy from background mucosa identified the presence of chronic atrophic gastritis
and Helicobacter pylori (H. pylori) infection. No significant
enlargement of the LN was detected by a computed tomography (CT) scan of the abdomen. Therefore, ESD
was performed on both lesions en bloc.
Pathological analysis of the ESD specimen showed
that the HB lesion was a 1.6 cm large EBV-positive
LELC invading the submucosal layer to a depth of 1800
μm (Figure 1C and D). The LB lesion was characterized
as a 0.8 cm large, moderately differentiated adenocarcinoma confined within the mucosa layer. Neither lesion
displayed lymphovascular invasion. The resection margins
of both lesions were tumor-free. Since the LELC lesion
showed deep submucosal invasion (1800 μm), the patient
underwent total gastrectomy following ESD. No residual
tumor or LN metastasis was observed in the surgical
specimen after completion of the surgical treatment. In
addition, no signs of recurrence were detected during the
first 48 mo of follow-up post gastrectomy.

CASE REPORT

Case 2
A 65-year-old man was referred to our hospital due to an
incidentally found early GC on screening EGD. A second
EGD performed in our hospital revealed slightly elevated
2.0 and 1.0 cm large lesions in the LB (Figure 2A) and
mid body (MB) of the stomach, respectively. Analysis
of specimens collected by forceps biopsy of the LB and
MB lesions enabled classification of the two lesions as
a moderately differentiated adenocarcinoma and a high-

Case 1
A 63-year-old man reporting poor oral intake underwent
esophagogastroduodenoscopy (EGD) to diagnose the
cause of his condition. The EGD resulted in the detection of two tumorous lesions in the high body (HB) and
low body (LB) of the stomach. The tumor in the HB
was a 2.0 cm large round, elevated lesion that displayed
surface hyperemia (Figure 1A and B). The lesion in the
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Figure 2 Endoscopic and pathological features of
early lymphoepithelioma-like gastric carcinoma
treated by endoscopic submucosal dissection (Case
2). A: White light endoscopy image shows a slightly
elevated lesion with surface hyperemia; B: Appearance
of the iatrogenic ulcer after ESD; C: Photomicrograph
of lymphoepithelioma-like gastric carcinoma showing
a dense infiltration of lymphocytes in the tumor stroma
(HE, × 50); D: In situ hybridization of Epstein-Barr virusencoded RNA in carcinoma cells (× 50).

grade dysplasia, respectively. A similar pathological review
of the background mucosa identified the presence of
chronic atrophic gastritis and H. pylori infection. CT scan
of the abdomen detected no definite enlargement of the
LNs. ESD was thus performed on both lesions en bloc,
and ESD specimens were further examined. Consequently, the LB lesion was described as a mixture of a 1.8 cm
large well-differentiated adenocarcinoma within the mucosa layer, and a 0.6 cm large EBV-associated LELC with
submucosal invasion of up to 1800 μm (Figure 2C and D).
The MB lesion was characterized as a 0.8 cm large highgrade dysplasia. Neither lesion displayed lymphovascular
invasion. The resection margins of both lesions were
tumor-free. To treat the deep submucosal invasion of the
LELC tumor, an additional radical surgery accompanied
by LN dissection was recommended. However, the patient refused to undergo another operation, but requested
medical follow-up. During the 32 mo of follow-up after
ESD, no signs of local recurrence or distant metastases
were found.

could be an undifferentiated carcinoma. Chronic atrophic
gastritis was found in the background mucosa. Unlike
the previous cases, H. pylori infection was not detected.
Results from the CT scan of the abdomen were inconclusive. To obtain a definite pathological diagnosis, ESD
was performed en bloc (Figure 3C). Analysis of the ESD
specimen showed a 1.8 cm large EBV-positive LELC
invading the submucosal layer to a depth of 2500 μm
(Figure 3D-F). No lymphovascular invasion was detected.
Resection margins of the lesion were found to be tumorfree. Due to the lesion’s deep submucosal invasion, an
additional radical surgery along with LN dissection was
recommended. However, the patient refused to undergo
another operation, but did agree to medical follow-up.
During this 28-mo period following ESD, neither EGD
nor abdominal CT scan detected signs of local recurrence or distant metastases.
Case 4
An 84-year-old man underwent EGD as part of a regular
check-up. He had received concurrent chemoradiotherapy for treating a marginal zone B cell lymphoma of the
hard palate two years ago, and was in complete remission
at the time of the EGD. The EGD revealed a 1.5 cm
large reddish and slightly depressed lesion in the cardia
(Figure 4A and B), later characterized to be a moderately
differentiated adenocarcinoma based upon examination
of specimens collected by forceps biopsy. Chronic atrophic gastritis, but no H. pylori infection, was detected in
the background mucosa. Abdominal CT scan identified
no definite enlargement of the LNs. The patient was
treated by ESD en bloc. Pathological analysis of the ESD
specimen indicated the lesion was a 2.2 cm large EBV-

Case 3
A 74-year-old man underwent EGD as part of a routine
check-up. A 1.5 cm large, slightly elevated lesion with
central dimpling was detected in the LB of the stomach.
The lesion was covered with normal-looking mucosa and
mimicked a subepithelial tumor (Figure 3A). Endoscopic
ultrasound (EUS) revealed a homogeneous hypoechoic
lesion growing from the muscularis mucosa layer, which
also seemed to invade into the thickened submucosa
(Figure 3B). Pathological examination of specimens collected by forceps biopsy identified a few markedly atypical cells in the submucosa, suggesting that the lesion
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Figure 3 Endoscopic and pathological features of early lymphoepithelioma-like gastric carcinoma (mimicking a subepithelial tumor) treated by endoscopic
submucosal dissection (Case 3). A: White light endoscopy image shows early lymphoepithelioma-like gastric carcinoma (LELC) mimicking a subepithelial tumor; B: Endoscopic ultrasound image shows a homogeneous hypoechoic lesion growing from the muscularis mucosa. Invasion of this lesion into the thickened submucosa layer can
also be seen; C: Appearance of the iatrogenic ulcer after endoscopic submucosal dissection; D: Photomicrograph of LELC shows a dense infiltration of lymphocytes in the
tumor stroma (HE, × 50); E: Nests of tumor cells separated by a dense infiltration of lymphocytes (HE, × 400); F: In situ hybridization of Epstein-Barr virus-encoded RNA
in carcinoma cells (× 50).
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D
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Figure 4 Endoscopic and pathological features
of early lymphoepithelioma-like gastric carcinoma treated by endoscopic submucosal dissection (Case 4). A: White light endoscopy image
shows a reddish and slightly depressed lesion in
the cardia; B: Image of the same sample after treatment with indigocarmine dye; C: Photomicrograph
of lymphoepithelioma-like gastric carcinoma shows
dense lymphocytic infiltration and a pushing margin
(HE, × 4); D: Photomicrograph of Epstein-Barr virus
(EBV)-encoded RNA detected by in situ hybridization (× 50).
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associated LELC, with submucosal invasion of up to
2300 μm (Figure 4C and D). While lymphovascular invasion was not observed, the deep resection margin of the
lesion was found to be invaded by tumor cells; the presence of a marked cautery artifact was also noted. Hence,
an additional gastrectomy procedure was considered.
However, the patient’s old age and poor pulmonary function (with forced expiratory volume of 1.09 L) complicated the radical surgery option, and after consulting with
the patient the approach was decided against. Instead, the
patient was closely monitored by EGDs and abdominal
CT scans. During the 27 mo of follow-up after ESD, no
signs of local recurrence or distant metastases were detected.

muscularis mucosa. This hypoechoic lesion might correspond to the lymphoid stroma composed of carcinoma
cells and infiltrating lymphocytes. Results from EUS
of Case 3 in our study corroborated the above findings
(Figure 3B). Because of the dense lymphocytic aggregations and scattered foci of subepithelial neoplastic cells in
LELC cases mimicking subepithelial tumors, pathological
diagnosis of cancer using direct tissue sampling methods,
such as fine needle aspiration is challenging. Therefore,
ESD should be considered as a tool for a definite diagnosis and appropriate management of lesions if a lesion
with endoscopic features of subepithelial tumor shows
atypical cells in forceps biopsy specimen and abovementioned findings in EUS.
In summary, our case series shows that ESD treatment of EBV-associated early LELC might have favorable long-term outcomes, despite deep submucosal
invasion of tumor cells. Therefore, a conservative
management strategy without additional surgery might
be considered for EBV-positive early LELC with submucosal invasion treated by ESD, especially in patients
with severe comorbidity or high operative risk. To enable conservative management, intensive medical followup should be performed using EGDs and abdominal
CT scans. One shortcoming of this report is the limited
number of cases; to confirm our findings, data from a
larger number of case studies needs to be collected and
analyzed.

DISCUSSION
ESD is an effective therapeutic strategy for early GC, and
is recognized as the preferred method of treatment in
selected cases. Studies have demonstrated that the en bloc
resection rate of ESD is greater than 90%, regardless of
tumor size, and that the long-term survival rate following
ESD is comparable to that of radical gastrectomy. The
reported rates of postoperative bleeding and perforation
range from 3.4%-7.6% and 1.0%-6.1%, respectively[6].
Few studies to date have examined the long-term outcomes of ESD treatment of early LELC[7,8]; among these,
detailed pathological features of LELC have been described in only one case report. Lee et al[8] reported a case
of EBV-associated LELC with submucosal invasion of
up to 1538 μm, which was completely resected by ESD.
No additional radical surgery was performed. During 24
mo of follow-up using EGD no local recurrence was
detected. Our own cases of EBV-positive LELCs also
showed favorable long-term outcomes following ESD,
despite deep submucosal invasion of more than 500 μm.
This favorable prognosis may be related to a lower propensity of EBV-associated GC to invade adjacent LNs,
perhaps due to the immune response mounted against
EBV proteins expressed by tumor cells[5]. LELC is characterized by a dense infiltration of lymphocytes in the
tumor stroma. This high degree of infiltration could be another reason for the favorable prognosis. Song et al[3] reported that patients with EBV-associated LELC or GC accompanied by a Crohn’s disease-like lymphocyte reaction
show significantly longer overall and disease-free survival
following radical surgery than those with EBV-positive
conventional adenocarcinoma. This in turn strongly suggests the importance of the host’s inflammatory response
in determining the prognosis of EBV-associated GC. Nakamura et al[4] also reported that the 5-year overall survival
rate following surgical treatment is significantly higher in
patients diagnosed with LELC (84%) compared to those
with conventional adenocarcinoma (58%).
The endoscopic features of LELC have not been well
described. Several studies have reported cases of LELC
histology mimicking features of subepithelial tumors[7,9,10].
Although rare, these studies have demonstrated the existence of hypoechoic lesion in the submucosa and the
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COMMENTS
COMMENTS
Case characteristics

Only one patient underwent esophagogastroduodenoscopy (EGD) to diagnose
the cause of poor oral intake; the other three patients underwent EGD as part
of a routine check-up, and did not display any symptoms requiring examination.

Clinical diagnosis

Since three of the patients were asymptomatic and only one patient complained
of a non-specific symptom, clinical diagnosis of prior to endoscopic submucosal
dissection (ESD) was difficult.

Differential diagnosis

From EGD findings, early gastric cancer (GC) was diagnosed in three cases;
the fourth patient was suspected to have a subepithelial tumor.

Laboratory diagnosis

From the examination of specimens collected by forceps biopsy, three cases
were diagnosed as moderately differentiated adenocarcinomas and one was
described as a condition with few markedly atypical cells in the submucosa.

Imaging diagnosis

No definite enlargement of the lymph nodes was detected in any of the four
cases, according to CT scanning of the abdomen.

Pathological diagnosis

Pathological examination of ESD specimens revealed dense lymphocytic infiltration in the tumor stroma. In situ hybridization detected Epstein-Barr virus
(EBV)-encoded RNA in carcinoma cells.

Treatment

ESD was successfully performed en bloc for all four cases.

Term explanation

LELC is a rare variant of GC characterized by a dense infiltration of lymphocytes in the tumor stroma.

Experiences and lessons

The case series shows that ESD treatment of EBV-associated early LELC
might have favorable long-term outcomes, despite deep submucosal invasion
of tumor cells.
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Peer review

This report will help other clinicians in determining the prognosis of early LELC
with deep submucosal invasion following an ESD treatment. To confirm the findings reported here, information from more case studies needs to be collected
and analyzed.
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CASE REPORT

Bowel mesentery (meso-appendix) microcystic/reticular
schwannoma: Case report and literature review
Shao-Xian Tang, Yi-Hua Sun, Xian-Rong Zhou, Jian Wang
reticular schwannoma arising in the meso-appendix. Albeit very rare, microcystic/reticular schwannoma should
be included in the differential diagnosis of appendiceal
tumors.
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Core tip: Microcystic/reticular schwannoma is a recently
described variant of schwannoma with a predilection
for the gastrointestinal (GI) tract. The striking reticular
growth pattern and myxoid background may cause confusion with several other tumors commonly seen in the
GI tract, in particular a gastrointestinal stromal tumor
with prominent myxoid change and a signet ring cell carcinoma, especially on small biopsies. Herein we report
for the first time a microcystic/reticular schwannoma
arising primarily in the meso-appendix to highlight its existence and enhance pathologist’s and clinician’s awareness of this under-recognized variant of schwannoma so
as to avoid misdiagnosis and mistreatment.

Abstract
Microcystic/reticular schwannoma is a recently described variant of schwannoma with a predilection for
the gastrointestinal tract. Due to overlapping features
with other tumors, unawareness of this tumor type
may lead to diagnostic and therapeutic pitfalls. We
here report a case of microcystic/reticular schwannoma
arising in the meso-appendix of a 43-year-old woman.
The tumor was incidentally discovered by computed
tomography scan for unrelated reasons. A laparoscopic
operation was performed shortly after admission. Histological examination revealed a circumscribed tumor
with a striking microcystic and cribriform architecture.
Immunohistochemically, the tumor cells were diffusely
positive for S100 protein, glial fibrillary acid protein and
protein gene product 9.5, which were consistent with
a peripheral nerve sheath tumor. The patient remains
well with no signs of recurrence at a 10-mo follow-up.
To our knowledge, this is the first case of microcystic/
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INTRODUCTION
Schwannoma usually arises in the subcutaneous tissue
of the distal extremities or the head and neck region of
adult patients with no sex predilection. Occasionally,
the tumor may also involve a wide variety of anatomic
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matosis type 1 (NF1) or type 2 (NF2). With a suspicion
of a gastrointestinal stromal tumor (GIST) or a leiomyoma, the patient was admitted for scheduled surgery.
During laparoscopic operation, a solid well-circumscribed
mass was found in the distal end of the meso-appendix,
measuring approximately 4 cm in diameter. The patient
recovered uneventfully after surgery and is now well with
no evidence of recurrence at a 10-mo follow-up.
Pathological findings
The submitted specimen consisted of white to gray fragmentary tissues measuring 4.0 cm × 4.0 cm × 1.9 cm in
volume. It had a homogeneous gelatinous texture, showing no features of necrosis, hemorrhage or cystic degeneration. At scanning magnification, the tumor was well
circumscribed and surrounded by a thin fibrous capsule
(Figure 2A). It was composed of relatively alternating
fibrillary and myxoid areas (Figure 2B). There was transition between these two areas. Tumor cells were spindleshaped with eosinophilic cytoplasm and ovoid or tapered
nuclei harboring small inconspicuous nucleoli. They had
generally bland appearance without nuclear pleomorphism or degenerative atypia. Mitotic figure was scarce
with less than 3/50 HPF. In fibrillary areas, the tumor
cells were generally arranged in irregular fascicles with no
palisading or Verocay body formation, whereas in myxoid
areas, they were arranged in anastomosing or intersecting
strands creating a striking lace-like or microcystic growth
pattern (Figures 2C and D). In focal areas, remarkable
perivascular lymphocytic aggregates were present.
Immunohistochemistry was performed on paraffinembedded sections using the standard EnVision method.
The tumor cells showed diffuse and strong nuclear and
cytoplasmic staining of S100 protein (Figure 3A). They
were also positive for glial fibrillary acid protein (GFAP)
and protein gene product 9.5 (PGP9.5) (Figure 3B). Focal staining was also found with CD117. MIB-1 showed
low proliferative activity with index less than 1%. A few
CD34 positive cells were observed among the stromal
cells, indicating the presence of fibroblast or perineurial cells within the tumor. Tumor cells were all negative
for CD57, DOG1, desmin, alpha smooth muscle actin,
pancytokeratin (AE1/AE3), epithelial membrane antigen
(EMA), synaptophysin, CD31 and P53.
We did sequencing analysis of exons 9, 11, 13, and 17
of c-KIT gene to exclude the possibility of GIST. Polymerase chain reaction assays were carried out using oligonucleotide primer pairs as previously described. Direct
sequencing was performed on the ABI Prism 310 DNA
sequencer. The result demonstrated that the tumor did
not harbor c-KIT gene mutation.

Figure 1 Computed tomography scan of the abdomen revealing a wellcircumscribed mass (arrow) with isodensity located distal to the appendix.

sites, including the mediastinum, gastrointestinal tract,
retroperitoneum, spinal cord, cerebellopontine angle and
bone. Apart from those arising in the setting of neurofibromatosis type 2 (NF2), most schwannomas are solitary
and sporadic lesions, although a small percentage of
cases are associated with von Recklinghausen’s disease.
The typical schwannoma is characterized by a biphasic
pattern composed of alternating Antoni A and Antoni
B areas. In addition to the classic type, approximately
11 morphological variants have been recognized. These
variants include ancient (degenerated) schwannoma[1],
cellular schwannoma[2], plexiform schwannoma[3], melanotic schwannoma[4,5], epithelioid schwannoma[6], hybrid
schwannoma/neurofibroma[7], hybrid schwannoma/perineurioma[8], gastrointestinal schwannoma[9], neuroblastoma-like schwannoma[10], lipoblastic schwannoma[11], and
microcystic/reticular schwannoma[12]. Frankly speaking,
these variants simply represent the morphological heterogeneity in schwannoma with no distinct relationship to
the clinical behavior. Nevertheless, unawareness of these
rare variants will lead to diagnostic pitfalls and risk of
mistreatment of the patients. We present here a case of
microcystic/reticular schwannoma arising in the vermiform appendix, a unique site that has not been described
before. The clinical and pathological features of all 13
cases of microcystic/reticular schwannoma originated in
the gastrointestinal tract were summarized.

CASE REPORT
Clinical findings
A 43-year-old woman presented with a pelvic mass which
was incidentally discovered by computed tomography
(CT) scan during a check-up for mild abdominal pain.
On physical examination, the abdomen was soft and flat
with no tenderness on deep palpation and no palpable
mass could be identified. However, CT scan revealed an
isodense mass in the right lower quadrant, measuring 4.5
cm × 3.4 cm × 4.6 cm in size (Figure 1). Slow and persistent enhanced signal was observed following administration of contrast. Her medical history was unremarkable.
There was no clinical manifestation of either neurofibro-
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DISCUSSION
Microcystic/reticular schwannoma is a rare variant of
schwannoma. Including the current case, only 22 cases
have been reported in the literature[12-21]. Due to its rarity, this tumor type has remained under-recognized. As
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Figure 2 Pathological findings (Hematoxylin-eosin staining). A: Low power showing a thin fibrous capsule at the periphery (arrow) (× 20); B: Prominently myxoid
areas (ellipse) (× 40); C: High magnification illustrating lacelike (arrow) (× 200); and D: Microcystic (ellipse) (× 100) arrangement of tumor cells.

A

B

Figure 3 Immunohistochemical staining (EnVision method). A: S100 protein (× 100); B: Protein gene product 9.5 (× 100).

there are overlapping features with a wide variety of
neoplasms, this tumor type may be misdiagnosed and
potentially lead to mistreatment of the patients. Therefore, enhanced awareness of its characteristic features is
imperative for pathologists to avoid diagnostic pitfalls. To
enhance the recognition, we present here an additional
case of microcystic/reticular schwannoma and undertake
a brief review of the literature.
Taking the current case into account, there are 13
cases of microcystic/reticular schwannoma arising primarily in the gastrointestinal tract, accounting more than
a half of all cases. The overall median and average ages
of patients with gastrointestinal microcystic/reticular
schwannoma at diagnosis were 68 years and 66 years,
respectively (range, 32-93 years). There was a predilec-
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tion for female patients, with a male/female ratio of 1:3.3
(Table 1). Clinically, the majority of patients presented
with an asymptomatic mass discovered incidentally by
imaging examinations during routine check-up or at
operation for other unrelated reasons. A few patients
complained of indigestion, bowel habit change or epigastric pain[13,16]. Occasionally, the tumor appeared as an
intestinal polypoid lesion at colonoscopy[12,14]. To date,
none has clinical evidence of NF1 or NF2. The tumors
ranged in size from 0.4 to 4.0 cm (median, 1.3 cm; mean,
1.5 cm). With regard to the site, 4 cases occurred in the
colon, 3 cases in the small intestine, 2 cases in the cecum, 2 cases in the stomach, and 1 case each in the rectum and meso-appendix.
Except for the 4 tumors showing focal infiltration
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Table 1 Summary of patients with gastrointestinal microcystic/reticular schwannoma
Ref.

Sex/age (yr)

Location

Size (cm)

Symptoms

Gross appearance

Outcome (mo)

Liegl et al[12]

F/73

Rectum

0.85

Asymptomatic

Died at 361

Liegl et al[12]

F/72

Stomach

2.0

Asymptomatic

Liegl et al[12]

M/68

Cecum

0.4

Asymptomatic

Liegl et al[12]

F/93

Jejunum

1.6

Asymptomatic

Liegl et al[12]

M/78

Small intestine

0.8

Asymptomatic

Lee et al[13]

F/32

Ascending colon

1.4

Bowel habit change

Agaimy et al[14]

F/67

Cecum

1.0

A polyp at colonoscopy

Agaimy et al[14]
Kienemund et al[15]

F/67
F/70

Mid-jejunum
Sigmoid colon

2.2
0.7

Incidental finding
UA

Kienemund et al[15]
Chetty et al[16]

F/70
F/63

Sigmoid colon
Stomach

1.3
1.9

UA
Epigastric pain

Trivedi et al[18]

M/61

Sigmoid colon

0.7

Incidental finding

Our case

F/43

Meso-appendix

4.0

Incidental finding

Circumscribed, not
encapsulated
Circumscribed, not
encapsulated
Circumscribed with
focal infiltration
Circumscribed, not
encapsulated
Circumscribed with
focal infiltration
Circumscribed with
focal infiltration
Circumscribed with
focal infiltration
UA
Circumscribed, not
encapsulated
UA
Circumscribed, not
encapsulated
Circumscribed, not
encapsulated
Circumscribed and
encapsulated

ANED at 24
ANED at 24
ANED at 7
“Recent case”
UA
ANED at 12
ANED at 2
UA
UA
ANED at 60
ANED at 24
ANED at 10

1

Died of metastatic colon carcinoma; ANED: Alive with no evidence of disease; UA: Unavailable.

between smooth muscle fibers or extending into the mucosa[12-14], the other gastrointestinal microcystic/reticular
schwannomas were all well circumscribed. On histology,
microcystic/reticular schwannoma differs from a classic schwannoma in many ways. The former lacks the
distinctive features that are typically noted in a classic
schwannoma, namely alternating areas of Antoni A and
Antoni B, presence of palisading or Verocay bodies, aggregates of foamy histiocytes, and hyalinized blood vessels. The hallmark of microcystic/reticular schwannoma
is the presence of a striking reticular and microcystic
architecture, a feature not observed in any other variants
of schwannoma.
Regardless of the preferential location in the gastrointestinal tract, microcystic/reticular schwannoma is different from another variant of so-called gastrointestinal
schwannoma[9]. Gastrointestinal schwannoma is relatively
more common than microcystic/reticular schwannoma.
This type of schwannoma tends to occur in the stomach, although intestines can be occasionally involved.
Histologically, it is composed of spindled Schwann cells
displaying frequently a microtrabecular or microfascicular
pattern and characterized by a peritumoral lymphocytic
cuff. Although focal myxoid change can be observed in a
few gastrointestinal schwannomas, prominent microcystic
pattern is never seen.
Besides variants of schwannoma, there are other types
of benign peripheral nerve sheath tumor occurring in the
gastrointestinal tract which may cause confusion among
them. These tumors include perineurioma and hybrid
schwannoma/perineurioma. Perineurioma is composed
of bland spindle cells with long bipolar cytoplasmic pro-
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cesses embedded in fine collagenous stroma which sometimes appears myxoid[22]. The typical feature of “pseudoonion bulb” arrangement of tumor cells around a central
axon will help arrive at a correct diagnosis. However, the
reticular variant of perineurioma may present diagnostic
dilemma. This unusual morphologic variant occurs preferentially in the soft tissue with no case of gastrointestinal origin documented[23]. Immunostaining with a panel
of antibodies including EMA, claudin-1, S100 protein
and GFAP will facilitate the differential diagnosis. Hybrid
schwannoma/perineurioma is a benign tumor consisting of intimately mixed components of plump spindled
Schwann cells and slender perineurial cells. This novel
type of peripheral nerve sheath tumor can also occur
in the gastrointestinal tract[8]. However, tumor cells are
frequently arranged in a storiform or fascicular pattern
and the stroma rarely undergoes myxoid change. Double
immunostaining of S100 protein and EMA can clearly
highlight the two components.
Occasionally, GIST may have myxoid change. Although the majority of GIST arise in stomach and intestines, involvement of appendix is not uncommon[24].
Indeed, it has been acclaimed that GIST represents
the most common type of appendiceal mesenchymal
tumors[25]. As the treatment varies greatly, a distinction
between GIST and microcystic/reticular schwannoma
is warranted. Appendiceal GISTs are usually incidental
findings. Some cases may masquerade as appendicitis.
Microscopically, they are indolent tumors composed of
spindle cells with prominent extracellular collagen globules, known as skeinoid fibers. Immunohistochemically,
appendiceal GISTs are ubiquitously positive for CD117
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are typically noted in a classic schwannoma, such as alternating areas of Antoni
A and Antoni B, presence of palisading or Verocay bodies, aggregates of foamy
histiocytes, and hyalinized blood vessels. The hallmark of this rare variant is the
presence of a striking reticular and microcystic architecture which may cause
confusion with other neoplasms.

and DOG1, whereas the staining of S100 protein is consistently negative. It is worthy to note that focal immunoreactivity of CD117 can be observed in a minority of
microcystic/reticular schwannoma. However, the absence
of KIT or PDGFRA gene mutation denies the diagnosis
of GIST.
As abovementioned, most cases of microcystic/reticular schwannoma were well circumscribed. However, a
few tumors showed focal infiltration between the smooth
muscle fibers of the muscularis mucosa, between the
colonic crypts, or extended into the mucosa[12-14]. The epithelioid morphology, signet ring cell appearance of the
tumor cells in some cases together with a myxoid background may cause confusion with poorly differentiated
adenocarcinoma or signet ring cell carcinoma[12,18]. Of
note, the so-called signet ring cell gastric schwannoma
described by Tozbikian et al[26] in 2008, in our opinion,
represents a morphologic spectrum of microcystic/reticular schwannoma. Erroneous diagnosis of a benign
microcystic/reticular schwannoma as a malignant signet
ring cell carcinoma will lead to inappropriate treatment
of the patients. The absence of nuclear atypia and negativity for epithelial markers allow the differentiation of
microcystic/reticular schwannomas from carcinomas.
In summary, we reported for the first time a microcystic/reticular schwannoma arising primarily in the
vermiform appendix. Although very rare, microcystic/reticular schwannoma represents a unique and distinctive
morphological variant of schwannoma with a benign
clinical course. Enhanced awareness of its characteristic
features will facilitate the differential diagnosis from a
wide variety of neoplasm with overlapping features.

Experiences and lessons

This case was initially considered to be a GIST. However, the strong immunostaining of S100 protein and GFAP suggested a peripheral nerve sheath
tumor. The striking microcystic/reticular arrangement of the tumor cells helped
to recognize the lesion as a special variant of schwannoma which was recently
described.

Peer review

This article represents the first report of a microcystic/reticular schwannoma
arising primarily in the vermiform appendix. Increased awareness of this special
variant of schwannoma may help to avoid diagnostic pitfalls. More case reports
are needed to further expand the clinical spectrum of the disease.
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TO THE EDITOR
Hydatid disease, caused by the parasite Echinococcus granulosus, is a major public health concern within the developing
world. The primary hosts of the Echinococcous granulosus
tapeworms are dogs. The eggs of the parasite are produced in the intestine of the primary hosts and passed
via the feces. Later, eggs are ingested by intermediate
hosts such as cattle[1]. Humans, as accidental hosts, might
digest tapeworm eggs. In the upper gastrointestinal tract
of the intermediate host, including humans (but not
that of the primary host), the outer chitinous shells of
hexacanth embryos become lysed, enabling the embryos
to penetrate the mucosa of the duodenum and upper
jejunum, enter the mesenteric venules and be carried in
the portal stream to the liver. Theoretically, a few of the
embryos can enter the lymphatics of the intestinal wall
and bypass the liver through the cisterna chyli[2]. Numerous alternative routes have also been proposed which result in involvement of other organs including bypass of
the hepatic sinusoidal venous system, a lymphatic route
through the thoracic duct, the inhalation of air contaminated with Echinococcus, and direct infection via adjacent
affected sites. Embryos are able to form cysts in almost
every organ[3]. The diagnosis of a hydatid cyst is generally based on different imaging modalities and serology;
however, serology is only useful for confirmation of
the presumptive imaging diagnoses as it is nonspecific[4].
Non-invasive diagnostic approaches including ultrasonography are also used[5]. Although varied surgical methods have been introduced for the treatment of hydatid
cysts, including enucleation, puncture, evacuation of cyst

Abstract
Hydatid disease, caused by the parasite Echinococcus
granulosus , mostly affects the liver and the lungs with

hydatid cysts which consist of three layers: (1) the outer pericyst; (2) the middle laminated membrane; and
(3) the inner germinal layer. Pericyst, as the outermost
layer of the hydatid cyst, is made by host cells encasing
the hydatid cyst. An extremely close interaction exists
between this host tissue and the parasite, and any degenerative changes of the pericyst would result in hydatid cyst degeneration or rupture. The pericyst plays
an undeniably important role in the development and
survival of the hydatid cyst.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Hydatid cysts consist of three layers: inner,
outer and pericyst layers. An extremely close interaction
exists between this host tissue and the parasite and any
degenerative changes of the pericyst would result in
hydatid cyst degeneration or rupture. The pericyst plays
an undeniably important role in the development and
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contents, and cystotomy with or without capitonnage[6,7],
complications including recurrence are frequent[8,9].
A hydatid cyst consists of three layers: (1) the outer
pericyst; (2) the middle laminated membrane; and (3) the
inner germinal layer. The pericyst, being the outermost
zone of the hydatid cyst, and also known as the ectocyst or adventitial layer, consists almost entirely of host
cells[10]. The initial endothelial cells encompassing the
hydatid cyst can be ultimately transformed into a thin yet
distinct capsule being replaced by fibroblasts, connective
tissue and the leading parenchymal cells. The parasite
can be completely encased by this host-originated adventitial zone forming the outermost layer of the hydatid
cyst. Histopathological evaluations reveal fibrous strands
enveloped by more closely-arranged cellular layers, while
minute vascular spaces and fragments of small ductal
channels of the host organ coexist[10]. Gradually, a blending of fibrous strands and compressed parenchymal cells
with normal host tissue occurs so that no cleavage plane
may be observed between the outermost portion of the
layer and the surrounding normal host tissue. Osteopontin mainly distributes in the intra-pericystic layer of the
hepatic hydatid cyst[11]. The diameters of pericysts differ
depending on the host organ, but generally do not exceed a few millimeters. Two major mechanical or protective and nutritional functions have been hypothesized for
the pericyst. The former, though difficult to assess, can
be appreciated when considering the extreme fragility
of the parasite. The latter becomes more apparent when
considering that the total metabolic rate of the parasite,
especially those of larger size, would require a constant
nutritional supply, which is provided by the vascular
channels within the pericyst. This suggests a very close
interaction between the host tissue and the parasite, an
association developing from the early stages of the follicle or vesicle to the fully-developed large cystic stage.
Interestingly, degenerative changes of the pericyst herald
an amorphous degeneration or spontaneous expulsion
of a hydatid cyst. This can also be seen in the situation
where non-vascular channels or ducts of the host organ,
such as bile canaliculi in the liver, bronchial openings in
the lungs or collecting tubules in the kidney, open up on
the surface of the cyst initiating hydatid cyst rupture[6,8].
Different surgical approaches have been proposed for

the treatment of hydatid disease.
In summary, hydatid cysts consist of three layers, i.e.,
inner, outer and pericyst layers; this seems to have been
overlooked by Lantiga et al[12] when describing the structure of the hydatid cyst in the clinical features of hydatid
disease.
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José Sebastiao dos Santos, Ribeirao Preto
Eduardo LR Mello, Rio de Janeiro
Sthela Maria Murad-Regadas, Fortaleza
Claudia PMS Oliveira, Sao Paulo
Júlio C Pereira-Lima, Porto Alegre
Marcos V Perini, Sao Paulo
Vietla Satyanarayana Rao, Fortaleza
Raquel Rocha, Salvador
AC Simoes e Silva, Belo Horizonte
Mauricio F Silva, Porto Alefre
Aytan Miranda Sipahi, Sao Paulo
Rosa Leonôra Salerno Soares, Niterói
Cristiane Valle Tovo, Porto Alegre
Eduardo Garcia Vilela, Belo Horizonte

Brunei Darussalam
Vui Heng Chong, Bandar Seri Begawan

Bulgaria
Tanya Kirilova Kadiyska, Sofia
Mihaela Petrova, Sofia

Cambodia
Francois Rouet, Phnom Penh

Canada
Brian Bressler, Vancouver
Frank J Burczynski, Winnipeg
Wangxue Chen, Ottawa
Francesco Crea, Vancouver
Mirko Diksic, Montreal
Jane A Foster, Hamilton
Hugh J Freeman, Vancouver
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Shahrokh M Ghobadloo, Ottawa
Yuewen Gong, Winnipeg
Philip H Gordon, Quebec
Rakesh Kumar, Edmonton
Wolfgang A Kunze, Hamilton
Patrick Labonte, Laval
Zhikang Peng, Winnipeg
Jayadev Raju, Ottawa
Maitreyi Raman, Calgary
Giada Sebastiani, Montreal
Maida J Sewitch, Montreal
Eldon A Shaffer, Alberta
Christopher W Teshima, Edmonton
Jean Sévigny, Québec
Pingchang Yang, Hamilton
Pingchang Yang, Hamilton
Eric M Yoshida, Vancouver
Bin Zheng, Edmonton

Chile
Marcelo A Beltran, La Serena
Flavio Nervi, Santiago
Adolfo Parra-Blanco, Santiago
Alejandro Soza, Santiago

China
Zhao-Xiang Bian, Hong Kong
San-Jun Cai, Shanghai
Guang-Wen Cao, Shanghai
Long Chen, Nanjing
Ru-Fu Chen, Guangzhou
George G Chen, Hong Kong
Li-Bo Chen, Wuhan
Jia-Xu Chen, Beijing
Hong-Song Chen, Beijing
Lin Chen, Beijing
Yang-Chao Chen, Hong Kong
Zhen Chen, Shanghai
Ying-Sheng Cheng, Shanghai
Kent-Man Chu, Hong Kong
Zhi-Jun Dai, Xi’an
Jing-Yu Deng, Tianjin
Yi-Qi Du, Shanghai
Zhi Du, Tianjin
Hani El-Nezami, Hong Kong
Bao-Ying Fei, Hangzhou
Chang-Ming Gao, Nanjing
Jian-Ping Gong, Chongqing
Zuo-Jiong Gong, Wuhan
Jing-Shan Gong, Shenzhen
Yong-Song Guan, Chengdu
Mao-Lin Guo, Luoyang
Jun-Ming Guo, Ningbo
Yan-Mei Guo, Shanghai
Xiao-Zhong Guo, Shenyang
Guo-Hong Han, Xi’an
Ming-Liang He, Hong Kong
Peng Hou, Xi’an
Zhao-Hui Huang, Wuxi
Feng Ji, Hangzhou
Simon Law, Hong Kong
Yu-Yuan Li, Guangzhou
Meng-Sen Li, Haikou
Shu-De Li, Shanghai
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai

II

Kang Li, Lasa
Han Liang, Tianjin
Xing’e Liu, Hangzhou
Zheng-Wen Liu, Xi’an
Xiao-Fang Liu, Yantai
Bin Liu, Tianjin
Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing
Fei Liu, Shanghai
Ai-Guo Lu, Shanghai
He-Sheng Luo, Wuhan
Xiao-Peng Ma, Shanghai
Yong Meng, Shantou
Ke-Jun Nan, Xi’an
Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Bo-Rong Pan, Xi’an
Di Qu, Shanghai
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai
Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Bing Xia, Wuhan
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
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Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb

Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki

France
Armando Abergel Clermont, Ferrand
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Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg
Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Joerg Haier, Muenster
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg

III

Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Maria Gazouli, Athens
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík
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India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin
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Israel
Dan Carter, Ramat Gan
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano

IV

Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Salvatore Gruttadauria, Palermo
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
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Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Alessandro Vitale, Padova
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Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Akio Inui, Kagoshima
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai



Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
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Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Khaled Ali Jadallah, Irbid

Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Norway
Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania

Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Saudi Arabia
Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Antanas Mickevicius, Kaunas
Poland
Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga
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Key words: Helicobacter pylori ; Children; Iron deficiency anemia; Chronic idiopathic thrombocytopenic
purpura; Growth retardation; Asthma; Allergy; Diabetes
mellitus
Core tip: It is widely accepted that Helicobacter pylori
(H. pylori ) infection is a key pathogen for gastroduodenal diseases. Recently, the body of literature concerning a possible association between H. pylori infection
and extragastric disorders has grown rapidly. Although
H. pylori is most frequently acquired during childhood
in both developed and developing countries, clinicians
are less familiar with the pediatric literature in the field.
This review attempts to highlight the main reported
associations of H. pylori with extragastric disorders in
children (including iron deficiency anemia, chronic idiopathic thrombocytopenic purpura, growth retardation,
asthma and allergic disorders, and diabetes mellitus).

Abstract
Helicobacter pylori (H. pylori ) is a highly prevalent,
serious and chronic infection that has been associated
causally with a diverse spectrum of extragastric disorders including iron deficiency anemia, chronic idiopathic thrombocytopenic purpura, growth retardation,
and diabetes mellitus. The inverse relation of H. pylori
prevalence and the increase in allergies, as reported
from epidemiological studies, has stimulated research
for elucidating potential underlying pathophysiological mechanisms. Although H. pylori is most frequently
acquired during childhood in both developed and developing countries, clinicians are less familiar with the pediatric literature in the field. A better understanding of
the H. pylori disease spectrum in childhood should lead
to clearer recommendations about testing for and treating H. pylori infection in children who are more likely
to develop clinical sequelae. A further clinical challenge
is whether the progressive decrease of H. pylori in the
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INTRODUCTION
Although evidence is emerging that the prevalence of
Helicobacter pylori (H. pylori) is declining in all age groups,
the understanding of its disease spectrum continues to
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evolve. H. pylori infection is acquired early in life (almost
always before the age of 10 years), and in the absence of
antibiotic therapy, it generally persists for life[1]. H. pylori
typically colonizes the human stomach for many decades
without adverse consequences; however, children infected
with H. pylori can manifest gastrointestinal diseases[2]. Recently, H. pylori has been associated with the development
of extragastric disorders including iron deficiency anemia
(IDA), chronic idiopathic thrombocytopenic purpura
(cITP), growth retardation, and diabetes mellitus (DM).
The postulated role of H. pylori in the pathogenesis of
extragastric disorders is based on the facts: (1) local inflammation has systemic effects; (2) H. pylori is a chronic
process that lasts for several decades; and (3) persistent
infection induces a chronic inflammatory and immune
response that is able to induce lesions both locally and
remote to the primary site of infection[3]. Conversely, a
growing body of literature suggests that the absence of
H. pylori might also be associated with an increased risk
of various diseases such as asthma and allergic diseases[4].
An absence of H. pylori could indicate that an individual
was never colonized or that the organism was present in
earlier life and subsequently eradicated[4]. The idea that H.
pylori might actually confer benefit to humans has engendered considerable controversy among investigators.
The aim of this report is to provide a critical review
of the available literature about extragastric disorders associated with H. pylori infection in children. Potential beneficial aspects of H. pylori in asthma and allergic diseases
are also critically addressed in this review. To identify all
publications, the medical terms “Helicobacter “ and “children” were used in MEDLINE search. Studies published
in English during the past two decades were selected.

ing for fecal occult blood was negative and anti-H. pylori
eradication treatment was associated with resolution of
IDA[10-16]. In the intervention H. pylori therapeutic trials of
Choe et al[17,18] that were conducted among children with
H. pylori-associated IDA, no evidence of hemorrhage in
the gastric and duodenal mucosa was observed among
the participants, except one patient who was excluded
from the trial, and the stool examinations for occult
blood of all the participants were negative.
Another explanation for a relationship between H.
pylori infection and IDA involves the possible effect of
H. pylori gastritis on gastric acid secretion and iron absorption. Dietary iron is available as heme iron, which is
readily absorbed, or non-heme iron, in which bioavailability is dependent on a variety of factors. Non-heme
iron accounts for 80% of dietary iron in industrialized
countries[16]. Crucial to the effective solubility and absorption of non-heme iron is hydrochloric acid in acid
secretions. Reduction of the ferric to ferrous form is dependent upon the pH of the gastric juice, and reduction
to the ferrous form facilitates membrane transport[19]. In
a recent non-endoscopic study involving age-matched asymptomatic H. pylori-infected and noninfected preschool
Bangladeshi children, Sarker et al[20] showed that both
the basal and the stimulated acid outputs were markedly
reduced in H. pylori-infected children compared with the
noninfected children. H. pylori eradication was associated
with significant increase in both the basal and the stimulated gastric acid secretions reaching levels similar to
those in the noninfected children[20]. These results suggest
that the reduced acid secretion was a consequence of the
H. pylori infection and/or the inflammation it induced,
impairing the function of the acid secreting corpus mucosa. The findings are concordant with an earlier study in
Gambian children that reported a correlation between H.
pylori infection and hypochlorhydria as determined by a
noninvasive test for gastric acid secretions (measurement
of change in urine acid output before and after a feed)[21].
Very recently, the relation between gastric juice pH and
ID has been investigated in Chilean H. pylori-infected
children undergoing gastrointestinal endoscopy[22]. H.
pylori was significantly more frequent in children with
hypochlorhydria (pH > 4) compared with those with
gastric juice pH ≤ 4. Additionally, the study identified
that H. pylori-infected children with hypochlorhydria in
the absence of corpus atrophy have significantly reduced
serum iron and transferrin saturation. Importantly, hypochlorhydria in the absence of H. pylori infection was not
associated with these changes, suggesting a combination
of both H. pylori and hypochlorhydria is etiologically important in ID[22]. The mechanisms of H. pylori-induced
hypochlorhydria in children in the absence of gastric
atrophy are not well understood. H. pylori may induce
hypochlorhydria through increased gastric interleukin
(IL)-1β and tumor necrosis factor (TNF)-α[23,24], which
inhibit acid secretion, induce parietal cell apoptosis, and
decrease enterochromaffin-like cell histamine release[25,26].
In the study of Takashima et al[27] in gerbils, gastric acid

IRON DEFICIENCY ANEMIA
The role of H. pylori in the causation of IDA is of considerable current interest. Recently, four meta-analyses
including both pediatric and adult patients have shown
an association between H. pylori infection and IDA[5-8].
Based on the results of these studies, the last Maastricht
Florence Consensus Report recommends to search and
treat H. pylori infection in IDA after exclusion of bleeding
sources in the gastrointestinal tract[9].
Biological mechanisms
How can H. pylori gastritis cause iron deficiency (ID) or
IDA? The biological mechanism explaining the relationship between H. pylori infection and decreased iron stores
is not fully understood. It seems that several pathways are
involved separately or in combination[5]. One of the possible explanations of this relationship is the loss of iron
from the human gastrointestinal tract which is induced
by the infection. However, it appears that chronic gastrointestinal blood loss is not the likely culprit, because most
published case reports and case series[10-16] describing
patients with IDA and H. pylori-associated gastritis have
found no bleeding lesions at the time of endoscopy. Test-
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hyposecretion in the H. pylori-infected groups returned
to control levels after injection of recombinant IL-1 receptor antagonist. In a very recent study, Queiroz et al[28]
demonstrated that in Brazilian H. pylori-infected children
without common known causes of ID/IDA, increased
gastric IL-1β concentration, but not TNF-α, was an independent, significant predictor of low blood concentration
of ferritin and hemoglobin (Hb). In the group of the H.
pylori-positive youngest children, the Hb and hematocrit
(Ht) values were lower in carriers of IL1RN polymorphic
alleles than in children with wild genotype. The high production of IL-1β in the former group may account for
a more severe hypochlorhydria in the acute phase of H.
pylori infection that is mainly acquired in early childhood.
IL-1β would also participate in the impairment of iron
absorption by upregulating hepcidin as demonstrated in
vivo[29,30]. However, in a recent study, Schwarz et al[31] did
not observe associations between the serum concentrations of hepcidin and H. pylori infection.
An important promoter of iron absorption is ascorbic acid, which appears to act in two ways: by promoting reduction to the ferrous form, and by forming an
absorbable molecular complex with ferric iron, which
is insoluble at pH > 5[16,32]. In a study involving children
with gastrointestinal complaints, Baysoy et al[33] found that
H. pylori gastritis was associated with a decrease in the
gastric juice ascorbic acid level. Infection with cytotoxinassociated gene A (CagA)-positive strains was associated
with a greater decrease in gastric juice ascorbic acid than
infection with CagA-negative strains. However, the gastric juice ascorbic acid levels of patients with H. pylori
and anemia were not different from those of non-anemic
patients with H. pylori[33].
Another hypothesized mechanism is that H. pylori
might lead to IDA by sequestering and utilizing iron, thus
competing with the human host[16]. Like many bacteria,
H. pylori requires iron as a growth factor, and it possesses
a 19-kDa iron-binding protein that resembles ferritin,
which has been considered to play a role in storage of
excess iron sequestered by the bacterium[34].
Another possible mechanism for IDA in H. pyloriinfected subjects involves lactoferrin sequestration in
the H. pylori-infected gastric mucosa, especially in the
cardiac and pyloric glands and neutrophils within surface
epithelium[35,36]. Lactoferrin is an iron-binding glycoprotein that is found in various body fluids such as milk,
lacrimae, pituita, saliva, and urine[37,38], and its secretion
in the gastric mucosa seems to be controlled by some
signal transmitted from H. pylori close to the glands[36]. It
appears that H. pylori then absorbs the iron from lactoferrin via a highly specific lactoferrin-binding protein that is
expressed by H. pylori[39]. Choe et al[36] reported a study on
101 adolescents with unexplained epigastric pain and/or
ID, which found lactoferrin levels in the gastric mucosa
to be significantly higher in H. pylori-positive patients with
IDA compared to those who were non-anemic H. pylorinegative, non-anemic H. pylori-positive, and H. pylorinegative with IDA. Furthermore, when lactoferrin and
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Hb levels were compared before and after H. pylori eradication in adolescents with H. pylori gastritis and coexisting
IDA, lactoferrin levels decreased and Hb levels increased
significantly after eradication[36]. In contrast, this association could not be established in other pediatric studies.
Dogan et al[40] determined the lactoferrin levels in the gastric tissue of 61 children with recurrent abdominal pain
of whom 45 and 16 were H. pylori-positive and -negative,
respectively. The increase in lactoferrin in H. pylori-positive cases agreed with the previous study by Choe et al[36],
but, conversely, Hb, Ht, and ferritin levels in these cases
did not differ significantly. These results did not support
the hypothesis that anemia is caused by loss of iron to
H. pylori via lactoferrin in the gastric tissue of H. pyloripositive cases. The Authors concluded that the increase
of lactoferrin in the gastric tissue of H. pylori-positive
cases is dependent upon inflammation[40].
Studies regarding the involvement of H. pylori CagA
strains in the alteration of the hosts’ iron stores are controversial. Data generated from a large population-based
study could not establish a risk excess for the reduction
in the serum ferritin (SF) levels according to CagA seropositivity among German adults[41]. Ciacci et al[42] showed
that impaired iron absorption in H. pylori-infected adult (>
17 years) patients was not related to infection with CagA
positive strains. Baysoy et al[33] also found no association
between H. pylori CagA-positive strains and IDA in children. In contrast, recent data from a cross-sectional study
conducted among Israeli Arab children found a higher
prevalence of low SF (< 10 ng/mL) among those with
CagA-positive strains than CagA-negative strains and H.
pylori-negative subjects[43]. Of interest, a recent doubleblind randomized intervention trial on non-iron-deficient
3- to 10-year-old children in El Paso, Texas, showed that
eradication of H. pylori infection by CagA-negative strains
was associated with a larger SF increase[44]. However,
because the observations on CagA-negative strains were
based on fewer observations, the Authors were cautious
about drawing definite conclusions[44]. In view of above
findings, more studies are needed in this area, in particular in children.
Finally, one cannot exclude the possibility that a molecule produced by H. pylori may exert an inhibitory effect
on the duodenal mucosal cells which are directly responsible for iron absorption, without even crossing the duodenal mucosal barrier[45].
Whatever the mechanism by which H. pylori induces
a decrease in the iron stores of the host, why does only a
small proportion of the population develop IDA despite
worldwide H. pylori infection? Individuals with increased
demands of iron needed for growth and tissue building
are thought to be more likely to develop IDA associated
with H. pylori infection. Most surveys focusing on H. pylori-associated IDA were carried out in school-age children
or at puberty when children are more vulnerable to ID
because of their high demand of iron during the growth
spurt and, in females, menstrual blood loss.
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Observational epidemiologic studies in children
Observational epidemiologic studies conducted among
school-age children and adolescents have found an association between H. pylori infection and increased prevalence of ID or IDA[17,46-49]. However, there are others that
have not[50-55]. Differences in the study design, inclusion
criteria, number of infected children, and ethnicity could
explain the discrepancies among the studies. In addition,
there are fewer studies evaluating the role of H. pylori
in the development of ID/IDA in children undergoing
upper gastrointestinal endoscopy[56-59], which allow an
accurate diagnosis of H. pylori infection as well as the exclusion of other common causes of ID such as gastrointestinal bleeding, peptic ulcer disease, extensive erosions,
and celiac disease.
It has been also suggested that the lack of association
could be a result of age-confounding. A study carried
out among 7- to 11-year old children from 10 predominantly Alaska Native villages in southwestern Alaska[48]
showed that the association between ID and H. pylori
infection was modified by age, with the strongest association in children who were aged 9 years or more. In this
age group, ID was 3.7-4 times more prevalent among H.
pylori-infected than -uninfected children. Likewise, an agedependent association between H. pylori and IDA was
reported among South Korean children[60]; H. pylori infection did not seem to contribute to ID in adolescents under 15 years of age, but played an important role in iron
depletion in the subjects above 16 years of age. In a study
examining Israeli Arab children and infants[61], there was
no association between H. pylori positivity and anemia,
but when stratified by age group, H. pylori positivity was
significantly associated with a 2.8-fold increased prevalence of anemia in school-age children, while among infants, the prevalence ratio was only 1.2.
The increased risk in older children seems biologically
plausible. Older children are likely to have been infected
for longer than younger children, allowing more time for
ID to develop. Furthermore, older children may be less
likely to have ID related to other causes, such as insufficient dietary intake, leaving H. pylori infection to account
for a greater proportion of ID[48]. Finally, it is also possible that with increasing age and progression of severity
of the gastritis, secretion of gastric acid might decrease
with age, and might explain the suggested age-dependent
association between H. pylori and depletion in iron stores.

tation and ability to generalize the relevance of the results
of these trials (Table 1).
The earliest study was a randomized placebo-controlled trial which was carried out among 43 Korean preadolescent children and adolescents with IDA[18], who
underwent gastroduodenal endoscopy. Of these, 22 patients with confirmed H. pylori infection were randomly
assigned to one of three treatment groups: eight were
given oral ferrous sulfate and a 2-wk course of H. pylori
triple therapy, seven were given placebo for iron and a
2-wk course of triple therapy, and seven were given oral
ferrous sulfate and a 2-wk course of placebo. At 8 wk
after the end of the 2-wk treatment regimen, a significant
increase in Hb level was seen among children of the first
two groups who received H. pylori eradication therapy, as
compared with the third group who received only iron
supplementation.
An open therapeutic trial was conducted among 21
Korean adolescent girls with IDA refractory to oral iron
therapy, who underwent gastroduodenal endoscopy[56].
Of these, the 13 patients with confirmed H. pylori infection were given a 2-wk course of triple therapy and a 6-wk
course of oral ferrous sulfate. After eradication of H. pylori, the mean levels of Hb and SF showed an important
increase. An additional open therapeutic trial from Korea
was conducted among 22 children who exhibited IDA
and underwent gastroduodenal endoscopy[17]. Of these,
the 12 patients with confirmed H. pylori infection received
a 2-wk course of triple therapy without iron supplementation, while the 10 H. pylori-negative patients were given
oral ferrous sulfate for 10 wk. At 8 wk after the end of
the 2-wk regimen, significant increases in Hb, iron, and
SF levels were observed only in children who received
eradication therapy.
The study of Kurekci et al[62] carried out in Turkey,
investigated whether the eradication of H. pylori (as assessed by stool antigen test and urea breath testing)
without iron supplementation can lead to the resolution
of ID and IDA. Children with H. pylori infection were divided into three groups: ID, IDA, and H. pylori infection
with neither ID nor IDA. All the participants received
only eradication therapy. The values of Hb and mean
corpuscular volume increased significantly in children
with IDA compared with baseline values, after H. pylori
eradication therapy. SF levels increased significantly after
H. pylori eradication therapy in all groups. The authors
emphasized that resolution of both ID and IDA associated with H. pylori eradication may be achieved by H. pylori eradication treatment alone. However, all participants
received H. pylori eradication therapy without a control
group.
A randomized, double-blind, placebo-controlled trial
carried out in India[63] examined the antagonistic effect
of asymptomatic H. pylori infection in children on the
response to iron supplementation. One hundred and
sixty nine children aged 1-10 years from an urban poor
community underwent urea breath testing for H. pylori
and haematologic tests at baseline and after 8 wk. Both

Clinical and interventional trials in children
The most convincing evidence of cause-and-effect relation between IDA and H. pylori infection in children is
the demonstration of the beneficial effects of H. pylori
eradication on pre-existing IDA. The beneficial effect of
H. pylori eradication has been assessed in a number of
clinical and interventional trials. Small sample sizes, poor
case or control definitions, lack of control groups, short
follow-up periods, and other methodologic issues, including the use of validated measures to confirm active H.
pylori infection, are among factors that limit the interpre-

WJG|www.wjgnet.com

1382

February 14, 2014|Volume 20|Issue 6|

WJG|www.wjgnet.com

1383
13

200 asymptomatic
children with H.
pylori infection and
IDA (n = 141) or ID (n
= 59); 60 uninfected
children with IDA (n
= 49) or ID (n = 11)

219 children with ID
and H. pylori infection

Sarker et al[66] 2008,
Bangladesh; Randomized
double-blind, placebo
controlled trial

Fagan et al[68] 2009, Alaska;
Randomized controlled
household open trial
C UBT

13

C UBT

13

C UBT

C UBT

13

Gessner et al[67] 2006, Alaska; 219 children with ID
Randomized controlled
and H. pylori infection
household open trial

169 asymptomatic
children: 85 H. pylori
–positive, 84 H. pylori
-negative

Regimen 1 (n = 50): 2-wk triple eradication
therapy and 90-d ferrous sulfate; Regimen 2 (n
= 50): 2-wk triple eradication therapy and
90-d placebo iron; Regimen 3 (n = 49): 2-wk
placebo eradication therapy and 90-d ferrous
sulfate;
Regimen 4 (n = 51): 2-wk placebo eradication
therapy and 90-d placebo iron; Uninfected
controls: 90-d iron therapy alone
106 (intervention group) received 2-wk triple
eradication therapy and 6-wk iron sulfate;
113 (control group) received 6-wk iron sulfate

106 (intervention group) received 2-wk triple
eradication therapy and 6-wk iron sulfate;
113 (control group) received 6-wk iron sulfate

SAT,14C UBT

Mahalanabis et al[63] 2005,
India; Randomized doubleblind, placebo-controlled
trial

All 140 children (18 with IDA, 36 with ID,
86 controls) received 2-wk triple eradication
therapy
86 (42 H. pylori-positive, 44 H. pylori–
negative) received 8-wk ferrous fumarate; 83
(43 H. pylori-positive, 40 H. pylori–negative)
received 8-wk placebo

EGDS

In intervention group, 104, 94, 94 and 85
children were, respectively, assessed 2, 8,14
and 40 mo after treatment initiation for ID
and anemia; In control group, 110, 109,107
and 91 children were, respectively, assessed
2, 8 ,14 and 40 mo after completion of iron
supplementation for ID and anemia

Follow-up of 21 adolescents:
changes in iron, Hb, SF, TIBC 10 wk after the
start of either therapy
Follow-up of 140 children: changes in Hb,SF,
and MCV 4 wk after completion of eradication
therapy
Follow-up of 84 iron supplemented (42 H.
pylori -positive and 42–negative) and 83
placebo children (43 H. pylori-positive and 40 –
negative): changes in Hb, Ht, and SF after 8 wk
of iron supplementation or placebo
In intervention group, 104, 94 and 94 children
were, respectively, assessed 2, 8 and 14 mo
after treatment initiation for ID and anemia; In
control group, 110, 109 and 107 children were,
respectively, assessed 2, 8 and 14 mo after
completion of iron supplementation for ID and
anemia
Follow-up of 190 infected (regimen 1, n = 47;
regimen 2, n = 49; regimen 3, n = 45; regimen
4, n = 49) and 55 uninfected children: changes
in Hb, SF and sTfR 3 mo after the initiation of
therapy

12 received 2-wk triple eradication therapy; 9
received 10-wk oral ferrous sulfate

EGDS

Outcome: evaluation

Choe et al[56] 2000, South
13 adolescents with
Korea; Open therapeutic trial sideropenic refractory
anemia and H. pylori
antral gastritis
Choe et al[17] 2001, South
21 adolescent athletes
Korea; Open therapeutic trial
with IDA and H.
pylori infection
Kurekci et al[62] 2005, Turkey; 140 H. pylori-infected
Clinical trial
children

Intervention
Group A (n = 8): 2-wk triple eradication
Follow-up of 18 children (group A, n = 6;
therapy and 10-wk oral ferrous sulfate; Group group B, n = 5; group C, n = 7): changes in iron,
B (n = 5): 2-wk triple eradication therapy and
Hb, SF, TIBC at 4 and 8 wk after the end of
10-wk placebo iron; Group C (n = 7): 2-wk
eradication therapy
placebo eradication therapy and 10-wk oral
ferrous sulfate
All 13 children received 2-wk triple
Follow-up of 11 adolescents: changes in Hb and
eradication therapy and 6-wk oral ferrous
SF 4 wk after the end of eradication therapy
sulfate

H. pylori detection
EGDS

Study population

Choe et al[18] 1999, South
22 children with IDA
Korea; Randomized double- and H. pylori infection
blind, placebo-controlled
trial

Study and study design

Table 1 Association between Helicobacter pylori and iron stores in children: clinical and intervention studies

Control and intervention groups had similar temporal
trends regarding ID,anemia, and IDA.
When groups were compared according to H. pylori
infection status at 40 mo, children without H. pylori
demonstrated better resolution of outcomes

In iron-supplemented group, SF improved in both H.
pylori-positive and –negative children, while Hb and Ht
significantly increased only in those H.pylori-negative;
In the placebo group, no significant changes in Hb, Ht,
and SF occurred regardless of H. pylori status
At 14 mo, 65% and 72% of children in the intervention
and control groups had, respectively, ID [AAR, 0.90
(95% CI,0.74-1.1)]; and 22% and 14% of children in
the intervention and control groups had, respectively,
anemia [AAR, 1.6 (95% CI, 0.86-2.9)].
Results were similar when children were compared by
H. pylori infection status
Improvements in Hb, SF and sTfR were significantly
greater in children who received iron therapy (regimens
1 and 3; negative control group) compared with the 2
other groups who did not receive iron (regimens 2 and
4);
No differences in Hb, SF and sTfR values between
children who remained positive and those who
eradicated H. pylori

SF significantly increased in all groups; Hb and MCV
values significantly increased only in IDA group

Hb, iron, SF increased significantly only in the athletes
who received eradication therapy

At 4 wk Hb and SF significantly increased

At 8 wk, Hb significantly increased in all groups. No
significant changes in iron, TIBC and SF occurred in
any group

Outcome: results
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C UBT

After completion of eradication, 17 received Follow-up of 33 H. pylori-infected children in
12-wk ferrous sulfate, 16 children 12-wk
whom the organism was eradicated, and 36
placebo iron; Uninfected controls: 12-wk
uninfected children: changes in Hb and SF after
ferrous sulfate
completion of the 12- wk regimen

Compared to uninfected iron-supplemented controls,
only children who eradicated H. pylori and received
iron supplementation showed an increased Hb
concentration.
A significant SF increase occurred only in uninfected
iron-supplemented controls compared to placebo group
IgG antibodies, 13C
32 received both quadruple sequential
Intent-to-treat (n = 110) and per protocol (n = Intent-to-treat and per-protocol analyses revealed no
UBT
therapy and 6-wk iron supplementation;
90) analyses:changes in Hb,SF, and TrS at 8 mo differences across study arms in changes of iron stores.
29 quadruple eradication only; 23 iron
from baseline
However, children who eradicated the infection had
supplementation only; 26 placebo only
a statistically significant larger increase in SF than
children who remained infected
80 adolescents with IgG antibodies, SAT
37 (intervention group) received 2-wk
Follow-up of 74 children: changes in Hb, SF, H b a n d S F v a l u e s w e r e i n c r e a s e d o n l y i n t h e
IDA and H. pylori
triple eradication therapy and 12-wk iron
and sTfR 3 mo after completion of the 12-wk intervention group. sTfR was significantly decreased in
infection
supplementation; 43 (control group) received
regimen
both the intervention and control groups
12-wk iron supplementation alone

69 children with
ID/anemia: 33 H.
pylori-infected in
whom the organism
was eradicated; 36
uninfected children
110 asymptomatic
children with H.
pylori-infection

H. pylori-positive and -negative children were randomly assigned to receive ferrous fumarate syrup or placebo for 8 wk. It was found that asymptomatic H. pylori infection was
not associated with higher rates of anemia or ID, but had a significant adverse effect on response to iron supplementation among children. These results were complemented
by the randomized, double-blind, controlled trial carried out in Chinese adolescent girls by Xia et al[64] who investigated whether treatment of H. pylori infection can influence response to oral iron supplementation. Eighty participants with IDA and a co-existing serological diagnosis of H. pylori infection were assigned randomly to the intervention (n =
37) and control (n = 43) groups. Subjects in the intervention group received oral iron supplementation for 12 wk and a 2-wk course of triple eradication therapy, whereas those
in the control group received oral iron supplementation alone for 12 wk. A total of 73 participants (31 in the intervention group and 42 in the control group) returned at the
end of trial. Follow-up assessments of H. pylori infection were conducted 4 wk after completion of the triple therapy using an H. pylori stool antigen test, while iron status was
reassessed 3 mo after conclusion of the 12-wk regimen through determination of Hb, SF, and serum transferrin receptor. Results showed that subjects who underwent H. pylori
treatment had significantly higher improvement in Hb and SF values, compared to subjects who were untreated for H. pylori.
A trial was carried out in Mexico City by Duque et al[65] to evaluate the iron status of 33 school-age children with ID or IDA, who eradicated H. pylori infection (diagnosed by
urea breath test) and were randomized to daily supplementation with ferrous sulfate (n = 17) or placebo (n = 16) for 12 wk. Thirty six school-age children without H. pylori infection received daily supplementation with ferrous sulfate for 12 wk. Children in whom eradication of H. pylori was achieved and iron supplementation was given had, on average, a larger Hb concentration than children without H. pylori infection at baseline who received oral supplementation. This difference was not observed in the group for whom
eradication of H. pylori was achieved and who received the placebo supplementation. It was suggested that both interventions -H. pylori eradication and iron supplementationare necessary in school -age children with ID or IDA.
The double-blind randomized trial carried out by Cardenas et al[44] in El Paso, Texas, investigated whether eradication of H. pylori (as diagnosed by urea breath test) among
non-iron deficient, asymptomatic 3-to 10-year-olds was followed by changes in markers of iron stores (including SF, transferrin saturation, and Hb levels) at ≥ 6 mo of
follow-up. Children were randomly assigned to one of following 4 arms: both quadruple eradication and iron supplementation, either quadruple sequential eradication or iron
supplementation, or placebo only. In neither intention-to-treat (n = 110) nor per protocol (n = 90) analyses was there evidence of a statistically significant effect of any of the
treatments on the change of levels of the markers of iron stores. However, non-iron deficient children who had their infection eradicated at follow-up had a 3-fold increased
average change from baseline SF compared with that of children who remained infected. The above findings by Cardenas et al[44] are important. The study population was free
of ID, and thus the implications go beyond those affected with iron-deficiency malnutrition but are important to the larger H. pylori-infected population. Their findings also
strengthen the case for a causal relation by which the changes in levels of iron stores appeared subsequent to changes in H. pylori infection status.

H. pylori: Helicobacter pylori; IDA: Iron deficiency anemia; EGDS: Esophagogastroduodenoscopy; Hb: Hemoglobin; TIBC: Total iron-binding capacity; SF: Serum ferritin; SAT: Stool antigen test; UBT: Urea breath test; ID: Iron
deficiency; MCV: Erythrocyte mean corpuscular volume; Ht: Hematocrit; ARR: Adjusted relative risk; sTfR: Serum transferrin receptor; TrS: Transferrin saturation.

Xia et al[64] 2012, China;
Randomized double-blind,
controlled trial

Cardenas et al[44] 2011, TexasUnited States; Randomized
double-blind, placebocontrolled trial

Duque et al[65] 2010, Mexico;
Randomized placebocontrolled trial
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Sarker et al[66] completed a population-based, randomized, double-blind, and placebo-controlled trial to evaluate the response of iron plus anti-H. pylori therapy in
children with IDA (n = 200). The trial was performed in
Bangladesh, an area highly endemic for ID and H. pylori
infection. Results showed no additional benefit of H.
pylori eradication on ID compared to iron treatment alone
at 90 d. In addition, H. pylori status was assessed again at
90 d by urea breath testing and the analysis of children
with successful eradication vs persisting infection showed
no difference in ID.
Gessner et al[67] performed in western Alaska, another
highly prevalent H. pylori infection area, a large therapeutic, controlled, household-randomized, open-label trial in
7-11-year-old children (n = 219). Eligible were children
with H. pylori infection (as diagnosed by urea breath testing) and having ID [defined as SF level < 22.5 pmol/L (<
10 µg/L)], without being treated with iron supplementation. The intervention group comprised 106 children (79
households) who received 6-wk iron sulfate and a concurrent 2-wk H. pylori eradication therapy. The control group
(113 children from 89 households) received only 6-wk
iron sulfate therapy. There was no difference between the
intervention group and control group regarding SF level,
Hb level, rate of ID, and rate of anemia [defined as Hb
level < 115 g/L (< 11.5 g/dL)] up to 14 mo after treatment initiation. The authors hypothesized that 14 mo
was too early to resolve H. pylori-induced gastric damage,
and therefore out of the 219 children initially enrolled
176 were re-evaluated in a follow-up study performed at
40 mo[68]. Re-infection occurred among 52% of children
who had initially cleared their infection. However, H.
pylori-negative children had lower prevalence of ID [(RR
= 0.62; 95%CI: 0.38-1.01) and ID and anemia (RR = 0.62;
95%CI: 0.03-1.50), compared with H. pylori-positive children[68]. It was concluded that the resolution of H. pylori
infection for > 14 mo modestly reduced the prevalence
of ID and substantially reduced the prevalence of ID
and anemia.
On the basis of the above clinical and interventional
trials, H. pylori infection may be considered a risk factor
for IDA in subjects with large demands for iron and poor
dietary patterns[69]. However, the relationship between H.
pylori and ID may be stronger than that reported, since
most of the above mentioned trials were performed in
geographical areas where both ID and H. pylori infection
are highly prevalent, and where many factors such as malnutrition, vitamin deficits, chronic parasitic infections, and
malaria may have blunted the overall effect of H. pylori
eradication[70]. In this setting, poor response to H. pylori
eradication should be viewed with caution. Thus further
large and well-controlled trials among children living in
areas with high prevalences of H. pylori infection and ID,
will be of value in documenting the extent to which early
infection and subsequent gastrointestinal changes lead
to inadequately reversible hematologic changes. Additional studies should also evaluate the effect of treatment
among other populations with ID, such as those with low
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prevalences of H. pylori infection, more severe anemia, or
concurrent gastrointestinal symptoms.
It has been long established that anemia and IDA in
children are negatively correlated with cognitive development and school performance[71,72]. Recently, Muhsen
et al[73] have retrospectively examined the association
between H. pylori infection and cognitive development
among Israeli Arab school age children from different
socioeconomic backgrounds. H. pylori infection was determined by an Elisa kit for detection of H. pylori antigen
in stool samples. Data on socioeconomic factors and
nutritional covariates were collected through maternal
interviews and from medical records. H. pylori infection
in children living in the high socioeconomic village was
independently associated with impaired cognitive function at early school age assessed by both full-scale Intelligence Quotient (IQ) score and reduced non-verbal IQ
and verbal IQ scores[73]. In the low socioeconomic village
an association between H. pylori infection and cognitive
impairment was not observed, probably due to high levels of H. pylori infection[74]. This retrospective study, however, cannot draw conclusions regarding a causal association between H. pylori and IQ scores because the small
sample size limited the precision of the effect estimates,
and limited the ability to assess the role of the duration
of H. pylori infection and the duration of anemia on cognitive development. Given the association of H. pylori
infection with IDA, further investigations on direct or
indirect effects of H. pylori infection on cognitive impairment in children would be challenging and require large
longitudinal birth cohorts to be examined for cognitive
function at school age[74].

CHRONIC IDIOPATHIC
THROMBOCYTOPENIC PURPURA
cITP is an autoimmune disease characterized by autoantibody-mediated platelet destruction lasting more than
6 mo[75]. The disorder affects both children and adults.
Factors triggering platelet autoantibody formation remain poorly understood. An association with infectious
disease inducing autoimmune disorders in a proportion
of patients has been suggested[76]. Recently, it has been
suggested that H. pylori may play a role in the pathogenesis of cITP, since partial or even complete remission of
thrombocytopenia has been reported in some patients
after eradication of H. pylori[77-80].
Biological mechanisms
Several hypotheses have been proposed regarding the
mechanism by which H. pylori might induce the development of ITP. One is that antibodies to H. pylori components cross-react with platelet surface antigens. In this
regard, it has been proposed that the CagA antigen of H.
pylori could be responsible for the cross-mimicry between
H. pylori and platelet glycoproteins. This hypothesis was
not confirmed by Michel et al[81], who showed that platelet
eluates from three H. pylori-positive ITP patients that re-
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acted with glycoprotein Ⅱb/Ⅲa or glycoprotein Ib failed
to recognize H. pylori antigens. Conversely, Takahashi et
al[82] showed that eluates of platelet-associated immunoglobulin G from twelve (9 H. pylori-positive and 3 H. pylori-negative) out of the 18 ITP patients recognized H. pylori CagA protein, and that in three completely responsive
patients, levels of anti-CagA antibody in platelet eluates
declined after eradication therapy. Likewise, Franceschi et
al[83] noted the disappearance of anti-CagA antibodies in
eight patients who were successfully treated with eradication therapy. This hypothesis could explain the observed
variability in treatment effect in different studies because
it is known that the ratio of CagA-positive strains of H.
pylori varies greatly from country to country[84].
Another potential mechanism is modulation of the
host’s immune system by H. pylori in a manner that promotes the emergence of autoreactive B cells[85]. However,
no significant difference between H. pylori-positive and H.
pylori-negative individuals has been found for non-organspecific autoantibody responses, such as anti-nuclear,
anti-microsome, or anti-smooth muscle antibodies[86].
In a recent paper, Asahi et al[87] showed that the platelet
recovery observed in ITP patients after H. pylori eradication is associated with modulation of the monocyte Fcγ
receptor balance toward the inhibitory Fcγ receptor ⅡB
(FcγRⅡB). In fact, circulating monocytes from H. pyloriinfected ITP patients exhibited an activated phenotype
with enhanced phagocytic capacity and low levels of
the inhibitory FcγRⅡB. Interestingly, this phenotype
reverted to that of H. pylori-uninfected ITP patients after the eradication of H. pylori, but only in the responders[87]. In addition, this change in monocyte phenotype
preceded the improvements in autoimmune and platelet
kinetic parameters. Potential patient selection bias has to
be considered when interpreting the results of that study.
Many patients had relatively long disease duration and
had been treated with prednisolone and/or splenectomy.
In addition, the high frequency of splenectomized patients in the H. pylori-negative group might have affected
the phenotypic and functional properties of circulating
monocytes. Another limitation was the use of peripheral
blood monocytes instead of macrophages in the reticuloendothelial system in the analysis. Genetic influences may
also be implied in the development of thrombocytopenia
in H. pylori infection. Veneri et al[88] analyzed the correlation between H. pylori infection and HLA class Ⅱ alleles
in 39 adult ITP patients by comparing the frequency of
the HLA-DR/-DQ antigens in these patients with that
of 150 healthy bone marrow donors, matched for gender
and age. The frequency of HLA-DRB1*11 and HLA
-DQB1*03 alleles were significantly lower in ITP patients
than in healthy controls. None of the other alleles (HLADRB1*1, *15, *16, *03, *04, *12, *13, *14, *07, *08,
*0910, *1001; and -DQB1*02, *04, *05, *06) was differently expressed in ITP patients and healthy controls. The
39 patients were then compared for the presence of H.
pylori infection: 24 patients were H. pylori-positive and 15
patients were H. pylori-negative. H. pylori-negative patients
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showed HLA-DRB1*03 frequency significantly higher
and HLA-DRB1*11, *14 and HLA-DQB1*03 frequencies significantly lower than in H. pylori-positive patients.
No significant differences in any of the class Ⅱ alleles
were observed in H. pylori-positive patients as compared
with controls. Moreover, on a larger population of ITP
patients, Veneri et al[89] observed that the HLA-DQB1*03
pattern was associated with a higher probability of platelet response to eradication treatment. Despite these suggestive findings, a note of caution should be introduced.
The complexity of the HLA system, the variability of H.
pylori strains, and the yet not well defined pathophysiology of ITP makes this type of investigation very complicated[90]. A higher prevalence of other class Ⅱ alleles
among ITP patients has been described in some human
races[91], although other studies failed to demonstrate a
statistically significant association[92,93].
Effects of H. pylori eradication in children with cITP
According to the Maastricht IV Consensus Conference,
cITP is one of the two extragastric disorders for which
H. pylori infection detection and eradication are indicated, the other being unexplained IDA[9]. In children,
the natural history of cITP is clearly different from that
observed in adults. Spontaneous recovery occurs in one
third of childhood cITP cases from several months to
many years after their diagnosis, whereas only 5% of
adults recover[75,94]. Thus, the effects of H. pylori eradication in childhood cITP could be different from those in
adults. The issue of whether H. pylori eradication has a
beneficial effect on the course of cITP in children has
been the subject of a few apparently contradictory studies with small sample sizes[95-106] and the predominant
use of observational data from retrospective series[95-104].
To the best of our knowledge, only one randomized
controlled trial (RCT) concerning H. pylori eradication in
children with cITP has been published[105]. It is important
to remark that this was a very small trial. Additionally, the
results of pediatric studies are difficult to compare because the prevalence of H. pylori infection and diagnostic
methods vary among them. It is well known that the geographic variation in prevalence rate of H. pylori infection
in children with cITP likely reflects the variation in the
prevalence of H. pylori infection in the general populations of different countries, which is declining during the
last decades in industrialized countries[84]. It is also important to note that most of the studies in children with
cITP have investigated the presence of H. pylori infection using techniques such as serology, urea breath testing, or detection of H. pylori antigen in stool specimens
(Table 2). Only one small case series has also assessed the
H. pylori status by upper gastrointestinal endoscopy[98].
Other variables included differences in ages of patients,
protocol eligibility (i.e. criteria for patient eligibility, eradication schedule, platelet count threshold at enrollment,
and platelet response cut-off), previous and concomitant
therapies, duration of the disease, and follow-up (Tables
2 and 3).
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9/15

1.2 (0.6-24)
yr
14/17 2.3 ± 1.7 yr

7/9

14/10 1.8 (1.3-2.3)
yr
12/25
> 1 yr

24

16

24

1.2-9.5 yr

NR

-

-

9/16

NR

-

32/32

-

-

NR

NR

NR

13/22
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1
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0
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H. pylori
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UBT, or stool
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Stool antigen

Stool antigen

Stool antigen

C UBT

13

8

Stool antigen, 13C
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13
C UBT

0
-

374

9

0

0

6

0

0

0

1

0

No. of
infected
untreated
children
0

8

164

4

6

Stool antigen

3

8

11

2

9

No. of
infected
children

Stool antigen

infection

H. pylori

Diagnosis of

≤ 16

2

112 (4.4-17)

NR

3.82 (0.3-14.3)

12.3 ± 4.35
13.6 ± 2.96

7.5 (6.7-10.2)

7.4 -16.5

-

8.92,3 (3.5-14)

13.2 (4.6-25.1) 12.52 (2-25.1)

5.13 (1.9-9.8)

NR

9 (7-11)

5 (1-13.5)

Age of
infected
children, yr

-

7.8 (5.4-10.7)

4.13
(0.2-13.5)
10.8 (2-16.5)

NR

9 (4-14)

26.5 ± 22.3/335
27.7 ± 22.3/46

29.8 ± 3.8/8

23 (3.0-84.0)/7

100/1 < 50/3

< 50/8

-

< 100/3

< 100/8

< 50/11

50-99/1

-

9

-

33.5 ± 3.8/16

-

NR

50-99/3 < 50/13

8.8 ± 11.3/26

< 100/44

< 100/31

< 50/24

50-99/4 < 50/4

-

9

-

-

34 (3.0-86.0)/9

-

-

5.5 ± 4.7/6

-

-

-

< 50/1

-

9

Age of
PLT count (× 10 /L) PLT count (× 10 / PLT count (× 10 /L)
uninfected
among treated
L) among
among untreated
children, yr H. pylori -positive/No. H. pylori -negative/ H. pylori -positive/No. of
of children
No. of children
children
8.7 (1.8-17.3)
< 50/9
50-99/3 < 50/10
-

In a study from Taiwan, Jaing et al[95] were the first to report successful H. pylori eradication in 9 infected children with cITP, among whom five were in complete or partial
remission over a median of 16 mo follow-up, while four showed no improvement in platelet counts during 8-19 mo follow-up. One potential criticism of the study was that
their results in H. pylori-positive patients might have been biased due to spontaneous recovery, since those patients who showed the greatest increases in the number of platelets
were younger and had a shorter duration of thrombocytopenia than the others. No spontaneous recovery was observed after 6 mo of follow-up in the remaining 13 H. pylori
-negative children. In a study from Italy involving 24 cITP children (8 H. pylori -positive, and 16 H. pylori -negative), Ferrara et al[104] reported that six and two of the H. pylori
-positive children had, respectively, complete and partial remission after the 1-year follow-up after eradication therapy. No significant increase in platelet counts was observed in
the 16 uninfected patients over the follow-up period. In a very small cohort of Japanese children, Hayashi et al[97] evaluated 10 children with cITP, of whom two and eight were H.

Results are given as mean plus or minus standard deviation, or as median (range), unless otherwise noted. 1Concomitant therapy included steroids or other immunosuppressive therapies; 2Age of all patients; 3Mean (range); 4This
series included only infected patients; 5Children with successful eradication; 6Children with unsuccessful eradication. PLT: Platelet; H. pylori: Helicobacter pylori; NR: Not reported.

37

31

18/14

32

> 1 yr

18/29

47

> 6 mo

≥ 2 yr

Neefjes et al[100] 2007,
Netherlands
Wu et al[101] 2007,
Taiwan
Bisogno et al[102]
2008, Italy
Hamidieh et al[103]
2008, Iran
Treepongkaruna et
al[105] 2009, Thailand
Ferrara et al 2009[104],
Italy
Russo et al 2011[106],
Italy

13/26

NR

35

3.9
(0.6-14.5)
yr
4.2 ± 3.2 yr

29 ± 26 mo

Disease
duration

39

6/4

7/10

17

10

13/9

22

No. of Male/
patients female

Loffredo et al[99]
2007, Italy

Hayashi et al[97]
2005, Japan
Yetgin et al[98] 2005,
Turkey

Jaing et al[95] 2003,
Taiwan
Rajantie et al[96]
2003, Finland

Study

Table 2 Baseline clinical features of children with chronic idiopathic thrombocytopenic purpura

Pacifico L et al . Extragastric H. pylori in children

February 14, 2014|Volume 20|Issue 6|

Pacifico L et al . Extragastric H. pylori in children
Table 3 Follow-up and platelet response to Helicobacter pylori eradication therapy among children with chronic idiopathic
thrombocytopenic purpura
9

9

9

9

PLT count (× 10 /L) PLT count (× 10 /L)
among H. pylori among untreated
negative/No. of
H. pylori -positive/No.
children
of children

Follow-up

Bacterial
eradication

PLT count (× 10 /L)
among treated H. pylori
-positive with eradication
success/No. of children

PLT count (× 10 /L)
among treated H. pylori
-positive with eradication
failure/No. of children

Jaing et al[95] 2003,
Taiwan

6 mo

9/9

-

-

50-99/4
< 50/9

Hayashi et al[97] 2005,
Japan

1 yr

1/1

> 150/2
100-150/2
50-99/1
< 50/4
> 150/1

-

NR

> 100/2
NR/6

Yetgin et al[98] 2005,
Turkey
Loffredo et al[99] 2007,
Italy
Neefjes et al[100] 2007,
Netherlands
Wu et al[101] 2007,
Taiwan

1 yr

9/11

< 50/9

< 50/2

-

NR

1 yr

7/8

NA

NA

-

< 100/31

6-9 mo

3/3

≥ 100/3

-

-

51 ± 39.6/30

NR

-

-

-

88.2 ± 89.5/61

64.9 ± 75.8/161
132.7 ± 74.7/92

Bisogno et al[102] 2008,
Italy

6-50 mo

8/8

> 150/3
< 50/5

-

-

Hamidieh et al[103] 2008,
Iran
Treepongkaruna et
al[105] 2009, Thailand
Ferrara et al[104] 2009,
Italy
Russo et al[106] 2011,
Italy

6-11 mo

4/4

-

-

6 mo

7/7

-

1 yr

8/8

-

> 100/1
< 100/7
-

1 yr

33/37

50-99/2
< 50/2
> 100/1
< 100/6
≥ 150/6
100-149/2
> 150/7
50-149/6
< 50/20

> 100/3
50-99/8
< 50/5
NR

< 50/4

-

Study

50-99/7
< 50/9
-

Results are given as mean plus or minus standard deviation, or as median (range), unless otherwise noted. 1On therapy with high-dose methylprednisolone;
2
On therapy with intravenous immunoglobulin. PLT: Platelet; H. pylori: Helicobacter pylori; NR: Not reported.

a partial response (rise of greater than 50 × 109/L relative to baseline) after H. pylori eradication during 6 to 11
mo of follow-up. Regrettably, in both studies by Yetgin
et al[98] and Hamidiet et al[103], follow-up and platelet count
responses in the H. pylori-negative cITP children were not
reported. Furthermore, the use of different thresholds to
define platelet response to eradication therapy in the two
cohorts suggests caution in the generalizability of results.
Further doubts were cast on the role of H. pylori in cITP
by the report from Rajantie and Klemola[96], who were
unable to diagnose H. pylori infection in any of the Finnish children with cITP they studied using a combination
of urea breath test, serology, and stool antigen test. In a
study from Italy, Loffredo et al[99] evaluated 39 children
with cITP, eight of whom were H. pylori-infected and had
H. pylori eradication. Over a 1-year follow-up, the platelet
counts did not show any trend towards improvement in
the infected children and were similar to those of the
uninfected patients. In a subsequent study from Italy,
Bisogno et al[102] reported a platelet response after H. pylori
eradication in three out of eight children but two of the
three patients had a relapse of cITP later. In addition, after 12 to 50 mo of follow-up, 10 of the 16 H. pylori-negative patients had a partial response without any specific
treatment. Therefore, Bisogno et al[102] concluded that it is

pylori-positive and -negative, respectively. One H. pyloripositive child received eradication therapy, and achieved
a significant platelet recovery throughout a follow-up
period of more than 1 year. In the same cohort, Hayashi
et al[97] also showed that two of the eight H. pylori-negative
children had a significant rise in platelet counts during
the follow-up period. In a study from the Netherlands,
Neefjes et al[100] followed-up for 6-9 mo 33 children with
cITP, three of whom were H. pylori-infected and were
treated. Though all three children initially responded to
eradication treatment, in two of them a downward trend
in platelet count was discernible at the end of the study
period. Therefore, with a relatively short follow-up period the authors could not exclude the possibility that the
platelet response was only transient. However, none of
the 30 H. pylori -negative children achieved spontaneous
complete or partial remission during 6 mo of followup[100].
By contrast, in a study from Turkey, Yetgin et al[98]
were unable to see, over a 1-year follow-up, any response
of platelet count (> 50 × 109/L) to eradication therapy in
the 11 H. pylori-positive children with cITP. Likewise, in a
study from Iran, Hamidiet et al[103] reported that none of
the four H. pylori-positive children achieved a complete
response (rise of platelet count above 100 × 109/L) or
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difficult to demonstrate the role of H. pylori infection in
cITP occurring in pediatric age. More recently, in a prospective, controlled, multicenter study from Italy, Russo et
al[106] evaluated 203 children with cITP, of whom 37 were
H. pylori-infected, received H. pylori eradication therapy
and completed a 1-year follow-up. Eradication was successful in 33 (89%) of the thirty seven H. pylori-positive
patients. Platelet recovery was demonstrated in 13 of
the thirty three patients after eradication (39%), whereas
spontaneous remission was observed in 17 (10%) of the
166 H. pylori-negative patients. Finally, in a study from
Thailand, Treepongkaruma et al[105] reported a multicenter
RCT concerning H. pylori eradication in 55 children with
cITP. Of the 16 patients with cITP and H. pylori infection, seven were randomly selected and treated while the
remaining nine did not receive any specific treatment.
Although eradication of H. pylori was successful in all patients in the treated group, the platelet recovery rate was
not significantly different between the H. pylori treatment
group and control group during the 6-mo period.
In conclusion, in view of the published evidence in
children with cITP and the sporadic benefit of H. pylori
eradication on the platelet response, the identification of
a pediatric subpopulation that might most benefit from H.
pylori screening and eradication represents the challenge
of the near future. Further evidence from RCTs enrolling a large number of children with cITP across different
ethnic populations are required not only to assess the
efficacy of eradication therapy but also to allow further
immunologic investigation of the mechanisms behind the
response to eradication therapy[80].

ducted two consecutive prospective, longitudinal cohort
studies in a rural community in the Gambia, and found
that, in both cohorts, children with early H. pylori colonization (as detected by sequential urea breath tests) had
lower values for both length- and weight-for-age z-scores
than their peers in late infancy. The association between
H. pylori colonization in early infancy and growth faltering remained significant after accounting for local growth
patterns, season of birth, and level of diarrheal disease
in the analysis. The deterioration in growth performance
was transient, and follow-up measurements taken several
years later failed to reveal any persistent growth effect
subsequent to early H. pylori colonization, suggesting that
catch-up growth occurred naturally in the Gambian community. Nonetheless, in view of the temporal association
between H. pylori colonization and the onset of growth
faltering, the authors concluded that H. pylori colonization
in early infancy might predispose to the development of
malnutrition and growth faltering among infants in countries such as the Gambia[130].
In the prospective, longitudinal study by Bravo et al[128],
lower-middle class children from Colombia, in general
good health, aged 1-5 years, who tested negative by urea
breath test at baseline, were monitored over the following 2.5 years for anthropometric measurements every 2
mo, and for H. pylori by urea breath test every 4 mo. The
deceleration of growth velocity took place 1 to 2 mo after the onset of infection, and after adjusting for age the
slower growth rate was a fairly constant 0.042 ± 0.014
cm/mo (P = 0.003) less than that of uninfected children.
The effect of H. pylori infection on growth velocity (0.5
cm/year) led to an accumulated growth deficit, which was
not compensated after the infection had been established
for more than 6 mo. No interactions between growth velocity, H. pylori status and the time of exposure, or other
socioeconomic variables were observed. As expected[131],
a limitation of this study was the high intrasubject variability of growth velocity.
In a cohort of urban Colombian preschool children,
in good general health, with a median follow-up of about
500 d, Mera et al[132] prospectively investigated whether a
newly acquired H. pylori infection had transient or permanent effects on growth. Breath tests and anthropometric
measurements were performed every 2 to 4 mo. The
authors observed that the impact of a new infection on
growth velocity was more pronounced during the first 4
mo after infection. There was no height catch-up in infected children, with crowding retarding linear growth, and
after 8 mo, an infected child had a cumulative difference of
0.24 cm (95%CI: 0.22-0.26) compared with an uninfected
child. Newly infected children experienced a significant,
but small, decrease in weight at the first visit compared
with uninfected children, which became non statistically
significant at 4 mo after infection, mostly because of the
tendency of weight measurements to have large variability.
After 6 and 8 mo, the effect disappeared completely. There
was no interaction or relationship with age; the effect was
the same regardless of age at time of infection.

EFFECT OF H. PYLORI ON GROWTH
The available evidence regarding H. pylori infection and
its effect on growth in children remains controversial.
Acute and chronic infections may impair linear growth by
interfering with micronutrient absorption, appetite, metabolism, and related factors[107]. However, human growth
is also dictated by factors such as diet, socioeconomic
status, other infections, and genetics[108]. Thus, accurately
estimating the effect of H. pylori infection on growth is
challenging due to the number of potential confounders,
many of which are inadequately controlled in studies.
There have been many cross-sectional studies[46,57,109-127]
that point to either the presence or absence of an association between H. pylori and decreased height, weight,
or growth. These studies all are limited by the inability to
establish temporal precedence[128,129]. Does infection precede growth retardation, or are both events related to a
third independent event, such as nutritional deficiency?
Longitudinal studies of growth patterns and H. pylori
status
Because of this temporal ambiguity, a number of longitudinal studies have been performed to prospectively
follow-up changes in growth patterns subsequent to
changes in H. pylori status over time. Thomas et al[130] con-
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Egorov et al[133] prospectively assessed the potential effects of new H. pylori infection (defined as positive fecal
antigen test and negative serology) on linear and ponderal
growth in low socioeconomic status young children living
in poor suburbs of Quito, Ecuador. Normally nourished,
mildly and substantially malnourished children (defined
using weight-for-age z-scores at recruitment) formed
one-third each of the study population. Six height and
weight measurements were collected during one year.
The main finding of this study was that new H. pylori
infections were associated with reduced linear growth
in young children. The estimated deficit in the average
growth velocity during one year of follow-up in children
with new infections compared to non-infected controls
was almost 1 cm/year. There was no evidence of catchup growth in children with H. pylori infection. Thus the
results of this study provides further evidence of detrimental developmental effects of H. pylori in young children living in poor economic conditions. The detrimental
effect of new H. pylori infection on linear growth velocity
in these Ecuadorian children was almost twice the 0.5
cm/year effect observed in Colombian children[128]. This
discrepancy may be explained by different source populations. Of note, a strength of the study by Egorov et al[133]
is the use of a socioeconomically homogeneous source
population. The effect of H. pylori on ponderal growth in
these Ecuadorian children was small and non-significant.
Goodman et al[129] prospectively evaluated the effect
of H. pylori on growth among school-age children in
the Colombian Andes by comparing growth velocity in
the presence and absence of H. pylori infection during a
mean follow-up of 2.5 years. H. pylori- positive children
grew on average 0.022 cm/mo (95%CI: 0.008-0.035)
slower than H. pylori-negative children independently of
age, gender, and time elapsed since baseline. The result
was not appreciably altered by adjustment for socioenvironmental factors including presence of intestinal
parasites, community of residence, mother’s and father’
s education, number of siblings, residential stability, type
of housing, number of people in the house, number of
rooms in the house, and household density. A subsequent
study[134] conducted in two cohorts of school-age Andean
children who were followed-up for an average length of
3.7 years, reported the long-term effect of acquiring or
clearing H. pylori infection. After nearly 4 years of observation, through a multivariate height-based growth model
(including variables such as age and the square of age,
gender, father’s education, number of siblings, visit number, type of cohort, H. pylori status, and the interaction
between H. pylori status and visit number), the authors
estimated that children at an average age of 10.1 years
who were not infected with H. pylori were 1.1 cm taller
on average compared with positive children of the same
age[134]. Children who were always H. pylori-positive were
1.76 cm shorter by the end of the observation period
than those who were always negative, and 1.45 cm shorter than those who cleared the infection, after adjustment
for initial values and all other covariates.
Taken together, the results of all these studies point
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to the presence of an association between H. pylori and
growth. None-the-less, additional studies are needed to
provide more information about the clinical and therapeutic outcome of this apparent association in diverse
pediatric populations with different H. pylori prevalences
and risk factors.
Biological mechanisms
The mechanisms by which H. pylori infection may affect growth are largely unknown, but possible mechanisms such as dyspepsia and hypochlorhydria have been
proposed. It has been suggested that H. pylori infection
may reduce food intake because of its association with
dyspepsia[135]. Nevertheless, most infected subjects remain asymptomatic and the proportion of children with
dyspeptic symptoms may be similar among infected
and noninfected children[119]. Though Sood et al[119] suggested that children with dyspepsia and H. pylori infection
were shorter and lighter compared to children without
the infection, this was not significant after adjusting for
confounding factors such as socioeconomic status and
ethnic differences between the two groups of patients. H.
pylori infection causes hypochlorhydria and the loss of the
protecting barrier in the stomach, thus with an attendant
vulnerability to enteric infections, which may, in turn,
cause diarrheal diseases. However, three cohort studies
exploring the association between H. pylori infection and
diarrhea have yielded conflicting results[136-138].
Additionally, H. pylori infection has been reported to
impair growth owing to IDA. In a study that included
adolescents in South Korea, Choe et al[46] found that the
height-for-age mean was less in those who had H. pylori
infection and IDA. The authors concluded that infection,
together with IDA, more than infection per se, may affect
growth. Süoglu et al[57] in a study comprising a population
4-16 years of age found that the mean height-for-age
z-score in H. pylori-infected and ID anemic patients was
lower than that in patients who were non-ID anemic and
negative for H. pylori infection.
Finally, H. pylori gastritis may affect the production
of hormones that control appetite and satiety such as
ghrelin. Ghrelin, a 28-amino acid peptide, possesses
strong growth hormone-releasing activity and plays both
central and peripheral roles in food intake, gastric motility, and acid secretion[139]. This peptide also contributes
to the regulation of both somatic growth and adipose
tissue mass and is therefore a short- as well as long-term
regulator of body weight. The majority of circulating
ghrelin is produced in the mammalian gastric mucosa
by enteroendocrine cells/oxyntic glands, the X/A-like
cells[140]. Thus, there exists the possibility that chronic
persistent damage of the gastric mucosa, such as H. pylori
chronic gastritis, might affect ghrelin production, leading
to changes in food intake and body weight. It has been
speculated that following H. pylori infection, an increase
in gastric ghrelin secretion leads to increased plasma ghrelin levels, resulting in increased appetite, weight gain
and thus obesity[141,142]. It is said that H. pylori is factor that
prevents putting on weight[143]. However, in adults, there
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are contradictory reports on the relationship between H.
pylori infection and ghrelin as well as on the influence of
H. pylori eradication on ghrelin concentrations[141,142,144-147].
Some studies have demonstrated that H. pylori infection
decreased ghrelin secretion[142,148], whereas other studies
have reported that H. pylori infection had no effect on
plasma ghrelin levels[149,150]. Although ghrelin is known to
induce weight gain, in a study with 6 wk of follow-up after H. pylori eradication, plasma ghrelin was increased, but
median body mass index (BMI) was unchanged[141]. In another study, 12 wk following H. pylori eradication, plasma
ghrelin was increased in some subjects and reduced in
others[145]. This controversy may be caused by different
length of follow-up, or different ghrelin profiles (total,
acylated, des-acyl ghrelin, and the ratio of acylated/desacyl ghrelin).
There have been few studies evaluating the relationship between ghrelin and H. pylori infection in children[151-154], with conflicting results on the influence of
eradication of H. pylori on childhood growth and ghrelin
levels. Plonka et al[151] showed that both serum (total)
ghrelin and leptin concentrations were significantly
reduced in H. pylori-infected children when compared
with those in H. pylori-negative children. However, no
information was given on the histological findings as
well as on the association between H. pylori status and
anthropometric measures. In a study involving prepubertal children, we found that serum (total) ghrelin
concentrations were inversely related to the severity of
H. pylori-associated gastritis[152]. In these youngsters, at
the 12-mo follow-up, eradication of H. pylori infection
was associated with a significant increase in BMI, lean
and fat mass along with a significant decrease in circulating ghrelin levels and an increase in leptin levels[152].
Although there is evidence that ghrelin and leptin exert
opposite actions in nutrient intake and metabolic balance[155,156], in our clinical setting including children with
H. pylori-associated gastritis (without atrophic changes
or long-term history of gastritis), ghrelin and leptin responses appeared to be independent of one another[152].
In a study involving children with H. pylori-associated
functional dyspepsia, Deng et al[154] found that at the
2-mo follow-up the plasma (total) ghrelin and gastric
mRNA levels increased significantly in those patients for
whom H. pylori treatment was successful and were not
significantly different in those patients for whom the
H. pylori treatment failed. In addition, the BMI of the
two groups did not differ significantly 2 mo before and
after the H. pylori treatment. Yang et al[153] showed that H.
pylori-infected children had low serum acylated ghrelin
levels,and decreased body weight and height. After the
1-year follow-up, successful eradication of H. pylori restored ghrelin levels and improved childhood growth[153].
Methodological issues including the use of validated
measures to confirm active H. pylori infections, different
ghrelin profiles, different length of follow-up, and differences in populations may partially account for differing
metabolic and anthropometric findings across pediatric
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studies. Based on these observations, the role of H. pylori
in the context of gut-brain interaction and weight gain
has to be better defined in adults as well as in children.

ASTHMA AND ALLERGIC DISORDERS
The severity and incidence of asthma have increased
drastically in the developed nations of the world over
the last decades. Though the underlying reason is still
unknown, clinical, epidemiological and experimental evidence indicate that infectious diseases can influence the
development of allergic disorders[157]. In a case-control
study, Matricardi et al[158] showed that atopy was inversely
related to markers of infections transmitted through the
orofecal route or borne by contaminated hands or foods
(Toxoplasma gondii, H. pylori, hepatitis A virus) but not to
those mainly transmitted through other routes (measles,
mumps, rubella, chickenpox, cytomegalovirus, herpes
simplex virus type 1). These data supported the “hygiene”
hypothesis that in humans inadequate stimulation by
commensals or pathogens of gut-associated lymphoid
tissue, a critical site for maturation of the mucosal immunity, enhances the risk of atopy. At the immunological
level, this hypothesis proposes that early life exposure to
microbial antigens is required for the normal maturation
of the immune system and the generation of protective regulatory T- cell responses. This notion has been
recently revised by Blaser and Falkow[159], who suggest
that the important factor in modern allergic and metabolic diseases might not be our decreased exposure to
the microorganisms in food, air, water or soil, as has been
postulated by the “hygiene hypothesis”, but instead could
reflect the specific loss of our ancestral microorganisms
due to modern health practices (including exposure to
antibiotics) and lifestyle changes. According to the “disappearing microbiota” hypothesis, alterations in human
macroecology have progressively affected the composition of our indigenous microbiota, which in turn has
affected human physiology and, ultimately, disease risk.
Thus the loss of our ancestral indigenous organisms is
not entirely beneficial and has consequences that might
include post-modern conditions such as asthma(and
obesity). As such, it is plausible to consider H. pylori, the
ancient dominant member of the gastric niche[160], since it
has been progressively disappearing[161-163] from individuals in developed countries during the twentieth century,
with secondary alterations in gastric secretory, hormonal
and immune physiology[164,165]. Further, the disappearance of H. pylori has preceded the rise in asthma[166], but
are they related? Several studies have shown negative
associations of H. pylori with asthma, allergy, and atopic
diseases[158,167-175], and more specifically with the pediatric
onset of these diseases[4,165,172,176-178]. However, others have
challenged the validity of these associations[179-184].
Biological mechanisms
There have been several attempts to try to explain the
influence of H. pylori in this regard. Allergic diseases are
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included H. pylori.
Several large cross-sectional and case-control studies have demonstrated an inverse relationship between
asthma and H. pylori especially for CagA-positive strains
and early onset asthma and allergic rhinitis[165,171,173-175].
However, others have reported no associations[179,192,193].
Future prospective, longitudinal studies are needed to
test the strength of the association between H. pylori status and asthma in children from developed and developing countries[183]. Research is also needed to identify the
potential factors that may modify such association[194].

driven by T cells that produce T-helper type 2 (Th2) cytokines and are inhibited by Th1 responses. One of the
suggested underlying molecular mechanisms of this possible preventive effect of H. pylori is that the neutrophilactivating protein of H. pylori (HP-NAP) not only plays a
key role in driving Th1 inflammation, but is also able to
inhibit Th2-mediated bronchial inflammation of allergic
bronchial asthma[185]. Amedei et al[186] showed that the
addition of HP-NAP to allergen-induced T-cell lines derived from allergic asthmatic patients led to a drastic increase in interferon-γ producing T cells and to a decrease
in IL-4-secreting cells, thus resulting in a redirection of
the immune response from Th2 to a Th1 phenotype.
Furthermore, in a mouse model of allergic asthma, both
systemic and mucosal administration of HP-NAP exherted a powerful anti-Th2 activity by strongly inhibiting
the development of airway eosinophilia and bronchial inflammation[185,187]. Likewise, HP-NAP treatment strongly
affected the lung cytokine release. Systemic HP-NAP
also significantly resulted in the reduction of total serum
IgE responses[185,187]. Based on these properties, NAP was
identified as a candidate for vaccination as a preventive
strategy against allergic diseases[186] and NAP might be a
critical molecule of H. pylori with a beneficial effect in allergic diseases[185,187].
Another hypothetical explanation for the inverse association between H. pylori and asthma is that high levels
of regulatory T cells (Tregs) associated with H. pylori
infection may contribute to the prevention of allergic
diseases, while impaired expansion of natural and/or
adaptive Tregs might lead to the development of allergy
and asthma[188].In support of this, a number of studies
have indicated that Tregs play an important role in controlling exaggerated Th2-biased immune responses[188],
and that H. pylori-positive people have higher levels of
gastric Tregs than those without the organism [189,190].
Arnold et al[191] utilized mouse models of allergic airway
disease to experimentally examine a possible inverse correlation between H. pylori and asthma. H. pylori infection
efficiently protected mice from airway hyperresponsiveness, tissue inflammation and goblet cell metaplasia that
are hallmarks of asthma, and prevented allergen-induced
pulmonary and bronchoalveolar infiltration with eosinophils, Th2 cells, and Th17 cells. Protection against asthma
was most robust in mice infected neonatally and was
abrogated by antibiotic eradication of H. pylori. Asthma
protection in infected mice was attributable to an increase
in highly suppressive Tregs in the lungs and impaired
maturation of lung-infiltrating dendritic cells. Systemic
Tregs depletion abolished asthma protection, whereas the
adoptive transfer of purified Treg populations was sufficient to transfer protection from infected donor mice to
uninfected recipients. Thus, these mouse models of H.
pylori-mediated asthma protection provide experimental
support for the “disappearing microbiota” hypothesis[159],
which postulates that the asthma and allergy epidemic of
modern societies is a direct consequence of the disappearance of our ancestral indigenous microflora, which
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DIABETES MELLITUS
The relationship between DM and H. pylori infection is
controversial[195]. According to some studies there is a
high prevalence of H. pylori infection in patients with either type I[196-199] or type Ⅱ[200-203] DM which is correlated
with the duration of DM[197,199], the presence of dyspeptic
symptom[203,204], age[196,198], gender[205], BMI[205], blood pressure[205], fasting glucose levels[205] and HbA1c values[205].
The mechanism by which H. pylori infection increases the
risk of diabetes may involve inflammation or dyspepsia.
Infection with H. pylori has been found to be correlated
with elevated levels of C reactive protein (CRP)[206], IL-6,
and TNF- α [207], which are markers of inflammation
implicated in insulin resistance and development of diabetes[208]. Elevated levels of inflammatory cytokines may
lead to phosphorylation of serine residues on the insulin
receptor substrate, which prevents its interaction with insulin receptors, inhibiting insulin action[208]. Furthermore,
the presence of Gram-negative bacteria, such as H. pylori,
in the gut microbiota leads to increased production of
lipopolysaccharide, which also activates innate inflammatory processes[209]. An alternative hypothesis is that gastroduodenal conditions resulting from H. pylori infection
could delay gastric emptying[210], which has been postulated to cause poor glucose control in insulin-dependent
children with diabetes[211].
On the other hand, other studies have not found a
higher prevalence of H. pylori in diabetic patients and
have not supported any correlation between metabolic
control and infection[212-216]. The presence of micro-angiopathy in patients with DM may be a negative factor for
colonization by H. pylori, because micro-vascular changes
in the gastric mucosa may create an unfavourable environment for the establishment or survival of H. pylori[205].
In these cases the results may be also explained by the
higher number of antibiotics taken by diabetics and, thus,
a more frequent occasional clearance of the infection.
The above conflicting results may be explained by
considering that most previous studies attempting to
clarify the association between H. pylori infection and DM
were limited by cross-sectional analyses. To date, there is
only one prospective study which overcame methodological limitations of previous cross-sectional studies by examining the impact of H. pylori infection on development
of diabetes over a 10-year follow-up period[217]. Recently,

1392

February 14, 2014|Volume 20|Issue 6|

Pacifico L et al . Extragastric H. pylori in children

the influence of H. pylori eradication on the control of
DM, remain to be elucidated. There are few data on
the effects H. pylori eradication on metabolic control
in children with type 1 DM, providing conflicting results[211,219,220,223]. There are even more limited data on the
therapeutic approach to H. pylori infection in diabetic
children, as only one non-randomized study with a small
sample size is available[223]. In that study the eradication
rates of H. pylori with standard triple therapy in a group
of type 1 diabetic children and a group of non-diabetic
children matched for gender and age, were similar.

in fact, in a large prospective cohort of communitydwelling elderly Latinos followed up for 10 years, Jeon et
al[217] showed that individuals who were seropositive for
H. pylori at enrollment were 2.7 times more likely at any
given time to develop DM than seronegative individuals (HR = 2.69; 95%CI: 1.10-6.60), after adjustment for
multiple factors, including age, gender, ethnicity, education, and cardiometabolic risk factors. Thus, the study
by Jeon et al[217] was able to establish the relative timing
of seropositivity and development of DM, giving more
credence to a potential causal relationship. However,
several issues must be considered in interpreting these
results. First, similar studies need to be repeated in other
populations to ensure that the findings are related to the
presence of infection itself and are not a peculiarity of
the H. pylori-infected subjects in their community (i.e., due
to particular dietary or living habits that may be linked to
vulnerability to infection and diabetes). Second, findings
in elderly individuals may not be generalizable to younger
individuals considering that a younger population has a
shorter history of infection. Third, only a small percentage of the population was seronegative for H. pylori (7%),
which limited the power of the study. Finally, evaluation
of the H. pylori infection status depended solely on the
detection of H. pylori IgG antibody without further laboratory assessment such as urease breath testing. The presence of the H. pylori antibody does not distinguish recent
vs historic H. pylori infection.
The prevalence of H. pylori infection and its relation with glycemic control was also studied by a few
researchers in pediatric patients, with discordant results.
Some authors have found a high prevalence of infection
in such patients[198,199,211] and an influence on metabolic
control[218,219]. On the other hand, other studies have
described the lack of any difference in the prevalence
between diabetic and control children[212,220-222], and have
shown no difference in HbA1c, disease duration, and daily insulin requirement in type 1 diabetic children with and
without H. pylori infection[220,221,223]. Taking these conflicting results into account, a recent study assessing the association between H. pylori and levels of HbA1c using data
from 7417 participants in the National Health and Nutrition Examination Survey (NHANES) Ⅲ (aged ≥ 18
years) and 6072 participants in NHANES 1999-2000[224]
is noteworthy. There was a significant interaction between H. pylori and age, such that glucose intolerance was
found to increase the risk of H. pylori colonization only
after 18 years, a finding that persisted when subjects who
had known diabetes or were insulin users were excluded.
The most plausible hypothesis is that H. pylori directly or
indirectly increases levels of HbA1c in adulthood, particularly in obese individuals. In fact, when the population of
older individuals was stratified on the basis of BMI (< 25
and ≥ 25), there was a positive association between H.
pylori positivity and HbA1c levels only among those with
higher BMI.
Also, issues such as the effectiveness of eradication
regimens for H. pylori infection in diabetic children and
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CONCLUSION
Though there is an important pediatric literature on some
extragastric disorders of H. pylori infection, additional
studies are needed to examine the strength of the evidence linking these disorders in children to H. pylori, and
to better understand mechanisms on how H. pylori affects
them in childhood. According to the new guidelines of
Maastrich IV consensus[9], IDA is an extragastric disorder
for which H. pylori infection detection and eradication
are indicated. However, large and well-controlled trials are needed among symptomatic and asymptomatic
children with IDA living in areas with high as well as low
prevalences of H. pylori infection. Likewise, although the
new guidelines are to search and treat H. pylori infection
in patients with cITP, RCTs enrolling a large number of
children across different ethnic populations are required.
Despite the strong association between H. pylori and
growth, further studies are needed to provide more information about the clinical and therapeutic outcome of
this apparent association in diverse pediatric populations
with different H. pylori prevalences and risk factors. Furthermore, longitudinal studies are of paramount importance to test the strength of the association of H. pylori
status with asthma and allergic disorders in children from
developed and developing countries, and to identify the
potential factors that may modify this association. Issues
such as the effectiveness of eradication regimens for H.
pylori infection in diabetic children and the influence of H.
pylori eradication on the control of DM, remain also to be
elucidated.
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components of flagella (11), members of the cytotoxicassociated genes pathogenicity island or other toxins
(8 and 5, respectively), binding and transport proteins
(9), and others (11). A final group, which includes 28
members, is represented by hypothetical uncharacterized proteins. Despite the large amount of data accumulated on the H. pylori secretome, a considerable
amount of work remains to reach a full comprehension
of the system at the molecular level.

Giuseppe Zanotti, Department of Biomedical Sciences, University of Padua, 35131 Padua, Italy
Laura Cendron, Department of Biology, University of Padua,
35131 Padua, Italy
Author contributions: Zanotti G and Cendron L both wrote the
paper.
Supported by the University of Padua grant “Progetto di Ateneo 2011” and by PRIN 2010-2011 “Unraveling structural and
functional determinants behind Helicobacter pylori pathogenesis and persistence”
Correspondence to: Giuseppe Zanotti, Professor, Department of Biomedical Sciences, University of Padua, Viale Colombo 3, 35131 Padua, Italy. giuseppe.zanotti@unipd.it
Telephone: +39-49-8276409 Fax: +39-49-8073310
Received: September 28, 2013 Revised: December 9, 2013
Accepted: January 6, 2014
Published online: February 14, 2014

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

Key words: Helicobacter pylori ; Secreted proteins; Periplasmic space; Secretion signal; Secretome
Core tip: This paper summarizes what is known, from
the molecular point of view, about the proteins that
are secreted by the bacterium and that are generally
grouped under the name “secretome”. These proteins
play a very relevant role in pathogenesis, as secreted
proteins or those that are present on the external surface of the bacterium are responsible of all the interactions with the host.

Abstract
Proteins secreted by Helicobacter pylori (H. pylori ),
an important human pathogen responsible for severe
gastric diseases, are reviewed from the point of view
of their biochemical characterization, both functional
and structural. Despite the vast amount of experimental data available on the proteins secreted by this
bacterium, the precise size of the secretome remains
unknown. In this review, we consider as secreted
both proteins that contain a secretion signal for the
periplasm and proteins that have been detected in the
external medium in in vitro experiments. In this way, H.
pylori ’s secretome appears to be composed of slightly
more than 160 proteins, but this number must be considered very cautiously, not only because the definition
of secretome itself is ambiguous but also because the
included proteins were observed as secreted in in vitro
experiments that were not representative of the environmental situation in vivo . The proteins that appear
to be secreted can be grouped into different classes:
enzymes (48 proteins), outer membrane proteins (43),
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INTRODUCTION
Helicobacter pylori (H. pylori)[1], the bacterium that affects
approximately half of the human population and is
responsible for severe diseases, from peptic ulcers to
gastric cancer[2-4], can be considered a paradigm for the
study of host-pathogen interactions. In fact, as the only
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arranged with 32 symmetry[11] and belonging to the class
of Dps or mini-ferritins[12]. The most relevant activity of
HP-NAP, even if perhaps secondary for the bacterium
itself, is its ability to induce neutrophils to adhere to endothelial cells[13] and its role in immunity, promoting the
T helper 1 immune response[14,15]. Once present in the
outer space, HP-NAP mediates the interaction of the
bacterium with the external surface of the outer membrane of the host cell[16]. HP-NAP is associated with the
outer membrane fraction in patients affected by duodenal ulcers or gastric cancer[17], but this presence could be
due to the release of the protein, normally present in the
cytoplasm, upon autolysis. A similar situation could apply for urease[17,18], the large protein complex responsible
for the hydrolysis of urea and the production of ammonia that allows for the survival of H. pylori in the acidic
environment of the stomach[19]. These proteins, which
have been the subject of several reviews, will not be discussed here. We will mostly concentrate on proteins that
bear a secretion signal and that are consequently secreted
from the bacterium, either to the periplasm or to the
external space to perform a specific function. In addition, proteins that have been experimentally detected as
present in the outer space will be discussed in relation to
their function.
Five major studies have attempted to analyze H. pylori’s secretome as a whole. Bumann et al[20] have analyzed,
using two-dimensional gel electrophoresis followed by
mass spectrometry fingerprinting, the extracellular proteins present in a culture of H. pylori. More than thirty
secreted proteins were detected, and 26 were chemically
identified. A similar proteomic approach, applied by
Kim et al[21], identified eighteen secreted proteins. Notably, five proteins were identified as secreted in both
studies. Two other proteomic studies were performed
using isolates from asymptomatic patients or from those
affected by duodenal ulcers or gastric cancer[17] or by two
different H. pylori strains grown in a defined serum-free
medium[22]. More than 60 unique proteins were identified
in the first study, and more than 165 were identified in
the second study. Most of the identified targets are common between these four studies, but others are not; in
some cases, the identified targets are unique. It is evident
that some drawbacks are present in these approaches:
(1) because proteins present in the medium are detected,
it is difficult to distinguish between molecules that have
actually been secreted from those present due to bacterial lysis; (2) protein secretion can depend upon very
different environmental conditions, and targets can be
missed simply because the conditions for the secretion
of a specific target were not fulfilled; (3) in in vitro experiments, the type of cells used and the growth conditions
can drastically change the secretion profile (in vivo, the
tissue inflammation of the host can also influence the
expression of the proteins of the bacterium); and finally,
(4) some proteins are strain-specific, and in this review,
we have neglected proteins that are not present in the
genome of strain 26695.

bacterium that permanently inhabits the human stomach, its effects on the host can be easily dissected; the
bacterium has adapted itself to living in a peculiar and
unique environment. For example, H. pylori has reduced
its metabolic machinery to a minimum, taking advantage
of all of the nutrients available in the stomach. Consequently, H. pylori possesses a relatively small genome of
less than 1600 genes[5,6] compared to other Gram-negative prokaryotes, such as Escherichia coli, whose genome
includes more than 4000 genes[7]. Despite its small size,
a relevant fraction of its proteins, possibly from 30% to
40%, are annotated as “hypothetical proteins”. The function of some of the latter can be hypothesized based on
a weak homology with proteins of other bacteria, while
that of others is completely unknown.
Among H. pylori proteins, those that are secreted are
particularly relevant in the context of interactions with
the host. The bacterium uses a set of secreted and translocated proteins (outer membrane adhesins, secreted
enzymes, effector proteins, etc.) to adapt itself to the mucosal environment[8]. In addition, most secreted proteins
induce some effect on the host immune system. For example, while the H. pylori-derived inflammatory reaction
is triggered mainly by the binding of bacterial cells to
surface class Ⅱ major histocompatibility complex molecules, the bacterium is able to evade the host immune
response mainly by taking advantage of dendritic cells;
its effects on the host immune system are largely due to
the secretion of an unidentified heat-stable factor from
the bacterium that specifically inhibits interleukin (IL)-12
release from dendritic cells[9]. In addition, the proliferation of lymphocytes was abolished in vitro by a secreted
protein with an apparent molecular weight of between
30 and 60 kDa, distinct from that of vacuolating toxin
(VacA)[10]. Most of the possible effects on the host of
secreted or released proteins have yet to be discovered.
Furthermore, secreted factors represent eligible proteins
for studies aimed at identifying the most promising targets for the development of new antimicrobial drugs.
In this review, we will attempt to summarize the state
of the H. pylori secretome from a molecular point of
view, specifically what is known about the structure and
function of the secreted proteins.

H. PYLORI SECRETOME
The word “secretome” is intrinsically ambiguous. In fact,
the expression “secreted proteins” strictly refers to polypeptides that are transported outside the outer cell membrane through some secretion mechanism. This definition would exclude, for example, integral membrane
proteins present in the outer membrane and, as such,
potentially in contact with the host cells. On the other
hand, there are H. pylori proteins that are highly immunogenic, but they do not possess, at least apparently, a
secretion signal; this is the case, for example, of the neutrophil-activating protein (HP-NAP). HP-NAP is a large
multimeric protein consisting of 12 identical subunits
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Very recently, Müller et al[23] used a proteogenomics
approach to identify N-terminal export signal peptides.
Although these signal peptides identify not only proteins
that are secreted in the medium but also those directed
to the inner or outer membrane or to the periplasmic
space, this approach does not suffer from the aforementioned problem. A total of 72 polypeptide chains bearing an export signal peptide were identified.
In addition to the previous approaches, several papers have reported single secreted H. pylori proteins.
These data are listed in Table 1, where the proteins have
been tentatively grouped according to their function or
to some other rational criteria. In Table 2, we report the
proteins involved in the biogenesis of the outer membrane. Some of these proteins are also secreted, and they
should also be included in Table 1; however, due to their
specialized function, we prefer to group them together.
Proteins involved in outer membrane biogenesis represent a complex system, which deserves a separate study
and will not be covered further in this review.

proximately 100 residues that are conserved in all of the
Hop and Hor proteins define a common scaffold of
amphipathic β-strands forming a β-barrel[27].
While the majority of the bacteria reside in the mucous layer, a minor fraction reaches the epithelium, adheres to the surface, guarantees higher colonization density and efficiency, interacts with gastric cells, contributes
to immune response evasion and delivers virulence
determinants such as CagA toxin and peptidoglycan.
Within the Hop/Hor family, BabA (HP1243, Omp28)
and SabA (HP0725, Omp17) cover a fundamental role
by binding sialylated carbohydrate structures that are
enriched on gastric epithelial cell surfaces and substitute
the naturally occurring Lewis antigens as a consequence
of the strong and chronic inflammation of such tissue
elicited by H. pylori[29].
A key role in adhesion has also been identified for
HopZ (HP0009, Omp1), HorB (HP0127, Omp4), OipA
(Hp0638, Omp13) and finally AlpA and AlpB (HP0912/
Omp20 and HP0913/Omp21), which bind laminin immobilized in the host extracellular matrix[30,31].
Hof (H. pylori outer membrane protein family) is
another Omps subfamily composed of 8 members, two
of which (HofC/Hp0486 and HofD/Hp0487) are exported[23] via an N-terminal signal peptide. Analogously,
HomA (HP0710) is the only member of the Hom protein subgroup that is enriched in the extracellular milieu[22], and HP1512 is the only one of the iron-regulated
Omps - elsewhere labeled as FecA-/FrpB-like members
- that has been identified in the secreted proteome.
HpaA (H. pylori adhesin A), a surface-localized, highly
conserved and quite unique protein (HP0797), has been
initially proposed to play a role in bacterial adhesion as a
sialic acid binding protein and, for this reason, has been
identified as a promising candidate for vaccine development. Nevertheless, contradicting results have accumulated in the literature concerning the localization and
function of HpaA. HpaA was later demonstrated to be a
lipoprotein that plays an essential role in stomach colonization in an in vivo mouse model, whereas no significant
differences were observed in the HpaA isogenic mutant
compared to the wild-type strain under laboratory conditions[17]. HP0492 and HP0410 are putative paralogous
proteins with a high degree of similarity to HpaA, the
latter being identified in the secretome by at least one
of the studies considered here (Table 1). Interestingly,
the crystal structures of both HP0410 and HP0492
have been determined (PDB codes: 3bgh and 2i9i, New
York SGX Research Center for Structural Genomics).
HP0410, HP0492 and HP0797 share a marked degree
of sequence homology, greater than 45%, and the crystal structures of the first two are characterized by a root
mean square deviation between equivalent Cα atoms of
2.4 Å. Both HP0410 and HP0492 monomers show an
elongated α/β fold and assemble into dimers in a twolayer sandwich arrangement: each monomer contributes
a twisted β sheet composed of four extended β strands
facing each other and defining the protein core (interface

OUTER MEMBRANE PROTEINS
The marked H. pylori genetic variability, both in terms of
micro- and genome-wide macro-diversity[24], represents a
great advantage for gastric environment adaptation and
infection transmission. A paradigm of such heterogeneity is represented by proteins that belong to the outer
membrane subgroup (Omps). These proteins localize
on the bacterial surface and are directly involved in the
bacterial-host interaction. Indeed, high variability rates
in the expression profile of a representative subset of
Omps have been observed by comparing different clinical isolates, demonstrating their importance in H. pylori
adaptation to its host[25]. Moreover, in a recent study of
H. pylori genomic evolution during human infection by
mixed strains, the Omps family was affected by a very
high frequency of import and recombination events,
suggesting a positive and diversifying selection acting on
this protein’s subgroup[26].
More than 60 genes coding for Omps have been
predicted by sequencing and comparative genomic approaches[5,27,28], possibly grouped in five paralogous gene
families. The largest family (33 members) is composed
of the Hop (Helicobacter outer membrane porins) and
Hor (Hop-related) proteins, 30 of which have been
identified by mass-spectrometry based studies and
other techniques, as summarized in this paper (Table 1).
Within Hop and Hor, most of the proteins are involved
in bacterial adhesion to the stomach epithelium or form
channels that allow for the passive transport of nutrients
and small hydrophobic molecules. The structures of the
members of this family have not yet been determined.
However, a topology study concerning the HopE porin,
one of the smallest H. pylori Omps, support the hypothesis that, despite the low sequence identity between these
family members, a peculiar C-terminus with alternating
hydrophobic and hydrophilic residues and a core of ap-
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Table 1 Proteins that have been experimentally identified as secreted in one of the reported papers or predicted based on a secretion signal
Label
Name and/or function
Ref.
Outer membrane proteins (Omps)
HP0009
Outer membrane protein (Omp1), HopZ
y
HP0025
Outer membrane protein (Omp2)
b’, y
HP0078/79
Outer membrane protein (Omp3)
y
HP0127
Outer membrane protein (omp4), HorB
b’, y, z
HP0227
Outer membrane protein (Omp5)
b’, y
HP0229
Outer membrane protein (Omp6)
b’, y, z
HP0232
UPF0323 lipoprotein HP_0232
b
HP0252
Outer membrane protein (Omp7), HopF
b’, y
HP0253
Outer membrane protein (Omp8)
y
HP0317
Outer membrane protein (Omp9)
b’, y
HP0324
Outer membrane protein (Omp10)
y
HP0410
Putative neuraminyllactose-binding hemagglutinin
z
HP0472
Outer membrane protein (Omp11)
b’, y, z
HP0477
Outer membrane protein (Omp12)
y
HP0486
Putative outer membrane protein, HofC
b’, y
HP0487
Putative outer membrane protein, HofD
b’
HP0638
Outer membrane protein (Omp13)
y
HP0671
Outer membrane protein (Omp14)
b’, y
HP0694
Putative outer membrane protein
b’, y
HP0706
Outer membrane protein (Omp15)
b’, z
HP0710
Outer membrane protein (HomA)
z
HP0722
Outer membrane protein (Omp16)
y
HP0725
Outer membrane protein (Omp17)
y
HP0797
Neuraminyllactose-binding hemagglutinin, HpaA
b, y
HP0896
Outer membrane protein (Omp19). BabB
b’, y
HP0912
Outer membrane protein (omp20), AlpA
q, u, b’, y, z
HP0913
Outer membrane protein (omp21)
q, u, b’, y
HP0923
Outer membrane protein (Omp22)
y
HP1107
Outer membrane protein (Omp23)
b’, y
HP1125
Outer membrane protein (Omp18), peptidoglycan-associated lipoprotein, PAL
s, y
HP1156
Outer membrane protein (Omp25)
y
HP1157
Outer membrane protein (Omp26)
y
HP1177
Outer membrane protein (Omp27), HopO
b’, y
HP1243
Outer membrane protein (Omp28) BabA
b’, y
HP1342
Outer membrane protein (Omp29)
b’, y
HP1395
Outer membrane protein (Omp30)
y, z
HP1456
Lpp20 lipoprotein
b, y, z
HP1469
Outer membrane protein (Omp31)
b’, y
HP1501
Outer membrane protein, HopW
y, z
HP1512
Iron regulated outer membrane protein
y
HP1564
Outer membrane protein, lipoprotein
u, y
HP1571
RlpA-like lipoprotein
b, y
HP0284
Mechanosensitive ion channel membrane protein
b’
Cag proteins
HP0528
CagX, Cag8
b’
HP0529
CagW, Cag9
b’
HP0532
CagT, Cag12
b
HP0537
CagM, Cag16
b’
HP0540
CagI, Cag19
b’
HP0545
CagD
z
HP0546
Cag25
b’
HP0547
CagA, Cag26
b’, y
Flagellar components
HP0115
Flagellin B, FlaB
y
HP0126
Flagellar P-ring protein, FlgL
b
HP0295
Flagellar hook-associated protein 3, HAP3
y
HP0325
Flagellar L-ring protein
b
HP0601
Flagellin A, FlaA
v, y
HP0752
Flagellar hook-associated protein 2, HAP2
z
HP0870
Flagellar hook protein FlgE
a, y
HP0907
Hook flagella assembly protein FlgD
a, q
HP1119
Flagellar hook-associated protein 1, HAP1
y
HP1462
Secreted protein involved in flagellar motility
y
HP1557
Flagellar hook-basal body protein FliE
a
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PDB code

UniProtKB
Q7X2J7
O24870
O24907/O24908
O24941
O34523
O25015
O25018
O25034
O25035
O25086
O25091
O25166
O25218
O25222
O25230
O25231
O25355
O25382
O25401
O25410
O25414

3BGH

3CWX, 3CWY
4G0H, 4DVY, 4DVZ, 3IEC

Q7X2J9
P55969
O25556
O25570
O25571
O25580
O25735
O25625
O25771
O25772
O25791
O25840
O34523
O25945
P0A0V0
O26005
O26031
O26042
O26084
O26091
O25059
O25263
O25264
P97245
O25270
O25273
O25277
O25278
P55980
Q07911
O25028
O25068
O25092
P0A0S1
P96786
P50610
O25565
O25744
O25998
P67708
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Binding or transport proteins
HP0243
HP0298
HP0508
HP0888/
HP0889
HP0970
HP1073
HP1252

Neutophil-activating protein, HP-NAP

y, z

Periplasmic dipeptide-binding protein, DppA
Plasminogen-binding protein pgbA
Iron (Ⅲ) dicitrate ABC transporter, ATP-binding protein

z
b’
v

Nickel-cobalt-cadmium import protein (NccB)
Copper-binding protein, CopP
Oligopeptide ABC transporter periplasmic oligopeptide-binding protein
(OppA)
YceI-like acidic stress response, lipocalin
ABC transporter periplasmic binding protein (CeuE)

b’
z
b’
a, e, l, u, b’, z
b’

VacA-like protein, ImaA
VacA-like protein, FaaA

d
d

HP1286
HP1561/
HP1562
VacA and other toxins
HP0289
HP0609/
HP0610
HP0887
HP0922
HP0596

Vacuolating cytotoxin VacA
VacA-like protein, VlpC
Tumor necrosis factor α-inducing protein, Tip-α

Enzymes
Redox systems and the electron transport chain
HP0224
Peptide methionine sulfoxide reductase MsrA/MsrB
HP0231
Disulphide interchange protein (DsbG, or DscB or HpDsbA)
HP0330
Ketol-acid reductoisomerase, IlvC
HP0377
Thiol-disulfide interchange protein DsbC
HP0389
Superoxide dismutase, SOD
HP0390
Adhesin-thiol peroxidase, TagD
HP0485
Catalase-like protein
HP0824
Thioredoxin TrxA
HP0825
Thioredoxin reductase, trxB
HP0875
Catalase, katA
HP1136
ATP synthase subunit b
HP1161
Flavodoxin FldA
HP1212
ATP synthase subunit c
HP1227
Cytochrome c-553
HP1266
NADH-ubiquinone oxidoreductase, NQO3 subunit
HP1458
Thioredoxin TrxC
HP1461
Cytochrome c551 peroxidase
Putative solenoid proteins
HP0160
Beta-lactamase HcpD
HP0211
Beta-lactamase HcpA, Cysteine-rich 28 kDa protein
HP0235
Beta-lactamase HcpE
HP0336
Beta-lactamase HcpB
HP1098
Beta-lactamase, Cysteine-rich protein C HcpC
HP0519
Hypothetical Sel1-like protein
HP0628
Hypothetical Sel1-like protein
HP1117
Hypothetical Sel1-like protein, Cys-rich protein X
HP1124
Tetratricopeptide-like repeat protein
Proteases
HP0570
Aminopeptidase, PepA
HP0657
Processing protease (YmxG)
HP1012
Putative Zinc protease
HP1018/
Serine protease (HtrA)
HP1019
HP1037
Amino peptidase
HP1350
Carboxyl-terminal protease
Other enzymes
HP0026
Citrate synthase
HP0072
Urease B (UreB)
HP0073
Urease A (UreA)
HP0154
Enolase, phosphopyruvate hydratase, eno
HP0194
Triosephosphate isomerase, tpiA
HP0275
ATP-dependent nuclease (addB)
HP0294
Aliphatic amidase, AimE
HP0310
Polysaccharide deacetylase
HP0323
Membrane-bound endonuclease (nuc)
HP0380
Glutamate dehydrogenase
HP0392
Histidine kinase, CheA
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1JI4, 4EVB, 4EVC, 4EVD,
4EVE, 3T9J, 3TA8

O25069
O25249
O05732

1YG0

3HPE

a, b, g, u, z
2QV3
d
f, m, n
3VNC, 3GUQ, 3GIO, 2WCQ,
2WCR

b’
a, q, u
z
a, b’
x
y
b’
a, w
b’
x, b’,z
b’
a
b’
b
z
a, u, z
b’
b, o, p
b, o, p, b’
b, o, p, b’
o
a, b, o, q, t, b’, z
p
p
p
b’

P43313

3TDG
4FYB, 4FYC
3CEI

3ISH, 2Q0K, 2Q0L
2IQF, 2A9E, 1QWL, 1QWM
2W5U, 2BMV, 1FUE

1KLX
1OUV

O25623
Q48271
O25845
O25873
O26083/
O26082
O25063
O25330/
O25531
P55981
O25579
O25318

O25011
O25017
O25097
O25140
P43312
O25151
O25229
P66928
P56431
P77872
P56086
O25776
P56087
O25825
O25856
O25996
O25997
O24968
O25001
O25021
O25103
O25728
Q7X5D6
O25345
O25742
O25749

z
b’, z
z
a, f, q, r, z

O25294
O25371
O25656
O25663

b’
z

O25681
O25905

z
a, q, v, y
y
z
b’
b’, z
z
z
b’, y
z
b’

1E9Y, 1E9Z
1E9Y, 1E9Z
2JGQ

3QBU, 4LY4

P56062
P69996
P14916
P48285
P56076
O25025
O25067
O25080
O25090
P55990
O25153
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HP0672
HP1118
HP1178
HP1186
HP1375
Others
HP0010
HP0011
HP0166
HP0305
HP0743
HP1000
HP1126

Member of the PLP-dependent aminotransferase superfamily clan, AspB
γ-Glutamyltranspetptidase
Purine nucleoside phosphorylase DeoD-type
Carbonic anhydrase
UDP-N-acetylglucosamine acyltransferase, LpxA

z
a, q, b’, z
b’
a, q, z
z

GroEL, HSP60
GroES
Response regulator, ArsS
Putative human regulator of G protein signaling 12
Rod shape-determining protein
PARA protein
Protein TolB

c
z
z
u, b
y
b’
b

HP0827
ssDNA-binding 12RNP2 precursor
HP0835
Histone-like DNA-binding protein HU
HP1v1
Ribosomal protein L1
HP1202
Ribosomal protein L11
Hypothetical proteins
HP0122
Hypothetical uncharacterized protein
HP0129
Hypothetical uncharacterized protein
HP0130
Hypothetical uncharacterized protein
HP0135
Hypothetical uncharacterized protein
HP0149
Hypothetical uncharacterized protein
HP0169
Hypothetical secreted colagenase
HP0204
Hypothetical uncharacterized protein
HP0367
Hypothetical uncharacterized protein
HP0555
Hypothetical uncharacterized protein
HP0583
Hypothetical uncharacterized protein
HP0659
SurA N-terminal domain protein, SurA chaperone of outer membrane proteins
HP0719
Hypothetical uncharacterized protein
HP0720
Hypothetical uncharacterized protein
HP0721
Sialic acid-specific adhesion, metal homeostasis
HP0781
Hypothetical uncharacterized protein
HP0783
Hypothetical uncharacterized protein
HP0902
Hypothetical uncharacterized protein
HP0953
Hypothetical uncharacterized protein
HP0973
Hypothetical uncharacterized protein
HP1023
Hypothetical uncharacterized protein
HP1055
Hypothetical uncharacterized protein
HP1056
Hypothetical uncharacterized protein
HP1057
Hypothetical uncharacterized protein
HP1173
Hypothetical uncharacterized protein
HP1285
lipoprotein, e(P4) family
HP1454
Hypothetical uncharacterized protein
HP1527
Hypothetical uncharacterized protein
HP1580
Hypothetical uncharacterized protein

u
u
u
u
b
u
b’
b
b’
b
b’
a
b’
b’
b’
b’
u
i, u
b’
b’
u
b’, z
u, b’
b’
b’
b’
b’
a, b, z
b’, z
a, z
b’
b’

3EZS
3FNM, 2QM6, 2QMC, 2NQO

1J2Z

O25383
O25743
P56463
O25798
O25927
P42383
P0A0R3
O24973
O25076
P56098
O25646
O25751

2KI2

2XRH

O25501
O25506
P56029
P66052
P64653, O24940
O24943
O24944
P64655, O24948
O24960
P56113
O24996
O25131
O25382
O25305
O25373
O25421
K4NCD4
O25423
O25470
O25742
O25562
O25607
O26525
O25270
O25695
O25696
O25697
O25787
O25872
O25993
O26055
O26100

The first column refers to the symbol for strain ACT 700392/26695, the third to the reference, the forth to the PDB ID code if the X-ray structure has been
determined, and the fifth to the UniProtKB code. The proteins are grouped according to their function, as explained in the text. a[20], b’[23]; (b refers to proteins having a signal peptide as reported in Supplementary Table mmc4 of reference[23]), c[142], d[84], e[72], f[151], g[152], h[153], i[148], l[74], m[154], n[88], o[112], p[116], q[123],
r[119], s[155], t[156], u[21], v[75], w[91], x[102], y[17], z[22].

area > 930 Å2), with each monomer being surrounded
by four α-helices and a long loop and packed on one
face of the β-sheet at the opposite sides of the dimeric
assembly (Figure 1).
Finally, our classification includes some lipoproteins
from the Omps subgroup, including a homolog of the
peptidoglycan-associated lipoprotein PAL (HP1125), an
RlpA-like lipoprotein (HP1571), and other lipoproteins,
such as HP0232 and HP1564. The HpaA protein and its
paralogs should also be included in this subgroup. For
more comprehensive reviews[28,32].

mate the role of the cytotoxic-associated genes pathogenicity island (cag-PAI) in H. pylori virulence[33-35]. The cagPAI is a genomic insert of 27-28 genes that are present
in all type Ⅰ strains of H. pylori and are absent in type
[36-38]
. The cag-PAI encodes an effector protein,
Ⅱ strains
CagA [Proteins coded by cag-PAI are labeled by the suffix Cag followed either by a Latin or Greek letter, such
as CagA, CagB … CagZ, Cagα, etc., or by a number from
1 to 28. Proteins of the type Ⅳ secretion system (T4SS)
of Agrobacterium tumefaciens, the best characterized among
them, are labeled VirB1, VirB2, etc. The correspondence
between Cag proteins belonging to type Ⅳ secretion
system and VirB proteins is, in most cases, well defined]
for a T4SS and for other accessory proteins (for a recent
review, see[39,40]). Intensive studies have been carried out

CAG-PAI PROTEINS
Among the secreted proteins, it is difficult to underesti-
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[153]

Table 2 Outer membrane biogenesis complex components
Label
HP0785
HP0787
HP1568
HP0715
HP1569
HP1216
HP1546
HP0362
HP1498
HP1082
HP0655
HP1378
HP0786
HP1300
HP1203
HP1255
HP1550
HP1549
HP1551
HP1540
HP1152
HP0763
HP0320
HP1060
HP1061
HP0175
HP1019

Protein symbol

Name and/or function

Ref.

lolA
lolC (lolE)
lptA
lptB
lptC
lptD
lptE
lptF
lptG
msbA
bamA
bamD
secA
secY
secE
secG
secD
secF
yajC
yidC
ffh
tfsY
tatA
tatB
tatC
surA
degP

Periplasmic chaperone
Integral membrane protein
Periplasmic chaperone
Inner membrane (IM) ATP-binding-cassette transporter domain
IM associated lipoprotein
Outer membranes (OM) lipopolysaccharide (LPS) transport protein
OM-associated lipoprotein
Integral membrane protein
Integral membrane protein
IM LPS flippase
OM β-barrel assembly component
OM-associated lipoprotein
Preprotein translocase subunit
Preprotein translocase subunit
Preprotein translocase subunit
Preprotein translocase subunit
Preprotein translocase subunit
Preprotein translocase subunit
Preprotein translocase subunit
IM protein translocase component
Signal recognition particle (SRP)
SRP receptor
Sec-independent translocase
Sec-independent translocase
Sec-independent translocase
Peptidyl-prolyl cis-trans isomerase
Serine protease

b', b

b', b
b'

a, b', q, u, z

a[20], b’[23]; (b refers to proteins having a signal peptide as reported in Supplementary Table mmc4 of reference[23]), q[123] u[21], z[22].

(proteins or protein-DNA complexes) to and from other
organisms[41]. In the case of H. pylori, its major function
is the translocation of the CagA effector, and possibly
peptidoglycan, into the host cell. In addition, cag-PAI
T4SS induces the production of IL-8 from the host, an
event independent of CagA translocation[42,43]. CagA is a
protein that varies in size from 125 to 145 kDa and that
does not bear any significant sequence similarity with
other proteins. Once injected into the host cell, CagA
is tyrosine-phosphorylated by endogenous kinases at
several EPIYA motifs, triggering the binding of CagA
to multiple signaling proteins of the host cell. The ability of CagA to interfere with several signaling cascades
(including the induction of membrane dynamics, actincytoskeletal rearrangements, the disruption of cell-cell
junctions, and the proliferative and pro-inflammatory
responses) supports the theory of the “master key”, i.e.,
that CagA contains several interaction domains, each
able to bind to different SH2 domains and, in doing so,
hijacking different pathways[44]. Very recently, the crystal
structures of two large N-terminal portions (residues
1-876 and 1-884) of CagA were obtained[45,46]. This protein comprises three domains and, despite the absence
in the crystal structure of some flexible segments, its
structure provides a structural basis for understanding
the interaction with the targets (Figure 2).
The cag-PAI includes some structural components
and other accessory proteins necessary for its assembly,
totaling approximately fifteen polypeptides[39,40]. We currently lack a three-dimensional structure of the T4SS
core complex of H. pylori, but the structures either from

Figure 1 Cartoon view of the superimposed Cα traces of HpaA paralogs.
HP0410 dimer (3bgh, green) and HP0492 dimer (2i9i, red and light blue). Cα
root mean square deviation between equivalent atoms corresponds to 2.4 Å.

in the last decades regarding the role of cag-PAI proteins,
specifically the effector protein CagA and T4SS components, and their effects on host cells. The latter is a needle-like structure (also called pilus) that crosses the inner
and outer membrane of the bacterium and protrudes
from the bacterial surface. In general, T4SS systems are
used by Gram-negative bacteria to exchange material
WJG|www.wjgnet.com
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A

B

Figure 2 Cartoon model of Cag proteins. A: The N-terminal portion of cytotoxic-associated genes, CagA, the effector protein injected into the host cell through type
Ⅳ secretion system. The three domains (residues 24-221, blue; 303-644, yellow; 645-824, salmon; coordinates from PDB 4DVY) are shown in different colors; B:
CagD dimer. The two monomers are linked together by a disulfide bridge between the two C-terminal β-strands. Coordinates from PDB 3CWX.

X-ray diffraction[47] or electron microscopy[35] of the core
portion of the T4SS from the plasmid pKM101 that
crosses the inner and outer membranes can be used to
figure out the architecture of H. pylori T4SS. In addition,
several studies on the localization, protein topology predictions and determinations, localization and functional
studies of the cag-PAI VirB homologs have suggested
an overall model of the T4SS[48-51]. In particular, there
is a general consensus that the external pilus is made by
a large number of copies of CagC (VirB2), plus some
CagL (VirB5), while the trans-membrane core complex
is formed by CagY, CagT and CagX (VirB7, VirB9 and
VirB10, respectively)[40,52]. The composition of the cytoplasmic side of the T4SS is less clear, as several components with various functions are included: three ATPases
(Cag α /VirB11, Cag β /VirD4 and CagE/VirB3/4),
CgaV/VirB8 and CagW/VirB6. The exact role and localization of the other components (CagM, Cagδ, CagN,
CagU, CagH) is less clear, but still they appear to be
essential components of the T4SS[40]. Two hypotheses
have been proposed regarding the activation of pilus
formation and its binding to the host cell receptor: that
the binding to integrin β1 is mediated by CagL[53] or by
CagA, CagI and CagY[54].
The number of genes included in the cag-PAI is
greater than that required for the assembly and operation of T4SS. The role of the other genes is sometimes
defined (for example, Cagγ is the peptidoglycan hydrolase that allows for the insertion of the system in the
periplasm), but for others it is not. For example, CagF
is essential for CagA secretion[55], similar to the complex
Cagβ-CagZ[56]. In other cases, the role of the protein is
ambiguous. An example of the latter is represented by
CagD, a protein that is present mainly in the periplasmic
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space. CagD is essential for CagA translocation, but it
only reduces the induction of IL-8 without totally abolishing it[57]. Finally, some cag-PAI components, including
CagS, are not essential for CagA translocation[58].
The crystal structures of four proteins of the H. pylori cag-PAI are known: Cagα[59,60], CagZ[61], CagS[62], and
CagD[57] (Figure 2). A molecular model of some other
proteins can be constructed by homology modeling using the structure of orthologs from other species. To
summarize, we are beginning to develop a clear picture
of the structural aspects of H. pylori T4SS, but we still
lack most of the functional and structural data on this
secretion system, which is more complex and sophisticated than the classical T4SS in other gram negative
bacteria. In particular, our knowledge regarding the role
of the accessory components of the cag-PAI is quite limited, and much remains to be discovered.

FLAGELLA COMPONENTS
Flagella are of paramount importance for H. pylori, as
they are necessary for survival of the bacterium in the
stomach, particularly during the initial phases of infection[63,64]. In fact, for the bacterium to survive and colonize the host, it has to avoid the very acidic milieu of the
stomach lumen and its periodic mechanical clearance. H.
pylori is able to swim through the mucus layer and adhere
to gastric epithelial cells thanks to flagella and to the
presence of several outer membrane adhesins. In contrast to many other Gram-negative bacteria, Helicobacter
(and Campylobacter) species possess an unusual velocity in
viscous media, possibly due to their helical shapes and
to the presence of exclusively polar flagella[65]. Flagella
are complex organelles composed of approximately 30
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Table 3 Flagella components
Protein symbol

Symbol

Name or proposed function

FlaB
FliR
FlgJ
FlgI
FliJ
FlgL
FlgH
FliF

HP0115
HP0173
HP0245
HP0246
HP0256
HP0295
HP0325
HP0351

Q07911
O24978
P64657
O25028
O25037

FliG
FliH
FliO
FliN
FlaA
FliP
FlgR
FliD
FliS
FliT
FlhB

HP0352
HP0353
HP0583
HP0584
HP0601
HP0685
HP0703
HP0752
HP0753
HP0754
HP0770

MotA
MotB

HP0815
HP0816

Flagellin subunit
Export component
Rod capping protein; muramidase
P-ring protein; part of bushing; internal disulfide bridge
General chaperone
Hook-associated protein 3; second hook-filament junction protein
L-ring protein; part of bushing; lipoprotein
MS-ring protein; mounting flange for rotor/ switch and rod; housing for
export apparatus
Rotor/switch protein; torque generation; strong interaction with MS ring
Negative regulator of FliI
Export component
C ring; rotor/switch protein
Flagellin subunit. Polymerizes with FlaB
Export component
Transcriptional activator of flagellar proteins
HAP2; filament-capping protein; flagellin folding chaperone
FliC-specific chaperone
FliD-specific chaperone
Export component; substrate specificity switch; target for soluble export
complex
Stator protein; exerts torque against rotor/switch
Stator protein; converts proton energy into torque

FlgE
FliK
FlgD
FliM
ylxH
FlhF
FlhA
FliS-chaperon
FlgG_1
FlgK
FliW1
pFlA
FliW2
FliQ
FliI
FliC
FlgN
FlgA
FliE
FlgC
FlgB
FlgG
FlgF

HP0870
HP0906
HP0907
HP1031
HP1034
HP1035
HP1041
HP1076
HP1092
HP1119
HP1154
HP1274
HP1377
HP1419
HP1420
HP1450
HP1457
HP1477
HP1557
HP1558
HP1559
HP1585
HP1585?

Hook protein
Hook-length-control protein
Hook-capping protein
C ring; rotor/switch protein; target for CheY-P binding
Flagellum site-determining protein YlxH
Flagellar biosynthesis protein
Export component; target for soluble export complex

P50610
Q4FEW5
O25565

HAP1; first hook-filament junction protein
Flagellar assembly factor FliW1
Paralysed flagella protein
Flagellar assembly factor FliW2
Export component
ATPase; drives type Ⅲ flagellar export
Filament protein; flagellin
FlgK-, FlgL-specific chaperone
Chaperone for P-ring protein
MS-ring rod junction protein; export gate
Rod protein; transmission shaft
Rod protein; transmission shaft
Distal rod protein; transmission shaft
Rod protein; transmission shaft

UniProtKB code Protein Data Bank code or
homology model

Model
O25092
O25118
O25119
O25120
O25305
O25306
O25394
O25408
P96786
O25448
O25449
P56416
P65410
P56427

O25678
O25679
O06758
O25724
O25744
O25769
O25864
O25929
POAO53
O07025
O25995
O26012
P67708
O26080
O26081
O26104

Model
4FQ0, 3USY, 343
Model
Model

Model
3IQC
Model

3S02, 3S03, 3S06, 3S0H,
3S0W, 3S0Y, 3CYP, 3CYQ

Model
4GC8
Model
Model
3MYD
3K1H, 3K1I
Model
Model
Model
Model
Model

Model

The first column refers to the protein symbol, the second to the symbol used for strain ACT 700392/26695, the third to the protein name, the fourth to the
UniProtKB code, and the fifth to the Protein Data Bank code, if a three-dimensional structure exists, or to the model if it is possible to build an homologybased molecular model.

located in the periplasm; and (3) the hook, present on
the surface. An exhaustive description of the organelle is
outside of the scope of this review, and the reader is directed to more specialized papers. Here, we want to indicate that the three-dimensional structures of only 5 proteins of H. pylori flagella (including flagellar chaperons)
have been determined, but another 16 molecular models
can be constructed by homology modeling through, for
example, an automatic server[70], thanks to the structures
of homologs from other species.
As a final comment in this section, we want to indi-

different proteins, but many other proteins are necessary
for flagella expression and assembly. At least 45 proteins
(listed in Table 3) can be identified as members of flagella or as necessary for flagella assembly in H. pylori.
The structural organization and control of flagella
in Gram-negative bacteria have been thoroughly studied[65-69]. A flagellum can be divided in two main portions,
the hook-basal body and the extracellular filament. The
former, in turn, can be divided into three substructures:
(1) the base, localized in the inner membrane and spanning to the cytoplasm; (2) the rod and ring structures,
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A

B

Figure 3 Binding and transport proteins. A: Cartoon model of HP1286 lipocalin dimer. The two monomers, related by a two-fold axis, bind in the inner cavity a molecule of erucamide (silver spheres; PDB 3HPE); B: Nuclear magnetic resonance structure of apo-CopP, a copper binding regulatory protein of 66 amino acid residues
(PDB 1YG0).

cate that not all of the proteins that are flagella components are listed as “secreted” proteins in Table 1, similar
to proteins of the cag-PAI. This result can be explained
in different ways: (1) some of the polypeptide chains are
part of a larger complex and are secreted along with a
component that bears a secretion signal; (2) some proteins were never detected as secreted until now; and (3)
some proteins are secreted through a secretion system
that has yet to be identified, different from Sec. Regardless of the explanation, Table 1 does not include all of
the H. pylori proteins that are actually exported into the
external space but most likely includes some proteins
that are not actually secreted (see below).

heterologous system, it cannot be stated that the chemical compound found in the protein cavity is the natural
ligand, but the shape and the electrostatic properties of
the cavity suggest that the natural ligand is a fatty acid or
an amide with a linear chain of approximately 22 carbon
atoms. In addition, the protein in the crystal is a dimer,
and the buried surface suggests that it is a physiological
dimer. This fact is quite unusual, as all of the structurally characterized lipocalins are monomeric, and HP1286
represents the first dimeric member of the family. Because HP1286 is secreted and is involved in the adaptation to the acidic environment, we can speculate that its
function could be sequestering specific fatty acids from
the environment, but the exact physiological function
remains elusive.
hp1561 and hp1562 are two homologous genes that
code for proteins belonging to the CeuE family. These
proteins are designated as CeuE1 and CeuE2, and they
possess 335 and 333 amino acids, respectively, with a
sequence identity of 86%. Both are annotated in the
UniProt database (http://www.uniprot.org/) as “Iron
(Ⅲ) ABC transporter periplasmic iron-binding protein”.
These proteins have a signal sequence for export to the
periplasm. Crystallographic data, binding assays and
in vivo studies indicate that CeuE1 is able to bind and
transport specific metals complexed by exogenous metallophores. The protein is not secreted in the external
medium, but it is located in the periplasmic space, and its
function is to transport the metal ion to an adenosinetriphosphate binding cassette (ABC) transporter, corresponding to HP0888/HP0889, also designated FecD.
Note that HP0888 is listed among the secreted proteins
(Table 1) and, in fact, is considered highly immunogenic[75], whereas HP0889 does not bear a secretion signal.

BINDING AND TRANSPORT PROTEINS
Few H. pylori proteins that can be classified as binding or
transport proteins are secreted. A significant example is
HP1286, a protein that presents a secretion signal at the
N-terminus[23] and has been found in the culture medium
in three different studies[20,71,72]. This protein is overexpressed under acidic stress conditions, along with other
virulence factors[73]. The crystal structure has been determined[74], demonstrating that HP1286 belongs to the lipocalin family, a group of binding proteins that are characterized by the presence of a molecular core formed by
an eight-stranded β-barrel that forms a cavity where the
ligand is eventually hosted (Figure 3). In the crystal, the
HP1286 cavity is occupied by erucamide, the amide of
erucic acid. The latter is quite common in nature, being
a component of several edible oils. Erucic acid is suitable for human consumption, but only at relatively low
doses because a high amount can be toxic for humans.
Because the protein for crystallization was expressed in a
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A similar situation is represented by the pair HP0298/
HP1252. The former is annotated as a periplasmic dipeptide-binding protein (PgbA), whereas the second is classified as an ABC transporter, OppA, corresponding to the
substrate-binding domain of an oligopeptide transporter
(OppABCD)[76].
The hp0970 and hp1073 genes are involved in metal
homeostasis. HP1073 belongs to a cluster of three
proteins, CnxC (HP0971), CnzB (HP0970), and CnzA
(HP0969), which form a Czc-type metal export pump and
are required for cadmium, zinc and nickel resistance. In
addition, these proteins are involved in urease modulation
and gastric colonization[77]. HP1073, CopP, is a copperbinding regulatory protein of 66 amino acid residues (Figure 3). This protein binds Cu (Ⅰ) through a classic CXXC
motif[78].
The last secreted binding-protein, HP0508, is a polypeptide chain of 452 amino acids annotated as the plasminogen-binding protein PgbA. The recombinant protein
has been expressed in E. coli and binds plasminogen. It
has been hypothesized that the enzyme may allow H. pylori
to coat its surface with plasminogen that, once bound to
plasmin, could enhance the virulence of the bacterium[79].

and to form anion-selective pores at low pH, a feature
that strongly correlates with its vacuolization effects. The
p33 subunit defines the core of the membrane channel,
while p55 localizes to the peripheral arms. The latter,
which corresponds to the so called autotransporter passenger domain, has been characterized by X-Ray diffraction studies (PDB code 2QVE); it is organized as a righthanded parallel β-helix with a small (75 amino acids)
globular C-terminal appendage[83] (Figure 4).
Three proteins (ImaA/HP0289, FaaA/HP0609-10,
and VlpC/Hp0887), exported by the type Ⅴ autotransporter machinery and localized to the bacterial cell surface, have been identified as VacA-like proteins. Similar
to the vacuolating toxin A, these proteins are classified
among the largest multidomain H. pylori proteins (larger
than 250 kDa), and they share multiple copies of a VacAconserved motif (pfam03077) and the typical N- and
C-terminal export motifs for the type Ⅴ export pathway.
A mouse model of infection demonstrated that all of the
Vac-like proteins are upregulated in vivo, and the corresponding mutants show a clear deficiency in colonization
and persistence compared to the wild type bacteria[84]. In
particular, FaaA enriches in the flagellar sheath and contributes to the stability, functionality and proper localization of the flagella. ImaA (immunomodulatory autotransporter protein A) expression is upregulated under acidic
stress conditions and stimulates the induction of IL-8
chemokine as well as TNF-α in AGS cell culture[85].
HP0569 has been identified within the pull of secreted and highly immunogenic factors of H. pylori. HP0569
dimers (38 kDa) localize to the periplasm, attached to
the inner membrane and to the secreted medium. This
protein is capable of penetrating gastric cells and possibly enters the nucleus. HP0569 has been named tumornecrosis-factor α inducing protein (Tip α ) because
it strongly stimulates the expression of the cytokine
TNF-α as well as nuclear factor kappa B (NF-KB) and
multiple chemokines in gastric cell lines. Such a cascade
of pro-inflammatory events, which correlates with cancer progression, convinced the authors to classify Tipα
as a carcinogenic factor[86].
The crystal structure of Tipα (Figure 4) was determined in 2009[87,88] at two different pH values, indicating
that full length Tipα is a dimer and adopts a novel fold
consisting of an α-β sandwich combined with a fourhelix bundle domain. Tipα’s dimeric association seems
to involve the presence of a disulfide bridge only under
acidic pH levels, but not at higher pH values. The structure can be divided into three main motifs that suggest
a propensity to protein-protein or protein-DNA interactions: an N-terminal flexible extension, a dodecin-like
domain and a SAM-like domain.

VACA AND OTHER TOXINS
The VacA (HP0289) protein represents one of the major secreted virulence factors of H. pylori. The name
VacA is derived from its capability to be internalized and
to induce the formation of intracellular vacuoles as the
result of the osmotic swelling of late endocytic compartments. A large variety of additional cytotoxic functions
has been attributed to VacA in the last 10 years of extensive characterization, such as altering the endosomal
function, inhibiting T-cell proliferation, internalizing and
damaging mitochondria, and inducing apoptosis, among
others (Reviewed in[80,81]). While the mature form of the
toxin corresponds to a 88-kDa species, the pro-protein
(140 kDa) accounts for further N-terminal and C-terminal fragments that undergo multiple processing steps
that are required for the export and maturation of VacA.
Indeed, similar to other Gram-negative bacterial proteins
that are secreted by the type Ⅴ pathway, VacA includes
both an N-terminal signal peptide to cross the inner
membrane through a Sec machinery and a C-terminal
β-barrel motif that is required for insertion into the
outer membrane. The latter allows for the auto-export
of the so called autotransporter passenger domain, characterized by a right-handed β-helix topology, highly conserved despite the fact that the corresponding sequences
show poor homology among the family members. The
active secreted VacA toxin might be further processed
into two main subunits, an amino-terminal 33-37 kDa
fragment (p33) and the subsequent 55 kDa autotransporter passenger domain (p55); the two associate into
hetero-oligomers composed of 6-7 subunits forming
two rings with a “snowflake” shape, as demonstrated by
electron microscopy[82]. Such multimerization confers to
VacA the capability of being inserted into lipid bilayers
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ENZYMES
Several secreted proteins with enzymatic activities were
identified and are listed in Table 1. In this chapter, the
description of these proteins has been organized according to their functional similarities.
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B

Figure 4 Toxins. A: Cartoon model of the p55 domain of vacuolating toxin (VacA) (coordinates from PDB 2QV3). The structure is a predominantly right-handed parallel β-helix, and the domain mediates the binding of VacA to the host cell; B: Cartoon model of a truncated form of tumor-necrosis-factor α (TNFα) inducing protein, a
virulence factor that enters gastric cells and stimulates both the production of TNFα and the nuclear factor kappa B pathway (coordinates PDB 2WCR).

Proteins involved in antioxidant systems
Oxidative stress is experienced by essentially all living systems, and, for H. pylori, it represents a very serious problem. The bacterium, in fact, is permanently and massively exposed to oxidative damage, as its presence in
the host stomach induces an increase in phagocytic cells,
macrophages and polymorphonuclear leukocytes at the
site of infection. As a consequence, the oxidative burst
produces reactive oxygen species, such as superoxide anions, hydrogen peroxide and hydroxyl radicals. To maintain a long-term persistence in the host, the bacterium
fights oxidative stress using a battery of diverse antioxidant systems, including superoxide dismutase (SOD),
catalase, thioredoxins and peroxiredoxins, NADPH quinone reductase, and many others[89,90].
Some of these proteins are predicted to be secreted
or have been found in the external medium (Table 1).
Among them, the thioredoxins-thioredoxin reductase
pair represents one of the most classical examples of reductant system[90], particularly relevant in H. pylori, as the
bacterium lacks the glutathione-/glutathione-dependent
enzymes and relies mostly on thioredoxins for its defense against ROS. In H. pylori the electron transfer process proceeds according to NADPH → TrxB → Trx →
Peroxiredoxin → ROOH.
Two thioredoxins, TrxA and TrxC, and one thioredoxin reductase (TrxR or TrxB) are coded in the H. pylori
genome and are all secreted[20,23,71,91]. Several studies have
characterized the properties of the Trx/TrxB system,
and chemically, the two appear similar to the homologs
in E. coli. In contrast, the functional difference between
the two thioredoxins, TrxA and TrxC, which share a
sequence identity of only 33%, is not well defined and
awaits better characterization. The crystal structure of H.
pylori TrxB has been determined in both oxidized and reduced forms (Figure 5)[92], while the structures of TrxA
and TrxC are not present in the PDB, but a molecular
model can be easily built by homology modeling using
the structure of the E. coli ortholog. The comparison of
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the two H. pylori molecules with the corresponding E.
coli pair shows that residue substitutions that change the
shape of the surface in both molecules may account for
the specificity of the Trx-TrxB interaction[92].
The bacterium codes for three peroxiredoxins, alkyl
hydroperoxide reductase[93], Tpx (or TagD, Hp0390) and
Bcp (HP0136)[89,94], none of which appear to be secreted
except for Tpx, which has been associated with the outer
membrane fraction in few cases. In contrast, methionine
sulfoxide reductase (Msr), another substrate of Trx, is
secreted.
Another two proteins that are involved in disulfide
bond formation or exchange are also secreted: DsbG
(HP0231) and DsbC (HP0377). The latter presents a
thioredoxin-like fold (Figure 5) and has been proposed
to perform multiple reductase roles in the bacterium[95].
In contrast, DcbG, which catalyzes disulfide bond formation[96], presents a totally different architecture: the
molecule is a V-shaped homo-dimer, where each monomer is formed by two globular domains connected by a
long α-helix[97] (Figure 5A). DsbG functions in vitro as a
reductase against HP0518, a putative L,D-transpeptidase
with a catalytic cysteine residue[97]. Due to its strong immunogenicity[98], DsbG has also been proposed as a potential candidate for a vaccine against H. pylori[99].
Among other antioxidant proteins, both catalase
(HP0785) and a catalase-like protein (HP0485) present
a secretion signal. Catalase is a widespread enzyme that
protects against reactive oxygen species, as it catalyzes
the conversion of hydrogen peroxide to molecular oxygen and water. The crystal structure of HP0785 has
been determined at a 1.6 Å resolution[100,101], and its overall fold is similar to that of other enzymes of the family:
the enzyme is a tetramer with 222 symmetry, where each
monomer includes an N-terminal arm, an antiparallel
eight-stranded β-barrel, a long loop and a C-terminal
α-helical domain. A heme is bound to each subunit,
while H. pylori catalase does not bind NADPH, similar
to the other enzymes of the clade Ⅲ group. It must be
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D

Figure 5 Redox proteins. A: Space-filling model of the dimer of DsbG (HP0231; PDB 3TDG); B: Cartoon of DsbC (HP0377; Coordinates PDB 4FYC), an enzyme
with a thioredoxin-like fold possibly involved in cytochrome c assembly; C: Cartoon of the dimeric Fe-superoxide dismutase (Coordinates PDB 3CEI). The iron ion is
represented by a red sphere; D: Dimeric thioredoxin reductase (Coordinates PDB 3ISH). The FAD bound is shown as a ball-and-stick model.

bacterial culture, and for a few others both conditions
apply. The most likely hypothesis is that these proteins
play their protective roles against oxidation in the periplasm and are eventually released into the external medium, perhaps due to leaks in the external membrane.
It is, in fact, unlikely that the bacterium tries to protect
itself from oxidizing agents acting directly in the external space, where a very large concentration of enzymes
should be necessary. On the contrary, the periplasm,
being confined and spatially limited, appears as an ideal
first trench. A similar situation holds for pH, which is
buffered mainly in the periplasm to better preserve the
cytoplasmic state.
Some of the members of the electron transport chain
are listed among the secreted proteins. In Gram-negative
bacteria, these proteins are localized to the inner membrane (F0F1 ATP synthase and NADH ubiquinone reductase) or to the periplasm (formate dehydrogenase cytochrome c553)[106]. Other enzymes, such as aspartate aminotransferase, that are involved in ATP biosynthesis, which in
eukaryotic cells localize to mitochondria, in bacteria should
localize to the cytoplasm or periplasm, close to the inner
membrane. Specific studies on the previous systems have
not been performed in H. pylori and are annotated based
on sequence homology.
H. pylori flavodoxin (FldA, HP1161) functions as an
acceptor of the electrons that are generated by pyruvate
oxidation[107]: pyruvate + CoA → acetyl-CoA + CO2 +
2e-.
In addition, patients affected by MALT lymphoma

noted that the crystal structure does not offer any clue as
to the possible localization of the enzyme on the external surface of the cell membrane. Catalase was, in fact,
detected in the supernatant along with SOD[102], but the
conclusion was that the amount of secreted proteins was
too low to justify for the enzyme a role of scavenging
oxidants from injured mucosa. In contrast, the presence
of Msr (HP0224), a methionine repair enzyme, among
the secreted proteins appears significant, as a synergistic
role of Msr and GroEL (another secreted factor; see the
considerations in the Section “Other proteins”) in repairing oxidant-damaged catalase has been demonstrated[103]. Finally a catalase-like protein that is much shorter
(314 amino acids) and with a low degree of similarity
to catalase (62 identical and 102 similar amino acids) is
also predicted to be secreted, but its function has not yet
been characterized.
H. pylori, in contrast to other Gram-negative bacteria
such as E. coli, produces a single iron-dependent superoxide dismutase (SOD) that is required for bacterial
colonization[104]. The crystal structure (Figure 5C) of this
Fe-SOD shows that its fold is quite similar to that of
other Fe-SOD, the most significant difference being an
extended C-terminal tail, which has been hypothesized
to be responsible for the interaction with the external
cell membrane and possibly for phosphorylation[105].
Some of the proteins discussed above present an
export signal to the periplasmic space, while others do
not have a signal peptide but rather have been experimentally detected in the external medium of an in vitro
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B

Figure 6 Two examples of solenoid-class proteins. A: HcpB (HP0336, coordinates PDB1KLX); B: HcpC (HP1098, coordinates PDB 1OUV).

tested positive for antibodies against this protein. The
HP1161 crystal structure is similar to that of flavodoxins from other bacteria, with the exception of a minor
difference at the active site[108]. Because flavodoxin is
essential for bacterial survival, its inhibitors could be of
pharmacological relevance.
Other proteins, such as ketol-acid reductoisomerase
(HP0330) and cytochrome C551 peroxidase (HP1461),
have not yet been characterized. HP0330 has been detected in a larger complex that includes GroEL/ES and
UreA, but the real meaning of this complex has not
been further investigated[109].

with human proteins such as Nek9, Hsp90, and Hsv71[115].
Finally, it has been proposed that their modular architecture could be used for host adaptation[110].
Other SLR secreted proteins include HP0519, HP0628,
and HP1117. Despite their exact role being unknown, the
Sel-like genes have been used to characterize the geographic
partitioning of H. pylori populations in a phylogenetic analysis[116] and to trace human migrations[117].
The last secreted member of the solenoid protein
family is HP1124, classified based on sequence similarity
into the tetratricopeptide-like repeat family protein, similar to Sel1-like repeat proteins.

Putative solenoid proteins
Solenoid proteins, characterized by a modular architecture, include members of the Sel1-like repeat (SLR) and
tetratricopeptide repeat families. These proteins present
low sequence similarity and possibly different functions
and are mostly characterized by their three-dimensional
structure. Although eukaryotic SLR proteins can perform
diverse functions, from adaptor proteins for the assembly
of macromolecular complexes to ER-associated protein
degradation, bacterial SLR are considered mediators of
the interactions between bacterial and eukaryotic host
cells[110]. Nine secreted proteins from H. pylori are classified
as belonging to the SLR family: five of them, HP0160,
HP0211, HP0235, HP0336 and HP1098, are classified
as β-lactamases or cysteine-rich proteins and labeled HcpAD, HcpA, HcpE, HcpB, and HcpC, respectively (Figure
6)[111,112]. HcpC, HcpA and HcpB bind 6-amino-penicillic
acid in vitro, but antibiotic resistance does not appear to
represent their in vivo function, as resistance against the
[113]
β-lactam antibiotic is HcpA-independent . Their involvement in cell wall biosynthesis is also not viable, as an
HcpA deletion mutant grows normally[114]. The most likely
function of these proteins seems to be the binding to and
recognition of different specific peptides, possibly explaining their involvement in the host immune response.
For example, HcpA induces the release of a complex cytokine pattern[114]. It is not clear if all of the Hcps proteins
are involved in the pro-inflammatory pathway or if they
perform different functions despite a similar architecture.
More recently, HcpC has been shown to directly interact

Proteases
Few secreted proteins can be classified as proteases.
Among them are HP0657 and HP1012, the former of
which is predicted to be an inactive domain of a processing protease, the second a Zn-dependent protease.
Both functions were inferred from sequence similarity,
but no literature exists supporting these functions. In
contrast, the HP1037 aminopeptidase function has been
experimentally tested[118]. Despite being annotated as
two genes, HP1018 and HP1019 sequences belong to a
single gene called htrA (high-temperature requirement A)
encoding a periplasmic 50-kDa protease. Indeed, HtrA
has been discovered in the secreted H. pylori proteome
to play both the role of protein quality control chaperone and trypsin-like serine protease. Up-regulated under
bacterial stress conditions, HtrA further contributes to
epithelial barrier disruption by destroying the cell adhesion junctions through the cleavage of the cell adhesion
protein E-cadherin. A similar virulence mechanism guarantees persistent colonization and pathogenesis to other
enteropathogens, such as E. coli, Shigella flexneri, and Campylobacter jejuni. Due to its relevant and prevalent role in
many Gram-negative bacteria, HtrA has been proposed
to be a novel candidate for therapeutic intervention
strategies, as a lead compound developed to specifically
inhibit HtrA was proved to impair E-cadherin proteolysis and the intercellular penetration of H. pylori[119].
HP0570 is also predicted to be an aminopeptidase and
is enriched in the extracellular fraction[22] but is annotated as a cytosolic aminopeptidase. Finally, HP1350 is
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predicted to be a serine protease of the CtpA (carboxyterminal protease) family.

ase, NucT, associated with the membrane that preferentially cleaves single-stranded DNA[132]. NucT most likely
performs DNA processing and uptake similar to the
well-known process in gram-positive bacteria. HP0275 is
predicted to be an ATP-dependent nuclease, AddB, but
no further characterization has been performed.
Peptidoglycan deacetylase (PgdA, HP0310) is the enzyme responsible for a peptidoglycan modification that
counteracts the host immune response[118]. The protein
has been crystallized and its structure determined[133].
Despite the overall fold being similar to that of other
deacetylases, H. pylori PgdA does not exhibit a solventaccessible polysaccharide-binding grove, indicating that
the enzyme binds a smaller substrate at the active site.
Two genes encoding aliphatic amidases have been
identified, hp0294 and hp1238. The corresponding
proteins are called AmiE and AmiF, respectively[134,135].
Aliphatic amidases are usually cytoplasmic enzymes that
catalyze the hydrolysis of short-chain amides to produce
ammonia, and their presence in H. pylori is most likely
justified by the fact that urease activity alone is not sufficient to buffer the bacterium pH when that of the extracellular medium becomes very low[136]. Only AmiE has
been identified as secreted, and we speculate that it acts
in the periplasm, while AmiF is active in the cytoplasm.
Finally, some of the enzymes reported in Table 1,
including citrate synthase (HP0026), glutamate dehydrogenase (HP0380) and enolase (HP0154), are clearly
cytoplasmic enzymes and were identified as secreted in
only one study[22]. These enzymes were detected in the
extracellular fraction, but using a more stringent criterion, they should have been excluded; therefore, their
presence in the table can be considered an artifact. A related enzyme is triosephosphate isomerase (TIM), a wellcharacterized enzyme of the glycolytic pathway[137]. This
enzyme is predicted to contain a secretion signal, but it
appears unlikely that the enzyme is secreted. The role of
HP1178, a purine nucleoside phosphorylase[138], and of
HP1375, an UDP-N-acetylglucosamine acyltransferase,
in the secretion of other enzymes, including HP0672, a
member of the PLP-dependent aminotransferase superfamily clan, is not evident.
The existence of H. pylori-related lipase and phospholipase activities against the gastric mucus layer were
reported for the first time by Slomiany et al[157]. Later,
a cytoplasmic enzyme (HP0739) with lipolytic activity
was discovered and characterized. Because this enzyme
exhibits the typical behavior of a carboxylesterase, with
a clear preference for short chains, it has been grouped
into the bacterial lipase family Ⅴ and called EstV.
However, none of the studies aimed at identifying secreted enzymes have been able to detect either the EstV
protein or any other lipase in the H. pylori secretome,
thus suggesting a different role for EstV, which could
degrade lipids taken up by the bacterium from the medium after their release due to the catalysis of host hydrolases. Similarly, H. pylori secretome studies have never
detected the outer membrane phospholipase OMPLA

Other enzymes
Other enzymes not belonging to the previous classes
have been identified as secreted. Among them are the
two subunits of the urease enzyme, UreA and UreB. It
is interesting to note that the latter has been identified
as secreted in several studies, while the UreA subunit
was identified as secreted in only in one case[17] (Table
1). Because UreA and UreB are members of the same
complex, it appears unlikely that only UreB is secreted.
Urease is considered to be active mainly in the cytoplasm, but it cannot be excluded that some pH buffering
activity also occurs in the extracellular space, considering
that its enzymatic activity is unaffected by the pH 3[120].
Another essential component of the pH buffering
system in H. pylori is α-carbonic anhydrase (HP1186),
which plays a role in the periplasm. This enzyme catalyzes the conversion of CO2, generated in cytoplasm by the
degradation of urea by urease, into HCO3-. The buffering of pH in the periplasm depends, in fact, not only on
the efflux of NH3 from the cytoplasm but also from the
production of hydrogen carbonate[121]. HP1186 expression is regulated by the two-component system ArsRS in
response to low environmental pH[122].
Another enzyme involved in ammonia production is
HP1118, a protein that has been identified as secreted in
four different experiments[20,22,23,123]. This enzyme exhibits
[124,125]
, but its main funcγ-glutamyltranspeptidase activity
tion in Helicobacter is most likely related to ammonia production in function of pH stabilization in the periplasm
as a by-product of glutamine breakdown[126]. As a secondary effect, HP1118 induces the apoptosis of the host
cells. The inhibition of HP1118 resulted in a complete
loss of apoptotic activity, and in an isogenic mutant deficient strain, this activity was significantly lower compared
to the parent strain[127]. This role of HP1118 is quite relevant, as H. pylori infection induces apoptosis in gastric
epithelial cells[128]. HP1118 represents the first case of a
γ-glutamyl transpeptidase with pro-apoptotic activity, and
the former is necessary to induce the latter[127].
HP0392 is annotated as histidine kinase CheA and is
involved in chemotaxis. Bacterial chemotaxis is fundamental for optimal colonization, as it controls flagellar
rotation directing the bacterium towards nutrients or
to safer places, detecting chemical cues in the environment[129]. The H. pylori chemoreceptor system significantly
differs from the better characterized system of E. coli;
in addition to CheA, it includes CheY (HP1067), CheW
(HP0391), a CheZ-homolog (HP0170), and three CheVs
(HP0019, HP0393, and HP0616) [130] . CheYs accept
phosphate from CheA, and the three CheVs mediate the
dephosphorylation of CheA[131]. Only CheA is predicted
to be secreted, while all of the other proteins that are involved in chemotaxis are not secreted.
Two nucleases, HP0275 and HP0323, are predicted
secreted proteins. HP0323 is a cation-independent nucle-
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(HP0499). OMPLA has been proposed to be involved
in the variation in the H. pylori membrane lipid composition, relevant for gastric environment adaptation.
Indeed, the phase variations in the corresponding gene
have been correlated with the necessity for a reversible
and spontaneous response in terms of lysophospholipid
enrichment, as these variations represent an advantage
for bacterial persistence and epithelial cell adherence
under acidic conditions[158]. In line with its absence in
the secreted protein studies reviewed in this paper, the
phospholipase activity of the OMPLA/HP0499 protein
was detected in vitro only if the bacteria were lysed by
sonication, indicating that this protein is not exposed to
the cell envelope. The authors further suggest that the
catalytic activity of this protein could be responsible for
the degradation of membrane phospholipids, perturbing
the bacterial membrane and consequently facilitating the
release of virulence factors such as urease.

GroEL helps in recovering catalase activity.
Finally, for those proteins that have been identified in
vitro as secreted by H. pylori[71] but that play a clear function in the cytoplasm and do not bear any signal peptide,
it is hard to hypothesize whether such secretion occurs
in vivo. These proteins include two ribosomal proteins
(HP1201 and Hp1202), a histone-like DNA-binding
protein and an ssDNA-binding precursor. The ssDNAbinding precursor three-dimensional structure in solution
suggests the presence of a possible RNA-binding site[144].

HYPOTHETICAL UNCHARACTERIZED
PROTEINS
The group of hypothetical uncharacterized proteins is
one of the most crowded: 28 genes encode proteins that
are predicted to be secreted but whose function remains
undefined (Table 1). Of these proteins, 23 are without any predicted function, as they have no orthologs
in other species whose function is known, or they are
unique to Helicobacter. Three of these proteins (HP0122,
HP0135, and HP0720) are very short peptides, ranging
from 44 to 52 amino acids. The second, HP0135, is predicted by bioinformatic analysis to be a lipoprotein. For
the remaining five putative proteins, some function can
be hypothesized, albeit with limited confidence. HP0659
is predicted to be SurA, a chaperone of outer membrane
proteins. HP0169 is predicted to be a secreted collagenase that is essential for colonization (Kavermann,
2003). HP0721 is a very special case, as we have much
information, including its three-dimensional structure.
Being a relatively small protein of 152 amino acids, it has
been proposed to be a new sialic acid-binding protein[145]
and/or a factor that is involved in nickel homeostasis[146].
This protein belongs to the group of H. pylori proteins
that are S-nitrosylated[147]. The fold of the crystal structure of the core domain of the protein is that of an
orthogonal α-helical bundle, with a hydrophobic cavity
in the center[148]. Despite all of these data available, it is
not possible to assign a defined role to HP0721. HP1285
is a protein of 230 amino acids that, according to its
amino acid sequence, resembles the LppC from Streptococcus equisimilis and other lipoprotein members of the e
(P4) family (LppA from Streptococcus pyogenes, OplA from
Flavobacterium meningosepticum, HeI from Haemophilus influenzae[149]). LppC acts as an acid phosphatase, while the
functions of the other members of the family remain
unknown. Finally, HP1580 is uncharacterized, but in
some strains it is annotated on bioinformatics bases as
a member of the phosphatidic acid phosphatase (PAP2)
protein family[150].

OTHER PROTEINS
Proteins that were not classified in the previous groups
are listed in the “Others” section in Table 1. Among
them, HP0166 is the ArsR (also called OmpR) member
of the two-component signal transduction system ArsRS
that regulates the acid-induced expression of α-carbonic
anhydrase, an enzyme present in the periplasm (see the
“Other enzymes” section)[122,139]. Interestingly, ArsR was
detected among the factors related to gastric cancer, and
in the same group, the rod shape-determining protein
HP0743 is also present[140]. Another secreted protein is
HP1126, TolB, a member of the Tol/Pal system. The
latter has not yet been characterized in Helicobacter, but it
is well known in other Gram-negative species. Because
the Tol/Pal system plays a role in bacterial envelope integrity and is associated with the peptidoglycan[141], it is
likely to assume that HP1126 is present in the periplasm.
A special case is represented by the chaperone GroEL (or Hsp60, HP0010). In a recent paper[142], the authors show that GroEl from H. pylori is also able to bind
iron, a property that is not shared with GroEL from
other bacteria, including E. coli. Despite the absence of
an export peptide signal, the protein was identified as
secreted, and the authors claim that GroEL is secreted
as a heme scavenger to supply iron to the bacterium. In
parallel, a synergistic role of GroEL with two enzymes,
Msr and catalase, has been observed[103]; the in vitro addition of GroEL to a mixture of catalase and Msr in the
presence of an antibacterial oxidant strongly enhances
the recovery of catalase activity, indicating that the presence of the chaperonin helps the enzyme be repaired by
Msr to recover its native folding. Interestingly, all three
of the proteins involved in the process (catalase, Msr
and GroEL) have been identified as secreted (see the
paragraph on proteins involved in redox processes). We
speculate that, when catalase is secreted to protect the
bacterium against oxidative stress, the presence of both
Msr, another enzyme acting against the oxidative stress
mostly localized in the bacterial membranes [143], and
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CONCLUSION
In this paper, we include 163 H. pylori proteins that have
been experimentally identified as or are predicted to be
secreted. Some of these proteins exert their role in the
periplasm, some are embedded in the internal or exter-
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nal membrane, and others are secreted into the extracellular space where they perform their function. Often, it
is not easy to determine whether a protein is present in
the periplasm or in the extracellular milieu, as proteins
present in the periplasm are often experimentally detected in vitro in the external medium, perhaps due to the
weakness of the external membrane. However, in vitro
experiments aimed at detecting secreted proteins are performed under conditions that may not reflect the different states of the bacterium in vivo. Consequently, some
proteins that could have been secreted are not expressed
or are eventually not secreted under the experimental
conditions used.
The secretome includes proteins belonging to different classes; the most populated classes are those of the
outer membrane proteins and the enzymes; others include components of flagella, of cag-PAI and of toxins.
Note that 28 proteins, approximately 17% of the total
proteins secreted are hypothetical proteins whose functions are unknown. Finally, from a structural point of
view, only 15 among the secreted proteins, approximately
9% of the total, have been structurally characterized.
This number is consistent with our present knowledge
of the bacterium, as 148 unique H. pylori structures (This
number includes unreleased entries at that date. The total number of files was 340) were present in the PDB in
April 2013, corresponding to approximately 9% of the
total proteome.
The previous considerations suggest that, despite
the mass of data accumulated until now on H. pylori
secretome, much work is required to reach a full comprehension of the system. This comprehension is fundamental because this knowledge is not only relevant for
the comprehension of the physiology of the bacterium,
but, above all, because secreted or exposed bacterial
proteins directly contact the host and may directly influence the outcome of the pathology. We cannot exclude
that future discoveries may add new secreted factors and
significantly change our view of the interaction of this
pathogen with its host.
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Core tip: In this review, we focused some aspects of

Helicobacter pylori (H. pylori ) infection as bacterial viru-

lence factor and mainly on modulation of host immune
response and changes in the pattern of gene expression in H. pylori -infected gastric mucosa, with activation
of gene transcription involved in inflammatory and immunological response, cell proliferation and apoptosis.
We also highlighted the role of bacteria eradication for
the normalization of gene expression levels. In addition, we addressed the recent involvement of different
microRNAs in normal gastric mucosa, precancerous
lesions, gastric cancer, and inflammatory processes induced by bacteria, showing deregulated expression.

Abstract
Helicobacter pylori (H. pylori ) infection is the most com-

mon bacterial infection worldwide. Persistent infection
of the gastric mucosa leads to inflammatory processes
and may remain silent for decades or progress causing
more severe diseases, such as gastric adenocarcinoma.
The clinical consequences of H. pylori infection are
determined by multiple factors, including host genetic
predisposition, gene regulation, environmental factors
and heterogeneity of H. pylori virulence factors. After
decades of studies of this successful relationship between pathogen and human host, various mechanisms
have been elucidated. In this review, we have made
an introduction on H. pylori infection and its virulence
factors, and focused mainly on modulation of host immune response triggered by bacteria, changes in the
pattern of gene expression in H. pylori -infected gastric
mucosa, with activation of gene transcription involved
in defense mechanisms, inflammatory and immunological response, cell proliferation and apoptosis. We also
highlighted the role of bacteria eradication on gene
expression levels. In addition, we addressed the recent
involvement of different microRNAs in precancerous
lesions, gastric cancer, and inflammatory processes in-
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INTRODUCTION
Infection by Helicobacter pylori (H. pylori), a Gram-negative,
microaerophilic, spiral-shaped bacteria that colonizes
the gastric mucosa, is considered the most common
bacterial infection worldwide. It is usually acquired during
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nization of the mucosa[22,23]. These bacteria populations
are highly heterogeneous with respect to virulence factors
VacA and CagA[24], and several substantial pieces of evidence show that these genetic differences play an important role in the clinical outcome of the infection[17,25].
The cagA gene produces one of the most important
virulence factors of H. pylori, being located in a segment
of DNA called the cag pathogenicity island (cagPAI) that
contains, besides the cagA gene, genes which give rise
to the bacterial type Ⅳ secretion system (T4SS-type-Ⅳ
secretion system)[26]. This system functions like a molecular syringe, injecting CagA, peptidoglycans and other
factors into host epithelial cells[27]. After its entry into
the cell, CagA can be phosphorylated by tyrosine kinases
and interact with cellular proteins, acting in the signal
transduction pathways to the nucleus, changes in the cytoskeleton, disruption of cell-cell junctions[28,29], stimulating the growth factor signaling, leading to changes in cell
morphology and increased cell proliferation[30], as well
as anti-apoptotic responses[29,31]. CagA is not found in all
strains of Western H. pylori population[32]. Its occurrence
is associated with more severe inflammation of the gastric mucosa[33,34], conferring a greater risk of developing
stomach cancer[32,35,36].
The second most studied virulence factor is the VacA,
encoded by vacA gene that induces the formation of
vacuoles in eukaryotic cells and stimulates apoptosis in
epithelial cells[37]. Unlike cag-A, all H. pylori strains possess
the vacA gene, although only about 50% of them express
the VacA protein. The regions with the highest diversity
are located at the 5’ terminus signal (allele types s1a, s1b,
s1c and s2), the mid-region (allele types m1 and m2) and
the intermediate region (allele types i1 and i2)[38]. This
combination of sequence diversity in vacA, considering
that each gene contains a single allele (signal, mid-region
and intermediate region allele), causes variations in cytotoxic activity[39], the s1m1 strain being highly toxigenic[40].
Humans infected with H. pylori-VacA+ strains are more
prone to gastritis than those infected with strains that
do not express this protein[41]. VacA may interfere with
phagocytosis and antigen presentation[42,43], reducing the activation of Jurkat cells, thereby inhibiting the activation of
NFAT, an important transcription factor that is necessary
for the expression of genes involved in the expansion of T
cells activated by bacterial antigens[44], thereby ensuring the
evasion of H. pylori from the adaptive immune response.
The BabA and SabA adhesins are encoded by the
babA and sabA genes that encodes an outer membrane
protein, BabA, which binds to the type B blood group antigen in gastric cells[1], while sabA binds to the sialyl-Lewis
x/a antigens[45]. The adhesion of bacteria to the gastric
epithelium allowing the release of the CagA and VacA
factors into the host cells is mediated by BabA, which
facilitates colonization, induces mucosal inflammation
and can influence the severity of the disease[46,47]. H. pylori
strains which carry babA, vacAs1 and cagA together are
associated with duodenal ulcer and present a higher risk
of gastric cancer[48]. The inflammatory response may be
increased due to sabA-mediated adhesion, by facilitating
the utilization of nutrients exudated from damaged host

childhood and may persist in the gastric environment
throughout life if not treated[1,2]. The persistent presence
of H. pylori in the stomach can result in chronic gastritis
and may remain silent for decades after infection, due
to the synchronized balance between the pathogen and
its host, or cause more severe diseases such as atrophic
gastritis, peptic ulcer, mucosa-associated lymphoid tissue
lymphoma or gastric adenocarcinoma[2,3]. Therefore, H.
pylori infection is considered the strongest factor associated
with this neoplasm, mainly due to the inflammatory
process triggered in the gastric mucosa, increasing the risk
of gastric cancer over six-fold compared to individuals
without this infection[4,5]. Gastric cancer is considered the
first one among the several cancer types associated with
infection in the world, with almost 75% of cases being
attributable to H. pylori infection[6]. As a consequence
of this association, H. pylori was classified in 1994 by
the International Agency for Research on Cancer as a
typeⅠcarcinogen[7].
H. pylori infects over half of the world population,
but there is variation in incidence among different geographic regions[8]. Eighty-five percent of H. pylori-infected
individuals remain lifelong asymptomatic, while only 1%
of these individuals develop gastric cancer[9] and 10% develop peptic ulcer[10].
Indeed, the clinical consequences of infection by H.
pylori are determined by multiple factors, including genetic
predisposition of the host, especially regarding certain
cytokine, and receptor gene polymorphisms[11-15], gene
regulation, environmental factors such as high dietary salt
intake, and heterogeneity of H. pylori strains[2,16,17].
In most cases, H. pylori infection can persist lifelong
in its host in the absence of eradicating antibiotics[1,18],
because it is capable of adaptations to colonize the adverse environment of the stomach. H. pylori can survive
in the gastric environment at a wide range of pHs, due to
urease enzyme activity and the presence of flagella which
facilitate the penetration into the mucus layer and reaching the gastric epithelium[19]. Urease hydrolyzes urea to
ammonia and carbon dioxide, neutralizing the pH, which
allows the bacterial survival and proliferation[19], circumventing host defenses such as the immune response[20].
In general, it is noted that colonization by H. pylori
causes a strong systemic immune response, creating a
chronically inflamed environment with reduced stomach
acidity that favors the growth of other bacteria in the
gastric environment, maintaining the inflammation and
thereby reducing the level of vitamin C in the gastric
juice. The inhibition of gastric acid secretion favors a
change from antrum-predominant to corpus-predominant gastritis, initiating gastric atrophy and intestinal
metaplasia, which characterize precancerous lesions[21].
Furthermore, the bacterial virulence factors cytotoxin-associated gene A antigen (CagA) and vacuolating
cytotoxin (VacA) play a pivotal role in H. pylori-induced
pathogenesis, and others, such as IceA (induced by
contact with epithelium), blood group antigen-binding
adhesion (BabA), sialic acid-binding adhesion (SabA),
duodenal ulcer-promoting gene (DupA) and outer inflammatory protein (OipA), also allow a successful coloWJG|www.wjgnet.com
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cells. Thus, as the inflammatory response increases, the
sabA expression may be switched off, allowing the contact
between the bacteria and the inflamed epithelium to be
broken, thus maintaining prolonged infection[45]. However,
there is no clinical or epidemiological evidence associating
sabA to gastric cancer. Another gene that encodes an outer membrane protein is oipA, located near cagPAI[49]. It is
regulated by a slipped-strand repair mechanism based on
the number of Cysteine-Threonine dinucleotide repeats in
the 5’ regions of the gene[49]. The oipA gene has the ability
to induce interleukin (IL)-8 from gastric epithelial cells, as
cagA and its status have been linked to the discrimination
of duodenal ulcer and gastritis[49,50].
The dupA gene, located in the plasticity region of the
H. pylori genome, represents a marker of virulence with
pathogenic potential[51]. This gene was reported to be
associated with increased risk of duodenal ulcer[51], with
lower gastric cancer incidence and lower acid output, including patients with peptic ulcer[52]. As opposed to these
findings, there are studies of dupA status in which no association with any gastroduodenal disease was found[53].
The iceA gene, another virulence factor, has two variants, iceA1 and iceA2[54]. However, the function of iceA2
remains undefined[55], while the expression of iceA1 is
increased in some populations by the contact of H. pylori
with human gastric epithelial cells and is associated with
peptic ulcer[56]. Nevertheless, the development of erosive
gastritis has been related to strains carrying genes iceA1,
cagA and vacAs1a/m1, while enanthematous gastritis is
associated with vacAs2/m2 and iceA2 genotypes[57]. Moreover, the severity of gastritis is related with the coexistence
of the iceA2 gene with cagA, vacAs1/m1 and babA2[58].
In this review, we first approached about the H. pylori infection and its virulence factors, topics widely addressed in other recent reviews[2,18,19]. Thus, we will focus
mainly on modulation of host immune response triggered by H. pylori, and the advances in the fast developing
field of gene expression profiles in gastric mucosa, which
can change as a consequence of H. pylori infection, leading to the activation of transcription of genes involved
in defense mechanisms, inflammatory and immunological responses, cell proliferation and apoptosis. Moreover,
we highlighted the importance of the eradication of H.
pylori, which plays an important role in the restoration of
gastric mucosa inflammation and on gene expression levels. In light of the increasing involvement of microRNAs
(miRNAs) in the regulation of posttranscriptional gene
silencing, we addressed the action of different miRNAs
in precancerous lesions, gastric cancer, and inflammatory
processes induced by H. pylori, evidencing its participation in several steps of gastric carcinogenesis.

by the action of adhesins (SabA and BabA) expressed
by bacteria, which favor the action of other virulence
factors (CagA and VacA). Soon after, the host’s innate
and adaptive immune systems are activated, leading to
the recruitment of a wide variety of inflammatory cells
and mediators, and the activation of transcription factor
nuclear factor (NF)-κB and pro- and anti-inflammatory
cytokines, cell proliferation and survival factors. The
activation of the immune system in response to the
presence of the bacteria increases the production of
reactive oxygen and nitrogen species [reactive nitrogen
species (RNS) and reactive oxygen species (ROS)] by
increasing oxidative/genotoxic stress, which can cause cell
and DNA damage, favoring the appearance of mutations
that may facilitate the carcinogenic process. In addition,
the expression of the immune response mediators can be
regulated by miRNAs, and inflammatory mediators can
change the miRNAs expression[59-61].
Members of the TLR family are essential components
of the innate and adaptive immune response and comprise
10 types in humans, TLR1 to TLR10[62]. They recognize
molecular structures of pathogenic microbe-associated
molecular patterns (PAMPs), like lipopolysaccharides
(LPS), lipoproteins, lipoteichoic acid, peptidoglycan,
lipoarabinomannan and flagellin [63]. H. pylori LPS, as
cell wall components, are recognized mainly by TLR4;
however modifications of the LPS structure can alter this
recognition and poorly stimulate the host immune response,
enhancing the bacterial evasion and pathogenicity[64]. H.
pylori is also recognized by TLR2 through other forms
of LPS structurally different from those recognized by
TLR4[65]. TLRs are dependent on the presence of MyD88
(myeloid differentiation primary-response gene 88) for
efficient signal transduction. The MyD88 complex is
associated with interleukin-1-receptor-associated kinase-1
(IRAK1) and IRAK4. IRAK1 is phosphorylated and then
dissociated from MyD88. Subsequent dissociation of
protein complexes occur by phosphorylation, and, as the
last step, NF-κB is translocated into the nucleus, activating
the expression of genes related to the inflammatory pro
cess[66] (Figure 1A).
CagA-positive strains contribute to the inflammatory
response, since this virulence factor causes an increase
in the production of certain cytokines such as IL-1β and
IL-8[67,68] and activation of NF-κB, which can confer a
proliferative phenotype to the bacteria, important in the
process of carcinogenesis[69], promoting induction of
growth factors and suppression of apoptosis[70]. Thus,
CagA deregulates the cell signaling pathways and favors
the arising of oncogenic cells, which is important in the
pathogenesis of H. pylori[71]. The VacA factor induces
a pro-inflammatory response[72] and multiple cellular
activities that facilitate chronic colonization of the gastric mucosa by bacteria[68]. A recent study showed that
overexpression of VacA led to the production of tumor
necrosis factor (TNF)-α, IL-1β, nitric oxide, reactive
oxygen species and the activation of NF-κB, which can
be associated to pro-inflammatory cytokines and cell
apoptosis[73]. VacA also can affect the immune system

MODULATION OF H. PYLORI-TRIGGERED
HOST IMMUNE RESPONSE
As soon as H. pylori bacteria colonize the stomach, the
epithelial cells and their innate immune receptors, mainly
the toll-like receptors (TLRs)[19], recognize the bacteria
(Figure 1). This attachment process can be facilitated
WJG|www.wjgnet.com
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Figure 1 Pathogenesis of Helicobacter pylori infection and host immune response. A: Bacterial urease neutralizes the gastric pH, enabling the colonization of
gastric epithelial cells by the bacteria and their motility in the mucus layer. Adhesion of the bacteria to the gastric epithelium is mediated by BabA and SabA adhesins,
allowing the release of factors CagA and VacA into the host cells, which causes a strong systemic immune response and inflammation of the gastric mucosa. Helicobacter pylori LPS is recognized by toll-like receptors, mainly TLR4 and TLR2, in cooperation with the adapter molecule MyD88 associated with IRAK1 and IRAK4
that leads to activation of transcription factor NF-κB, activating inflammatory signaling pathways; B: The immune response is also activated, with the recruitment of
inflammatory cells at the infection site, inducing the production of various pro- and anti-inflammatory mediators; C: After NF-κB activation, rapid expression of multiple
pro-inflammatory cytokines, chemokines such as the tumor necrosis factor alpha (TNF-α) and interleukins, and consequently activation of oncogenic pathways may
culminate in cancer; D: The expression of some miRNAs is changed by H. pylori infection and the host immune response is regulated accordingly. LPS: Lipopolysaccharides; IL: Interleukin; COX-2: Cyclooxygenase; RNS: Reactive nitrogen species; ROS: Reactive oxygen species; IFN: Interferon.

tion like T helper cells and decreased phagocytosis[78,79], as
well as Th17 that can promote chronic infection triggered
by a chemotaxis system[80]. Even though H. pylori avoids
phagocytosis and prevents the induction of an adaptive
immune response, macrophages engulf the bacterium
but cannot kill it, which facilitates the chronic infection[81]. This infection results in a predominantly T cellmediated immunity rather than humoral immunity, with
Th1 and Th17 responses, which increase the production
of IL-1β, TNF-α and IL-8[82,83]. While Th17 cell differentiation is promoved by TNF-α and IL-6 from activated
macrophages/dentritic cells, Th1 cell development is triggered by IL-12 and interferon (IFN)-γ[2]. In addition, the
recruitment of antigen-specific regulatory T cells has also
been reported, facilitating the permanent colonization of the
stomach through direct cell-to-cell contact or by secreting
cytokines [transforming growth factor (TGF)-β1 and IL-10]
that modulate the immune response[84].
Moreover, NF-κB regulates the expression of several genes, for example TRAF5, TRAF2, RIP, TAK1

enabling H. pylori evade the adaptive immune response
to establish persistent infection, since can interfere with
phagocytosis and antigen presentation and also inhibit T
cell proliferation[24].
H. pylori infection, after activation of NF-κB and
cytokines production, causes chemotaxis of monocytes/
macrophages and infiltration of polymorphonuclear
leucocytes[74], recruitment of neutrophils and lymphocytes[75]) that also induces the production of IL-8 and
IL-10 by neutrophils[76] (Figure 1B). In this pathway,
monocytes secret interleukins such as IL-1β, IL-6, IL-10,
and IL-12p40 (partially secreted as IL-23), dentritic cells
(DCs) secret IL-1β, IL-6, IL-10, IL-12p40, IL-12p70,
and IL-23, while M1 macrophages produce mainly IL1β, IL-6, IL-10, IL-12p40 and IL-23. M2 macrophages
synthesize IL-10 but produce less pro-inﬂammatory cytokines than M1 macrophages, which can control inflammation, leading to a chronic inflammatory response[77].
The activation of DCs and M1 macrophages is correlated with an increased capacity to induce T-cell prolifera-
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and IKKβ, some of which are associated with inflammation and cancer[85]. Its activation by LPS leads to the
synthesis of IL-1, IL-8, IL-10 and TNF-α, and iNOS
(Figure 1C). NF-κB also upregulates the expression of
the pro-inﬂammatory cyclooxygenase (COX-2) enzyme,
whose function is to induce cytokines such as TNF-α,
interferon-γ and IL-1, inhibiting apoptosis, maintaining
cell proliferation and stimulating angiogenesis in favor
of carcinogenesis[20]. In H. pylori-associated gastric cancer there are reports showing increased expression of
COX-2 and prostaglandin E2 activated by TLR2/TLR9
and NF-κB, and this induction is mediated by the activation of the epidermal growth factor receptor in gastric
epithelial cells[86,87]. Added to inflammatory stress effects,
influences on the cell cycle and cell polarity, H. pylori
also activates multiple oncogenic mechanisms, such as
the PI3K/AKT/GSK3β pathway that regulates many
functions like cell growth, proliferation, differentiation
and motility, and its aberrant activation is associated with
various types of cancer, including stomach cancer[88,89].
The presence of these bacteria also affects the STAT3
protein pathway that regulates cell growth, differentiation and apoptosis, in which a high expression of STAT3
is associated with advanced stage and poor prognosis of
gastric cancer[90]. All the high immune stimulation produced by these molecules results in the production of
ROS and RNS by neutrophils attracted to the infection
site, which can cause cell damage, leading to gene mutations and cell proliferation, favoring the emergence of
gastric cancer[91].
Other important members of the class of immune
regulators are miRNA[92]. Recent reports have highlighted
the regulatory role of miRNAs in H. pylori infection and
associated diseases (Figure 1D). For example, a strong
inﬂammatory response characterized by the early production of pro-inﬂammatory TNF-α and IL-6 cytokines,
followed by IL-10, IL-1β and IL-23 secretion as a consequence of miR-146a up-regulation and strong miR-155
induction, which raised the TNF-α production[93]. In
contrast, IL-8, TNF-α and IL-1β could contribute to
the induction of miR-146a during H. pylori infection[94].
Therefore, miRNAs modulate the H. pylori infection and
are also affected by these bacteria, as, for example, the
synthesis of the transcription factor NF-κB that can act
as a transactivator of miR-200b and miR-200c[60]. This issue will be discussed in more detail in the last section of
this review. Thus, all the pathways reported above show
the need for new approaches in order to reach a better
understanding of the influence of H. pylori on the host immune system, allowing the working out of preventive measures and efficient new strategies of H. pylori eradication.

the host, activation of signaling pathways and gastric
mucosa injury, H. pylori infection can enhance cell
proliferation and apoptosis of gastric epithelial cells[95].
Thus, to counteract H. pylori infection, the host activates
gene transcription involved in his defense mechanisms,
inflammatory and immunological response and control
of cell kinetics[31,96,88]. Gene expression profiling analysis
in gastric biopsies and cell lines in response to H. pylori
infection might be one approach to better understand
the role of important factors involved in the pathogenic
mechanism of these bacteria.
In this respect, Hofman et al[97] (2007) evaluated the
gene expression profile of the gastric mucosa of H.
pylori-infected compared to noninfected patients and
highlighted a distinct transcriptional pattern in biopsies
of the antral and fundic regions, associated also with
bacterial density and virulence factors such as cagA, vacA
and babA2. The authors reported up-regulation in receptors and co-receptors involved in bacterial recognition
such as TLR2, TLR4, LY96, ITGB2, VCAM1, MAPK8,
RAC2, SLA, ADAM, MMP, IFITM1 and PAP, signal
transduction, inflammation and immune response, proteolysis, apoptosis and cell proliferation in antral biopsies
from infected patients in comparison with biopsies from
noninfected individuals. It was also observed that several
transcripts encoding chemokines and their receptors
were up-regulated in response to H. pylori infection. More
recently, microarray data of gene expression profiling in
gastric antral mucosa from chronic superficial gastritis
patients infected by H. pylori and uninfected subjects revealed 38 differentially expressed genes, including 23 upregulated and 15 down-regulated genes related to protein
metabolism, inflammatory and immunological reaction,
signal transduction, gene transcription and trace element
metabolism[98]. These data indicate that H. pylori infection could induce carcinogenesis by altering cellular gene
expression processes, evade the host defense mechanism,
increase inflammatory and immune responses, activate
NF-κB and Wnt/β-catenin signaling pathways, and disturb the metal ion homeostasis. However, the functional
significance of these selected genes needs to be further
evaluated in other studies.
TLRs expression has been evaluated in H. pylori infection due to its relevant role in the recognition of pathogenic components such as bacterial LPS. In H. pylorinegative normal gastric mucosa, TLR5 mRNA is the
most expressed, followed by TLR2 and TLR4, whereas
in H. pylori-infected normal gastric mucosa, intestinal
metaplasia, independently of H. pylori infection, and in
the dysplasia/cancer sequence TLR2 and TLR4 are the
most overexpressed[99]. Therefore, these findings suggest
that progressive activation of these receptors, initially by
H. pylori, but also by other PAMPs or damage-associated
molecular patterns at later stages, may have an important
role in gastric carcinogenesis and tumor progression[99].
However there is also indication of no quantitative differences in the TLR4 and TLR5 mRNA levels, regardless
of the presence or absence of H. pylori, in both gastric
epithelial cell biopsies and AGS cells, suggesting that the

H. PYLORI INFECTION DEREGULATES
THE EXPRESSION OF GENES INVOLVED
IN INFLAMMATORY RESPONSE AND
CELL KINETICS
In addition to a marked inflammatory response of
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mRNA levels of these receptors may not be influenced
by the infection process, or at least not at the time points
selected for analysis[100].
H. pylori-CagA+ strains often trigger more potent
inflammatory and immune responses, leading to a more
severe disease, which may be mediated by nucleotide
oligomerization domain 1 (NOD1) by recognizing the intracellular pathogen and initiating pro-inﬂammatory signaling cascades[101,102]. Gastric epithelial cells co-cultured
with H. pylori-CagA+ strains show increased production
of IFN-γ-inducible chemokines, IP-10 and MIG, in response to IFN-γ stimulation. In addition, gastric biopsies
from infected and non-infected patients with gastritis or
gastric cancer show increased mRNA expression levels
of NOD1, CXCL8, IRF1 and CXCL10, when compared
with normal tissue[103]. Likewise, up-regulation of proinﬂammatory molecules expression also occurs in gastric
tumor tissues compared to matched non-tumor samples
such as IRF1, NOD1 and CXCL8. Thus it is proposed
that NOD1 and the IFN-γ signaling pathway regulate the
expression levels of the tumor suppressor gene IRF1.
That could, in some instances, potentiate oncogenic
changes in the gastric mucosa as a consequence of infection with virulent H. pylori-CagA+ strains and exacerbate
disease severity and progression during chronic H. pylori
infection.
In addition, H. pylori-CagA+ strains also appear to
be related with differential activation of two signaling
proteins, STAT3 and ERK1/2 in gastritis patients[104].
The differential activation of these two signaling proteins
may in part explain the increased predisposition to
gastric cancer when infected with H. pylori-CagA +
strains compared to their CagA- counterparts, due to
the activation of epithelial cell turnover, thus increasing
the likelihood of gaining somatic mutations and
subsequent cellular transformation. Recently, in AGS
cells incubated with H. pylori-CagA+ strains 147A- and
147C was observed specific and significant alterations
in gene expression profiles [105] . Up-regulated genes
primarily encoded signal transduction (23.2%), transport
(13.8%), transcription (12.6%), metabolic (11.3%),
immune and inflammatory responses (6.9%), adhesion
and migration (5.9%), and development proteins
(5.0%), while down-regulated genes encoded metabolic
(16.1%), transcription (14.6%), transport (14.6%), signal
transduction (10.6%), translation (5.9%), cell cycle
(5.1%), and apoptosis (3.0%). Among the differentially
expressed genes compared to non-treated AGS cells,
the EMT (epithelial-mesenchymal transition) gene was
selected because it seems to facilitate the invasion of
cancerous cells into both local and distant tissues. Thus,
the H. pylori-CagA + strain plays a significant role in
epithelial-mesenchymal transition, so the prevention of
H. pylori-CagA+ infection may be an effective approach
in preventing the progression or metastasis of tumor
cells that occurs via EMT-inducing genes.
Considering the role of H. pylori infection as a key
event in triggering all these changes in gene expression
of the infected gastric mucosa, and even the risk of ma-

WJG|www.wjgnet.com

lignant progression, the eradication of these bacteria has
been recommended in various countries[106]. Once the
gastric colonization by the pathogen is rarely eliminated
spontaneously, H. pylori eradication is regarded as a firstline therapy to reverse the pre-neoplastic lesions and
prevent malignant progression[107]. The standard triple
treatment regimen of infection consists of two or three
antibiotics (amoxicillin or clarithromycin) and a proton
pump inhibitor, associated or not with bismuth salts, for
1 or 2 wk[108], reaching an eradication rate higher than
90%[109,110].
Although the eradication of H. pylori can result in
partial regression of pre-neoplastic lesions, to this date
few studies have evaluated the role of treatment for the
restoration of gastric mucosa inflammation and normalization of gene expression levels. Tsai et al[107] (2006)
employed microarray technology to investigate changes
in gene expression profiles using samples from a doubleblinded, placebo-controlled clinical trial, associated with
H. pylori infection and eradication of the bacteria. One
year after the bacteria eradication therapy, were identified 30 genes whose expression was significantly downregulated, the majority of which were associated with
immune response and inflammation (CXCL1, CXCL14,
IGLC2, LOC400986, TNFSF10 and OAS1), while in
the placebo group the expression of 55 genes differed
significantly in the same period (32 up-regulated and 23
down-regulated). Among them, genes involved in cell-cell
adhesion and lining, cell cycle differentiation, and lipid
metabolism and transport were down-regulated over time
in the treatment group but up-regulated in the placebo
group. Taken together, these findings showed that H.
pylori infection and its subsequent eradication resulted in
alterations of gene expression associated with cell damage, inflammation, proliferation, apoptosis and intestinal
differentiation, suggesting that H. pylori eradication may
stop or reverse ongoing malignancy-related molecular
processes in the stomach. In this respect, further studies
are needed to evaluate the use of these genes as possible
markers for gastric cancer risk.
The eradication therapy also appears to influence
the expression of the transcription factor FOXP3 by
CD4+CD25 regulatory T cells in the gastric and duodenal mucosa leading to reduced expression in response
to treatment[111]. Moreover, was observed a decrease of
IFN-γ and IL-10 gene expression in the antral mucosa
after eradication of H. pylori. Thus, it is possible that in
the infected mucosa the overall immune response may
be shifted towards an anti-inﬂammatory response. This
could indicate that a moderate regulatory mechanism is
induced in the presence of the bacteria, keeping an immunologic balance where the inﬂammation is maintained
at a controlled level by the suppressive regulatory T cells.
This effect may explain why H. pylori infections become
chronic.
The effect of H. pylori eradication therapy was also
observed on receptors expression levels such as genes
human beta defensin 2 (hBD2) and hBD3, which codify
antimicrobial peptides on the mucosal surface and act in
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higher lymphocytic infiltration still persisted compared to
H. pylori-negative subjects[112]. Possibly H. pylori-positive
patients were most likely infected in their early childhood
and had carried the bacteria for decades, speculating
whether the decreased expression of hBD3 after 3 mo of
treatment should be attributed to long-lasting effects on
the epithelial cells that had not been completely renewed
or to the lymphocytic infiltration still present at the time
of study.
In a broader perspective, despite the still limited studies
on the role of H. pylori eradication in the normalization
of gene expression levels in gastric mucosa, such studies showing genes with significant changes of expression
over time may help reveal molecular markers involved in
inflammatory processes and mechanisms of progression
from precancerous lesions to malignancy.

Table 1 MicroRNAs involved in Helicobacter pylori -induced
inflammatory and carcinogenic processes
miRNAs
let-7b

Regulation

Targets and action

Ref.

Down

TLR4, NF-κ B, COX-2, Cyclin D1,
IL1B
Initiation of immune response
ND
RECK, TGFBR1, TGFBR2
Promotes proliferation,
migration and invasion,
inhibits apoptosis
ND
ND
TNFα
ND
IRAK1, CARD10, COPS8, PTGS2
Inhibits tumor-promotes
cytokines and growth factors
SMAD2
Attenuation of the inflammatory
response
ND
ND
ND
ZEB1
Promotes EMT
ZEB1, IL6
ND
RECK
Promotes cell proliferation
IL6, IL1B,
ND
FoxM1
Promotes proliferation
LATS2
Inhibits cell cycle progression
LATS2
Inhibits cell cycle progression
LATS2
Inhibits cell cycle progression
IL8
ND
MET, GMNN, CCNE2, SIRT1,
HDAC1
Promotes proliferation
Inhibits senescence and
apoptosis
PPP2a, Foxa1
Promotes EMT and stem cells
differentiation
NKRF, Foxa1
Promotes EMT and stem cells
differentiation

[128,129]

has-miR-17
hsa-miR-21

ND
Up

hsa-miR-25
has-miR-93
has-miR-103

Up
Up
Down

hsa-miR-146a

Up

hsa-miR-155

Up

hsa-miR-194

Up

hsa-miR-196
hsa-miR-200b

Up
Up

has-miR-200c

Up

has-miR-222

Up

has-miR-223

Up

hsa-miR-370

Down

has-miR-371-5p

Down

has-miR-372

Down

has-miR-373

Down

hsa-miR-375

Down

has-miR-449b

Down

has-miR-584

Up

hsa-miR-1290

Up

[130]
[123,130]

[130]
[130]
[128]
[131,132]

[133]

MIRNAS REGULATING THE
INFLAMMATORY AND CARCINOGENIC

[130]

PROCESSES INDUCED BY H. PYLORI

[130]
[60]

miRNAs, non-coding ribonucleic acids with about 22
nucleotides [113], are involved in the process of post
transcriptional gene silencing through the pairing with
mRNA target, promoting its degradation[114,115] or, mostly
in animals, causing repression of mRNA translation[116,117].
Since the discovery of miRNAs, their key role in the
regulation of gene expression[118,119] and their participation
in various cellular and systemic functions, they have been
associated with various pathologies, such as inflammation
and cancer[120,121].
The expression of miRNAs is tissue-specific and
they have different cellular functions, such as regulation
of proliferation, apoptosis[122,123], differentiation[124,125]
and carcinogenesis, and can be used as biomarkers for
tumor origin[120,126]. With particular regard to the stomach,
there are various studies reporting different miRNAs in
normal mucosa[127], H. pylori-induced precancerous lesions and gastric cancer (Table 1)[60,123,128-140]. Studies on
miRNA in precancerous gastric lesions are still scarce.
For example, chronic gastritis experimentally induced by
H. pylori showed the action of hsa-miR-155 in regulating
the response of Th1 and Th17 cells to control infection
and, in the meantime, induced precancerous pathologies associated with this bacterium by IFN-γ production[121,141]. In intestinal metaplasia was demonstrated that
the CagA bacterial protein stimulates the expression of
hsa-miR-584 and hsa-miR-1290, which results in downregulation of the forkhead box A1 (Foxa1) gene, thus
inducing transdifferentiation of gastric epithelial cells[140].
In H. pylori-associated gastric cancer, an increasing
number of studies have described the occurrence of
deregulation of miRNA expression and its involvement
in the regulation of gene expression. H. pylori and CagA
genotype inhibit has-miR-370 expression in both gastritis
and gastric cancer, which led to overexpression of this
target FoxM1. This increased expression was gradual from
inflammation to cancer, resulting in cell proliferation for

[60,128]
[134]
[135,136]
[137]
[138]
[138]
[138]
[128]
[139]

[140]

[140]

EMT: Epithelial to mesenchymal transitions; ND: Not determined (in gastric mucosa); NF: Nuclear factor; COX-2: Cyclooxygenase; TNF: Tumor
necrosis factor.

the innate immune responses to human pathogens[112].
Up-regulation of both hBD2 and hBD3 transcripts were
observed in H. pylori-positive subjects that correlated with
the degree of gastritis in corpus and antrum. However,
after successful eradication therapy, while the mucosal
hBD2 transcript levels returned to normal, the hBD3
protein expression level remained unchanged. In addition,
while infiltrating granulocytes disappeared completely,
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gastric carcinogenesis[137]. In gastric cancer cell line, nonmalignant gastric cell line, as well as in human gastric
mucosal tissue, H. pylori is able to increase expression of
has-miR-222 promoting cell proliferation by gradually
decrease the expression of their target RECK[134], so H.
pylori infection can induce carcinogenesis through altering expression of some miRNAs. Also H. pylori-infected
AGS cell line results in the repression of hsa-miR-371-5p,
hsa-miR-372 and hsa-miR-373, which leads to the inhibition of cell cycle progression by up-regulation of their
target LATS2 (serine-threonine kinase)[138]. hsa-miR-200b
and hsa-miR-200c that have a common target, ZEB1, are
transactivated by transcription factor NF-κB due to the
presence of the cagA genotype, so that the gastric epithelial cells begin to undergo mesenchymal transition[60].
Considering the importance of the treatment and
eradication of H. pylori to restore gastric tissue homeostasis, Matsushima et al[135] (2011) found 31 miRNAs differentially expressed in infected- noncancerous gastric
mucosa compared to non-infected individuals. Of these
miRNAs, only has-miR-223 showed increased expression
in H. pylori-positive individuals. In a subgroup of four patients in which H. pylori was eradicated, was observed that
14 miRNAs that were down-regulated in the presence of
the pathogen had their levels increased after four weeks
of eradication therapy. However, in a patient in whom
the therapy was not satisfactory, the levels of these miRNAS were unaltered[135]. However, eradication of the bacteria year after treatment did not change the expression
of oncogenic miRNAs in metaplastic glands, but it was
decreased in non-metaplastic glands, indicating that the
treatment was effective in restoring the miRNAs expression only in the early stages of gastric transformation[130].
In addition, hsa-miR-21, hsa-miR-25, hsa-miR-93, hsamiR-194 and hsa-miR-196 were overexpressed in gastric
cancer in comparison to H. pylori-positive gastric ulcer
or atrophic gastritis, and the eradication decreased the
expression of these miRNAs only in atrophic gastritis[130].
These findings evidence that H. pylori is able to change
the expression of miRNAs in noncancerous gastric mucosa, and this is one of the possible mechanisms for manipulating the host response.
H. pylori can remain in the stomach at high density levels and for a long time, indicating that the host immune
response is not effective in eliminating the pathogen.
This may be due to the deregulation caused by the bacteria in the expression pattern of miRNAs which target
cytokines and other mediators of the immune response.
The miRNA has-miR-21 is a possible regulator of H.
pylori-induced inflammation, targeting the receptor of the
TGFβ signaling pathway (TGFβR1 and TGFβR2)[142],
and the mature form of this miRNA shows increased
expression in both gastric cancer and H. pylori-infected
gastric tissue[123]. hsa-miR-155 and hsa-miR-146a are also
involved in the attenuation of the inflammatory response
against H. pylori. In this process, the MyD88 complex
and adaptor proteins (IRAK-1 and TRAF6) of the TLRs
signaling cascade are targeted by these miRNAs, resulting
in decreased NF-κB activation. In contrast, H. pylori also
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up-regulates hsa-miR-155 expression, which occurs in an
NF-κB-dependent manner, resulting in decreased levels
of pro-inflammatory mediators IL-8 and growth-related
oncogene-α[131-133]. Moreover, H. pylori infection decreases
the expression of let-7b, increasing the production of
TLR4, NF-κB, COX-2 and Cyclin D1, thus contributing
to the initiation of the immune response and the inflammation of the gastric mucosa[129]. Particularly, Isomoto
et al[128] (2012) investigated the association of various
miRNAs with cytokine expression in H. pylori-positive
gastric mucosa and found a negative correlation among
let-7b, hsa-miR-200c, hsa-miR-375 and hsa-miR-103 and
interleukins IL-1β, IL-6, IL-8 and TNF-α, respectively.
Other relationships between inflammatory mediators and
miRNAs are described, as for example has-miR-370 and
reduced expression of TGFβR2[143], has-miR-365 and
negative regulation of IL-6[144], and has-miR-223 and the
reduction of IL-6 and IL-1β[136].
Therefore, inflammatory process induced by H. pylori
leading to precancerous gastric lesions and gastric cancer
can alter the expression pattern of miRNAs in order to
influence biological processes by changing the expression
of mRNA targets. Eradication of the bacteria may be a
strategy for restoring normal levels of these miRNAs in
the gastric mucosa at early stages of malignant transformation, reducing the risk of gastric cancer.

CONCLUSION
After millennia of co-evolution of H. pylori bacteria
with human hosts, complex mechanisms of interaction
between pathogen and host developed, allowing its
persistence and subversion of the immune system
and successful colonization in the human stomach.
Numerous studies about colonization and adhesion of
bacteria in gastric epithelial cells, diversity of virulence
factors, activation of signaling pathways, evasion and
subversion of the immune system and, more recently,
about changes in the gene expression profile of infected
mucosa and participation of miRNAs have contributed
to a better understanding of the host-pathogen relation.
Taken together, these data may help to clarify pivotal
biological and molecular mechanisms of infection
pathogenesis and to identify clinically significant
biomarkers, with the possibility of disclosing novel
therapeutic targets for treatment strategies, especially in
patients who developed resistance mechanisms. Taking
into account that H. pylori infection is a relevant risk
factor for the development of gastric cancer, strategies
aiming for a better understanding of the mechanisms
involved in its pathogenesis and effective eradication
therapies are critical for the prevention of this type of
malignancy.
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Core tip: This review focuses on diagnostic methods
used to detect Helicobacter pylori (H. pylori ) infection
before and after eradication and on treatment regimens
for H. pylori eradication. In this review, we emphasize
the different regimens recommended in relation to differences in antibiotic resistance. Additionally, we review
a test-and-treat strategy for and effective quadruple
therapies, such as sequential, concomitant, and hybrid
therapies. Furthermore, we review the use of probiotics as an additive to help increase H. pylori eradication
rates.

Abstract
Helicobacter pylori (H. pylori ) affects nearly half of the

world’s population and, thus, is one of the most frequent and persistent bacterial infections worldwide. H.
pylori is associated with peptic ulcer disease, gastric
ulcers, mucosa-associated lymphoid tissue lymphoma,
and gastric cancer. Various diagnostic methods exist
to detect infection, and the choice of one method or
another depends on several factors, such as accessibility, advantages and disadvantages of each method,
cost, and the age of patients. Once H. pylori infection
is diagnosed, the clinician decides whether treatment is
necessity, according to the patient’s clinical condition.
Typically, eradication of H. pylori is recommended for
treatment and prevention of the infection. Cure rates
with the standard triple therapy are acceptable, and ef-
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Helicobacter pylori (H. pylori) is the microorganism re-
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sponsible for the most frequent and persistent bacterial
infection worldwide. H. pylori infection affects nearly
half of the world’s population. In developing countries,
the prevalence of infection is as high as 90%, whereas
in developed countries, excluding Japan, the prevalence
is below 40%[1]. Diagnostic methods to detect H. pylori
infection are diverse, and the choice of one method or
another depends on several factors, such as the availability of diagnostic tests, need to perform an endoscopy,
cost, accessibility, advantages and disadvantages of each
method, and age of patients.
Triple therapy is the standard treatment for H. pylori.
Although triple therapy offers acceptable cure rates, quadruple therapies that use various combinations of drugs,
sequential therapies, and concomitant therapies have been
introduced as effective alternatives for H. pylori treatment.
In this paper, we review the main diagnostic methods for
H. pylori infection, according to the principal priorities
used by clinicians (i.e., initial diagnosis and confirmation
of eradication of infection), and discuss the key factors
related to treating H. pylori.

cm from the cardia (Ⅳ), and from the incisura angularis
(Ⅴ)[6]. Despite the recommendations, this approach for
biopsy collection is scarcely used in daily practice because
of the large number of biopsies suggested. Endoscopy is
an uncomfortable and time-consuming procedure. However, the analysis of fewer biopsy samples than recommended can lead to an underestimation of the presence
of H. pylori, sampling error, and false negatives.
To detect H. pylori in biopsy samples, a routine hematoxylin and eosin (HE) stain is usually sufficient. When
the results of this stain are inconclusive, special stains,
such as Warthin-Starry, Giemsa, toluidine blue, acridine
orange, McMullen, Genta, Dieterle, and Romanouski
stains, or immunochemical methods can be used. Present
guidelines suggest that at least 2 different stain techniques
be used on biopsied tissue: HE to evaluate inflammatory cells, and Giemsa or Genta stain to detect H. pylori.
Although the Genta stain is able to visualize both inflammatory cells and H. pylori by combining a silver stain, HE,
and Alcian blue, it is technically complex. In contrast,
the Giemsa stain is technically simple, highly sensitive,
and inexpensive. Thus, the Giemsa stain is the preferred
method in clinical practice. All other methods are used
specifically for research proposes[7-10].
Histology has a few limitations. The tissue changes
are assessed subjectively, which results in an interobserver
variation in scoring for the evaluated parameters. Also,
an endoscopy is needed to obtain the tissue samples for
histology. Due to the patchy distribution of H. pylori in
the gastric mucosa, tissue specimens should be obtained
from different areas of the stomach. The sensitivity and
specificity of histology for H. pylori diagnosis vary from
53% to 90%, depending on the pathologist’s experience
and density of colonization. Increasing the number of
biopsies and employing specific stains can increase the
sensitivity of histology[11].
In a histological section, H. pylori appear as a curved
or spiral bacillus on the epithelial surface, in the mucus
layer, and within gastric glands. Other Helicobacter species, such as Helicobacter heilmanii (H. heilmanii), are also
detected in the human stomach. H. heilmanii, a zoonotic
infection in humans that can be acquired from cats or
dogs and can cause chronic gastritis, is present in about
0.1% of gastric biopsies. H. heilmanii is straight and much
longer than H. pylori; thus, the two species can be easily
distinguished[12].
Histopathologic studies are practiced less often in
children because of the need to perform an endoscopy. A
recent study that included an analysis of histopathologic
lesions in 96 Brazilian children with H. pylori infection
showed that H. pylori was identified in 51.8% of children[13]. Moderate to severe chronic active gastritis was
present in the antrum (70.5%) and the corpus (45.2%),
with more severe gastritis observed in the antrum than in
the corpus (P < 0.05). The topographic distribution of
inflammation was pangastritis (61.9%), followed by antral
(32.1%) and corpus (5.9%). H. pylori density was higher in
the antrum than in the corpus.

DIAGNOSIS OF INFECTION
Several methods are currently available to detect the presence of H. pylori, each with its own advantages, disadvantages, and limitations. A classic way to categorize the
methods is according to whether or not an endoscopy is
necessary. Biopsy-based tests include histological evaluation, culture, polymerase chain reaction (PCR), and the
rapid urease test (RUT), all of which are performed on
tissue obtained during endoscopy. Alternatively, the urea
breath test (UBT), serology, and stool antigen test (SAT)
can be performed as non-invasive procedures. A second
way to classify these tests is according to whether they
are used before or after H. pylori eradication treatment.
For the purposes of this review, we will classify diagnostic tests in this manner because this classification may be
more useful to a clinician.

DIAGNOSTIC TESTS BEFORE
TREATMENT OF H. PYLORI INFECTION
Invasive methods to detect H. pylori infection
Histology: As the standard method to diagnose H.
pylori infection, histological examination provides critical information related to the mucosa (e.g., presence and
severity of inflammation, intestinal metaplasia, glandular
atrophy, dysplasia, and neoplasia). Several studies have
recommended that both antrum and corpus biopsies be
collected[2-5]. The gold standard for gastric biopsy collection is the updated Sydney classification system, which
indicates sampling from 5 biopsy sites. One specimen
each should be obtained from the lesser curvature of the
corpus about 4 cm proximal to the angulus (Ⅰ), from the
lesser (Ⅱ) and greater curvature of the antrum (Ⅲ), both
within 2 to 3 cm of the pylorus, from the middle portion
of the greater curvature of the corpus, approximately 8
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Fluorescent in situ hybridization (FISH) is a new
method used on histological preparations that allows
detection of a specific bacterial factor or feature, such
as clarithromycin resistance, in addition to H. pylori[14,15].
FISH uses a set of fluorescent protein-labeled oligonucleotide probes that target a specific gene; common
probes used are the 16S and 23S ribosomal RNA genes.
It takes about 3 hours to perform this assay and probe
for both for H. pylori and clarithromycin resistance. The
ability to assess both probes in a short time adds value to
the diagnosis of H. pylori. In situ hybridization and immunochemical methods have been used to detect the precise
location of the bacteria in the gastric mucosa[16]. Despite
the advantages of FISH is laborious, expensive, and not
used in clinical practice.

miologic studies. In clinical practice, culturing has mainly
been used to confirm the antibiotic sensitivity of H. pylori
after 2 treatment failures in patients. It is generally not
considered a routine diagnostic method and is not available in most medical institutions worldwide. Yet, given
the increase in antibiotic resistance rates, especially to
clarithromycin and metronidazole, it would be desirable
for more laboratories to be able to perform the culture
and susceptibility test before 2 treatment failures have occurred.
Considering the increasing failure rate of standard
therapies, bacterial culture may be an indispensable
method for surveying antibiotic resistance in populations
and managing antibiotic failure. A recent report described
high antibiotic resistance rates in a pediatric population
of Brazilian children and adolescents[27]. This study analyzed 77 H. pylori clinical isolates obtained from patients
without previous eradication treatment for H. pylori infection, and 6 strains from patients in whom previous eradication treatment had failed. The study reported a global
resistance rate of 49.3%, with 40% of strains resistant
to metronidazole and 19.5% to clarithromycin. Another
study of 61 H. pylori strains isolated from Japanese children[28] found overall resistance rates against clarithromycin, amoxicillin, and metronidazole of 36.1%, 0%, and
14.8%, respectively.

Culture: A recently obtained gastric biopsy specimen
is the ideal specimen for culturing H. pylori because no
notable amount of commensal bacterial flora is expected
(except in patients with reduced gastric acid production,
in whom an overabundance of commensal bacteria is
possible). Procedures that are less invasive than biopsy
collection include gastric juice sampling or the string test.
Specimens from gastric juice samples or the string test
can also be used for culture; however, the sensitivity is
lower than when biopsy specimens are used[17-19].
Culturing typically has a sensitivity greater than 90%
and a specificity of 100% when performed under optimal
conditions[20]. However, lower sensitivity values have been
reported (85.4%) with a confirmed 100% specificity[21],
and a culture sensitivity of 40.0% was reported in bleeding patients[22]. In patients with atrophy, the sensitivity,
specificity, positive predictive value (PPV), negative predictive value (NPV), and overall accuracy for culture were
96%, 100%, 100%, 80%, and 97%, respectively[23]. In a
pediatric population, sensitivity and specificity values of
95.8% and 96.4%, respectively, have been reported[24].
H. pylori is very delicate and needs to be cultured as
soon as possible after sampling. Biopsies can be kept in a
transport medium (e.g., Stuart’s transport medium) for up
to 24 h at 4 ℃. Once isolated, H. pylori can be stored frozen at -80 ℃, preferably in broth with 15% to 20% glycerol. Several types of medium can be used for H. pylori
culture, including selective agars (e.g., Pylori-agar, Skirrow
agar, Wang media, and others), which contain specific antibiotics to inhibit commensal bacteria, and nonselective
agars (e.g., blood agar, Columbia blood agar, and others).
Cultures should be incubated under microaerobic conditions (85% N2, 10% CO2, 5% O2) at 35 to 37  ℃ for at
least 7 d before discarding cultures as negative. Positive
identification of H. pylori is based on morphological characteristics and positive catalase, oxidase, and urease reactions[25].
Culturing is the most specific method for detecting
H. pylori, although the results depend on the microbiologist’s experience, specimen quality, and use of transport
media[26]. For many years, the role of culturing H. pylori
to diagnose infection was limited to research and epide-
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Polymerase chain reaction: PCR allows researchers
and clinicians to identify H. pylori in small samples that
have few bacteria present. It does not require any special
processing supplies or transportation, and it can be performed on samples obtained by both invasive and noninvasive methods. Moreover, PCR can be performed faster
than many other diagnostic methods, used to identify diverse bacterial genotypes, and employed in epidemiological studies. A considerable drawback of PCR is that it can
detect DNA segments of dead bacterium in the gastric
mucosa of patients after treatment; consequently, it can
produce false-positive results[19,29,30]. Molecular detection
of H. pylori using PCR is possible in materials obtained
by non- or minimally invasive procedures, such as gastric
juice, gastric content, saliva, stools, etc. Thus, molecular
methods can be easily applied to specimens obtained by
string tests or orogastric brushes. Molecular testing may
be of particular value for samples that can no longer be
successfully cultured because of prolonged transport or
in cases where isolation of H. pylori is not feasible as a
result of contamination.
In gastric biopsy specimens, molecular methods such
as PCR have proved their worth in detecting pathogens
and testing for clarithromycin resistance, which is attributable to mutations in the 23S rRNA gene[31]. Because of
the increasing prevalence of antibiotic resistance in some
populations with a high prevalence of H. pylori, molecular
tests may have important implications as relevant alternatives for H. pylori diagnosis. In other Gram-negative species, efflux pumps have an important role in resistance
to antibiotics, and options for treating some infections
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caused by multidrug-resistant bacteria are limited[32].

office-based whole-blood tests nor antibody detection in
urine or saliva show similar reliability to laboratory-based
tests, and they are not recommended to diagnose H. pylori
infection[38].
Serology tests are relatively cheap and readily available. Indeed, the accessibility of these tests can result in
their use by laboratories that are inexperienced in H. pylori
diagnosis, which can result in misinterpretation of the
data. Another drawback is the prolonged existence of antibodies in the host even after eradication therapy[39]. As
a result, there can be a considerable amount of time between the administration of eradication therapy and the
confirmation of a significant decline in antibody titers.
This situation limits the utility of serology in confirming
the eradication of infection. In contrast, serology results
are not affected by recent antibiotic or PPI treatment. In
general, the serology test is very good at correctly identifying patients with a negative result[40] and is a good alternative to the UBT test.
Serology has been used both for the detection of
the whole bacterial cell and of specific H. pylori proteins.
Not all H. pylori-infected subjects develop disease, and
the wide spectrum of diseases associated with H. pylori
infection may depend on the heterogeneity of H. pylori
strains[41]. Between-strain heterogeneity can be due to the
presence or absence of virulence factors, some of which
have been used as serological markers. These factors include the cagA and vacA genes, which have been linked to
increased pathogenicity of H. pylori.
The cagA gene encodes a 120- to 140-kDa protein,
CagA[42]. Strains expressing the CagA protein induce
more severe inflammation, a higher degree of gastric
atrophy, and a higher incidence of duodenal ulcer and
gastric adenocarcinoma of the intestinal type [43]. The
vacA gene is present in all H. pylori strains; however, it is
only expressed in 50% to 65% of strains. The vacA gene
encodes an 81- to 91-kDa protein, VacA, which provokes
vacuole formation in gastric epithelial cells[42]. Both proteins, CagA and VacA, are immunogenic, and serologic
assays have been developed to diagnose H. pylori infection and the seroprevalence of virulence factors[44-46]. Recently, six highly immunogenic virulence factors, CagA,
VacA, GroEL, gGT, HcpC, and UreA, were expressed
in Escherichia coli, purified, and immobilized on nitrocellulose membranes to detect serologic immune responses
against these virulence factors in the patient’s sera. This
new assay demonstrated sensitivity and specificity values
of 97.6% and 96.2%, respectively[47].

Rapid urease test: The RUT utilizes the ability of H.
pylori to produce large quantities of urea as the basis for
diagnosing infection. Biopsies obtained during endoscopy
are placed in a medium containing urea and a pH indicator. If urease is present, the urea is broken down into
carbon dioxide and ammonia, which increases the pH of
the medium and causes a subsequent color change in the
pH indicator. The RUT produces a result in a range of
minutes up to 24 h, depending on the number of bacteria
in the biopsy. The RUT is inexpensive, rapid, widely available, and highly specific.
Although some members of the microbiota in the
oropharynx produce urease that is swallowed in the saliva, this weaker enzyme is denatured rapidly because of
the high acidity of the stomach. However, there is a high
possibility of false-negative results with RUT due to decreased urease activity, which could be caused by a recent
intake of antibiotics, bismuth compounds, or proton
pump inhibitors (PPIs)[33]. A false-negative urease test can
also be obtained in patients with achlorhydria. The RUT
sensitivity is affected by the amount of bacteria in the biopsy; at least 10000 cells are required for a positive result.
Low sensitivity and specificity of the RUT have been
reported in the presence of blood. The RUT specificity
decreases (and, thus, the risk of a false positive increases)
with increasing incubation time. When results from RUTs
performed on individual gastric antrum and corpus tissue
specimens and on combined specimens were compared
to histology results (as the gold standard), combining the
tissues increased H. pylori detection from 64% in separate
specimens to 69.2%[34]. Commercial RUTs have specificities above 95% to 100%, but their sensitivity is slightly
less (approximately 85%-95%). Commercially available
RUTs include gel- (CLOtest, HpFast) and paper-based
tests (PyloriTek, ProntoDry HpOne)[35,36].
Noninvasive methods to detect an infection
Serology: Several types of tests have been used to identify antibodies against H. pylori. The enzyme immunoassay (EIA) test has been the most prevalently used. Most
commercial EIA tests are based on detecting IgG, with
sensitivity and specificity values ranging from 60% to
100%. Critical factors important in evaluating the quality of serology tests for the detection of active H. pylori
infection include the prevalence of infection, variations
in geography, and characteristics of the study populations. Local validation of a serology test is necessary, and
it is imperative to make adjustments to cut-off levels for
specific populations. In general, tests containing complex
antigen mixtures of various strains show the highest sensitivity[37].
Numerous characteristics should be considered when
determining whether a serology test should be used as the
method of choice. In particular, a serology test should
be considered in patients with a recent use of antibiotics or PPIs, bleeding ulcers, or gastric atrophy[38]. Neither
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TESTS USED TO DETECT THE
ERADICATION OF INFECTION
Urea breath test
The UBT is based on the ability of H. pylori, if present in
the gastric environment, to break down orally absorbed
13
C- or 14C-labeled urea into CO2 and ammonia. 13CO2
or 14CO2 diffuses into the blood, is exhaled via the lungs,
and can be measured in the exhaled air. The test is easy
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to perform and does not require endoscopy. 13C is a nonradioactive innocuous isotope, and it can be safely used
in children and women of childbearing age. An isotope
ratio mass spectrometer is generally used to measure 13C
in breath samples; however, the machine is expensive[48].
In contrast, 14C-urea is inexpensive but requires the use
of a nuclear medicine department licensed for storage
and disposal of radioactive reagents[49,50].
The sensitivity and specificity of the UBT exceed
90% in most studies[51]. The excellent sensitivity of the
UBT, especially after eradication therapy, may be explained by the fact that the UBT is more likely to produce positive results than biopsy-based tests in cases of
moderate colonization or patchy distribution of H. pylori.
False-positive results due to other urease-forming pathogens are rare. In contrast to serology, the UBT may produce false-negative results if performed after the use of
H. pylori- and urease-suppressive therapies, such as PPIs
and antibiotics. Thus, if the patient has recently ingested
PPIs, antibiotics, or bismuth compounds, the UBT may
have limited value[50]. Corpus-predominant gastritis can
also produce false-negative 13C-UBT results. Misdiagnosis
of corpus-predominant gastritis could lead to a major
misassessment of patients that need endoscopy and/or
eradication therapy[52].
Post-treatment UBT is usually performed 4 to 6 wk after eradication therapy[53]. A recent meta-analysis showed
that the 13C-UBT assay was accurate across all ages. The
authors demonstrated a sensitivity of 95.9%, specificity
of 95.7%, Likelihood-ratio ratio (LR)+ 17.4, LR- 0.06,
and diagnostic odds ratio (OR) of 424.9. The 13C-UBT
had a high accuracy in children older than 6 years, with a
sensitivity of 96.6%, specificity of 97.7%, LR+ 42.6, LR0.04, and diagnostic OR of 1042.7. In this study, they observed a greater variability in accuracy in children under
6 years old, with the test demonstrating a sensitivity of
95%, specificity of 93.5%, LR+ 11.7, LR- 0.12, and diagnostic OR of 224.8[54].

92.5%, 84.8%, 92.5%, and 90.0%, respectively, for Premier Platinum HpSA. Another study evaluated 5 SATs,
including 2 monoclonal EIAs and 3 rapid immunochromatographic assay tests, for their ability to diagnose H.
pylori infection in adult patients with dyspeptic symptoms
before eradication therapy. For the 2 EIAs, the sensitivity and specificity were 92.2% and 94.4%, respectively,
for the Premier Platinum HpSA Plus test, and 48.9% and
88.9%, respectively, for the H. pylori antigen test. For the
3 rapid immunochromatographic assays, the sensitivity
and specificity were 86.7% and 88.9%, respectively, for
the One Step HpSA test; 68.9% and 92.6%, respectively,
for the ImmunoCard STAT HpSA test; and 78.9% and
87%, respectively, for the H. pylori fecal antigen test. The
Premier Platinum HpSA Plus EIA test was the most accurate test to diagnose H. pylori infection in adult dyspeptic patients[56].
The sensitivity and specificity of the SAT vary in different clinical settings, and whether the test is given preor post-treatment[57,58]. In untreated patients, detection of
H. pylori infection by the SAT is comparable to the UBT.
However, posteradication, especially in populations with
low H. pylori prevalence, the performance of the UBT is
superior to the SAT.
The first SAT introduced was the polyclonal SAT
(Premier Platinum HpSA, Meridian Bioscience Inc., OH,
United States). This test was followed by a monoclonal
test (Femtolab H. pylori, Connex, Germany), which is
better than the polyclonal test in both testing untreated
patients and following up with treated patients[59-61].
The superiority of the monoclonal SAT compared
to the polyclonal test, both for early diagnosis of infection and for validation of H. pylori’s eradication following
treatment, has been reported[57]. According to European
Guidelines, the monoclonal test and UBT are the only 2
noninvasive tests recommended for detecting the success
or failure of eradication treatment.
Detection of H. pylori antigen in stool using a monoclonal enzyme-linked immunosorbent assay is one of the
most efficient non-invasive tests for diagnosis of infection in children[62]. The H. pylori SAT seems to perform
well in children, independent of the child’s age[63-65]. An
analysis of 20 studies of the SAT in a total of 2789 patients before they received treatment for H. pylori revealed
values for sensitivity, specificity, PPV, and NPV of 90%,
96%, 93%, and 93%, respectively. In 8 studies examining
a total of 307 children, encouraging results were achieved
for the confirmation of H. pylori eradication after therapy
using the SAT, with a sensitivity of 97%, specificity of
97%, PPV of 88%, and NPV of 99%[66].

Stool antigen test
The SAT uses an enzyme immunoassay to detect the
presence of antigens against H. pylori in stool samples.
It is a reliable method to diagnose an active infection
and to confirm an effective treatment of infection. Stool
samples may be stored for 24 h at room temperature or
72 h at 4 ℃. Without refrigeration, the SAT suffers a significant reduction of sensitivity within 2 to 3 d[55]. Results
of the SAT may be affected by disorders of the digestive
tract, PPI treatment, or the presence of a bleeding ulcer.
The diagnostic accuracy of the SAT in detecting
eradication of H. pylori infection has been evaluated. A
recent study compared the ability of 2 SAT methods,
the enzyme immunoassay (Premier Platinum HpSA) and
immunochromatographic method (ImmunoCard HpSA
STAT), to detect H. pylori after eradication therapy in dyspeptic patients. The sensitivity, specificity, PPV, NPV, and
accuracy were 100%, 91.0%, 84.6%, 100%, and 94.0%,
respectively, for ImmunoCard HpSA STAT, and 84.9%,
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TREATMENT OF H. PYLORI INFECTION
Since the discovery of H. pylori in 1983, this Gramnegative microaerophilic spiral bacillus has been studied
extensively. It currently infects more than 50% of the
world’s population, and in the last decade, it has been
recognized as a major human pathogen[67]. Today, the
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involvement of H. pylori in active chronic gastritis, its association with gastroduodenal ulcer, and its well-accepted
role as a risk factor for the development of gastric cancer
are well documented[68].
There are many schemes for treating H. pylori infection; however, an optimal treatment has not been defined, and there is not a single antibiotic treatment that
can eradicate it. Historically, a combination of various
antibiotics has been used to eradicate the infection. The
antibiotics used include clarithromycin, amoxicillin, metronidazole, tetracycline, fluoroquinolones, tinidazole, and
others. These antibiotics are often used in combination
with antisecretory agents, such as PPIs, or with bismuth
salts. Various combinations of these agents have shown
to be effective with different efficacy rates of eradication
and tolerability.
The effectiveness of the most commonly used therapies has been increasingly compromised by the rapid
emergence of antibiotic-resistant strains of H. pylori and
by poor adherence to treatment by patients. These factors have reduced the effectiveness of treatment to unacceptable levels (≤ 80%) in many geographic areas. Consequently, new treatment strategies have recently been
validated and used to replace the standard triple therapy.
These approaches have especially been used in areas with
a high resistance to clarithromycin, which is a major risk
factor for failure of treatment regimens[69]. Resistance to
amoxicillin has remained relatively stable, while resistance
rates to metronidazole and clarithromycin have been
steadily increasing[70-74]. The prevalence of antibiotic resistance varies considerably by region and is related to the
use of antibiotics, such as clarithromycin and metronidazole, for respiratory or gastrointestinal infections.
One of the first strategies developed for the treatment of H. pylori infection was the test-and-treat strategy.
This therapy is recommended for patients younger than
45 years old that have persistent dyspepsia, peptic ulcer
disease, low-grade MALT, and atrophic gastritis. The testand-treat strategy is based on determining the existence
of H. pylori and eradicating it when detected. An alternative to the test-and-treat strategy is desirable in dyspeptic
patients that live in populations with a moderate-to-high
prevalence of H. pylori infection (≥ 10% to 20%), whereas the empirical PPI strategy may be preferable in populations with a low prevalence of H. pylori infection[75-77].
The test-and-treat strategy must be carefully used in
populations with a low prevalence of H. pylori because
diagnostic tests are less accurate in these populations[78].
Only a small proportion of patients that have functional
dyspepsia experience long-term improvement in their
symptoms after elimination of H. pylori[79-81].
It is currently recommended to split first-line empiric
therapy into two large groups: populations with low and
with high resistance to clarithromycin. For these groups,
the acceptable resistance levels are set as < 15% to
20%[77]. The following information lists current recommendations and therapies available for the eradication of
H. pylori. They are mentioned as first-, second-, and third-
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line treatments, according to clarithromycin resistance.
First-line treatment in areas with low clarithromycin
resistance
The most frequently used strategy is triple therapy. This
therapy is composed of a PPI (lansoprazole 30 mg/12
h, omeprazole 20 mg/12 h, pantoprazole 40 mg/12 h,
rabeprazole 20 mg/12 h, or esomeprazole 40 mg/24 h),
clarithromycin (500 mg/12 h), and amoxicillin (1 g/12
h), taken for 7 to 14 d. The duration of therapy is controversial, although a meta-analysis suggested that 14 d
provides eradication rates 5% higher than those for 7 d.
In cases of allergy to penicillin, metronidazole is an option to replace amoxicillin, as it is equally effective and
considered equivalent[82].
There are several explanations for why clarithromycin susceptibility reduces the success rate of therapy.
These explanations include a poor adherence to the drug
regimen by the patient, gastric acidity, concentration
of bacterial strains, bacterial mutations, and resistance
to clarithromycin. There is also significant variability in
these numbers. For example, in the Netherlands, where
resistance to clarithromycin is not prevalent, it is between
1% and 5%[77].
The efficacy rates of triple therapy have shown to depend on PPIs; thus, various strategies, such as increasing
the dose of PPIs and increasing the length of treatment,
have been attempted to improve the success of triple
therapy. A meta-analysis demonstrated an increase in the
eradication rate from 6% to 10% compared with standard
doses of PPI. The subanalysis specifically mentioned that
a double dose of esomeprazole showed a greater beneficial effect. The presence of various polymorphisms in
the host’s metabolism can alter the effectiveness of PPIs,
since PPI function depends on the cytochrome (CYP)
450 2C19 and MDR polymorphisms. A recent meta-analysis showed that hosts who are extensive PPI metabolizers (depending on CYP2C19 status) had lower cure rates.
Furthermore, a lower cure rate was obtained with the
MDR T/T genotype compared with the T/C and C/C
genotypes[83].
In addition to the standard treatment for H. pylori
infection, an adjuvant therapy is sometimes used. For
example, lactoferrin has been used as adjuvant therapy.
Two meta-analyses that examined the use of lactoferrin showed a decrease in the adverse effects of standard treatment[84,85], although the latest consensus of
Maastricht (IV) mentions that more evidence and better
designed studies are required[77] before definitive conclusions can be drawn. Another adjuvant that has been used
is Saccharomyces boulardii, and some studies have shown
encouraging results[86].
First-line treatment in areas with high clarithromycin
resistance
Quadruple therapy: In areas that have high resistance
to clarithromycin, a quadruple therapy can be used. This
therapy includes a combination of a PPI, bismuth sub-
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salicylate (525 mg, × 4 daily), and 2 antibiotics, metronidazole (250 mg × 4 daily) and tetracycline (500 mg, × 4
daily), for 10 to 14 d. This regimen is well tolerated, and
patients tend to adhere to the schedule; however, this
therapy is not available in all areas. It is recommended
that doctors have other alternatives in mind, such as sequential therapy or quadruple therapy without bismuth[77].

effects were mild, and patients were able to complete
their treatment despite them[90]. Another study analyzed
a concomitant treatment with PPI, amoxicillin, rifabutin,
and ciprofloxacin, and they observed H. pylori eradication
rates of 95.2%. In patients with a penicillin allergy, the
amoxicillin was replaced by bismuth with no significant
effect on the eradication rate (94.2%)[91].
A clinical trial specifically compared concomitant and
sequential therapies and found no difference in H. pylori
eradication rates after treatment with these therapies.
This clinical trial included H. pylori-infected patients from
11 Spanish hospitals. Patients were randomized to receive either sequential or concomitant therapy. Sequential
therapy included omeprazole (20 mg/12 h) and amoxicillin (1 g/12 h) for 5 d, followed by 5 d of omeprazole (20
mg/12 h), clarithromycin (500 mg/12 h) and metronidazole (500 mg/12 h). Concomitant treatment included the
same drugs, but the drugs were taken concomitantly for
10 d. Four weeks after treatment ended, H. pylori eradication was confirmed with 13C-UBT or histology. The
concomitant and sequential eradication rates were 87%
and 81%, respectively, by intention-to-treat (P = 0.15)
and 91% and 86%, respectively, per protocol (P = 0.131)
They concluded that there was no significant advantage
of concomitant over sequential therapy[92].
A second study that compared sequential and concomitant therapies included 164 patients infected with
H. pylori. Patients received either 14 d of sequential (n
= 86) or concomitant (n = 78) therapies. Patients in
the sequential therapy group received rabeprazole (20
mg) and amoxicillin (1 g) in the first week, followed by
rabeprazole (20 mg), clarithromycin (500 mg), and metronidazole (500 mg) in the second week. Patients in the
concomitant therapy group received rabeprazole (20 mg),
amoxicillin (1 g), clarithromycin (500 mg), and metronidazole (500 mg) for 2 wk. Four weeks after completion
of treatment, H. pylori eradication was confirmed by 13CUBT. The intention-to-treat and per protocol eradication
rates were 75.6% (95%CI: 66.3%-84.9%) and 76.8%
(95%CI: 67.1%-85.5%) in the sequential therapy group,
and 80.8% (95%CI: 71.8%-88.5%) and 81.3% (95%CI:
71.6%-90.7%) in the concomitant therapy group, respectively. The researchers concluded that the 2-wk concomitant and sequential therapies showed suboptimal efficacies. Furthermore, in this study, there were no significant
differences between the two therapies with regard to the
eradication rates, compliance, or side effects.

Sequential therapy: Sequential therapy was proposed by
a group of Italian researchers. It involves the combination of a PPI and amoxicillin (1 g, × 2 daily) for 5 d, followed by a PPI and tinidazole clarithromycin/metronidazole (500 mg, × 2 daily) for 5 d. Most studies have shown
that sequential therapy and bismuth-based quadruple
therapy have equivalent success in first-line therapy[82].
Sequential therapy was evaluated in a pediatric population with iron deficiency[87]. Children aged 12 to 15 years
with an active H. pylori infection were evaluated for serum ferritin, and then were randomized into 2 groups to
receive either standard or sequential eradication therapy.
Six weeks after completing the therapy, eradication was
detected by the UBT, and serum ferritin levels were measured. H. pylori eradication rates after either sequential
or standard therapy were different; however, the serum
ferritin levels were not significantly different between the
two therapy groups or between the same group before
and after treatment.
A recent meta-analysis evaluated H. pylori eradication
rates in children after sequential therapy compared to
triple therapy. This analysis included 857 children aged 3
to 18 years who met the inclusion criteria. Of the 409 patients who received sequential therapy, 318 (78%, 95%CI:
73%-82%) were cleared of the infection, compared with
314 of the 444 patients (71%, 95%CI: 66%-75%) who
received standard triple therapy (RR = 1.14, 95%CI:
1.06-1.23). The authors concluded that sequential therapy
is superior to 7-d standard triple therapy, but is not significantly better than 10- or 14-d triple therapy. Furthermore, they found no significant differences in the risk of
adverse effects between groups that received different
treatments.
Concomitant therapy: Concomitant therapy is used instead of sequential therapy in areas where the resistance
to clarithromycin is greater than 20% and bismuth-based
quadruple therapy is not available. Concomitant therapy
involves the simultaneous administration of 3 antibiotics
(metronidazole, clarithromycin, and amoxicillin) and a
PPI for 10 d. This therapy is effective and well tolerated
compared to conventional triple therapy[88].
A recent controlled trial compared concomitant
therapy with triple therapy in Greece, where there is a
high resistance to clarithromycin (25%) and metronidazole (40%). Concomitant therapy had an eradication rate
of 90%, whereas triple therapy only had an eradication
rate of 73.8%[89]. Unfortunately, the adverse effects of
concomitant therapy were high, as 30.9% of subjects reported at least one adverse effect. However, the adverse
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Hybrid therapy: Hybrid therapy is a recently reported
therapy that consists of 2 steps: (1) treatment with a PPI
and amoxicillin (1 g/12 h) for 7 d, followed by (2) a PPI
and 3 antibiotics, amoxicillin (1 g/12 h), metronidazole
(500 mg/12 h), and clarithromycin (500 mg/12 h), for 7
d. In a study comparing hybrid and sequential therapies,
the eradication rates were 89.5% and 76.7% (P = 0.001),
respectively. Similar severe adverse effects were observed
in patients in both treatment groups. Specifically, 2.4%
of patients in the hybrid therapy group and 3.8% of pa-
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has been estimated at 11.5%[90].

tients in the sequential therapy group reported adverse
effects[93].
A recent study included non-ulcer dyspepsia patients
that were infected with H. pylori and compared concomitant, sequential, and hybrid therapies[94]. Patients were
randomized to receive one of the following 3 treatments:
(1) concomitant therapy with omeprazole (20 mg), amoxicillin (1 g), clarithromycin (500 mg), and tinidazole (500
mg) for 5 d; (2) sequential therapy with omeprazole (20
mg) and amoxicillin (1 g) for 5 d, followed by omeprazole
(20 mg), clarithromycin (500 mg), and tinidazole (500
mg) for 5 d; or (3) hybrid therapy with omeprazole (20
mg) and amoxicillin (1 g) for 7 d, followed by omeprazole
(20 mg), amoxicillin (1 g), clarithromycin (500 mg), and
tinidazole (500 mg) for 7 d. 13C-UBT was used to detect
H. pylori eradication 6 wk after treatment. In this study,
the intention-to-treat and per protocol analyses revealed
eradication rates of 85.5% and 91.6%, respectively, with
the concomitant therapy regimen; 91.1% and 92.1%,
respectively, with the sequential therapy; and 80% and
85.7%, respectively, with the hybrid therapy regimen.

Eradication of H. pylori in pregnancy
If a patient is diagnosed with peptic ulcer during pregnancy or lactation, the condition should be managed only
with acid suppression. Eradication of H. pylori should
be completed after childbirth. Bismuth, quinolones, and
tetracyclines are contraindicated in pregnancy, and metronidazole should be avoided[89].
To our knowledge, only one published report has
examined eradication of H. pylori in pregnant women,
specifically in pregnant women with iron deficiency anemia[98]. The researchers performed a randomized placebocontrolled trial on 40 women that were between 14 and
30 wk of gestation and had H. pylori infection detected by
the SAT. Women were randomly divided into 2 groups:
group Ⅰ (n = 20) was treated with amoxicillin, clarithromycin, and omeprazole for 2 wk, and group Ⅱ (n = 20)
was treated with placebo. Both groups received therapeutic doses of iron and folic acid. After 6 wk of therapeutic
iron and folic acid supplementation, the rise in hemoglobin, packed cell volume, serum iron, and percentage of
transferrin saturation were significantly greater (P < 0.05)
in the group given H. pylori eradication therapy compared
to the placebo group. The authors concluded that there
is a high prevalence of H. pylori infection in pregnant
women with iron deficiency anemia, and that eradication
therapy resulted in a significantly better response to oral
iron supplementation among H. pylori-infected pregnant
women with iron deficiency anemia.

Second-line treatment in areas that have a low
clarithromycin resistance
Options available in areas with a low resistance to clarithromycin include bismuth-based quadruple therapy and
therapies with a PPI and levofloxacin/amoxicillin[86,95].
However, levofloxacin use has been questioned, based
on an increase in levofloxacin resistance[96]. Therefore,
susceptibility studies should be performed before starting
therapy.

Use of probiotics in treating H. pylori infection
It has been suggested that probiotics compete directly
with H. pylori by interfering with H. pylori adherence or by
producing antimicrobial molecules. The efficacy of Lactobacillus reuteri (L. reuteri) in H. pylori eradication therapy
has been investigated. In this study, H. pylori infection
was identified by gastric histopathology and 13C-UBT.
Intervention consisted of 108 colony-forming units of
L. reuteri (DSM 17938) plus pantoprazole (20 mg, × 2
daily) for 8 wk. Patients were examined 4 to 6 wk after
therapy for H. pylori eradication by 13C-UBT. They found
that L. reuteri plus pantoprazole twice daily cured 13.6%
(3/22; 95%CI: 2.9%-34.9%) of patients with H. pylori
infection by intention-to-treat analysis and 14.2% (3/21;
95%CI: 3.0%-36%) by per protocol analysis. Researchers
concluded that L. reuteri might have a potential role in H.
pylori eradication therapy, if the cure rate can be improved
by changes in dose, dosing interval, or duration of therapy[77].
A recent meta-analysis investigated whether a preparation of a Lactobacillus- and Bifidobacterium-containing
probiotic could improve H. pylori eradication rates and
reduce side effects[99]. The study included 10 clinical trials and 1469 patients, with 708 patients in the probiotic
supplementation group and 761 patients in the control
group. Pooled ORs by intention-to-treat and per-protocol
analyses in the probiotic supplementation group vs the

Second-line treatment in areas that have high
clarithromycin resistance
For the case in which bismuth-based quadruple therapy
fails, a triple therapy containing a PPI, levofloxacin, and
amoxicillin is recommended. Again, the increase in levofloxacin resistance should be taken into account[77].
Third-line treatment
After 2 failed treatments in areas that have either a low or
high clarithromycin resistance, it is not advisable to prescribe further antibiotic treatments. Whenever possible,
biopsy specimens should be obtained to culture and test
for susceptibility[81]. “Rescue” or “salvage” therapies have
obtained good results in these cases. One rescue therapy
is the use of rifabutin (150 mg, × 2 daily), amoxicillin (1
g, × 2 daily), and ciprofloxacin (500 mg, × 2 daily) for 14
d. Although this therapy achieves an excellent response,
severe adverse effects have been observed[97]. Other rescue therapies include a double dose of PPIs plus azithromycin (500 mg/d for 3 d), followed by a double dose of
PPIs plus furazolidone (200 mg, × 3 daily) for 10 d in
addition to a base therapy of furazolidone (200 mg, × 2
daily), bismuth subcitrate (120 mg, × 4 daily), and tetracycline (500 mg, × 4 daily) in combination with a PPI at
the doses described. For this treatment, the rate of recurrence of H. pylori infection after a successful eradication
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control group were 2.066 (95%CI: 1.398-3.055) and 2.321
(95%CI: 1.715-3.142), respectively. The pooled OR of the
incidence of total side effects was significantly decreased
in the group that received probiotics supplementation
(OR = 0.305; 95%CI: 0.117-0.793). They concluded that
combining a Lactobacillus- and Bifidobacterium-containing
probiotic with initial H. pylori eradication therapy in adults
may have beneficial effects on the eradication rate and
incidence of total side effects.
Another study aimed to determine whether adding probiotics to a standard anti-H. pylori regimen could
minimize the prevalence of gastrointestinal side effects
and improve the eradication rate. In a double-blind, randomized, placebo-controlled study, 66 H. pylori-positive
children, diagnosed by RUT or histology, were treated
with a triple drug treatment protocol (omeprazole,
amoxicillin, and furazolidon) and randomly allocated to
receive either a probiotic or a placebo[100]. All patients underwent esophagogastroduodendoscopy. H. pylori status
was assessed by the SAT 4 to 8 wk after completion of
treatment. The H. pylori eradication rate was significantly
higher in the group that received probiotics (P = 0.04).
Furthermore, during treatment, there was a lower rate of
nausea/vomiting (P = 0.02) and diarrhea (P = 0.039) in
the probiotic-supplemented children than in the placebotreated children. The authors concluded that probiotics
have a positive effect on the eradication of H. pylori infection and the side effects of H. pylori treatment.
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CONCLUSION
Infection by H. pylori remains the most frequent and persistent bacterial infection worldwide; therefore, accurate
diagnosis of infection is imperative. There are several
alternatives for diagnosis of infection and detection of
eradication after treatment for H. pylori infection. Additionally, there are several therapies used for treatment.
Determining the diagnostic method and therapies to use
for each patient depends on several factors, such as the
clinical condition of the patient, the prevalence of infection, and the prevalence of clarithromycin resistance,
among others.
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ment and new treatments using natural resources such
as plants, probiotics and nutraceuticals. In addition,
novel alternatives based on microorganisms, peptides,
polysaccharides, and intragastric violet light irradiation
are presented. Alternative therapies have not been
effective in eradicating the bacteria but have been
shown to maintain low bacterial levels. Nevertheless,
some of them are useful in preventing the adverse effects of antibiotics, modulating the immune response,
gastroprotection, and the general promotion of health.
Therefore, those agents can be used as adjuvants of
allopathic anti-H. pylori eradication therapy.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Helicobacter pylori ; Treatment; Natural
products; Probiotics; Nutraceuticals
Core tip: Helicobacter pylori (H. pylori ) plays a role in
several gastric diseases. Current anti-H. pylori therapy
fails in more than 20% of cases, primarily due to antimicrobial resistance and patient non-adherence.
This situation has encouraged the search for other
approaches to control H. pylori infection. This review
discusses advances in the development of an H. pylori
vaccine and new treatments based on plants, probiotics, nutraceuticals, microorganisms, peptides and intragastric violet light irradiation. Alternative therapies have
not been effective in eradicating the bacteria in vivo but
are promising as complementary treatments diseases
associated with H. pylori infection.

Abstract
Helicobacter pylori (H. pylori ) is a successful pathogen

that can persist in the stomach of an infected person
for their entire life. It provokes chronic gastric inflammation that leads to the development of serious gastric diseases such as peptic ulcers, gastric cancer and
Mucosa associated lymphoid tissue lymphoma. It is
known that these ailments can be avoided if the infection by the bacteria can be prevented or eradicated.
Currently, numerous antibiotic-based therapies are
available. However, these therapies have several inherent problems, including the appearance of resistance
to the antibiotics used and associated adverse effects,
the risk of re-infection and the high cost of antibiotic
therapy. The delay in developing a vaccine to prevent
or eradicate the infection has furthered research into
new therapeutic approaches. This review summarises
the most relevant recent studies on vaccine develop-
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mutase (Hp-SOD), which catalyses the dismutation of
the superoxide radical into hydrogen peroxide and molecular oxygen, and catalase (KatA), which converts hydrogen peroxide into water and oxygen. Another important
anti-ROS enzyme is alkyl hydroperoxidase (AhpC), which
is a highly abundant and conserved protein in H. pylori[21].
This enzyme is a member of the peroxiredoxin family
that has been shown to be capable of reducing different peroxides, but its major function under physiological
conditions is to reduce organic hydroperoxides into nontoxic alcohols[22].
Several H. pylori virulence factors have been associated with gastric carcinogenesis. The most important
of these include vacuolating cytotoxin (VacA) and the
cytotoxin-associated gen A (CagA) protein. Both are especially relevant for the pathology of the infection by H.
pylori because strains that produce them have been more
frequently isolated from patients with gastric cancer[23,24].
VacA is one of the most important factors determining the virulence of the pathogenic strains of H.
pylori. It was first characterised by its ability to cause cell
vacuolisation in tissue culture cells. VacA creates pores
in the membrane of the host cells, allowing the exit of
chlorine and bicarbonate ions, pyruvate and urea[25,26].
VacA causes the release of iron, nickel, sugars and amino
acids through the tight junctions of the gastric epithelium
without affecting their integrity[27]. It has been reported
that VacA interferes with the process of antigen presentation in vitro[28], induces apoptosis in epithelial cells[29] and
inhibits the activation and proliferation of T and B cells
in vitro[30,31]. The functions of VacA suggest that its initial
activity consists in providing nutrients for the establishment of the infection. Afterwards, it contributes to the
persistence and chronicity of the infection by inhibiting
immune cells and altering the balance of cellular turnover; it also increases cellular proliferation and allows the
persistence of mutation-carrying cells, thus contributing
to the carcinogenic process.
The H. pylori CagA protein is a 120- to 140-kDa protein produced by approximately 60% of clinical isolates.
The cagA gene is located at the end of the cytotoxinassociated genes pathogenicity island (cagPAI)[32]. This
region contains 32 genes, some of which encode for multiple structural components of the type Ⅳ secretion system (T4SS). The T4SS is an external structure that can be
visualised microscopically as pilus-like structures protruding from the bacterial membrane[33]. In addition to CagA,
there are other cagPAI products that are equally important
in the pathogenesis processes associated with H. pylori.
Among these is the CagL protein, which is found at the
tip of the pilus and serves as an adhesine, which binds to
host cell integrin[34] to trigger the translocation of CagA
into the cell[35]. Additionally, CagL interacts with the α5β1
integrin to induce IL‑8 production and the nucleotidebinding oligomerisation domain-containing 1 (NOD1)
signalling[36] independently of CagA translocation. Once
CagA is translocated into gastric epithelial cells, it carries
out functions that depend on both the phosphorylated

INTRODUCTION
Helicobacter pylori (H. pylori) infection is an important public health problem in several parts of the world. Because
this pathogen is associated with various gastric diseases,
ranging from mild discomfort, such as superficial gastritis, to severe ailments, such as chronic atrophic gastritis,
gastric cancer or peptic (gastric or duodenal) ulcer, there
is much interest in understanding how infection with H.
pylori could be prevented.
Virulence factors of H. pylori
H. pylori has virulence factors that are necessary to colonise the acid environment of the stomach and to survive
in it; these factors are expressed in all isolates[1]. Of these,
the most remarkable are urease and the adhesins. Urease
metabolises urea into ammonia and carbon dioxide, and
it contributes to the neutralisation of gastric acid[2]. In
addition, urease is strongly immunogenic and chemotactic for phagocytes[3], and it promotes the production
of the proinflammatory cytokines interleukin (IL)-1β,
IL-6 and IL-8, as well as tumoural necrosis factor-alpha
(TNF-α)[4,5]. H. pylori adheres specifically to the epithelial
cells of the gastric mucosa by means of the adhesins. Of
these, the most studied are BabA and SabA, which are
external membrane proteins that link to the blood group
antigens Lewis-b and Lewis-x, respectively[6,7]. The gene
babA is polymorphic, occurring as babA1 and babA2[8].
Strains containing babA2 are associated with a higher risk
of peptic ulcer, intestinal metaplasia and gastric cancer.
Moreover, babA2+ strains generally display the most cytotoxic vacA genotype (s1/m1) and they are cagA+, which
further increases the risk of peptic ulcer, intestinal metaplasia and gastric cancer[9,10]. Other membrane proteins
that function as adhesins have been reported, including
AlpA, AlpB, HopZ and HopH, also called outer inflammatory protein A (OipA) due to its association with the
increased secretion of IL-8 by epithelial cells in vitro and
with intense gastric inflammation in vivo[11-14]. Nevertheless, only approximately 20% of the H. pylori population
in the stomach adheres to the epithelial cells, whereas the
rest is found in the mucosal layer[15].
The neutrophil-activating protein of H. pylori (HPNAP) allows the bacteria to capture iron, which is essential for its growth[16]. HP-NAP is particularly important in
the pathogenesis of the infection because it induces adhesion and chemotaxis of mononuclear and polymorphonuclear phagocytes[17]. HP-NAP activates the NADPH
oxidase enzyme, which is involved in the production of
reactive species of oxygen (ROS)[18]. It also stimulates
the production of IL-12 and IL-23 by neutrophils and
monocytes; these cytokines promote inflammation[19]. Because of its properties, HP-NAP increases the degree of
gastric mucosa inflammation and the continuous harm to
gastric cells caused by ROS.
There are other important enzymes that protect H. pylori against the ROS produced through internal metabolic
processes as well as by neutrophils and macrophages
during inflammation[20]. Among these are superoxide dis-
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and the non-phosphorylated forms of CagA[37]. Phosphorylation-dependent functions include the dispersion
and elongation of cells, affecting their proliferation and
adhesion, as well as the organisation of the cytoskeleton[38-40]. Phosphorylation-independent functions include:
interruption of the tight adhesive junctions, loss of cellular polarity, proinflammatory and mitogenic responses,
degradation of the extracellular matrix, and induction of
cell cycle progression[41-45]. The result of these processes
is the destabilisation of the gastric epithelium, which
potentially contributes to the pathogenesis of H. pylori
in vivo. Moreover, these findings point to the preferential
survival of H. pylori-infected cells and to the oncogenic
role of the bacteria.
A gene associated with the development of duodenal
ulcer (dupA) has been reported. The dupA gene is the
most frequent gene in strains isolated from patients with
duodenal ulcer. It is associated with the development of
duodenal ulcers, as well as with neutrophil infiltration
in the antrum and higher levels IL-8[46]. However, other
investigations have not found these associations, so more
research work is needed to confirm this finding[47,48].

factor α and β that stimulate innate and T-cell immune
responses[65]. Th17 cells are a recently identified class of
effector T cells that produce pro-inflammatory cytokine
IL-17. This interleukin stimulates fibroblasts, endothelial
and epithelial cells, and gastric and lamina propria mononuclear cells to produce a diversity of cytokines and
chemokines; this process results in neutrophil infiltration
that contributes to H. pylori-associated inflammation[66].
Despite the local and systemic response against the infection, H. pylori can subvert and/or modulate the adaptive
immunity perpetuating the infection and chronic inflammation[67]. In a small proportion of infected individuals,
this chronic inflammation leads to the development of
gastric cancer.
Regulatory T cells (Treg cells) contribute to peripheral
immunologic tolerance by suppressing activated T cells,
natural killer cells, B cells and dendritic cells[68]. Treg cells
are induced by IL-18 in response to H. pylori; they regulate the effector T cells to prevent excessive activation
and promote a persistent infection[69]. Treg cells from the
gastric mucosa of H. pylori-associated gastric cancer patients could down-modulate the T cell response against H.
pylori in vitro[70]. Furthermore, high levels of suppressive
cytokine IL-10[71] and a Treg cell-mediated reduction of T
cell transendothelial migration[72] from H. pylori-associated
gastric cancer patients has been detected. Anti-tumour
responses are characterised by cell-mediated immunity.
In the mouse model, Treg cells can suppress an effective
immune response against tumours[73,74]. It seems that the
suppressive functions of the Treg cells may contribute to
the reduced anti-tumour responses and thus to tumour
progression in H. pylori-associated gastric cancer patients.
In some H. pylori-infected individuals, acid secretion is
higher than normal. The acid flows into the duodenum,
leading to gastric metaplasia. H. pylori cannot colonise a
normal duodenum; it preferentially colonises areas of
duodenal gastric metaplasia[75]. The numbers of CD4+
FOXP3+ T cells are increased in areas of gastric metaplasia in the duodenum of H. pylori-infected ulcer patients[76].
Interestingly, there is evidence showing reduced cytokine
production in the duodenal epithelium of duodenal ulcer
patients[77]. These findings suggest that a down-regulation
of the immune response, possibly by Treg cells, allows a
higher bacterial density in the duodenum that, together
with the high secretion of acid, plays a role in the development of H. pylori-associated duodenal ulcer[78].

Immune response and disease
The development of innate immunity depends on the
host’s recognition of microbial pathogens through
pathogen-associated molecular patterns (PAMPs), such
as lipopolysaccharide (LPS), peptidoglycan, lipoproteins,
flagellins or double-stranded RNA[49]. These PAMPs are
highly conserved molecular structures that are recognised by Toll-like receptors (TLRs)[50] or by NOD-like
receptors (NLRs)[51]. H. pylori LPS and flagellin are poor
activators of TLR-4 and TLR-5, respectively. H. pylori
LPS has a weak endotoxic activity compared to Salmonella typhimurium LPS[52] and is a weaker inducer of proinflammatory cytokines than Escherichia coli LPS[53]. H.
pylori flagellin is weakly recognised by TLR-5 and it is not
pro-inflammatory[54,55]. H. pylori evades an initial innate
response by preventing intense immune activation; thus,
it can colonise the gastric mucosa. The H. pylori peptidoglycan is delivered into cells through the T4SS[56] and the
outer membrane vesicles[57]. Once translocated, the peptidoglycan is recognised by NLR NOD-1, resulting in the
translocation of nuclear factor (NF)-kB to the nucleus
and the activation of the immune response genes[56,58].
The hallmark of the interaction between H. pylori
and the host’s immune system is the persistence of the
infection for years, leading to a chronic inflammation of
the gastric mucosa. Once the H. pylori infection is established, both cellular and humoural adaptive immunities
are developed: naive T helper (Th) CD4+ cells differentiate into Th effector cells (cellular response), and B cells
that produce specific antibodies are activated (humoural
response)[59]. However, there is evidence indicating that
B cells and antibodies are dispensable for H. pylori control[60,61], whereas Th1 and Th17 effector T cell subsets
and their cytokines are essential for the control of the
infection[62-64]. Th1 cells produce the pro-inflammatory
cytokines gamma interferon (IFN-γ) and tumour necrosis
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H. PYLORI TREATMENT
In most individuals, the H. pylori infection can continue
throughout life as an asymptomatic condition. Unfortunately, its persistence in the stomach causes chronic
gastric inflammation and tissue damage, leading to
alterations that could evolve to severe gastric diseases
such as peptic ulcers, gastric cancer or mucosa associated lymphoid tissue lymphoma. Therefore, eradication
appears to offer the most direct approach to reducing
the enormous human and economic consequences of H.
pylori infection[79,80].
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In general, several international guidelines for treating
patients diagnosed with H. pylori infections are consistent
with the use of triple therapy as the first-line treatment.
This treatment consists of the administration of a proton
pump inhibitor (PPI), clarithromycin, and amoxicillin for
7-14 d[81-83]. However, H. pylori eradication treatments following this regimen produce cure rates lower than 80%,
mainly due to an increase in clarithromycin resistance[84,85].
As a result, other regimens (second-line therapies) have
been proposed[85]. These treatments usually consist of a
PPI in combination with two or three antibiotics, among
which amoxicillin, clarithromycin, metronidazole, and
tetracycline are included. To overcome the antimicrobial
resistance problem and to increase the cure rates of initial treatments, new drug combinations are being developed from existing formulas. The use= of a four-drug
treatment (i.e., either sequential, concomitant or bismuthcontaining) has been recommended. Sequential treatment
consists of a dual therapy (a PPI plus amoxicillin) for 5
d, followed by a 5-d triple therapy with a PPI plus clarithromycin and tinidazole or metronidazole to complete
a 10-d treatment. Concomitant therapy consists of four
drugs (a PPI, clarithromycin, metronidazole/tinidazole
and amoxicillin) given twice a day for 3-7 d. Bismuthcontaining quadruple therapy consists of a bismuth salt,
tetracycline HCl, metronidazole/tinidazole, and a PPI
given three or four times a day for 7-14 d[86].
European guidelines recommend culture before the
selection of a third-line treatment based on the microbial
antibiotic sensitivity. After two eradication failures, H. pylori isolates are often resistant to both metronidazole and
clarithromycin. The alternative candidates for third-line
therapy are quinolones, tetracycline, rifabutin and furazolidone; high-dose PPI/amoxicillin therapy might also
be promising[87].
The main reasons for treatment failure are antimicrobial resistance and patient non-adherence. The lack of
treatment compliance by the patient is a basic factor that
explains the low rates of bacterial eradication. The cause
is the complexity of the therapy, which involves at least
three drugs, administered in repeated doses for a long
time. Consequently, there are side effects, which, coupled
with a lack of immediate improvement, discourage the
patient to continue with the therapy. The high cost of
anti-H. pylori treatments is another drawback. Finally, the
recurrence of H. pylori infection after successful eradication also represents a problem in terms of the efficiency
of therapies, especially in developing countries.
Taking into account the problems inherent to anti-H.
pylori therapies in clinical practice, new therapeutic approaches to obtain a vaccine against the bacteria and to
find new molecules with antibiotic activity or adjuvants
that help patients to comply with the therapies have
emerged. In this review we summarise the most relevant
recent research on alternative treatments to the current
therapy against H. pylori (Figure 1).

countries with a high prevalence of the infection; with
increased resistance to the antibiotics used to treat it,
which might increase the recurrence rate of the infection; and with high morbidity and mortality rates caused
by H. pylori infection-associated pathologies[85]. The high
cost of treatment for diseases associated with this infection (i.e., gastric cancer and peptic ulcer) make vaccine
development a cost-effective alternative. Thus, effective
vaccines that could prevent and/or cure the infection or
at least modify the host-pathogen interactions in a manner that prevents disease progression are desirable.
The continued efforts to obtain a vaccine against
H. pylori have been focused on finding the best delivery
route, as well as adjuvants and antigens that favour the
induction of protective immunity. Because H. pylori is an
extracellular mucosal pathogen, most of the vaccines that
have been developed are based on mucosal immunisation. Several routes of mucosal vaccination and different
antigens in combination with mucosal immune adjuvants,
such as the cholera toxin (CT) or the E. coli heat-labile
toxin (LT), have been tested[88]. In animal models, both
CT and LT are strong adjuvants that induce protection,
defined as a significant reduction in the bacterial load;
they also induce protection against a challenge with H.
pylori. However, these adjuvants have adverse effects in
humans, which prevent their clinical application. The best
alternative for human studies is aluminium hydroxide,
which is already approved by the United States Food and
Drug Administration (FDA)[89]. The introduction of live
attenuated Salmonella expressing H. pylori urease A and
B subunits[90,91] is an alternative strategy that does not
require adjuvants, but studies in humans[92,93] did not produce satisfactory results.
Different antigens have been shown to be effective in
inducing the immune response to the infection. Urease
(UreA and UreB), CagA, VacA, neutrophil-activating
protein (NapA) and catalase are recognised by antibodies[94,95]; therefore, these antigens are the best candidates
for vaccine formulations. Among these antigens, urease is
highly expressed by all H. pylori strains, which makes it a
good candidate for a vaccine formulation. Although the
initial results were disappointing, the combination of urease with other antigens such as HpaA (essential surface
protein) conferred better protection[96]. The search for
novel antigens has led to an interesting new development:
a vaccine comprising genetically fused HspA, UreB and
HpaA to create a multivalent vaccine[97]. When this trivalent fusion vaccine was tested in BALB/c mice, it showed
significant protection against H. pylori infection, which
was associated with H. pylori-specific antibody production and the Th1/Th2-type immune responses. Another
innovative development consists of a system where the
measles virus (MV) is used as a vector for the expression
of the H. pylori NapA. It was demonstrated that attenuated MV strains expressing the NapA antigen induce
a significant humoural and cellular immune response
against both the MV and the NapA antigen[98]. Other
novel antigens include antioxidant enzymes, superoxide
dismutase[99] and alkyl hydroperoxide reductase[100], which

VACCINES
The need for a vaccine is especially evident in those
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Figure 1 Alternative approaches to the current allopathic therapy against Helicobacter pylori. Different preventive, healing and adjuvant strategies proposed
for anti-Helicobacter pylori therapy are shown.

are essential for H. pylori’s survival in vivo. When they are
used as vaccines, the immune response generated against
them could also have an impact on bacterial survival and
thus favour elimination. Recent research reports from human studies show that a vaccine formulation comprising
CagA, VacA and NapA, in combination with aluminium
hydroxide as an adjuvant and delivered by intramuscular
injection, elicits antigen-specific humoural and cellular
responses against CagA and VacA; specific T cells against
CagA and VacA were observed, and they were detectable
24 mo after the primary vaccination, suggesting T cell
memory[89].
There is evidence that cellular immunity is required
for H. pylori clearance and that an initial humoural response fails to prevent infection and colonisation[60,101].
Studies in animal models have found that certain antigens and adjuvant combinations for immunisation can
induce protective immunity[102-104], although the protective
mechanism remains unclear. From these studies, it has
also been revealed that the immune response induced by
H. pylori contains a significant component of Treg cells
that may limit both the inflammatory and the immune
mechanisms in the gastric mucosa, which might play an
important role in clearing the infection. These immunomodulatory mechanisms used by H. pylori to persist in its
gastric niche are crucial to prevent sterilising immunity[61].
Therefore, successful vaccine formulations and vaccination strategies must overcome the immunomodulatory
response induced by H. pylori[105,106].
Although some promising results have been obtained
in animal models, pointing to the feasibility of developing a secure and effective vaccine for human use[107], more
clinical trials are needed to establish whether the positive
results obtained in animal models can be reproduced in
humans. In addition, other aspects require investigation,
to provide clues regarding vaccine formulations, antigens,
adjuvants, and delivery systems.
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PLANTS AS THERAPY
Plants and spices have been used since ancient times as
therapeutic agents, and their uses have been passed down
from generation to generation. Today, traditional medicine systems based on the use of plants are especially
recognised in developing countries, where the availability
of medical services and the accessibility to allopathic
treatments is limited. Natural products, specifically those
of plant origin, are potential sources for the discovery
and development of new effective agents against infections[108].
There are hundreds of scientific publications worldwide that describe specifically the antibiotic activity of
herbal products against H. pylori. A search (plant anti H.
pylori) in the PubMed database from 1991 to August 31,
2013, lists over 300 entries, including plant extracts, plant
compounds, and plant processed products. In 1991, the
anti-H. pylori effect of 13 Malagasy medicinal plants was
reported[109]. Since then, several investigations of medicinal plants of a specific region or country have been undertaken. Examples include studies of the anti-H. pylori
activity of Chinese[110], Mexican[111-113], Iranian[114,115], Taiwanese[116], African[117,118] and Greek[119] herbal medicines.
The largest group of reports refers to the activity of an
individual plant, either for medicinal or dietary use.
In addition to screening for active regional medicinal
plants, research efforts have also focused on the bioguided isolation and identification of pure compounds, as
well as on chemical modification of lead compounds in
order to obtain more active molecules against H. pylori.
From these phytochemical studies, many compounds
with remarkable anti-H. pylori effect in vitro have been
identified[120,121]. However, very few of them retain their
in vivo activity. Examples include catechins, particularly
epigallocatechin gallate[122], the terpene plaunotol[123],
1-methyl-2-[(Z)-8-tridecenyl]-4-(1H)-quinolone and
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1-methyl-2-[(Z)-7-tridecenyl]-4-(1H)-quinolone [124],
the flavonoid kaempferol, the alkaloid tryptanthrin[125],
sulphoraphane[126,127], 4-vinyl-2,6-dimethoxyphenol, canolol[128], and β-artecyclopropylmether, an artemisinin derivative[129].
More integral investigations include other pharmacological aspects of the plants and extracts in addition
to their anti-H. pylori activity; for instance, anti-secretory, antioxidant, gastroprotective, anti-inflammatory,
anti-haemorrhagic, and gastric ulcer resolution activities[130-133].
Studies that have attempted to elucidate the mechanism of action of the plant extracts or compounds on
H. pylori are available. For example, some of these studies have examined their effect of various compounds
on bacterial virulence factors such as urease[134], adherence[135-138], motility, vacuolisation[139,140] or on some key
metabolic enzymes[135,141].
Below, we describe examples of the research conducted on plants or plant products, emphasising those in
which its anti-H. pylori effectiveness in vivo was studied.

course of amoxicillin and omeprazole (H. pylori treatment); the second group was treated for 7 years with an
oral supplementation of a mixture of garlic extract and
steam-distilled garlic oil, and the third group was treated
for 7 years with vitamin supplementation. The trial demonstrated that amoxicillin and omeprazole significantly
reduced the prevalence and the average of the histological severity of precancerous gastric lesions, whereas no
statistically significant favourable effects were observed
for garlic or vitamin supplements[153].
The results of a 14.7-year follow-up for gastric cancer incidence and cause-specific mortality among the
subjects in the Shandong trial showed that the treatment
with amoxicillin and omeprazole resulted in a statistically
significant 39% reduction in gastric cancer incidence.
A similar but non-statistically significant decline was
observed for gastric cancer mortality. Neither garlic nor
vitamin long-term supplementation was associated with a
statistically significant decrease in gastric cancer incidence
and mortality[154].
In another case-control study conducted to evaluate
the effects of dietary and life-style habits of patients diagnosed with gastric cancer in Turkey, it was found that
frequent consumption of garlic did not result in a lower
gastric cancer risk[155].

Garlic
Garlic, Allium sativum, is invaluable not only as an essential flavouring element in food but also for its therapeutic properties. These effects are attributable to specific
oil- and water-soluble organosulphur compounds such
as thiosulphinates, which are responsible for the typical
odour and flavour of garlic. The interest in studying the
therapeutic properties of garlic on H. pylori-related diseases arose when an inverse relationship between garlic
consumption and the incidence of gastric cancer was
reported[142].
The in vitro anti-H. pylori activity of extracts and compounds obtained from garlic[143-147] has been extensively
documented, although a few studies reported negative
results[138,148]. An aqueous garlic extract, standardised for
its thiosulphinate concentration, had a minimum inhibitory concentration (MIC) of 40 μg/mL, and for other
garlic compounds (allicin, ajoenes, vinyldithiins, thiosulphinates), the MIC values were approximately 10 to 25
[144,147,149]
. However, in the few in vivo studies that
μg/mL
have been carried out, the viability of the bacterium was
not affected. For example, the inclusion of sliced garlic
in the diet of patients did not result in a reduction of the
infection as assessed by measuring H. pylori infection by
the urease breath test[150]. Treatment with a 4 mg garlic oil
capsule, administered four times a day for 14 d, also gave
negative results[151]. Similar results were obtained when
a 4% garlic extract was administered daily for 6 wk to
Mongolian gerbils with H. pylori-induced gastritis, but in
this case, a reduction in gastritis was observed[152].
The Shandong Intervention Trial began in Linqu
County, Shandong, China (a rural region with a high incidence of gastric cancer) in 1995, with the aim of assessing interventions to reduce the prevalence of advanced
precancerous gastric lesions. The individuals selected
(3365 subjects) were randomly assigned to three interventions or placebos. The 3 interventions included a 2-wk
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Broccoli
The traditional medicinal value of broccoli is due to its
anticancer, antiviral and antibacterial properties. Two pilot trials were conducted to evaluate the effect of shortterm broccoli consumption (alone or in combination with
yoghurt) on H. pylori eradication in infected volunteers.
In one group, a temporally associated eradication of H.
pylori infection was observed[156]; in the other group, the
treatment was ineffective[157].
An epidemiological investigation of the relationship
between broccoli consumption and chronic atrophic gastritis was conducted in 438 male employees, aged 39 to
60, at a Japanese steel company. Chronic atrophic gastritis
was serologically determined by measuring pepsinogen Ⅰ
and the pepsinogen Ⅰ/pepsinogen Ⅱ ratio (biomarkers
of gastric inflammation). Broccoli consumption (weekly
frequency) in the diet was monitored by using a 31-item
food frequency questionnaire. Unexpectedly, the results
showed that broccoli consumption once or more weekly
significantly increased the risk for chronic atrophic gastritis[158].
Isothiocyanate sulphoraphane (SF), an abundant compound in broccoli sprouts, has been identified as a potent
bacteriostatic agent against H. pylori (in 48 tested strains,
MIC media = 2 μg/mL); moreover, brief exposure to SF
eliminated intracellular H. pylori from a human epithelial
cell line (HEp-2). SF was effective in eradicating H. pylori
from human gastric xenografts in nude mice[159].
Another in vivo approach was used to evaluate the
efficacy of fresh broccoli sprouts in reducing H. pylori
infection and its sequelae in an H. pylori-infected mouse
model, as well as in infected human volunteers[127]. Oral
treatment with SF-rich broccoli sprouts of C57BL mice
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infected with H. pylori and maintained on a high-salt diet
(7.5% NaCl has been shown to exaggerate H. pylori-induced gastritis in mice) reduced gastric bacterial colonisation, attenuated mucosal expression of tumour necrosis
factor-α and interleukin-1β, mitigated corpus inflammation, and prevented the expression of high salt-induced
gastric corpus atrophy.
In the human trial, 48 H. pylori-infected volunteers
were instructed to consume broccoli sprouts (70 g/d;
containing 420 μmol of SF precursor) for 8 wk. The
treatment decreased urease levels as measured by the
urea breath test, H. pylori stool antigens, and serum
pepsinogens Ⅰ and Ⅱ. Nevertheless, all values recovered
to their original levels 2 mo after treatment discontinuation, indicating that broccoli sprout treatment does
reduce H. pylori colonisation but does not completely
eradicate it. In summary, evidence from mice and humans
suggests that SF may have two mechanisms: a direct effect on H. pylori (bacteriostatic), leading to a reduction in
gastritis, and an indirect effect by inducing the host cytoprotective response.

Red wine
The antibacterial activity of red wine against H. pylori has
been tested. It has been proposed that resveratrol is, at
least in part, the compound responsible for the activity
(MIC range of 6.25-25 μg/mL)[162,163]. Moreover, resveratrol and red wine showed an inhibitory effect on H.
pylori urease activity[163].
Red wine inhibits ion and urea conduction in vitro, as
well as cell vacuolisation induced by VacA. These inhibitory effects were attributed to its polyphenol content,
because these compounds inhibit the VacA channel[140].
It has been shown that administration of a red wine
and green tea mixture, or a polyphenol mixture (tannic
acid and n-propyl gallate) to H. pylori infected mice, or to
mice treated with VacA toxin, limited gastric epithelium
damage but did not significantly affect bacterial colonisation. These results suggest that VacA inhibition plays a
role in this protective effect[139,164].
These data indicate that polyphenols or polyphenolrich foods or beverages, such as green tea and red wine,
may limit some of the symptomatology related to H. pylori infection.

Green tea
Green tea is one of the most widely consumed beverages worldwide, and it has been shown to inhibit the
growth of Helicobacter spp. Remarkable antibiotic activity
of green tea against H. pylori and H. felis has been demonstrated in vitro[160]. In in vivo models, green tea administration also gave encouraging results. In one case, green
tea decreased the number of bacteria and the inflammatory score of H. pylori-infected C57BL/6J mice, but the
greatest impact on these two parameters was obtained
when mice received green tea prior to infection[160]. In
another assay, infected Mongolian gerbils received green
tea extract in drinking water (500, 1000 and 2000 ppm)
for 6 wk; interestingly, gastritis and the prevalence of H.
pylori-infected animals were suppressed in a dose-dependent manner[161].
Catechins, the main antioxidant compounds of green
tea, also showed antibacterial activity against H. pylori in
vitro and in vivo. Epigallocatechin gallate had the strongest
activity, with an MIC = 8 μg/mL for 50% of the tested
strains[122]. In infected Mongolian gerbils, the effect of
catechins in the diet (2%) for 2 wk was associated with a
low rate of bacterial eradication (36%), but with significant decreases in mucosal haemorrhage and erosion[122].
The authors suggest that combining catechins with a
proton pump inhibitor and the inclusion of a drug delivery system that prolongs the gastric-transit time would
improve the efficacy of catechins.
Green tea extract greatly inhibited H. pylori urease, with an IC50 value of 13 μg/mL. Catechins were
identiﬁed as the active compounds, and the hydroxyl
group at the 5’-position appeared to be important for
urease inhibition[161]. Moreover, polyphenols present in
green tea inhibited the vacuolisation effect induced by H.
pylori VacA toxin[140].

Liquorice
Glycyrrhiza glabra Linn, commonly known as liquorice,
is thought to be a useful treatment for peptic ulcers in
traditional systems such as Indian, Chinese and Kampo
medicine. Several studies have evaluated in vitro the antibiotic effect of liquorice and some of its metabolites on
H. pylori[138,165,166]. Recently, a flavonoid rich extract of G.
glabra, GutGard®, was studied to determine its anti-H.
pylori activity and to elucidate its possible mechanism
of action on the bacteria[135]. GutGard® had an MIC =
32-64 μg/mL, and glabridin, the major flavonoid present in the extract, had a more potent activity against H.
pylori. The mechanism by which GutGard® exerts its
antibiotic action could include inhibition of protein synthesis, DNA gyrase or dihydrofolate reductase. However,
the adhesion of H. pylori to the human gastric adenocarcinoma cell line (AGS) was not significantly affected by
GutGard®.
To assess the in vivo effect of GutGard on H. pylori
colonisation, its effect was evaluated in two animal models[167]. After treating infected Mongolian gerbils (once
daily 6 times/wk, for 8 wk) with 15, 30 and 60 mg/kg of
the extract, a decrease in bacterial load was observed and
the gastric mucosa of the animals did not present significant signs of inflammation. These results were more
evident at the higher doses, with an 83% decrement on
H. pylori infection. To test the efficiency of the extract
for suppressing H. pylori colonisation in the early stages,
C57BL/6 mice were infected and treated in the same
way as the gerbils but with a 25 mg/kg GutGard dose
for 3 wk. The results showed that GutGard treatment
significantly reduced the ability of H. pylori to colonise
the gastric mucosa. In conclusion, GutGard possesses
significant in vivo anti-H. pylori properties and could be
a natural resource to control bacterial associated gastric
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diseases. Clinical trials are required to test its effectiveness.

treatment, the twelve patients remained positive for H.
pylori as demonstrated by 14C urea breath tests[175].
Honey has demonstrated anti-H. pylori activity, but
more research must be conducted using animal models
and in clinical trials to assess its efficiency as an alternative or complementary H. pylori therapy.
Propolis is a resinous mixture collected by honeybees
from various plant sources to reinforce the structural
stability of the hive and is thought to be a natural antibiotic. The exact composition of propolis depends on
its botanical origin, but it has a high content of phenolic
compounds. It has been reported that 30% ethanolic
extracts of propolis have considerable in vitro inhibitory
effect on the growth of several H. pylori clinical isolates,
as assessed by agar-well diffusion, agar dilution, and disc
diffusion methods[176]. A collection of phenolic compounds derived from propolis were evaluated for enzyme
inhibition against H. pylori peptide deformylase (HpPDF).
This enzyme catalyses the removal of formyl groups
from the N-terminus of nascent polypeptide chains,
which is essential for H. pylori survival, and is considered
as a promising drug target for anti-H. pylori therapy. The
results showed that caffeic acid phenethyl ester (CAPE),
one of the main medicinal components of propolis, is
a competitive inhibitor of HpPDF, with an IC50 = 4.02
μmol/L. Furthermore, absorption spectra and crystal
structure characterisation revealed that is different from
most well-known PDF inhibitors. CAPE blocks the substrate entrance to the active site, but has neither a chelative interaction with HpPDF, nor does it disturb metaldependent catalysis[177].
In another in vitro study, 25 identified constituents of
Brazilian propolis were tested for anti-H. pylori activity;
50% of them were active. The labdane type diterpenes
and some prenylated phenolic compounds were the most
active, with an MIC = 0.13 mg/mL[178]. A clinical trial
evaluating a twenty drops/day therapy of a 4% alcoholic
preparation of Brazilian propolis in 18 H. pylori positive
patients showed that the use of green propolis preparation did not succeed in suppressing or eradicating H. pylori, as determined by a urea breath test at 3 and 40 d after
the end of therapy[179].

HONEY AND PROPOLIS
Honey is widely known for its antibacterial properties.
The attributed antibacterial mechanisms are: an osmotic
effect due to its sugar content, its hydrogen peroxide
content (produced by the glucose oxidase added by the
bee), its acidity, and other substances derived from flowers. Honey has been studied for its anti-H. pylori activity
in vitro[168-171].
Manuka honey comes from one flower source. This
honey has been shown to possess bacteriostatic properties against H. pylori at a 50 mL/L concentration[172].
Osato et al[169], in an effort to determine the role of
osmotic effects and hydrogen peroxide in the inhibitory
activity of honey in vitro, used control solutions containing glucose, fructose, combined glucose/fructose, and
catalase. It was concluded that the anti-H. pylori activity
was not related to the presence of hydrogen peroxide
in the honey samples. However, the osmotic effect was
shown to be the most important parameter for killing H.
pylori at concentrations ≥ 150 mL/L.
In an in vitro assay, 8 commercial honey brands sold in
Muscat, Oman, were tested for anti-H. pylori activity by a
surface diffusion method and in combination with amoxicillin or clarithromycin. The results demonstrated that
all of them had anti-H. pylori activity, but no synergy was
observed, either with honey and clarithromycin or honey
and amoxicillin[170]. These data suggest that a triple regimen
with these honeys could help to eliminate the bacteria.
Recently, in an effort to find the active compounds
of honey, two studies were performed. In the first one,
3 honeys from different regions of South Africa were
tested for anti-H. pylori activity. “Pure Honey” presented
the maximal inhibitory effect (73.3%) at 750 mL/L, so it
was extracted with different organic solvents (n-hexane,
diethyl ether, chloroform or ethyl acetate). All extracts
demonstrated anti-H. pylori activity at concentrations ≥
10%, but the chloroform extract had the lowest MIC95
value, ranging from 0.156-500 mL/L depending on the
strain[173]. This suggests that all extracts could contain
compounds that are inhibitory for the bacteria.
In the second work, a bioguided fractionation of a
hexane extract from Golden Crest Honey was undertaken. The highest antibacterial activity was exhibited by
fraction GCF3, with an MIC = 5 mg/mL[174]. This value
is very high compared to commercial antibiotics (for
amoxicillin, the MIC = 0.015 to 0.12 μg/mL for ATCC
43504, according to Clinical and Laboratory Standards
Institute guidelines).
Finally, in the only clinical trial made with honey, 12
non-diabetic patients, positive for rapid urease and 14C
urea breath tests, but with normal gastroscopies, were
recruited. Six of them were treated with a tablespoon
of Manuka honey four times a day for 2 wk and 6 were
treated with honey and omeprazole (20 mg) twice a day
for the same period. Four weeks after the completion of
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PROBIOTICS
According to the Food and Agriculture Organization
and the World Health Organization[180], probiotics are
“live microorganisms that, when administered in adequate amounts, confer a health benefit on the host”.
Interest in probiotic activity against H. pylori and its possible inclusion in the eradication therapy has increased
because it represents a low-cost, large-scale alternative
solution to prevent or decrease H. pylori colonisation.
There are numerous studies on probiotics; the scope
of these investigations includes evaluations in vitro and in
vivo in animal models, as well as in clinical trials. In fact,
the knowledge that has been generated about probiotics
and H. pylori deserves a separate review. We only report
here a brief note about probiotics, highlighting some im-
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Recently, the anti-H. pylori activity of 14 basidiomycetes used in traditional Chinese medicine was screened by
the agar diffusion method. The MIC values of 12 mushroom ethanol extracts were < 3 mg/mL. The best results
were obtained for ethyl acetate fractions of Hericium erinaceus against 9 clinical isolates of H. pylori, with MIC values ranging between 62.5-250 μg/mL, and a MBC value
of 200 μg/mL for the strain ATCC 43504[191].
In another finding, the triterpenoid methylantcinate B
(MAB) isolated from the medicinal Chinese mushroom
Antrodia camphorata displayed anti-H. pylori activity and inhibited H. pylori-associated inflammation in human gastric
epithelial AGS cells by inhibiting adhesion, invasion, NF[192]
kB activation, and release of IL-8 . The mechanism
by which MAB inhibits H. pylori-induced inflammation
in AGS cells may rely on attenuating CagA function. It is
known that CagA interacts with membrane cholesterol
provoking inflammation and that MAB competes with
this interaction[193]. These reports suggest that it is possible that the pharmaceutical mechanism of secondary
metabolites from mushrooms could be directly exerted
on the bacteria and by immunomodulation.
Finally, a clinical study was performed using Tremella
mesenterica, which reportedly has immunomodulatory activities. Fifty-two patients diagnosed with H. pylori infection were treated with 2 g/daily of submerged cultivated
T. mesenterica mycelium for 10 d. The treatment was not
effective at eradicating H. pylori, as determined by the
urea breath test, whether it was administered in the presence or absence of omeprazole. Nevertheless, fewer
adverse effects and a significant symptomatic relief were
found among treated patients, so the authors suggest that
studies should be conducted with a different administration scheme to obtain better results[194].

portant findings.
Among probiotics, Bifidobacterium is one of the favourite genera used for the prevention of gastrointestinal
infection, and it is commonly incorporated in fermented
dairy products or food supplements. Bifidobacterium exerts
an in vitro anti-H. pylori effect and inhibits adhesion to
the mucosa by competition[181]. Several studies have demonstrated a direct relationship between the addition of
potential probiotic strains and the in vitro inhibition of H.
pylori growth. Lactobacillus acidophilus[182], Lactobacillus casei
strain Shirota[183], Bacillus subtilis[184], and Weissella confusa[185],
among others, have an antagonistic effect on H. pylori.
Several mechanisms have been hypothesised based
on in vitro studies of host intestinal epithelial or immune
cell responses to probiotic strains. Probiotic bacteria can
inhibit H. pylori by either immunological or non-immunological mechanisms. In addition, distinct probiotic strains
may generate divergent immune responses, depending
on the host’s immune status[186]. Various probiotics have
been shown to exert favourable effects in animal models
of H. pylori infection. The main outcomes were a prophylactic effect against H. pylori, a reduction in bacterial
colonisation, and alleviation of H. pylori-associated gastric
inflammation[187]. The direct role of probiotics in the
treatment of gastrointestinal infections is increasingly
being documented as an alternative or a complement to
antibiotics, with the potential to decrease the use of antibiotics or reduce their side effects. Patel et al[188] recently
reviewed the in vivo clinical trials studying the effect of
probiotics on H. pylori infection. They reported 12 human
studies investigating the efficacy of antibiotic and probiotic combinations, and 16 studies using probiotics alone
as an alternative to antibiotics for the infection treatment.
The results indicated that in the majority of the cases, an
improvement in H. pylori gastritis and a reduction in bacterial colonisation were associated with probiotics administration, and in any case, eradication could be completely
attained. It also appeared that the use of probiotics was
helpful to reduce the adverse effects associated with antibiotics. Long-term intakes of products containing probiotic strains may be beneficial in reducing the risk of H.
pylori-associated complications.

MICROORGANISMS
A promising substance in the fermentation broth of
Streptomyces sp. strain HC-21 was isolated and identified as indolmycin (TAK-083). This antibiotic inhibits
bacterial tryptophanyl-tRNA synthetase, but because
it did not have enough activity against other common
pathogenic bacteria, its study was abandoned. Nevertheless, indolmycin has a highly selective and potent anti-H.
pylori activity, with an MIC90 ≤ 0.031 μg/mL, four-fold
more potent than the currently available anti-H. pylori
agents[195]. Additionally, indolmycin completely cleared
H. pylori in experimentally infected Mongolian gerbils
at a dose of 10 mg/kg. Therefore, this antibiotic was
considered as a candidate for the treatment of H. pylori
infection. Nevertheless, Vecchione and Sello[196] found a
gene encoding an indolmycin-resistant isoform of tryptophanyl-tRNA synthetase. Overexpression of this gene
in an indolmycin-sensitive strain increased the indolmycin MIC 60-fold. The authors speculated that homologs
of this antibiotic-resistant gene could be found in other
bacteria.

FUNGI
Very potent compounds against H. pylori have been isolated from the actinomycete Pseudonocardia sp. CL38489
and from the basidiomycete Phanerochaete velutina CL6387.
In Pseudonocardia sp. CL38489, 8 novel quinolones have
been obtained with MIC values up to 0.1 ng/mL[189].
Phthalide compounds isolated from P. velutina were active
against H. pylori. One of the most potent was CJ-12,954,
with an MIC and a MBC value of 5 ng/mL[190]. Both
types of compounds appear to be specific for H. pylori
because they did not show antimicrobial activity when
tested against a panel of other bacteria. Unfortunately,
no more research on H. pylori and these compounds has
been performed.
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LL-37 killed H. pylori strains SD4 and SD14 with an EC50
= 1.4 μmol/L in 3 h. On the other hand, hBD1 was capable of killing H. pylori SD4 and SD14 at 16 μmol/L,
whereas hBD2 was not, and the combination of defensins had synergistic activity to kill bacteria. The difference
in the bactericidal activity suggests that other factors besides the cationic nature of the peptides (e.g., differences
in the membrane composition or structure of H. pylori)
are involved in the bioactivity of these antimicrobial peptides.
Although these pilot studies require confirmation, the
modulation of human antimicrobial peptide expression
may be useful to improve control of the infection. It has
been demonstrated that tomato defensins exert a broad
antimicrobial spectrum. Based on a representative member of the tomato defensins family, the γ-motif of the
peptide was chemically synthesised. It exhibited potent
antibacterial activity against Gram-positive (MIC = 40
μg/mL) and Gram-negative bacteria, including H. pylori
(MIC = 15 μg/mL)[202]. This activity could be due to a
strong electrostatic interaction between the cationic nature of the peptide and the anionic bacterial membranes.
In addition, the peptide down-regulated the level of proinflammatory cytokines and this effect was comparable
with well-known anti-inflammatory drugs. Thus, the peptide displays 2 roles, acting against pathogens and reducing inflammation. These findings represent an alternative
source for a new treatment of H. pylori illnesses.

PEPTIDES
Antimicrobial peptides are cationic molecules. Although
their precise mechanism of action is not yet defined, it is
thought that they interact and lyse bacterial membranes.
Many organisms produce peptides as part of their
defence systems against invasive microorganisms. Amphibian skin glands are rich resources for antimicrobial
peptides. Magainin 2[197] and odorranain-HP[198], obtained
from Xenopus laevis and Odorrana graham, respectively, are
antimicrobial peptides with a good anti-H. pylori activity. The antibacterial activities of normal and reversed
magainin 2 synthetic analogues have been tested against
two strains of H. pylori. Analogue MSI-78A had the
strongest activity against H. pylori, with an MIC = 8 and
16 μg/mL for ATCC 43526 and ATCC 43579, respectively. The MIC values were similar to those against E.
coli and S. aureus[197]. Later, the same group reported a
new derivative of (±)-6 benzyl-1-(3-carboxylpropyl)
indane that is more selective for H. pylori (MIC = 32
[199]
μg/mL) than for E. coli and S. aureus . These results
showed that with chemical modifications, it could be
possible to obtain novel agents with more selective and
stronger activity against the bacteria.
In another study, two peptides (S3, S5) obtained by
enzymatic hydrolysis of seed proteins from pea (Pisum
sativum) showed anti-adhesive properties. These peptides
have their effect by interacting with H. pylori adhesin
BabA, one of the outer membrane proteins involved in
the adhesion of the bacteria to gastric epithelial cells[136].
This means that bioactive peptides from pea protein
could be used in prophylaxis against H. pylori infection.
Antimicrobial peptides produced in the gastrointestinal tract are recognised as components of innate immunity against microorganisms. One family of antimicrobial
peptides, the defensins, is produced by mucosal epithelial
cells and by neutrophils. The cathelicidins comprise another group of mammalian antimicrobial proteins. The
single known human cathelicidin is a cationic antibacterial protein of 18 kDa (hCAP18), whose C-terminal 37
amino acid peptide is termed LL-37.
Bajaj-Elliott et al[200] evaluated the role of β-defensins
in the innate immune response of the gastric epithelium
to H. pylori infection by measuring mRNA expression
and regulation of human β-defensins 1 and 2 (hBD1,
hBD2) in AGS and MKN (both, human gastric adenocarcinoma cell lines)7 cell lines, as well as in biopsies
obtained from patients with histologically proven active
gastritis (H. pylori positive). They found an increased expression of both defensins in vitro and in vivo in the presence of the bacteria.
A similar study examined the role of LL-37/hCAP18
and found that infection with H. pylori up-regulated the
production of LL-37/hCAP18 by the gastric epithelium
and increased LL-37 concentrations in gastric secretions
from infected patients[201]. Unlike the previous study,
they did not find a change in hBD1 mRNA levels when
chronic mucosal inflammation was observed. They also
determined the bactericidal activity of the peptides.
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GASTRIC MUCIN
The progression of diseases such as peptic ulcer or gastric
carcinoma is restricted by secreted mucins in the deeper
portion of the gastric mucosa. This effect is partly due to
the expression of 1,4-N-acetylglucosamine residues attached to the mucin (MUC6). 1,4-N-acetylglucosamine
residues inhibit cholesterol α-glucosyltransferase, the
enzyme responsible for the first step in the biosynthesis of the unusual H. pylori major cell wall component,
cholesteryl-α-D-glucopyranoside. This inhibitory activity
is thus regarded as a natural antibiotic. Because cholesterol α-glucosyltransferase is unique to Helicobacter species[203], it is feasible that by inhibiting the enzyme, H.
pylori could be eradicated without causing diarrhoea or
other symptoms that arise due to adverse effects exerted
on the local microbiota of the digestive tract. Moreover,
cholesterol α-glucosyltransferase represents an entirely
new target for drug development.

POLYSACCHARIDES
H. pylori is mainly found within the gastric mucus layer
and attached to the epithelial cell surface. The carbohydrate structures present on the gastric mucosal surface include secreted and membrane bound mucins. It
is known that H. pylori interacts with the secreted gelforming mucin MUC5AC[204], but to establish the infection, adherence to gastric epithelial cells is required.
Both interactions (with mucin and cells) occur via lectin-
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like molecules and specific carbohydrate structure recognition. Therefore, an approach using polysaccharides
to block the interaction between H. pylori and the host
might prevent infection. Under this principle, the likelihood of developing bacterial resistance is unlikely.
Several crude and purified polysaccharides from different sources have been isolated, analysed and examined for their effects against H. pylori. Because algae and
microalgae possess high concentrations of polysaccharides with several biological activities, their anti-adhesive
properties have been explored. Fucoidan, a sulphated
polysaccharide mainly found in the edible brown algae
Cladosiphon okamuranus Tokida, had an inhibitory effect
on H. pylori attachment to porcine gastric mucin in vitro,
and reduced H. pylori-induced gastritis and the prevalence of infection in Mongolian gerbils[205]. In another
in vitro study, polysaccharides derived from Spirulina and
Chlorella (two commercially available dietary microalgae),
prevented H. pylori from binding to porcine gastric mucin at low pH without killing the bacteria and AGS cells.
Moreover, Spirulina polysaccharides administered 3 times
per week for 4 wk before infection with H. pylori reduced
by > 90% the bacterial density in mice, demonstrating its
effectiveness as a carbohydrate-based anti-adhesive treatment[206].
Plant polysaccharides have also been studied for their
anti-adhesive properties. An acidic pectin-type polysaccharide from green tea (Camellia sinensis) had a selective
inhibitory activity on the adhesion of H. pylori to AGS
cells, without effects against commensal bacteria. The
anti-adhesive activity obtained with C. sinensis was better than the that of Artemisia capillaris and Panax ginseng
acidic polysaccharides[207]. Liquorice root is another plant
that may act against H. pylori. An aqueous extract, and a
derived polysaccharide fraction, inhibited the adhesion of
H. pylori to human gastric tissue by interacting with bacterial adhesines and not with binding sites on the epithelial
cells[208]. Black currant (Ribes nigrum L.) seeds also possess
acidic polysaccharides with anti-adhesive properties. High
molecular weight galactans are responsible for the activity, by interacting with H. pylori adhesins[209].
In general, polysaccharides do not inhibit bacterial
growth in vitro, but their anti-adhesive properties could
be very valuable to prevent or to treat H. pylori infection,
or even to prevent reinfection after antibiotic eradication
therapy. Because the sources of these compounds are
easily available, carbohydrate-based anti-adhesive treatment could represent a low cost and safe alternative.

the body (> 95%) and the fundus (> 86%). There was
a correlation between logarithmic reduction and initial
bacterial load in the antrum. No dose response was observed with increasing illumination times. Nevertheless,
the urea breath test results indicated that the bacteria repopulated within a few days after illumination. Although
none of the patients achieved complete and sustained
eradication of H. pylori with this therapy, the results of
this study are promising. Intra-gastric ultraviolet light
phototherapy is feasible and safe and may represent a
novel approach for the eradication of H. pylori, particularly in patients who have failed standard antibiotic treatment[210].

CONCLUSION
The serious gastric diseases associated with H. pylori infection still constitute a public health threat in different
parts of the world. Since the difficulties created by standard therapies (i.e., triple, quadruple) to treat H. pyloriassociated diseases have been recognised, several alternative options that focus on prevention and eradication
have been proposed. Because the transmission route is
not well defined, prevention can be achieved by blocking the colonisation pathways or through prophylactic
vaccination. Antibiotics are the only existing choice for
eradication, so efforts should be directed toward finding
novel anti-H. pylori agents. The current state of research
in terms of alternative methods is focused on vaccines,
phytotherapy, probiotic-based diets, and nutraceutical
agents. The mechanisms and targets used in these alternatives strategies are summarised in Figure 2.
Although large number of studies have been carried
out, to date, neither a prophylactic nor a therapeutic vaccine to prevent or clear the infection in humans has been
described. Three factors that have delayed the development of an effective vaccine have been identified: (1) type
of antigen; (2) need for an adjuvant; and (3) inappropriate host immune response. (1) Of the new developments,
the use of multivalent antigens has shown promise. They
can target different elements: the enzyme pathways that
are vital for bacterial survival and that are common to
all strains, the bacterial determinants of pathogenesis, or
the factors involved in the induction of the inflammatory immune response; (2) regarding adjuvants, native or
attenuated bacterial toxins are the most commonly used;
however, their use in humans has been restricted due to
their side effects. To date, the only FDA-approved human
adjuvant for parenteral vaccines is aluminium hydroxide.
A promising alternative for human use could be to employ live attenuated Salmonella bacteria expressing multiple
H. pylori antigens, since as these bacteria do not require
an adjuvant. Some data have shown that the combination of mucosal and systemic immunisation can enhance
long-term protection against the H. pylori infection; and
(3) the failure of the human host response to eliminate
the H. pylori infection is determined by several factors.
First, failure can be explained by poor activation of Tolllike receptors during the innate response. Some bacterial

PHOTOTHERAPY
H. pylori accumulates photoactive porphyrins, making
the organism susceptible to inactivation by light. A controlled, prospective pilot trial of eighteen adults with H.
pylori infection was conducted using a novel light source
consisting of laser diodes and diffusing fibres to deliver
408-nm illumination to the whole stomach at escalating
total fluences. The results showed an important reduction in bacterial load in the antrum (> 97%), followed by
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Antibodies
(vaccines)
Immunoregulatory

Gastroprotection
Mucus production inducers
Healing promoters
Anti-inflammatory
Anti-vacuolization
Antioxidants

Bacteriostatic
Bactericidal
Anti-adherent
Anti-urease
Motility inhibitors

Figure 2 Mechanism used in the alternative strategies described here for the treatment of Helicobacter pylori. Three levels are considered as targets for the
different alternative treatments. The first involves the host, where vaccines and immune response modulators could act. The second is the stomach, where many
mechanisms could have different types of action to restore homeostasis (i.e., gastroprotection, anti-inflammatory). Finally, Helicobacter pylori is the central target; in
this case, alternative treatments are intended to eradicate or prevent the infection, acting upon growth or colonisation factors. In the case of growth inhibitors, many
bacterial targets could be used as key enzymes and pathways.

of H. pylori eradication and the appearance of side effects
associated with the current therapies. The most common
adverse effects observed in patients treated for H. pylori
eradication include abdominal discomfort, diarrhoea,
nausea, vomiting, headache and weakness; furthermore,
these symptoms have an impact on treatment compliance.
The inclusion of alternative treatments in the anti-H. pylori scheme would enhance both the effectiveness of the
therapy and the resolution of the pathology. Moreover,
eradication rates would increase, and the development of
bacterial resistance could be avoided.
Although some of the treatments based on natural
products include instructions for their use, there are no
precise indications as to how these products could be integrated into a structured health program. It is clear that
further efforts are required to generate more information
for the establishment of new options for the treatment
of H. pylori-related diseases.
A high percentage of H. pylori-infected individuals
remain asymptomatic, but they are still at risk of developing the pathologies associated with H. pylori. However,
the eradication of H. pylori in the case of asymptomatic
patients is not recommended. Alternative therapies have
proved to be useful in maintaining low bacterial levels,
controlling inflammation, modulating the immune response, inhibiting adherence to the gastric epithelium,
and neutralising some of the bacterial virulence factors
such as the urease enzyme and the vacuolating toxin.
Based on these results, the inclusion of natural products
in the diet of asymptomatic patients could reduce the
risk, as well as the development, of an unfavourable outcome of the infection.
In conclusion, there are no results indicating that any

factors, such as VacA, inhibit the adaptive response by
blocking antigen presentation and inhibiting T-cell proliferation. Additionally, the induction of Treg cells, which
suppress the Th17-cell response, enables the persistence
of bacteria.
On the other hand, the few clinical trials that have
been carried out have succeeded in terms of neither immunisation nor bacterial clearance. Phase Ⅰ/Ⅱ clinical
studies are needed before a safe and effective vaccine
against H. pylori can be obtained. In conclusion, to date,
no commercial vaccine is available, and substantial work
is required to develop a promising one.
In view of this lack of effective treatment and prevention options, other alternatives, including natural
products, such as probiotics and nutraceuticals, have been
studied, due to their low cost and relative safety (people
have consumed them for a long time). However, the research that has focused primarily on bacterial eradication
has had an important limitation, i.e., the lack of correlation between in vitro susceptibility and in vivo efficacy; only
a few studies have also demonstrated in vivo efficacy. On
the other hand, in those cases where the in vivo treatments
were successful, either the number of individuals (animals or patients) involved was not statistically significant
or only a specific population was analysed. All in all, the
results are not completely satisfactory because in most
cases H. pylori eradication is not achieved. Nevertheless, a
reduction in the pathological outcome of the illness and a
good resolution of the symptomatology is accomplished.
In addition, when alternative treatments are combined
with allopathic ones, side effects are reduced and the success rate is increased.
There is an inverse relationship between the low rates
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alternative treatment can truly eradicate H. pylori. In contrast, most of the findings have demonstrated that some
agents exhibit good anti-inflammatory, immunomodulatory and gastro-protective activities, which as a whole
favour the resolution of gastric damage despite the fact
that H. pylori is not completely eliminated. Therefore,
those agents can be used as adjuvants of allopathic anti-H. pylori eradication therapy, but not as a monotherapy.
As long as a vaccine or new antibiotics remain unavailable, the synergism of allopathic and alternative treatments is most likely the best choice.
Another option would be to combine alternative
treatments with no or few adverse effects: using one with
high anti-H. pylori activity and another offering resolution
of gastric damage. Finally, in coming years, the development of new proposals for the eradication of H. pylori,
such as phototherapy and the use of antimicrobial peptides and mucins, will be followed with great interest.
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Core tip: This review evaluates the role of Helicobacter
pylori (H. pylori ) in the upper respiratory system. Many
studies have reported the presence of H. pylori in the

upper respiratory tract, but their findings have varied. A
definitive relationship between H. pylori and upper respiratory tract disorders has not been established, and
further controlled studies are required.
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Abstract
Helicobacter pylori (H. pylori ) is a major cause of chron-

ic gastritis and gastric ulcers and considerable evidence
supports the notion that infection with this bacterium
is also associated with gastric malignancy in addition to
various other conditions including pulmonary, vascular
and autoimmune disorders. Gastric juice infected with H.
pylori might play an important role in upper respiratory
tract infection. Although direct and/or indirect mechanisms might be involved in the association between H.
pylori and upper respiratory tract diseases, the etiological role of H. pylori in upper respiratory tract disorders
has not yet been fully elucidated. Although various
studies over the past two decades have suggested a
relationship between H. pylori and upper respiratory
tract diseases, the findings are inconsistent. The present overview describes the outcomes of recent investigations into the impact of H. pylori on upper respiratory
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INTRODUCTION
The Gram-negative bacterium Helicobacter pylori (H. pylori)
resides in the human stomach, which was formerly considered a sterile environment due to its low pH[1]. Permanent H. pylori infection is often acquired early in life[2].
Numerous studies have shown that H. pylori is the major
cause of stomach inflammation, and it is recognized as a
key factor in the development of upper gastrointestinal
tract pathologies including peptic ulcer disease, gastric
cancer, extragastric intestinal malignancies and gastric
mucosal-associated lymphoid tissue lymphoma[3-10].
Among the known H. pylori virulence factors that
include cytotoxin-associated gene A product (CagA),
vacuolating cytotoxin (VacA), outer inflammatory pro-
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pathophysiological association has not been proven[24-28].
The impact of gastric H. pylori infection on the pathogenesis of gastroesophageal reflux disease (GERD) is
controversial[29,30], but H. pylori can survive for a certain
period in gastric juice in the esophagus[31]. Gastric juices
infected with H. pylori and systemic immune responses
to gastric H. pylori infection might play a causative role in
upper respiratory diseases[32-34]. In contrast, the findings
of recent cross-sectional studies indicate that the risk of
developing childhood- or early-onset allergic asthma, allergic rhinitis and atopic dermatitis is decreased in carriers
of H. pylori compared with non-infected individuals[35-40],
indicating that H. pylori can have both harmful and beneficial effects in patients with upper respiratory diseases.
Although the pathogenicity of H. pylori in gastrointestinal lesions has been extensively studied, the role of this
bacterium in upper respiratory tract disorders is under
debate. The present review summarizes current findings
regarding the relationship between H. pylori and upper
respiratory tract diseases.

Table 1 Detection of Helicobacter pylori in investigations of
relationships between Helicobacter pylori and rhinitis/sinusitis
Ref.
Rhinitis
Cellini et al[43]
Imamura
et al[44]
Sinusitis
Ozyurt et al[52]
Szczygielski
et al[53]
Kaviani
et al[54]
Cvorovic
et al[55]

Patients (n )

Samples

Methods

Positive
results

42
211

Nasal mucus
Blood

Culture
ELISA

0%
44.8%

32
61

Nasal polyp
Nasal polyp

PCR
Urease test

59.4%
0%

37

Nasal polyp
Blood
Nasal polyp

Urease test
ELISA (IgG)
Urease
test/giemsa
staining
PCR
ELISA
PCR
PCR
Urease test
Culture
IHC
PCR

24.3%
66.2%
26.1%

23

Včeva et al[57]

35

Burduk et al[58]
Morinaka
et al[59]

30
11

Ozdek et al[60]

12

[61]

Koc et al

30

Kim et al[62]

48

Jelavic et al[63]
Ozcan et al[64]

40
25

Dinis et al[71]
Nemati et al[72]

15
25

Nasal polyp
Blood
Nasal polyp
Nasal and
maxillary sinus
tissues

Ethmoid
mucosa
Nasal polyp
IHC
Blood
ELISA
Intranasal tissue Urease test/
IHC
Nasal polyp
IHC
Nasal polyp
Urease test
IHC
Blood
ELISA
Sinonasal tissue
PCR
Nasal polyp
PCR
Culture
Urease test

28.6%
85.7%
100%
18.2%
27.3%
0%
63.6%
33.3%

RHINITIS

20%
86.7%
25%

Allergic rhinitis is the most widespread type of chronic
rhinitis, and it is the typical type Ⅰ, immunoglobulin (Ig)
E (IgE) antibody-mediated, hypersensitive response of
the nasal mucosa to environmental allergens for all age
groups[41]. Allergic rhinitis and asthma are pathologically
similar, and mucosal inflammation including the production of inflammatory factors (cytokines, adhesion molecules and inflammatory mediators) in allergic rhinitis
is similar to that associated with bronchial asthma. In
addition, allergic rhinitis is an independent risk factor for
the development of asthma[41,42]. H. pylori is not always
detectable in the nasal secretions of patients with gastric
H. pylori[43] (Table 1), yet an inverse association between H.
pylori infection and allergic rhinitis has been reported. An
investigation into the association between the prevalence
of H. pylori and pollinosis symptoms in healthy volunteers
and the relationship between serum H. pylori-IgG and
specific IgE antibodies for pollen, mites and house dust
in 211 consecutive patients concluded that H. pylori infection might play an important role in protecting against
the development of pollinosis, especially among younger
patients[44]. The findings of a cross-sectional analysis
of data from 7412 participants in the National Health
and Nutrition Examination Survey 1999-2000 similarly
showed that H. pylori seropositivity is inversely related to
recent wheezing, allergic rhinitis, and dermatitis, eczema,
or rash[37]. One possible explanation for these findings
is the hygiene hypothesis[45]. Although definitive mechanisms remain unknown and contradictory opinions have
been published[46,47], a protective role of H. pylori against
allergic disorders including allergic rhinitis and asthma is
biologically plausible.
Non-allergic rhinitis is also known as idiopathic, irritant-induced, and vasomotor rhinitis. Non-allergic rhinitis
is a heterogeneous condition that has been classified in

70%
4%
0%
24%
19%
0%
0%
0%

IHC: Immunohistochemistry; ELISA: Enzyme-linked immunosorbent
assay; PCR: Polymerase chain reaction.

tein and duodenal ulcer promoting[11], VacA and CagA
have been the most thoroughly investigated in an effort
to understand the pathogenicity of this bacterium. VacA
is a pore-forming toxin that disrupts cell polarity in the
gastric mucosa, promotes the apoptosis of epithelial
cells, and inhibits T cell proliferation. CagA is an immunodominant antigen that is translocated into gastric
epithelial cells through the Cag type Ⅳ secretion system
encoded by cag pathogenicity islands[12]. H. pylori strains
that express CagA are associated with an increased risk
of gastric cancer. In addition to these local interactions,
H. pylori impairs T cell-mediated immunity via systemic
mechanisms[13].
Systemic immune and inflammatory responses to H.
pylori might be related to extra-gastrointestinal system
diseases[13]. Recent studies have identified a potential
relationship between H. pylori infection and the pathogenesis of cardiovascular, neurological, dermatological,
immunological, hematological, hepatobiliary, ophthalmological and gynecological diseases, as well as diabetes
mellitus[14-23]. A role of H. pylori in the development of
lower respiratory disease has also been suggested, but a
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tic symptoms: nasal congestion, facial pain/pressure, anterior or posterior nasal drainage, reduced or no sense of
smell and persisting for > 12 wk, together with objective
evidence of sinus disease determined by direct visualization or imaging[49-51].
H. pylori and the cagA gene have frequently been detected in nasal polyp specimens and the inflamed mucosa
of the paranasal sinus in patients with chronic rhinosinusitis[52-58] (Table 1). H. pylori might play a positive role in
chronic rhinosinusitis[59,60]. The prevalence of sinonasal H.
pylori is higher in patients with, than without chronic rhinosinusitis[61,62]. Recent functional endoscopic sinus surgery for patients with chronic rhinosinusitis revealed that
postoperative endoscopic scores improved significantly
more among patients with chronic rhinosinusitis and H.
pylori sinonasal colonization[63].
Contradictory opinions regarding the role of H. pylori
in chronic rhinosinusitis have also been published. Ozcan
et al[64] reported that infection with H. pylori is only transient, and that such infection could not possibly be an
etiological factor for nasal polyposis. Furthermore, LundMacKay computed tomography and symptom scores did
not indicate a significant correlation between intranasal
H. pylori colonization and the preoperative severity of
chronic rhinosinusitis[62].
Gastro-esophageal reflux might play a role in the
pathogenesis of chronic rhinosinusitis[65-70]. Although
pepsin/pepsinogen has been detected in sinonasal
samples[71], others did not find a significant association
between H. pylori in nasal polyps and nasal polyposis in
patients without signs or symptoms of GERD[72]. These
findings suggest that gastric juice infected with H. pylori
and not H. pylori itself is involved in the development of
chronic rhinosinusitis.
Chronic as well as allergic fungal rhinosinusitis can
exist with or without nasal polyps, and sinusitis also includes acute rhinosinusitis[49,50]. Further studies are needed
to identify the roles of H. pylori in the etiology of each
subtype of sinusitis.

Table 2 Detection of Helicobacter pylori in investigations
of relationships between Helicobacter pylori and adenoiditis/
adenoid hyperplasia
Ref.

Patients
(n )

Samples

Methods

Unver et al[73]
Khademi
et al[74]
Farhadi et al[75]

12
56

Adenoid tissue
Adenotonsillar
tissue
Adenoid tissue
Blood

Urease test
Urease test

25%
48%

Eyigor et al[76]

47

Cirak et al[77]
Abdel-Monem
et al[80]

10
10

Bulut et al[81]

71

Vilarinho
et al[82]

55

Blood
Adenotonsillar
tissue
Adenoid tissue

Hussey et al[83]

78

Adenoid tissue

Vayisoglu
et al[84]

60

Adenoid tissue

PCR
ELISA (IgG)
ELISA (IgA)
Urease test
PCR
PCR
Urease test
PCR
ELISA
Urease test
PCR
Urease test
IHC
FISH
PCR
PCR
Histology
Urease test
IHC
ELISA (IgG)
ELISA (IgA)
Urease test
Histology
PCR
Urease test
PCR
Culture
ELISA
Urease test
Histology
Urease test
IHC
PCR
Culture
PCR
PCR
Urease test
PCR

15%
20%
17.5%
5.5%
0%
30%
40%
20%
20%
13.6%
24.6%
3.6%
0%
0%
0%
0%
0%
3.3%
3.3%
13.3%
3.3%
84%
16%
0%
72.2%
0%
0%
20%
0%
0%
0%
0%
22.2%
28.6%
47.6%
2.6%
33.3%
14.5%

40

Adenotonsillar
tissue
Adenoid tissue
Adenoid tissue

Blood
Bitar et al[85]

25

Adenoid tissue

Bitar et al[86]

18

Adenoid tissue

Pitkäranta
et al[87]
Toros et al[88]

20
84

Adenoid tissue
Fecal samples
Adenoid tissue

Ozcan et al[89]

19

Adenoid tissue

Fancy et al[90]
Yilmaz et al[91]

45
42

Adenoid tissue
Adenoid tissue

Yilmaz et al[92]
Agirdir et al[93]
Park et al[96]

38
30
62

Adenoid tissue
Adenoid tissue
Adenoid tissue

Positive
results

ELISA: Enzyme-linked immunosorbent assay; FISH: Fluorescence in
situ hybridization; IHC: Immunohistochemistry; PCR: Polymerase chain
reaction.

ADENOIDITIS AND ADENOID
HYPERPLASIA
Adenoiditis is acute or chronic inflammation of the pharyngeal tonsils (adenoids). Adenoid hypertrophy, also
termed adenoid hyperplasia or enlarged adenoids, is the
unusual, non-tumorous, growth of the adenoid tissue.
Early studies used the rapid urease test (also known
as the campylobacter-like organism test; CLO test) to
detect H. pylori in adenoid tissues[73,74] (Table 2). Recent
studies have applied the polymerase chain reaction (PCR)
to detect H. pylori in adeno-tonsillar tissue specimens[75-77].
Exposure to an unsuitable environment can induce this
organism to enter a viable but non-culturable state and
to persist in the environment until it enters a suitable
host[78,79]. Because of the characteristics, culturing the H.
pylori organism from the samples of upper respiratory
tract can be difficult, and thus can have low sensitivity[80].

many ways. Because of the complexity of pathophysiological mechanisms in non-allergic rhinitis, this condition
remains undefined and consensus regarding a management strategy has not been reached[48]. To the best of our
knowledge, the relationship between non-allergic rhinitis
and H. pylori and the role of H. pylori in acute rhinitis have
never been investigated.

SINUSITIS
Chronic rhinosinusitis is defined as a persistent inflammatory response involving the mucous membranes of the
nasal cavity and paranasal sinuses. It is usually diagnosed
based on having at least two of the following characteris-
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media[99-102].
H. pylori was detected in middle ear effusions in 8 of
11 clinical studies of otitis media with effusion[90-97]. On
the other hand, cultures of middle ear fluid were all negative for H. pylori and CLO test results were also negative
in another study of middle ear effusions[86,87,89]. Because H.
pylori is difficult to detect in culture, its presence in middle
ear effusions of some, but not all, patients with otitis
media with effusion might be assumed. The next issue is
whether H. pylori plays a role in the etiology of otitis media with effusion. Agirdir et al[93] collected middle ear effusions from 30 pediatric patients with otitis media with
effusion, and washed the middle ears of 15 age-matched
patients without middle ear effusion. They detected H.
pylori in 20 (66.6%) patients with otitis media with effusion, but not in washes of the middle ears of patients
without middle ear effusion according to the CLO. A
PCR-based study of aspiration samples collected from
60 adult patients showed that 24 (40%) were H. pyloripositive[97]. These findings suggest that H. pylori could be
responsible for the etiopathogenesis of otitis media with
effusion. However, the relationship between H. pylori and
otitis media with effusion remains controversial.
The CLO test and nested PCR of middle ear tissue
samples found that 53.6% and 7.9%, respectively, of
patients with chronic otitis media were positive for H.
pylori[101,102]. The role of H. pylori in chronic otitis media is
presently under investigation.
Live H. pylori or physiological saline was added to the
middle ear cavities of New Zealand white rabbits with
histamine-induced otitis media. A further injection of live
H. pylori induced accelerated inflammation in the middle
ear compared with animals that had been injected with
histamine[99]. Another study found that the direct injection of protein extracted from whole cell sonicates of H.
pylori (American Type Culture Collection) into the middle
ear of mice induced the up-regulation of inflammatory
cytokines (macrophage migration inhibitory factor, macrophage inflammatory protein 2, interleukin-1β and tumor necrosis factor-α), as well as the severe proliferation
of inflammatory cells in middle ear epithelium[100]. These
findings suggest that H. pylori plays a role in the development of middle ear inflammation, even if the bacterium
is not live.
Particularly among children, acute otitis media is a
common disease that is most often caused by Streptococcus
pneumoniae, nontypeable Haemophilus influenzae, and Moraxella catarrhalis[103]. We could not find any publications in
the English literature describing the relationship between
H. pylori infection and acute otitis media.

Table 3 Detection of Helicobacter pylori in clinical
investigations of relationships between Helicobacter pylori
and otitis media
Ref.

Patients
(n )

Samples

Methods

Bitar et al[86]
Pitkäranta
et al[87]
Ozcan et al[89]

28
20

Middle ear fluid
Middle ear fluid

Culture
Culture

25

Middle ear fluid
Blood

Fancy et al[90]
Yilmaz et al[91]

45
22

Yilmaz et al[92]
Agirdir et al[93]
Morinaka et al[94]

18
45
15

Karlidag et al[95]
Park et al[96]

38
60

Bai et al[97]

60

Kutluhan
et al[101]
Dagli et al[102]

Positive
results
0%
0%

38

Urease test
ELISA (IgG)
ELISA (IgA)
Middle ear fluid
PCR
Middle ear fluid
Culture
PCR
Middle ear mucosa
Culture
PCR
Middle ear fluid
PCR
Middle ear fluid
Urease test
Middle ear fluid
Urease test
IHC
Middle ear fluid
PCR
Middle ear fluid
Urease test
PCR
Middle ear fluid
PCR
Culture
Urease test
Middle ear tissue
PCR

0%
32%
12%
32%
9%
31.8%
4.5%
27.3%
66.7%
66.6%
20%
80%
16.3%
26.7%
33.3%
40%
11.7%
11.7%
7.9%

41

Middle ear mucosa Urease test

53.6%

ELISA: Enzyme-linked immunosorbent assay; IHC: Immunohistochemistry;
PCR: Polymerase chain reaction.

A comparison of the sensitivity and specificity of the
rapid urease test, PCR and blood serology to detect H.
pylori in the adenotonsillar tissue of symptomatic children
with chronic adenotonsillitis found that PCR is the most
reliable method of detecting H. pylori infection[80].
Several studies have detected H. pylori in adenoids
and considered that the adenoids might serve as an
ecological niche and as an extra-gastric reservoir for H.
pylori[73-77,80,81]. However, contradictory opinions have also
been expressed[82-84]. An analysis of 78 pediatric patients
concluded that adenoid inflammation and enlargement
are probably not due to ongoing H. pylori infection[83]. In
addition, some authors reported that H. pylori has a limited (if any) role in the process of adenoid disease[85-90].
The pathophysiological role of H. pylori in adenoid tissue remains controversial and a definitive relationship
between H. pylori and adenoid disease has not been established.

OTITIS MEDIA
Adenoiditis and adenoid hyperplasia are related to otitis
media. We searched the English literature and found 11
original research studies of human samples and one systemic review describing the relationship between H. pylori
and otitis media with effusion[86,87,89-98] (Table 3). In addition, two clinical studies investigated H. pylori in patients
with chronic otitis media, and two studies examined the
role of H. pylori in experimental animal models of otitis

WJG|www.wjgnet.com

ORAL DISEASES
Numerous authors have reported the presence[104-109] or
absence[110-114] of H. pylori in the oral cavity, especially in
dental plaque, which is formed by colonizing bacteria attempting to attach to the smooth surface of teeth[115-121]
(Table 4). The prevalence of gastric H. pylori infection
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among various oral disorders including periodontal disease[169-173], glossitis, burning mouth syndrome[174], halitosis[175-177], Behçet’s syndrome[178], lichen planus[179,180], and
taste perception[181]. Combining periodontal with systemic
therapy might be a promising approach to improving
therapeutic effects and decreasing the risk of recurrent
gastric infection[182]. However, an association between H.
pylori and various periodontal disorders has not been established.
H. pylori might comprise part of the normal oral microflora[105]. H. pylori in dental plaque might not be associated with brushing frequency and oral health status and
one study of 161 patients concluded that H. pylori is not
pathogenic in the oral cavity[183-185].
In conclusion, whether or not H. pylori in the oral cavity plays a pathogenic role remains debatable. Nonetheless, dentists and dental professionals are at increased risk
of exposure to H. pylori through contact with the oral
cavities of infected patients[186,187].

Table 4 Detection of Helicobacter pylori in studies with large
samples that investigated relationships between Helicobacter
pylori and oral diseases
Ref.

Patients
(n )

Samples

Methods

Bernander et al[110]
Luman et al[113]

94
120

Culture
Culture

Chaudhry et al[118]
Butt et al[119]
Sudhakar et al[121]

89
178
50

Dental plaque
Saliva and
dental plaque
Dental plaque
Dental plaque
Dental plaque

Assumpção et al[126]

99
93
96
200

Gao et al[127]
Fernández-Tilapa
et al[143]
Eskandari et al[144]
Karczewska et al[145]

67
329

Oshowo et al[150]

208

Dental plaque
Dental plaque
Saliva and
dental plaque
Blood
Dental plaque
Gingival pocket
material
Dental plaque
Tongue scraping

Gall-Troselj et al[174]
Suzuki et al[177]

268
326

Tongue mucosa
Saliva

Positive
results
0%
0%

PCR
Urease test
Culture
Urease test
PCR
Urease test
PCR
PCR

51.6%
100%
10%
70%
72%
52%
82.3%
17%

ELISA
PCR
Culture
PCR
PCR
Culture
PCR
Culture
PCR
PCR

62%
5.9%
50%
35%
7.2%
0.9%
0%
0%
16%
6.2%

TONSILLITIS AND TONSIL
HYPERTROPHY
Chronic tonsillitis is a common condition characterized
by persistent inflammation of the palatine tonsils, and
bacterial infection is usually the cause. Idiopathic tonsillar
hypertrophy presents without a history of infection and
sometimes leads to obstructive sleep apnea and dysphagia.
H. pylori is detectable in tonsillar tissues and viable H.
pylori can colonize these tissues[188-193] (Table 5). In addition, H. pylori has been identified in both tonsillar surface
and core tissues[194,195]. A histopathological assessment of
tonsillar tissues found that 130 (39.6%) of 285 children
were positive for H. pylori and that the rapid urease test
was not sensitive enough as a diagnostic tool[191]. A single
method alone might not be sufficiently reliable to detect
H. pylori in the tonsils, and thus, a combination of diagnostic methods could be recommended[196].
The rate of H. pylori infection was significantly higher
in tonsillar tissues from a group of patients with tonsillitis compared with a group who had sleep-related breathing disorders (48% vs 24%)[197]. In contrast, another study
found no significant difference between the incidence
of H. pylori-positive tonsillar samples from patients with
chronic tonsillitis and those with obstructive sleep apnea
syndrome (80% vs 83%)[193]. Regardless, the high incidence of H. pylori infection in tonsil tissue indicates that
tonsillectomy might impact gastric infection with this
bacterium. A multiple regression analysis of confounding variables in patients with H. pylori gastric infection
revealed that a history of tonsillectomy is associated with
a decreased prevalence of gastric H. pylori[198]. In contrast, another report indicated that tonsillar tissue does
not seem to be a reservoir for H. pylori infection and that
tonsillectomy does not significantly affect gastric H. pylori
eradication; however, the results might have been skewed
by a relatively small sample size[199]. A comparison of
genotypes between oropharyngeal and gastric H. pylori

ELISA: Enzyme-linked immunosorbent assay; PCR: Polymerase chain
reaction.

was significantly higher among 443 dyspeptic patients
with dental plaque that was positive, than negative for H.
pylori[122].
H. pylori usually spreads via the fecal-oral route, and
possibly by the oral-oral route and the spread of contaminated secretions[31,79,123-125]. An investigation of H. pylori genotypes in saliva, dental plaques, stools and gastric
biopsy samples from 300 patients found that the fecaloral route was the main method of H. pylori transmission.
Furthermore, the oral cavity might serve as a reservoir
for H. pylori because the genotypes of H. pylori isolates
from saliva, stomach and stool are similar[126-129]. Debate
continues regarding whether or not the oral cavity is the
major reservoir of H. pylori for gastric re-infection[130-139].
Although some investigators have reported that the oral
cavity is the reservoir for H. pylori[140-151], insufficient evidence supports the notion that dental treatment can prevent recurrent gastric H. pylori infection[152].
Aphthous stomatitis is the most common oral mucosal disease that causes small ulcers in the mouth, usually
inside the lips, on the cheeks, or on the tongue and H. pylori might be an important factor in the recurrence of this
condition[153-158]. However, conflicting findings have been
reported[159-166]. A study of 36 consecutive patients affected by minor and major forms of recurrent aphthous
stomatitis and 48 healthy volunteers found that H. pylori
is not involved in recurrent aphthous stomatitis[167]. A recent systematic review has also shown that the pathogenesis of recurrent aphthous stomatitis and H. pylori are not
associated[168].
A relationship with H. pylori has been investigated

WJG|www.wjgnet.com

1474

February 14, 2014|Volume 20|Issue 6|

Kariya S et al . Helicobacter pylori and upper respiratory tract
Table 5 Detection of Helicobacter pylori in clinical
investigations of relationships between Helicobacter pylori
and tonsillitis/tonsil hypertrophy

Table 6 Detection of Helicobacter pylori in investigations
of relationships between Helicobacter pylori and benign
pharyngeal/laryngeal diseases

Ref.

Ref.

Patients
(n )

Samples

Methods

Positive
results

Unver et al[73]
Cirak et al[77]
Abdel-Monem
et al[80]

16
22
20

Tonsillar tissue
Tonsillar tissue
Tonsillar tissue

Najafipour
et al[188]
Farivar et al[189]

103

Blood
Tonsillar tissue

103

Tonsillar tissue

Jabbari
Moghaddam
et al[191]
Wibawa et al [192]
Nártová et al[193]
Khademi et al[194]

285

Tonsillar tissue

Urease test
PCR
Urease test
PCR
ELISA
Urease test
PCR
PCR
Histology
Histology
Urease test
ELISA
Culture
PCR
Urease test

62.5%
18.2%
60%
15%
20%
48.5%
19.4%
21.4%
18.4%
39.6%
14.0%
5.2%
15.7%
80.9%
82%

Urease test
Urease test
Histology
Urease test
IHC
IHC
ELISA
ELISA
Urease test
ELISA
Urease test
ELISA
Urease test
Culture
IHC
PCR

47%
42%
0%
35%
72.8%
78.2%
56%
50%
0%
28%
0%
79%
12%
0%
0%
0%

Lin et al[197]
Kusano et al[201]
Kusano et al[202]
Yilmaz et al[203]

94
173
55
50

Skinner et al[204]

50

Jelavic et al[205]

77

di Bonaventura
et al[206]
Di Bonaventura
et al[207]

72

Blood
Tonsillar tissue
Tonsillar tissue
Adenotonsillar
tissue
Tonsil core tissue
Mucosal tissue
Tonsillar tissue
Tonsillar tissue
Tonsillar tissue
Tonsillar tissue
Blood
Stool
Tonsillar tissue
Blood
Tonsillar tissue
Blood
Tonsillar tissue
Tonsillar swab

72

Tonsillar tissue

Aslan et al[195]

19
89
55
52

Pharyngeal disease
Aladag et al[208]
Zhang et al[211]
Kaptan et al[212]
Elsheikh et al[213]
Laryngeal disease
[52]
Ozyurt
Burduk et al[58]
Cekin et al[215]
Youssef et al[217]
Rubin et al[222]
Talaat et al[223]
Tiba M et al[224]
Borkowski et
al[226]
Siupsinskiene et
al[227]
Jaspersen et al[228]

Samples

Methods

Positive
results

41
50
70

Blood
Pharyngeal tissue
Pharyngeal tissue

146

Pharyngeal tissue

ELISA
Histology
PCR
Culture
PCR

78%
38%
27.1%
5.8%
32.9%

27
30
43
212
101
162
14

Laryngeal tissue
Laryngeal tissue
Laryngeal tissue
Stool
Blood
Stool
Laryngeal tissue

35

Laryngeal tissue

PCR
PCR
PCR
ELISA
ELISA
ELISA
PCR
IHC
Urease test

58.6%
100%
55.8%
57.5%
54.5%
86.4%
71.4%
71.4%
17.1%

54

Laryngeal tissue

Urease test

37.0%

38

Gastric tissue
Laryngeal swab

Urease test
Culture

36.8%
0%

ELISA: Enzyme-linked immunosorbent assay; IHC: Immunohistochemistry;
PCR: Polymerase chain reaction.

the pharynx. The main symptom of pharyngitis is a sore
throat. Several factors including nasal obstruction, chronic
sinonasal infection, allergy, smoking, chronic periodontal
infections, polluted air, industrial fumes, excessively hot or
cold foods and alcohol consumption are associated with
pharyngeal inflammation[208]. Gastroesophageal reflux is
also considered an important factor in pharyngeal disorders[209,210], and H. pylori residing in the pharynx might play
a role in the development of pharyngitis. Some studies
have tested this hypothesis by examining an association
between H. pylori and pharyngitis (Table 6).
A prospective study of 50 patients with chronic pharyngitis found that none of the control group had H. pylori
in the pharynx, whereas 19 (38.0%) in the group with
pharyngitis were H. pylori-positive in template-directed
dye-terminator assays with fluorescence polarization
detection[211]. One study of 70 patients with chronic
pharyngitis and 20 healthy controls using PCR and cultures to detect H. pylori colonization in pharynx mucous
membranes found that none of the controls had H. pylori
in the pharynx and that chronic nonspecific pharyngitis
without gastric H. pylori infection was significantly related
to H. pylori colonization in the pharynx[212]. They concluded that chronic pharyngitis might be associated with
H. pylori infection and that gastric involvement increases
the rate of pharyngeal colonization by H. pylori.
Another study identified a possible relationship between the prevalence of H. pylori DNA and recurrent
aphthous ulcerations in mucosa-associated lymphoid
tissues of the pharynx[213]. Acute pharyngitis is usually
caused by bacterial or viral infection. To the best of our

ELISA: Enzyme-linked immunosorbent assay; IHC: Immunohistochemistry;
PCR: Polymerase chain reaction.

isolates from six patients revealed important differences
within each individual[200]. Although the sample size was
very small, these findings suggest that tonsils do not
comprise a reservoir for gastric H. pylori infection, and
that more than one H. pylori strain can exist in the oropharynx and stomach of the same patient.
Coccoid H. pylori isolated from the tonsillar tissues of
patients with IgA nephropathy is one causative antigen
of this disease[201,202]. A relationship between H. pylori and
acute tonsillitis has not been reported.
Although a possible role for H. pylori residing in the
tonsils has been indicated, other studies have not detected H. pylori in specimens of adenotonsillectomy, and
have not found that tonsillar tissues constitute a reservoir
for H. pylori infection[203-207]. The disparity might be due to
a difference in sample populations and methodology.

PHARYNGEAL DISEASES
Acute or chronic pharyngitis is defined as inflammation
of the mucous membranes and submucosal tissues of
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mainly with chronic, persistent cough of unidentifiable
causes compared with controls and that the eradication
of H. pylori significantly improved patient symptomatology[223]. Another study found that patients with minimal
vocal fold lesions (vocal fold polyps and nodules, and
posterior granulomas) were commonly positive for H.
pylori and that its eradication should be considered when
presented with such lesions[224]. A PCR study detected H.
pylori DNA (ureA gene) in samples from all of 30 patients
with benign larynx diseases (polyps and Reinke’s edema)
and the H. pylori cagA gene was identified in 7 (23.3%) of
them[58].
Laryngitis is inflammation of the larynx due to
various factors[225]. Some clinical studies have shown a
possible role for H. pylori in the etiology of chronic laryngitis[226,227]. The positive rates of H. pylori in laryngeal
samples from patients with vocal cord polyps and laryngitis were significantly higher than the rate in control
samples (32.0% and 45.5% vs 9.1%)[227]. In contrast, others have found no evidence to support the notion that
H. pylori is associated with laryngitis and rather suggested
that acid reflux was the underlying etiology[228].
Presumably H. pylori is detectable in some laryngeal
diseases. However, whether H. pylori plays an etiological role in the larynx has not been established due to the
paucity and reliability of published studies.

Table 7 Detection of Helicobacter pylori in investigations of
relationships between Helicobacter pylori and head and neck
malignancies
Ref.

Patients
(n )

Samples

Methods

Positive
results

Siupsinskiene
et al[227]
Shi et al[230]
Aygenc et al[231]
Okuda et al[232]
Burduk[233]
Dayama et al[234]

13

Laryngeal tissue

Urease test

46.2%

59
26
58
80
20

Laryngeal tissue
Blood
Oral swab
Laryngeal tissue
Oral tissue

Rubin et al[235]
Rezaii et al[236]
Gong et al[237]

53
98
81
191
69
50
65

Blood
Blood
Laryngeal tissue
Blood
Oral tissue
Laryngeal tissue
Laryngeal tissue
Laryngeal tissue

31

Laryngeal tissue

PCR
ELISA
PCR
Urease test
Culture
PCR
ELISA
ELISA
PCR
ELISA
IHC
Histology
IHC
Urease test
Histology
PCR
Culture
IHC
ELISA
ELISA
ELISA
Culture

76.3%
73.1%
100%
62.5%
15%
15%
64.2%
93.9%
71.6%
77.8%
21.5%
0%
0%
0%
0%
0%
0%
0%
67.7%
57%
32.8%
9.1%

PCR

73.9%

ELISA
ELISA
PCR

78.1%
0%
100%

[238]
Grimm
Kizilay et al[241]
Akbayir et al[242]
Pirzadeh et al[243]

Kanda et al[244]

Grandis et al[245]
Nurgalieva et al[246]
Lukeš et al[248]

21
119
11
23

Pavlík et al[249]

41
3

Urine
Blood
Blood
Oropharyngeal
lymphoid tissue
Oropharyngeal
lymphoid tissue
Blood
Blood
Tonsillar tissue

HEAD AND NECK CANCER
H. pylori infection causes chronic gastritis and peptic ulceration and it is the strongest risk factor for the development of gastric and colorectal cancers[8,9]. H. pylori might
also be related to other cancers. Some epidemiological
studies have shown that the odds ratios (estimated relative risks) of lung cancer with H. pylori infection range
from 1.24 to 17.78 compared with controls, suggesting an
increased risk of lung cancer in populations exposed to H.
pylori infection, although a causal relationship between H.
pylori and lung cancer has not been confirmed[229]. However, evidence regarding the role of H. pylori infection in
gastrointestinal carcinogenesis suggests a relationship between H. pylori and malignancies of the head and neck[227].
Several investigators have identified H. pylori in patients with head and neck malignancies[230-232] (Table 7). Inflammation induced by H. pylori would cause epithelial cell
proliferation that could develop into laryngeal cancer[233].
A pilot study uncovered a possible association between
H. pylori and an increased risk of oral cancer, and another
study detected H. pylori antibodies in serum samples from
34 (64.2%) of 53 patients with head and neck squamous
cell carcinoma (larynx, hypopharynx, tongue, tonsil, nasopharynx, and tongue base/vallecula)[234,235]. Multivariate
regression analyses in two case control studies identified H.
pylori infection as an independent risk factor for laryngohypopharyngeal carcinoma[236,237]. A recent study of a large
patient cohort associated immunohistochemically detected
H. pylori expression in oral squamous cell carcinoma with
reduced disease-free survival[238].

ELISA: Enzyme-linked immunosorbent assay; PCR: Polymerase chain
reaction.

knowledge, a causative role of H. pylori in acute pharyngitis has never been reported. The etiological role of H.
pylori in pharyngeal diseases remains obscure. Further
studies are needed to understand the pathogenic role of
H. pylori in the pharynx.

LARYNGEAL DISEASES
The impact of gastric juice with low pH on laryngeal
disorders has been reported[214]. Both laryngopharyngeal
and gastroesophageal reflux might cause laryngopharyngeal symptoms, and laryngopharyngeal reflux has been
identified in 50.4% (57/113) of patients with laryngeal
and voice disorders[215-221]. Laryngopharyngeal reflux is
involved in the pathogenesis of several laryngeal disorders, including chronic posterior laryngitis, vocal fold
nodules, paroxysmal laryngospasm, Reinke’s edema,
laryngeal true vocal fold ulcers and granuloma as well as
globus sensation[216].
The larynx could be directly exposed to H. pylori as
a result of pharyngolaryngeal reflux, and gastric H. pylori infection might be associated with disorders of the
larynx[52,222] (Table 6). One study found more prevalent
H. pylori infection among 162 patients who presented
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In contrast, others have not found H. pylori in head
and neck cancers or in laryngeal carcinoma samples[239-243].
PCR, culture and immunohistochemical methods did not
detect H. pylori in head and neck tumor tissues from 31
patients, even though 21 of them carried anti-H. pylori
antibodies[244]. A statistically significant difference in the
incidence of H. pylori seropositivity between patients
with head and neck cancer and controls has not yet been
reported and others have shown that H. pylori infection
either protects against or promotes laryngopharyngeal
carcinoma[245,246].
The presence of H. pylori in head and neck tumor tissues and/or the stomach of patients with head and neck
malignancies might be widespread; however, more information is required about H. pylori activities in patients
with head and neck carcinogenesis[247-249].

10

CONCLUSION

16

11
12
13

14
15

Epidemiological studies have shown that the prevalence
of carrying H. pylori ranges from 10%-20% to 80%-90%
in developed and developing countries, respectively, and
most carriers are asymptomatic[250,251]. The findings of
published studies on the impact of H. pylori on the upper respiratory tract are inconsistent. Whether or not H.
pylori is located in the upper respiratory tract and whether
or not it plays a role in the pathogenesis of upper respiratory tract diseases remain unresolved. The risks and
benefits of H. pylori and its role in upper respiratory disorders including cancer require urgent assessment.
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Helicobacter pylori -related chronic gastritis as a risk factor
for colonic neoplasms
Izumi Inoue, Jun Kato, Hideyuki Tamai, Mikitaka Iguchi, Takao Maekita, Noriko Yoshimura, Masao Ichinose
that H. pylori -related CAG confers an increased risk
of colorectal neoplasm, and more extensive atrophic
gastritis will probably be associated with even higher
risk of neoplasm. In addition, our study suggested that
the activity of H. pylori -related chronic gastritis is correlated with colorectal neoplasm risk. H. pylori -related
chronic gastritis could be involved in an increased risk
of colorectal neoplasm that appears to be enhanced by
the progression of gastric atrophy and the presence of
active inflammation.
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Core tip: This review revealed that Helicobacter pylori
(H. pylori )-related chronic gastritis plays a role in risk
enhancement of colorectal neoplasm, and that this risk
could be further enhanced by the progression of atrophy and the presence of active inflammation. These
findings may be useful for selecting groups at high risk
for colorectal neoplasm that warrant colonoscopic surveillance, particularly in areas where H. pylori infection
is highly prevalent.

Abstract
To summarize the current views and insights on associations between Helicobacter pylori (H. pylori )-related
chronic gastritis and colorectal neoplasm, we reviewed
recent studies to clarify whether H. pylori infection/H.
pylori -related chronic gastritis is associated with an elevated risk of colorectal neoplasm. Recent studies based
on large databases with careful control for confounding
variables have clearly demonstrated an increased risk
of colorectal neoplasm associated with H. pylori infection. The correlation between H. pylori -related chronic
atrophic gastritis (CAG) and colorectal neoplasm has
only been examined in a limited number of studies. A
recent large study using a national histopathological
database, and our study based on the stage of H. pylori -related chronic gastritis as determined by serum levels of H. pylori antibody titer and pepsinogen, indicated
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INTRODUCTION
Infection with Helicobacter pylori (H. pylori) induces chronic
inflammation in the stomach of both humans and ani-
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mals, and H. pylori-related gastritis is closely associated
with the development of gastric cancer[1]. Promotion of
tumor development by H. pylori infection in extragastric
target organs has recently been reported[2]. The majority of previous studies concerning correlations between
colorectal neoplasm and H. pylori infection/H. pylori-related chronic gastritis have been hospital-based, showing
several weaknesses in terms of limited sample size and
incomplete control of confounding variables, including
former colonoscopy[3-14]. In addition, results have been
inconsistent, with some studies indicating a positive correlation and others finding no correlation[3-14]. Two metaanalyses combining the results of 11 and 13 case-control
studies with summary OR of 1.4 (95%CI: 1.1-1.8) and
1.5 (95%CI: 1.2-1.9), respectively[15,16], have suggested
modest increases in colorectal neoplasm risk due to H.
pylori infection. However, the evidence remains limited
because of significant heterogeneity among included
studies and potential publication bias. A large-scale study
is thus needed to confirm the increased risk of colorectal
neoplasm by H. pylori infection owing to the relatively
small OR. Several studies based on larger databases with
adequate control for confounding factors were published
from 2010 onward[17-20] and have demonstrated that H.
pylori infection correlates with a moderately increased risk
of colorectal neoplasm.
On the other hand, the mechanism by which H. pylori infection increases the risk of colorectal neoplasm is
currently unclear. Progressive chronic gastritis induced
by persistent H. pylori infection (H. pylori-related chronic
gastritis) leads to extensive glandular atrophy and reduced
acid secretion, in turn inducing hypergastrinemia, a putative trophic factor for large bowel mucosa[21]. Gastric acid
reduction also alters the gastrointestinal microenvironment composed of bacterial flora[22], and thus may contribute to colorectal carcinogenesis. However, whether
H. pylori-related chronic gastritis is associated with an increased risk of colorectal neoplasm remains inconclusive
because of the limited number of epidemiological studies. This review summarizes recent findings and insights
into the association between H. pylori infection/H. pylorirelated chronic gastritis and colorectal neoplasm.

Japanese factory workers, identified H. pylori infection as
a risk factor for colorectal adenoma (OR = 2.52; 95%CI:
1.57-4.05)[17]. In addition, a large population-based casecontrol study in Germany suggested a positive association between H. pylori infection and risk of colorectal
cancer using H. pylori immunoglobulin (Ig)G (OR = 1.30;
95%CI: 1.14-1.50) and cytotoxin-associated gene A protein (CagA) (OR = 1.35; 95%CI: 1.15-1.59)[18]. These results clearly demonstrated an increased risk of colorectal
neoplasm among patients with H. pylori infection.

CORRELATION BETWEEN H. PYLORIRELATED CHRONIC ATROPHIC
GASTRITIS DIAGNOSED ON THE BASIS
OF PEPSINOGEN TEST RESULTS AND
RISK OF COLORECTAL NEOPLASM
The pepsinogen method is a reliable screening method
for precancerous lesions of the stomach. In addition, serum pepsinogen (PG) Ⅰ and the PG Ⅰ/Ⅱ ratio are also
valuable markers for gastric acid secretion and the extent
of resultant chronic atrophic gastritis (CAG) caused by
chronic gastritis. The combination of these two serum
markers is the one most widely used for the detection of
CAG in Japan.
Table 2 shows the correlation between CAG determined on the basis of PG test results and colorectal neoplasm. A previous hospital-based case-control study of
113 cases and 226 controls[14] and our population-based
case-control study[17] in Japan showed that CAG based
on the criteria of PG Ⅰ ≤ 70 ng/mL and PG Ⅰ/Ⅱ ≤
3.0 were not associated with a significantly increased risk
of colorectal neoplasm. Since the prevalence of autoimmune gastritis is extremely low in Japan[23], the possible
inclusion of autoimmune gastritis among the analyzed
cases of CAG and subsequent underestimation of the
risk was considered negligible. Meanwhile, subjects identified as CAG-negative based on the above-mentioned
PG test criteria included not only those subjects with a
H. pylori-free healthy stomach, but also H. pylori-infected
subjects without CAG, which may have resulted in underestimation of colorectal neoplasm risk in CAG. A
case-control study consisting of subjects with similar
clinical indications for colonoscopy in Italy indicated
that hypergastrinemic CAG (diagnosed by histological
evaluation, fasting hypergastrinemia and low PG Ⅰ levels)
was not associated with an increased risk of colorectal
neoplasm compared to normogastrinemic controls with
healthy gastric mucosa[24]. However, in this study, most
cases of hypergastrinemic CAG did not include active
H. pylori infection and were positive for anti-parietal cell
antibodies. Hypergastrinemic CAG in this study therefore
may not have been equivalent to CAG resulting from
H. pylori infection. Interestingly, a recent study indicated
that other gastric pathologies likely unrelated to H. pylori infection, such as H. pylori-negative gastritis, showed

CORRELATION BETWEEN H. PYLORI
INFECTION AND RISK OF COLORECTAL
NEOPLASM
Since 2010, various studies have examined the correlation
between H. pylori infection and colorectal neoplasm based
on large databases with careful controls for confounding variables (Table 1). Two cross-sectional studies using
the health check-up databases of Korea and Taiwan[19,20]
showed that H. pylori infection was significantly associated with an increased risk of colorectal adenoma, with
adjusted OR of 1.36 (95%CI: 1.10-1.68) and 1.37 (95%CI:
1.23-1.52), respectively. Our population-based casecontrol study, which investigated 478 asymptomatic male
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Table 1 Studies investigating correlations between Helicobacter pylori infection and risk of colorectal neoplasm
Ref.

Country

Year of
publication

Type of study
design

No. of
subjects

H. pylori status

Measure of

Outcome

Crude OR (95%CI)

Adjusted OR (95%CI)

[20]
Taiwan
[19] South Korea

2010
2012

Cross-sectional
Cross-sectional

9311
2195

Urease test
IgG

[17]

Japan

2011

478

IgG

1.35 (1.10-1.66)
2.19 (1.40-3.42)
2.26 (1.44-3.55)

1.37 (1.23-1.52)
1.36 (1.10-1.68)
2.21 (1.41-3.48)
2.52 (1.57-4.05)

[18]

Germany

2012

Population-based
Case-control
Population-based
Case-control

Adenoma
Adenoma
Advanced adenoma
Adenoma

3381

IgG
CagA

Cancer
Cancer

-

1.3 (1.14-1.50)
1.35 (1.15-1.59)

H. pylori: Helicobacter pylori; IgG: Immunoglobulin G; CagA: Cytotoxin-associated gene A.

Table 2 Studies investigating correlations between Helicobacter pylori -related chronic atrophic gastritis diagnosed on the basis of
pepsinogen tests and risk of colorectal neoplasm
Ref. Country

Year of
publication

Type of study
design

No. of
subjects

Measure of CAG status

Outcome

Crude OR or
HR (95%CI)

Adjusted OR or
HR (95%CI)

339
478

PG test
PG test

Cancer
Adenoma

OR 1.31 (0.89-1.93)

OR = 1.56 (0.86-2.85)
OR = 1.45 (0.97-2.17)

320

PG test + histopathology

20269
99

PG test + histopathology
PG test

Adenoma
Cancer
Cancer
Adenoma + Cancer

HR 1.00 (0.65-1.55)
HR 2.02 (1.05-3.91)

OR = 0.59 (0.23-1.48)
OR = 1.03 (0.34-3.16)
HR = 0.98 (0.61-1.58)
HR = 2.72 (1.33-5.57)

[14]
[17]

Japan
Japan

2007
2011

[24]

Italy

2012

Case-control
Populationbased
Case-control
Case-control

2010
2013

Cohort
Cohort

[26] Finland
[27] Japan

CAG: Chronic atrophic gastritis; PG: Pepsinogen; OR: Odds ratio; HR: Hazard ratio.

no or only weak associations with the risk of colorectal
neoplasm[25]. Considering these results, CAG determined
by PG test results might not correlate with the risk of
colorectal neoplasm. However, the heterogeneity of
CAG criteria and differences in the selection of controls
and other limitations of these studies, such as relatively
small sample size, inadequate consideration of potential
confounding variables including prescribed medication or
previous history (use of proton pump inhibitors (PPIs),
gastric resection, H. pylori eradication therapy, renal failure, etc.) that might affect PG test results might have influenced and distorted the results. The necessity for large
studies examining the effects of H. pylori-related CAG on
colorectal neoplasm compared to healthy gastric mucosa
with adequate control of confounders should be emphasized to obtain valid results.
As for the correlation between the incidence of
colorectal neoplasm and CAG diagnosed by the PG test,
two relevant studies are as follows. A long-term cohort
study among Finnish participants (the Alpha-Tocopherol,
Beta-Carotene Cancer Prevention Study) did not indicate
an increased risk of colorectal cancer by CAG based on
histological findings and low PG Ⅰ levels, although the
investigators did not include any information on PPI
therapy that might have affected serum PG levels[26]. Our
study showed that CAG (diagnosed based on criteria of
PG Ⅰ ≤ 70 ng/mL and PG Ⅰ/Ⅱ ≤ 3.0) was associated
with an increased risk of recurrent colorectal neoplasm
after first endoscopic resection in a hospital-based cohort
study, with an adjusted HR of 2.72 (95%CI: 1.33-5.57)[27].
The difference in the results of these two studies may

WJG|www.wjgnet.com

be attributable to differences in the carcinogenic potential of the colorectal mucosa between study subjects.
Subjects subsequent to colorectal neoplasm removal are
considered to be at higher risk of future neoplasm, and
risk enhancement with the establishment of CAG leads
to the development of recurrent neoplasm; on the other
hand, subjects without colorectal neoplasm on initial
colonoscopy are at lower risk, and some additional factors other than CAG are required for the development of
a neoplastic lesion[28,29]. The inconsistent findings between
these studies might also be due to differences in study
methodologies, such as differences in CAG criteria, selection of subjects, sample size, and follow-up period.

PROGRESSION OF H. PYLORI-RELATED
CHRONIC GASTRITIS AND RISK OF
COLORECTAL NEOPLASM
Once established in the stomach mucosa, H. pylori-related
chronic gastritis is generally believed to trigger a series of
events involved in stomach carcinogenesis, represented
as the gastritis-atrophy-metaplasia-dysplasia-cancer sequence[30]. In addition, gastric atrophy and intestinal metaplasia, an end stage of H. pylori-related chronic gastritis,
subsequently induce hypochlorhydria that may contribute
to colorectal carcinogenesis.
Table 3 shows the correlation between the progression of H. pylori-related chronic gastritis and colorectal
neoplasm. A recent large study using a national histopathological database in the United States indicated that
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Table 3 Studies investigating correlations between progression of Helicobacter pylori -related chronic gatritis and risk of colorectal
neoplasm
Measure of H. pylori -related
gastritis

Ref.

Country

Year of
publication

Type of
study design

No. of
subjects

[17]

Japan

2011

478

H. pylori IgG and PG test

[17]

Japan

2011

Populationbased
Case-control
Populationbased
Case-control

478

[25]

United States

2012

[25]

United States

2012

Cross-sectional 100296
57820
51067
Cross-sectional 90953
52802
46882

Outcome

Crude OR
(95%CI)

Adjusted OR
(95%CI)

[mild CAG (Group B)]
H. pylori IgG and PG test

Adenoma

2.61 (1.54-4.11)

2.81 (1.64-4.81)

[extensive CAG (Group C)]
H. pylori IgG and stricter CAG
criteria
[more extensive CAG
(Group C)]
Histopathology
(H. pylori-related gastritis)

Adenoma

2.3 (1.38-3.83)

2.7 (1.58-4.62)

Adenoma

3.75 (1.70-8.23)

4.2 (1.88-9.40)

Adenoma
Advanced adenoma
Cancer
Adenoma
Advanced adenoma
Cancer

1.52 (1.46-1.57)
1.8 (1.69-1.92)
2.35 (1.98-2.80)
1.82 (1.71-1.94)
2.02 (1.82-2.24)
2.55 (1.93-3.37)

-

Histopathology
(intestinal metaplasia)

H. pylori: Helicobacter pylori; IgG: Immunoglobulin G; PG: Pepsinogen; CAG: Chronic atrophic gastritis; OR: Odds ratio.

H. pylori-related chronic gastritis conferred increased risks
of colorectal adenoma (OR = 1.52; 95%CI: 1.46-1.57)
and cancer (OR = 2.35; 95%CI: 1.98-2.80) compared to
normogastrinemic controls. In addition, a similar risk was
found in intestinal metaplasia, a more easily recognizable
form of mucosal alteration and the advanced stage of
gastric atrophy most frequently associated with H. pylori
infection[25]. However, those investigators had access only
to histopathological information, so the possibility of uncontrolled confounders remains.
We stratified study subjects based on the stage of H.
pylori-related chronic gastritis as determined by 2 serum
tests (H. pylori antibody titer and PG)[31], then evaluated
colorectal adenoma risk in each stage. The classification
reflects each stage of a serial change in stomach mucosa
induced by chronic H. pylori infection. There were 3
groups: Group A, H. pylori-negative and PG test-negative;
Group B, H. pylori-positive and PG test-negative; and
Group C, PG test-positive. Group A corresponds to a H.
pylori-free healthy stomach, Group B to H. pylori-related
non-atrophic gastritis, and Group C to the presence of
extensive CAG. The presence of H. pylori-related chronic
gastritis significantly increased the risk of colorectal
adenoma as a whole (Group B: adjusted OR = 2.81;
95%CI: 1.64-4.81; Group C: adjusted OR = 2.70; 95%CI:
1.58-4.62) compared to the H. pylori-free healthy stomach
(Group A). However, no significant difference in risk
existed between Groups B and C; that is, the establishment of CAG did not show any additional increase in the
risk of adenoma[17]. On the other hand, stricter criteria
for positive PG Ⅰ (≤ 30 ng/mL) and PG Ⅰ/Ⅱ ratio (≤
2.0) were used to detect subjects with more extensive and
severe CAG[32]. These advanced-stage CAG subjects were
at even higher risk for adenoma (adjusted OR = 4.20;
95%CI: 1.88-9.40) compared to CAG-positive subjects
diagnosed using the less strict criteria (PG Ⅰ ≤ 70 ng/
mL and PG Ⅰ/Ⅱ ≤ 3.0) (Tables 3 and 4).
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MECHANISMS BY WHICH H. PYLORIRELATED CHRONIC GASTRITIS
INCREASES THE RISK OF COLORECTAL
NEOPLASM
Various mechanisms have been suggested to underlie
the correlation between H. pylori infection and colorectal
neoplasm. First, H. pylori infection increases gastrin secretion, which could contribute to colorectal carcinogenesis
by inducing mucosal cell proliferation in the colon[21]. An
epidemiological study of patients with H. pylori infection showed that mild hypergastrinemia was associated
with about a 4-fold increase in the risk of colorectal
neoplasm[11]. As for the correlation between colorectal
neoplasm and gastrin, a limited number of epidemiological studies have been conducted with inconsistent results;
some have indicated positive correlations[11,33], while others found no correlation[4,8]. The differences in these results might be attributable to non-amidated gastrins, such
as progastrin or glycine-extended gastrin, acting as more
important promoters of colorectal carcinogenesis than
the fully amidated form of the hormone measured by
most commercially available assays[21,34].
Second, H. pylori infection seems likely to adversely
impact the intestinal flora, contributing to colorectal
carcinogenesis[35-37], as a result of the hypochlorhydria
caused by H. pylori-related chronic gastritis. Several studies have indicated that the presence of enteric infection
and overgrowth of intestinal bacteria are directly correlated with hypochlorhydria[38-40]. Our previous study
demonstrated that CAG-positive asymptomatic middleaged subjects (diagnosed on the basis of serum PG levels
of PG Ⅰ ≤ 70 ng/mL and PG Ⅰ/Ⅱ ratio ≤ 3.0) had a
larger population of colonic microflora than CAG-negative subjects[22]. Hypochlorhydria was also reported to
lead to an increase in unabsorbed nutrients in the lower

1488

February 14, 2014|Volume 20|Issue 6|

Inoue I et al . H. pylori -related chronic gastritis and colorectal neoplasms
Table 4 Correlation between stage of Helicobacter pylori -related chronic gatritis and risk of colorectal neoplasm

Group A
Group B

Group C

Adjusted OR1

Adjusted OR1

H. pylori CAG

Controls
(n = 239)

Total adenoma cases
(n =239)

Proximal adenoma
(n = 38)

Bilateral adenoma
(n = 78)

Distal adenoma
(n = 123)

(-) (-)
(+) (-)
B1 (PG1/2 > 3)
B2 (PG1/2 ≤ 3)
(+)
C1 (PG1/2 > 2, PGI > 30)
C2 (PG1/2 ≤ 2, PGI ≤ 30)
(A:B) (95%CI)
(A:B1) (95%CI)
(A:B2) (95%CI)
(A:C) (95%CI)
(A:C1) (95%CI)
(A:C2) (95%CI)

71
105
92
13
63
50
13
1
1
1
1
1
1

35
127
103
24
77
53
24
2.81 (1.64-4.81)
2.36 (1.43-3.88)
3.78 (1.71-8.38)
2.7 (1.58-4.62)
2.27 (1.29-3.99)
4.2 (1.88-9.40)

4
18
14
4
16
11
5
3.06 (0.99-9.42)
2.73 (0.86-8.65)
5.32 (1.17-24.1)
4.51 (1.43-14.2)
3.88 (1.17-12.9)
6.95 (1.63-29.6)

15
41
34
7
22
15
7
1.85 (0.94-3.62)
1.74 (0.87-3.47)
2.66 (0.89-7.98)
1.76 (0.83-3.74)
1.52 (0.67-3.45)
2.65 (0.87-8.05)

16
68
55
13
39
27
12
3.05 (1.62-5.73)
2.86 (1.50-5.47)
4.36 (1.68-11.3)
3.05 (1.54-6.07)
2.59 (1.25-5.35)
5.09 (1.89-13.7)

1

Adjusted for current smoking and total cholesterol by conditional logistic regression analysis. B1: Group αβ, subgroup based on less-strict criteria for
PG Ⅰ (≤ 70 ng/mL) and PG Ⅰ/Ⅱ ratio (> 3.0) or PG Ⅰ (> 70 ng/mL) and PG Ⅰ/Ⅱ ratio (> 3.0) to detect mild inflammation; B2: Group γ, subgroup based on
stricter criteria for PG Ⅰ (> 70 ng/mL) and PG Ⅰ/Ⅱ ratio (≤ 3.0) to detect severe active inflammation; C1: Subgroup based on less strict criteria for PG Ⅰ (≤
70 ng/mL) and PG Ⅰ/Ⅱ ratio (≤ 3.0) to detect extensive CAG; C2: Subgroup based on stricter criteria for positive PG Ⅰ (≤ 30 ng/mL) and PG Ⅰ/Ⅱ ratio (≤
2.0) to detect more extensive and severe CAG; H. pylori: Helicobacter pylori; CAG: Chronic atrophic gastritis.

intestine due to impaired gastric protein digestion[41], so
some metabolites derived from bacterial fermentation of
malabsorbed proteins are likely to play a role in the etiopathogenesis of colonic disorders[42,43].
Third, H. pylori infection might result in damage to
the colorectal epithelium through inflammatory responses, such as those mediated by interleukin (IL)-8, which is
associated colorectal cancer[44]. Shmuely et al[5] reported
a 10-fold increase in colorectal cancer risk with CagApositive strains (known to cause enhanced inflammatory
response) compared to CagA-negative strains. A recent
cross-sectional study showed that H. pylori infectionconcomitant metabolic syndrome might further increase
the risk of colorectal neoplasm[20] and proposed that such
concomitant effects might occur secondary to common
inflammatory pathways through inflammation-related
factors such as tumor necrosis factor-alpha (TNF-α)[20].
Therefore, we further classified former study subjects[17]
in Group B into three subgroups based on the activity
of H. pylori-related chronic gastritis determined by serum
PG levels, as described previously[32]: Group α, PG Ⅰ ≤
70 ng/mL and PG Ⅰ/Ⅱ > 3.0; Group β, PG Ⅰ > 70
ng/mL and PG Ⅰ/Ⅱ > 3.0; and Group γ, PG Ⅰ > 70
ng/mL and PG Ⅰ/Ⅱ ≤ 3.0. The activity of H. pylorirelated chronic gastritis is considered to be higher in the
order γ, β, α, and we evaluated colorectal adenoma risk
at each stage. The severe active inflammation group (γ)
showed an increased risk of colorectal adenoma (adjusted
OR = 3.78; 95%CI: 1.71-8.38) compared to the mild
inflammation groups (α and β) (adjusted OR = 2.36;
95%CI: 1.43-3.88) (Table 4), suggesting that the activity of H. pylori-related chronic gastritis correlates with
colorectal neoplasm risk. In general, the concentrations
of IL-1β and TNF-α (i.e., proinflammatory cytokines
that mediate host inflammatory response) have been
shown to be elevated in stomach mucosa showing active
inflammation[45,46]. Since both cytokines potently inhibit
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gastric acid secretion[47], they appear to represent an additional link between H. pylori-related active inflammation
and colorectal neoplasm.
Correlation between location and risk of colorectal
neoplasm
Accumulating evidence suggests that the risk of colorectal neoplasm associated with various environmental and
genetic factors differs for proximal and distal neoplasm,
probably reflecting two recently proposed tumorigenic
pathways based on the molecular features of CpG island
methylator phenotype (CIMP+) and microsatellite instability (MSI+) occurring predominantly in the proximal
colon, and chromosomal instability (CIN) occurring in
the distal colon[48]. Animal models suggest that the mitogenic action of gastrin is selective for the distal colon[49,50].
On the other hand, chronic inflammation is known to
induce aberrant DNA methylation in normal tissues, and
alterations in DNA methylation have been proposed to
be involved in the carcinogenic process of the proximal
colon[51]. In addition, colonic bacterial overgrowth is
considered to lead to enhanced production of secondary
bile acids, which are reported to cause DNA damage and
activation of the carcinogenic pathway involving DNA
methylation, particularly in the proximal colonic mucosa[52,53], thereby increasing the risk of proximal colon
cancer[54].
Previous studies have classified colorectal neoplasms
according to location, and examined the correlation
between colorectal neoplasm and H. pylori infection in
each group. However, the results of those studies were
inconclusive, because of insufficient sample sizes to detect site-selective effects on associations; some studies
indicated that the increased risk associated with H. pylori
infection was limited to patients with proximal neoplasms[19], while other studies found the same for distal
neoplasms[18]. Furthermore, the significantly increased
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risk of colorectal neoplasm with H. pylori-related chronic
gastritis has been reported to be similar for different
locations of colorectal neoplasm[17,25]. Our reanalysis of
previous data using serum PG levels as indices of the
activity of H. pylori-related chronic gastritis or the resulting gastric atrophy revealed that colonic neoplasm risk
in both proximal and distal regions increases with the
enhancement of active inflammation or the progression
of gastric atrophy (Table 4).

7

8

9

CONCLUSION
This review has shown that relatively few studies are
available in this field, and the current evidence remains
limited. Larger studies with adequate controls for confounders and that compare against normogastrinemic
controls with H. pylori-free healthy gastric mucosa are
necessary to clarify the role of H. pylori-related chronic
gastritis in carcinogenesis of the colorectum.
In conclusion, based on critical analyses of previous studies, including our own, H. pylori-related chronic
gastritis may well be associated with an increased risk
of colorectal neoplasm. This risk appears to be further
enhanced by the progression of atrophy or active inflammation. In areas where H. pylori infection is highly prevalent, the stage of H. pylori-related chronic gastritis could
contribute to the identification of individuals at high risk
of colorectal neoplasm. In addition, whether eradication
therapy for H. pylori-infected subjects reduces the risk of
colorectal neoplasm is a problem for future study.
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clarithromycin resistance. Notably, the Japanese regimen consists of a lower dose of antibiotics for a shorter
duration (7 d) than in the other countries. There is
neither 14 d nor bismuth-based regimen in the first-line
and second-line treatment in Japan. Such differences
among countries might be due to differences in the
approvals granted by the governments and national
health insurance system in each country. Further studies are required to achieve the best results in the diagnosis and treatment of H. pylori infection based on
cost-effectiveness in East Asian countries.
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Abstract

Key words: Helicobacter pylori ; Eradication; Guideline;
Diagnosis; Treatment

New 2013 guidelines on Helicobacter pylori (H. pylori )
infection have been published in China, Japan, and
South Korea. Like the previous ones, these new guidelines differ between the three countries with regard
to the indications for H. pylori eradication, diagnostic
methods, and treatment regimens. The most profound
change among all of the guidelines is that the Japanese national health insurance system now covers the
expenses for all infected subjects up to second-line
treatment. This makes the Japanese indications for
eradication much wider than those in China and South
Korea. With regard to the diagnosis, a serum H. pylori
antibody test is not recommended in China, whereas it
is considered to be the most reliable method in Japan.
A decrease relative to the initial antibody titer of more
than 50% after 6-12 mo is considered to be the most
accurate method for determining successful eradication in Japan. In contrast, only the urea breath test is
recommended after eradication in China, while either
noninvasive or invasive methods (except the bacterial
culture) are recommended in South Korea. Due to the
increased rate of antibiotics resistance, first-line treatment is omitted in China and South Korea in cases of
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Core tip: Considerable advances in shifting from secondary prevention to primary prevention of gastric
cancer are notable in the new 2013 guidelines from
China, Japan, and South Korea. Compared to the previous guidelines, indications for Helicobacter pylori (H.
pylori ) eradication have expanded to include younger
populations with acute gastric lesions, who will show
markedly greater improvements than older populations
with chronic gastric lesions. The indications of eradication, diagnostic methods, and treatment regimens for H.
pylori infection differ between the countries due to differences in the approvals granted by the governments
and national health insurance system in each country.
Lee SY. Current progress toward eradicating Helicobacter pylori in East Asian countries: Differences in the 2013 revised
guidelines between China, Japan, and South Korea. World J
Gastroenterol 2014; 20(6): 1493-1502 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i6/1493.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i6.1493
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INTRODUCTION

Table 1 Indications for Helicobacter pylori eradication in
2013 guidelines

East Asian countries such as China, Japan, and South
Korea are the high risk countries of Helicobacter pylori (H.
pylori) infection and gastric cancer. Debates have been
continued on whether to eliminate H. pylori in all infected
East Asians by revising the guidelines, because everyone
with H. pylori infection would be better eradicated at a
reversible stage before the development of precancerous
conditions[1]. H. pylori tend to be more virulent East-Asian
type cagA strain in these countries, and thus concerns
were raised with regard to the previous guidelines that
indicate to eliminate H. pylori only for some, leaving many
infected East Asians untreated[2-4].
The new revised 2013 guidelines from China, Japan,
and South Korea show expanded indications for H. pylori
eradication[5-7]. These new guidelines started to include
more recent infections at the acute stage that has not yet
progressed to the irreversible stage leading to gastric cancer. Based on these guidelines, it is believed that strategy
for the prevention of gastric cancer will shift from secondary prevention using esophagogastroduodenoscopy
(EGD) to primary prevention using H. pylori eradication
in East Asians. In this review, recent trends on H. pylori
eradication in the East Asian countries will be discussed
in terms of (1) indications; (2) diagnostic methods; (3)
therapeutic regimens; and (4) issues after eradication
based on the new 2013 guidelines.

Indications
China

Strongly recommended
Peptic ulcer (regardless of activeness or complications)
Gastric MALT lymphoma
Recommended
Chronic gastritis with dyspepsia
Chronic gastritis with mucosal atrophy/erosion
Early gastric cancer resected endoscopically or by subtotal
gastrectomy
Long-term use of proton pump inhibitor
Family history of gastric cancer
Planning to take long-term NSAIDs
(including low-dose aspirin)
Iron deficiency anemia of unknown causes
Idiopathic thrombocytopenic purpura
Other H. pylori-related diseases (lymphocytic gastritis,
gastric hyperplastic polyps, Ménétrier disease, etc.)
Requested by individual patient
Approved by the Japanese national health insurance
Japan
system
Peptic ulcer disease
After resection of early gastric cancer
Gastric MALT lymphoma
Idiopathic thrombocytopenic purpura
H. pylori-related gastritis
Strongly recommended
South Korea
Peptic ulcer disease
Low-grade gastric MALT lymphoma
After resection of early gastric cancer
Recommended
Chronic atrophic gastritis or intestinal metaplasia
Family history of gastric cancer
Functional dyspepsia
Long-term aspirin/NSAIDs medication with history of
peptic ulcer disease
Idiopathic thrombocytopenic purpura

INDICATIONS FOR H. PYLORI
ERADICATION
Revised guidelines published in 2013 include more of
the H. pylori-infected stomachs than the previous ones
(Table 1)[5-7]. Previous East Asian guidelines on H. pylori
eradication were mainly focus low-grade gastric mucosaassociated lymphoid tissue (MALT) lymphoma, peptic
ulcer disease (PUD), after the resection of early gastric
cancer (EGC), idiopathic thrombocytopenic purpura
(ITP), iron deficiency anemia of uncertain origin, and
long-term use of certain drugs such as nonsteroidal antiinflammatory drugs (NSAIDs), aspirin, or proton pump
inhibitor (PPI)[2-4]. However, new indications include even
the asymptomatic H. pylori-infected subjects based on the
concept that the benefits of eradication for gastric cancer
prevention outweigh the risks.

H. pylori: Helicobacter pylori; MALT: Mucosa-associated lymphoid tissue;
NSAIDs: Nonsteroidal anti-inflammatory drugs.

IM[9]. Their analysis also revealed that H. pylori eradication
improves chronic atrophy gastritis (CAG) only in the gastric body.
Japan
The Ministry of Health, Labour and Welfare of Japan announced that the Japanese national health insurance system started to cover the expenses for H. pylori eradication
in all of the infected subjects from February 2013. The
current indications consist of five categories: (1) PUD; (2)
after resection of EGC; (3) Gastric MALT lymphoma; (4)
ITP; and (5) H. pylori-related gastritis (http://www.mhlw.
go.jp/seisakunitsuite/bunya/kenkou_iryou/iryouhoken).
These expanded indications are not only for the prevention of H. pylori-related diseases such as gastric cancer but
also for the prevention of dissemination. Since infection
seems to disseminate from the parents to a child during
the childhood period, dissemination of H. pylori can be
prevented by eradicating all infected adults[7].
Japanese cohort studies and randomized control trial
on the effect of H. pylori eradication in preventing gastric

China
The Fourth National Consensus Conference on the management of H. pylori infection consists of 3 categories:
(1) detection; (2) indication; and (3) regimen for eradication[6]. Indications for H. pylori eradication consist of 2
strongly recommended diseases (PUD and gastric MALT
lymphoma) and 10 recommended diseases as summarized
in Table 1. It is notable that H. pylori-related diseases consist of lymphocytic gastritis, Ménétrier disease, and gastric hyperplastic polyps[8]. Intestinal metaplasia (IM) is not
included based on the concept that it is hard to reverse
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Gastric carcinogenesis by H. pylori infection

Normal
gastric
mucosa

Acute
gastritis

Gastric
atrophy

Intestinal
metaplasia

Gastric
dysplasia

Gastric
cancer

Regressed by H. pylori eradication
Pepsinogen Ⅱ ↑

Pepsinogen Ⅰ ↓, Ⅰ/Ⅱ ratio ↓

Figure 1 Changes in serum pepsinogen levels according to the progress of gastric carcinogenesis. The pepsinogen Ⅱ level is increased in the acute stage
of Helicobacter pylori (H. pylori) infection. A pepsinogen Ⅱ level exceeding 30 ng/dL indicates that the subject has a high risk of diffuse-type gastric cancer. The
pepsinogen Ⅰ level then decreases as the infection progresses to the chronic stage. These features altogether results in the pepsinogen Ⅰ/Ⅱ ratio decreasing with
the progress of gastric carcinogenesis. A pepsinogen Ⅰ level below 70 ng/dL and a pepsinogen Ⅰ/Ⅱ ratio below 3.0 indicate that the subject has a high risk of intestinal-type gastric cancer. Since the pepsinogen Ⅱ level is decreased after H. pylori eradication to a variable degree, a combination test for serum H. pylori antibody and
the pepsinogen Ⅰ/Ⅱ ratio is not recommended for gastric cancer screening after eradication.

cancers have shown that it would more benefit in earlier
ages and even in subjects with CAG and/or metaplastic
gastritis (MG) before it progress further[10-15]. Although
open-type CAG and MG seem to be more progressed
toward gastric carcinogenesis than closed-type CAG
and nonatrophic/nonmetaplastic cases[16], there is still a
chance for incomplete-type IM to changed to a milder
complete-type IM after eradication[17]. When H. pylori
eradication therapy is performed before the 30 years-old,
the effect on gastric cancer prevention is near 100%, but
it decreases to 41% in men and 71% in women when the
eradication is performed after 70 years-old[7,18,19].
Of various “H. pylori-related gastritis”, CAG, MG, hypertrophic gastritis (HG), and nodular gastritis (NG) are
considered significant with regard to gastric carcinogenesis. CAG and MG are endoscopic findings of chronic
H. pylori infection, while NG and HG are those of recent
infection[20]. In NG, inflammatory cytokines and H. pyloriinfection-induced prostaglandins are normalized after
eradication[21]. Without eradication, some progress to a
diffuse-type nodular gastritis, MALT lymphoma, or adenocarcinoma with poor differentiation[22]. Besides, the
odds ratio for gastric carcinoma is increases up to 35.5
in HG due to the increased levels of 8-Hydroxy-2-deoxy
guanosine and interleukin-1 beta in the gastric mucosa[23].
Similar to NG, H. pylori eradication is highly recommended for HG because the mutagenicity of gastric juice and
the methylation of E-cadherin in gastric mucosa decrease
significantly after eradication[23,24].
In May 2013, the “Kyoto Guideline on the Endoscopic Gastritis” was announced at the Annual conference of Japanese Society of Gastrointestinal Endoscopy.
According to this guideline, scores for these 4 types
of endoscopic gastritis reported as “A M H N (total
score)”. For CAG, the scores range from 0-3 according
to the extent of the atrophic border. For MG, score 2
is given when metaplastic changes are observed during
EGD. When an image-enhanced endoscopy was used
for the diagnosis of MG, “(IM)” should be added. For
HG, score 1 is given when there is a gastric fold width
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greater than 7 mm. For NG, score 2 is given when there
is a chicken-skin-like nodularity. If there is a history of
H. pylori eradication, score -1 is subtracted from the total
score and recorded as “E-1” after “A M H N”. For example, A3M2(IM2)H0N0E-1(4 scores) means that the
subject has an opened-type CAG of severe-degree (3
scores), MG observed by image enhancing endoscopy (2
scores), and underwent a successful H. pylori eradication
(-1 score). Therefore, score for the risk of gastric cancer
is 4, indicating that there is a high risk of intestinal-type
gastric cancer in this subject.
South Korea
The new South Korean guideline consists of 11 statements for the indication of H. pylori eradication, 4 statements for the diagnosis, and 4 statements for the treatment[5]. Highly recommended indications for H. pylori
eradication are (1) PUD including scar; (2) low-grade
gastric MALT lymphoma; (3) after the resection of EGC.
Although the level of evidence is lower than these indications, H. pylori eradication may be considered for the
prevention of gastric cancer in the subjects with (4) CAG
or IM; and (5) a family history of gastric cancer. South
Korean studies have shown the importance of a family
history of gastric cancer especially for those before 40
years-old[25-27]. H. pylori eradication is reported to improve
severe CAG and IM[28]. Improvement by H. pylori eradiation seems to be more definite in patients with bodypredominant gastritis, severe IM, or low pepsinogen Ⅰ
/Ⅱ ratio (Figure 1). Although the H. pylori infection rate
in South Korea is decreasing[29], care should be taken to
prevent gastric carcinogenesis, because most of H. pylori
isolated in South Koreans possesses virulent East-Asian
cagA type as observed in our previous study[30].
According to this new guideline[5], EGD followed
by H. pylori eradication is recommended for functional
dyspepsia (FD) subjects, because eliminating H. pylori improves not only the gastritis but also the FD symptoms
suggesting that H. pylori-induced inflammation mediates
FD in the East Asians[31]. There is a view point that FD-
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Table 2 Diagnostic methods for Helicobacter pylori infection in 2013 guidelines

For initial diagnosis

China

Japan

South Korea

Non-invasive methods

Urea breath test
Stool antigen test

Invasive methods

Rapid urease test
Histology
Culture
Urea breath test
Stool antigen test

Serum antibody test
Urea breath test
Stool antigen test
Rapid urease test
Histology
Culture
Serum antibody test1
Urea breath test
Stool antigen test
Rapid urease test
Histology
Culture

Serum antibody test
Urea breath test
Stool antigen test
Rapid urease test
Histology

Follow-up test after eradication Non-invasive methods

Invasive methods

Rapid urease test

Urea breath test
Stool antigen test
Rapid urease test
Histology

1

In Japan, a decrease relative to the initial antibody titer of more than 50% after 6-12 mo is considered to be the most accurate method for determining
successful eradication. Since the Japanese national health insurance system covers 2 of 3 non-invasive tests at the same time, either “serology with the urea
breath test” or “serology with the stool antigen test” is usually performed before and after Helicobacter pylori eradication.

as Fluorescence in situ hybridization or polymerase chain
reaction for testing resistance to the antibiotics. Due to
the low cost of EGD in East Asian countries, invasive
tests are frequently performed as noninvasive tests.

related symptoms in the East Asian population should be
considered as an organic disease due to H. pylori infection
which is different from those in the West[32]. Besides, H.
pylori eradication should be considered in case of longterm aspirin medication to prevent the recurrence of
PUD for those who have a history of PUD. Asians are
considered to be more prone to bleeding than Caucasians[33], and therefore eradication should be preformed
in East Asia where the prevalence of H. pylori infection
is higher[34]. Furthermore, the risk of PUD recurrence
cannot be blocked by H. pylori eradication alone in case
of long-term NSAIDs/aspirin medication, and thus PPI
could be considered. Since acid suppressants accelerate
body gastritis in the presence of H. pylori infection, it
should be eradicated before the long-term use of PPI[35].
In South Korea, eradicating H. pylori infection is less expensive and more effective than no-screening strategy in
case of NSAIDs and/or aspirin medication[36].
For the extraintestinal diseases, H. pylori eradication is
indicated for the subjects with ITP[5]. Other extragastric
disease is not mentioned in the guideline, but there are
several cardiovascular, hepatobiliary, dermatological, immunological, hematological, ophthalmological, and neurologic diseases improve after H. pylori eradication[1].

China
H. pylori infection can be diagnosed when there is a positive finding on the: (1) stool antigen test; (2) UBT; or (3)
one of the invasive tests among RUT, histology, and culture[6]. Positive serum H. pylori antibody is not included in
the diagnostic criteria. Serology is used mainly for epidemiological survey and for certain conditions such as PUD
bleeding and gastric MALT lymphoma in China. Different from Japan where the decreased antibody titer after 6
to 12 mo is considered as a reliable method in diagnosing
successful eradication, serology is not recommended for
both pre- and post-treatment re-examination in China.
UBT is recommended as the first choice for posttreatment evaluation of eradication of H. pylori infection
at least 4 weeks after eradication[6]. The new guideline
indicates that H. pylori eradication can be diagnosed when
there is a negative finding on the: (1) UBT; (2) stool antigen test; or (3) RUT of both samples taken from the gastric body and antrum. At least 4 wk before UBT, bismuth
agents, antibiotics, or herbal medicines with antibiotic
activity should be stopped. Acid suppressants should be
stopped at least 2 wk before UBT, if any. Urease-dependent tests are not recommended for bleeding PUD, severe CAG, after gastrectomy, and gastric malignancy. For
histology, the guideline denotes that H. pylori infection is
highly suggestive even in the absence of organism when
there is an active inflammation in IM.

DIAGNOSTIC METHODS FOR H. PYLORI
INFECTION
Diagnosis of H. pylori infection in East Asians countries
consists of invasive and non-invasive methods like those
of the Western countries, but guidelines differ between
China, Japan, and South Korea (Table 2). Noninvasive
methods are serum H. pylori immunoglobulin G (IgG)
antibody test, urine antibody test, stool antigen test, and
13C- or 14C-urea breath test (UBT). Invasive methods
are those based on the gastric biopsy specimen using
EGD. These include rapid urease test (RUT), bacterial
culture, histology (Hematoxylin and Eosin stain, modified Giemsa stain, Genta stain, Warthin-Starry silver stain,
toluidine blue stain, etc.), and gene detection method such

WJG|www.wjgnet.com

Japan
The most reliable method for the confirmation of H.
pylori infection is considered as the titer of serum H.
pylori IgG antibody in Japan[7,18,19]. Either 1 of 3 invasive
methods (RUT, culture, or histology with either Giemsa,
Warthin-Starry, Genta stain, etc.) or 2 of 3 noninvasive
methods (serum H. pylori antibody, UBT, and stool an-
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Table 3 Regimens for Helicobacter pylori eradication in 2013 guidelines
China
First-line
treatment1
Second-line
treatment

Japan

Amoxicillin 1 g (or metronidazole 400 mg),
Amoxicillin 750 mg, clarithromycin 200
clarithromycin 500 mg, and PPI twice daily for mg (or 400 mg), and PPI twice daily for
7-14 d
7d
Bismuth 220 mg, tetracycline 750 mg,
Amoxicillin 750 mg, metronidazole 250
metronidazole 400 mg twice, and PPI twice daily
mg, and PPI twice daily for 7 d
for 10 or 14 d

South Korea
Amoxicillin 1 g, clarithromycin 500 mg, and
PPI twice daily for 7-14 d
Bismuth 120 mg four times, tetracycline 500
mg four times, metronidazole 500 mg thrice,
and PPI twice daily for 7-14 d

1

In China and South Korea, first-line treatment can be passed directly to second-line treatment using bismuth-based quadruple therapy in cases with a high
clarithromycin resistance rate (> 15%-20%). PPI: Proton pump inhibitor.

are recommended for first-line treatment[6]. However,
the eradication rate of this triple therapy in China is
below 80%. Some studies showed that individualized
therapy should be done based on the region of the China
indicating the antibiotic resistance, patient occupation,
gender, and compliance[37,38]. The resistance rates to metronidazole (60%-70%), clarithromycin (20%-38%), and
levofloxacin (30%-38%) are higher than amoxicillin, furazolidone, and tetracycline (1%-5%)[39]. As an alternative
regimen, levofloxacin triple therapy (PPI, levofloxacin,
and amoxicillin) or sequential therapy (5 d of PPI and
amoxicillin followed by 5 d of PPI, clarithromycin, and
metronidazole) is recommended. However, concomitant
therapy (PPI, clarithromycin, amoxicillin, and metronidazole) is used only if the patients have the contraindication
for bismuth.
In regions with high clarithromycin resistance rate
over 15%-20%, bismuth quadruple therapy (bismuth,
tetracycline, metronidazole, and PPI for 10 or 14 d) is
recommended as a first-line treatment[6]. In such cases,
second-line treatments are used from the beginning without using first-line treatment. To overcome the resistance
to metronidazole and clarithromycin, combined use of
bismuth and PPI are usually recommended. Other quadruple regimens consist of a a standard dose of PPI,
bismuth potassium citrate 220 mg, and 2 different antibiotics twice daily for 10 or 14 d: (1) amoxicillin 1000 mg
and clarithromycin 500 mg twice daily; (2) amoxicillin
1000 mg and levofloxacin 200 mg twice daily (or 500 mg
once daily); (3) amoxicillin 1000 mg and furazolidone
100 mg twice daily; (4) tetracycline 750 mg and metronidazole 400 mg twice daily (or thrice daily); and (5) tetracycline 750 mg and furazolidone 100 mg twice daily[6,40].
A recent Chinese study showed the efficacy and safety
of traditional Chinese medicine for H. pylori eradication
by reviewing 16 clinical trials[41]. However, there was no
significant effect of traditional Chinese medicine for H.
pylori treatment as triple regimen, and therefore it is not
recommended alone for H. pylori eradication.

tigen test) are covered by the Japanese national health
insurance system. For the initial diagnosis, both RUT
and histology can be covered at the same time, but not
thereafter. A combination of 2 noninvasive methods is
preferred than 1 invasive test, because the accuracies of
invasive tests are lower than those of noninvasive tests.
After the first-line and second-line eradication therapy,
the Japanese national health insurance system covers either 1 of 3 invasive methods or 2 of 3 noninvasive methods, respectively. Successful eradication is considered as
more than 50% reduction of serum IgG antibody titer
than its initial level after 6-12 mo of eradication.
South Korea
Recommendations for the diagnosis includes either one
of the noninvasive methods (UBT, stool antigen test, or
serum H. pylori IgG antibody test) or invasive methods
(RUT or gastric biopsy for histology) as noninvasive
methods[5]. For invasive methods, it is recommended to
take both samples at the antrum and body, and to biopsy
the sites that show the least atrophic and metaplastic
findings. Follow-up tests after eradication include UBT,
stool antigen test, RUT, or histology after 4 wk. Acid
suppressants are asked to be stopped at least 2 wk before
UBT.

THERAPEUTIC REGIMENS FOR H. PYLORI
ERADICATION
Increased use of antibiotics for various infections since
childhood has resulted in increasing drug resistance and
decreasing in H. pylori eradication rate using clarithromycin or metronidazole. The increased primary and secondary antibiotic resistance of H. pylori is different according
to the region, and therefore the current recommended
first-line therapy and second-line therapy are different between China, Japan, and South Korea (Table 3). There is
no standard for third-line therapy in these guidelines, and
thus (1) regimens including levofloxacin, moxifloxacin, or
rifabutin; (2) sequential therapy; (3) concomitant therapy;
(4) dual therapy; or (5) tailored therapy might be considered as alternatives.

Japan
Japanese treatment regimen consists of lower dose of antibiotics than other countries[7,42]. For first-line treatment,
a standard dose of PPI, amoxicillin 750 mg, and clarithromycin 200 mg (or 400 mg) are recommended twice
daily for 7 d. For second-line treatment, PPI, amoxicillin

China
Standard triple therapy using amoxicillin (or metronidazole), clarithromycin, and PPI twice a day for 7 to 14 d

WJG|www.wjgnet.com
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A

B

C

D

E

F

Figure 2 Metachronous gastric cancer that developed after 6 years of Helicobacter pylori eradication. A 61 year-old South Korean man visited because of
epigastric discomfort in March 2007. A: Initial endoscopic finding. Several raised erosions with central ulceration (arrow) were evident. Since H. pylori infection was
found by gastric biopsy, eradication was achieved using amoxicillin (1 g), clarithromycin (500 mg), and a a standard dose of proton pump inhibitor twice daily for 7 d;
B: Endoscopic finding after 2 years. In June 2009, a gastric adenoma near the pylorus (arrow) was diagnosed by endoscopic biopsy. Complete endoscopic resection
was performed; C: Immunohistochemical staining of the resected specimen. Ki-67 staining was positive in the adenoma (Ki-67 stain, x 400); D: Endoscopic finding
after 6 years. In January 2013, a slightly depressed lesion was evident on the lesser curvature side of the mid-antrum (arrow); E: Endoscopic submucosal dissection.
The lesion was resected since the endoscopic biopsy revealed an adenocarcinoma; F: Pathological finding of the resected specimen. Early gastric cancer type Ⅱc of
Lauren’s intestinal-type, moderately-differentiated, tubular adenocarcinoma was diagnosed. The tumor size was 8.0 mm x 6.0 mm x 1.0 mm, and the depth of invasion
was limited to the lamina propria (pT1a). Resection margins were free from carcinoma.

500 mg twice daily for 7 to 14 d[5]. In cases of treatment
failure and with clarithromycin resistance, a standard dose
of PPI twice a day, metronidazole 500 mg thrice a day,
bismuth 120 mg 4 times a day, and tetracycline 500 mg
4 times a day are recommended for 7 to 14 d. In case of
treatment failure with the quadruple therapy, more than
two antibiotics that differ from previous regimens are
recommended. Phytoceuticals such as South Korean red
ginseng, green tea, red wine, flavonoids, broccoli sprouts,
garlic, probiotics, and flavonoids are known to inhibit
H. pylori colonization H. pylori-related inflammatory process[45]. However, phytoceuticals are not recommended as
a standard treatment in East Asian countries.
The guideline denotes the duration of medication
from 7 to 14 d[5]. Notably, the eradication rate secondline treatment differs according to the duration of the
treatment. The eradication rate of 2 wk of bismuth-containing quadruple therapy is significantly higher (93.6%)
than that of the 1 wk-treatment (77.2%)[46]. In South
Korea, the eradication rates of first-line and secondline regimen are decreasing because of the antibiotic
resistance rates on amoxicillin (6.3%-14.9%), clarithromycin (17.2%-23.7%), and synchronous levofloxacin and
moxifloxacin (4.7%-28.1%)[47]. In addition, continuing
genomic diversities in the same H. pylori strain may result
in the presence of simultaneous antibiotic-susceptible
and -resistant H. pylori in the same host, and modulate

750 mg, and metronidazole 250 mg are recommended
twice daily for 7 d. Neither 14 d nor bismuth-based quadruple treatment has been recommended as first-line or
second-line treatment in Japan.
The eradication rate of the first-line regimen is 70%
and that of the second-line regimen is 90% in Japan, and
thus the eradication rate exceeds 95% with these two
regimens[42,43]. There is no standard recommendation for
the third-line treatment in Japan. Moreover, the Japanese
national health insurance system does not cover after
second-line treatment. Regimens such as (1) high-dose
amoxicillin with PPI; or (2) quinolone with amoxicillin
and PPI are often used for the third-line treatment[44].
Third-line treatment regimens preferred by the Japanese
doctors are (1) amoxicillin 500 mg 3 or 4 times daily, ciprofloxacin 100 mg twice daily, and PPI 2-4 times daily for
1-2 wk; (2) metronidazole 250 mg twice daily, ciprofloxacin 100 mg twice daily, and PPI 2-4 times daily for 1-2
wk; and (3) amoxicillin 500 mg 4 times daily and PPI 4
times daily (with ecarbet natrium 1 g) 4 times daily for 2-4
wk as mentioned in page 36 of the Japanese supplement
published in April 18th, 2013 by the Japanese Society of
Helicobacter Research (unpublished data in English).
South Korea
For first-line treatment, recommended regimens are a
standard dose of PPI, amoxicillin 1 g, and clarithromycin
WJG|www.wjgnet.com
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Table 4 Different characteristics of 2013 guidelines in three countries
Country
Indication for
eradication

Diagnostic
method

Treatment
regimen

Notable differences in characteristics

China
Japan

Strong recommendations do not include after resection of EGC. Intestinal metaplasia is not included in the indications
All infected subjects are included as “H. pylori-related gastritis”
Focus is on preventing dissemination
South Korea
Strong recommendations include only peptic ulcer disease, gastric MALT lymphoma, and after resection of EGC
China
Serology is not recommended
Only the urea breath test is recommended after eradication
Invasive tests are not recommended after eradication
Japan
Either two noninvasive tests or one invasive test is recommended
A decrease relative to the initial serum antibody level of more than 50% after 6-12 mo is considered the most reliable method
South Korea
Bacterial culture is not included
China
Due to the high resistance to the antibiotics metronidazole, clarithromycin, and tetracycline, an alternative regimen is
recommended
First-line treatment can be omitted in cases of clarithromycin resistance
Japan
Lower dose of antibiotics for shorter duration (7 d) than other countries
There is neither 14 d nor bismuth-based regimen in the first-line and second-line treatment
South Korea
First-line treatment can be omitted in cases of clarithromycin resistance

EGC: Early gastric cancer; H. pylori: Helicobacter pylori; MALT: Mucosa-associated lymphoid tissue.

completely abolish the risk of gastric cancer.
The incidence of gastric cancer after a successful
eradication is higher in the subjects after gastric cancer
resection (10.1%) than gastric ulcer (2.4%), gastric MALT
lymphoma (2.2%), chronic gastritis (1.6%), and duodenal
ulcer (0.3%)[18,19]. Therefore, regular EGD follow-up is
usually recommended after eradication. In South Korea,
most of the physicians recommend annual EGD followup to the subjects with CAG and IM regardless of their
career, position, and degree of the hospital[54].

heteroresistant antibacterial phenotypes in South Korean
adults[48]. Such an isogenic variation of H. pylori strain in
a single host would be one of the reasons of treatment
failure.

ISSUES AFTER THE SUCCESSFUL
ERADICATION
After the eradication, it is important to inform the patients that there is a risk of false-negative finding, gastric
cancer, GERD, and reinfection. The rates of reinfection are decreasing in East Asian countries due to the
improved sanitization and socioeconomic status. Recent
studies showed that reinfection rate is lower in Japan
(0.22% per year) than China (2.82%) and South Korea
(2.94%)[49-51]. Male gender (HR = 2.28) and low monthly
family income (HR = 3.54) are known as main factors associated with H. pylori reinfection[52].

Gastroesophageal reflux disease after eradication
There is still a controversy on the link between H. pylori
and GERD. Although some GERDs are improved by H.
pylori eradication[55], some develop after eradication[56,57].
Care should be taken because hyperacidity-related diseases such as GERD and erosive gastroduodenitis after
H. pylori eradication seem to occur more often in Eastern
countries due to increased gastric acid secretion in bodydominant gastritis. In a prospective post-eradication
study on 1195 H. pylori-positive BGU patients, GERD
developed in 279 of 1000 successfully eradicated cases
after a mean follow-up period of 3.6 years[57]. Most of
newly developed GERD was mild (Los Angeles grade
A) and transient, and most did not require long-term
treatment in their study. Different from Japanese studies,
large-sized study from South Korea and meta-analysis on
11 papers from China show that there is no link between
H. pylori eradication and GERD[58,59]. Taken as a whole, H.
pylori eradication therapy should not be withheld for fear
of GERD development in the East Asia.
The prevalence of GERD might be increased due to
obesity after the physiological changes that happen after
eradication. H. pylori infection increases gastric leptin by
reducing ghrelin-producing cells in the gastric mucosa[60].
As a result, H. pylori influences body weight, hunger,
and satiety, and thus affect the pathophysiology of obesity[61]. After eradication, subjects show increased gastric
emptying and increased appetite due to increased ghrelin

Gastric cancer after eradication
H. pylori eradication will have the greatest impact on reducing the burden of gastric cancer in the East Asian
countries. Based on previous studies and hypotheses that
eradication therapy not only inhibits the new occurrence
of gastric cancer but also regresses the growth of gastric
cancer[10-15], prophylactic eradication is recommended
after EGC resection to prevent metachronous gastric carcinoma. However, some will continue to progress toward
a gastric cancer even after the eradication because the
benefit differs according to the degree of CAG and type
of IM (Figure 2). A Japanese study showed that H. pylori
eradication prior to development of incomplete-type IM
improves gastritis in the gastric body[7,18,53]. Eradication
seem to be most effective before the significant atrophy
develops, but eradication cannot completely prevent
EGC even some mild CAG cases[14]. Taken altogether, H.
pylori eradication should be recommended even in highrisk populations with CAG and IM, although it cannot
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level[62].

9

CONCLUSION
The new 2013 guidelines from China, Japan, and South
Korea reflect the current progress toward eradicating
H. pylori among East Asians. Compared to the previous
guidelines, indications for H. pylori eradication have expanded to include younger populations with acute gastric
lesions, who will show markedly greater improvements
than older populations with chronic gastric lesions. Considerable advances in shifting from secondary prevention
to primary prevention of gastric cancer are notable in
these new guidelines. It is also notable that the indications of eradication, diagnostic methods, and treatment
regimens for H. pylori infection differ between the countries (Table 4), despite similarities in the prevalence rates
of H. pylori infection and gastric cancer. Such differences
among countries might be due to differences in the approvals granted by the governments and national health
insurance system in each country. Further studies are
required to provide directions for identifying the optimal
(1) diagnostic method with low false-negative rates; (2)
treatment regimen to overcome antibiotic resistance, and
(3) follow-up strategy after H. pylori eradication based on
cost-effectiveness in East Asian countries.
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Core tip: This review highlights the unusual finding of
low prevalence of gastric cancer despite high prevalence of Helicobacter pylori in India and its probable
causes including diet and genetic variations as seen in
Indian patients. This finding is attributed to increased
genetic resistance in addition to a vegetarian diet rich
in antioxidants.

Abstract

Misra V, Pandey R, Misra SP, Dwivedi M. Helicobacter pylori and gastric cancer: Indian enigma. World J Gastroenterol
2014; 20(6): 1503-1509 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i6/1503.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i6.1503

Helicobacter pylori (H. pylori ) is a gram negative micro-

aerophilic bacterium which resides in the mucous linings
of the stomach. It has been implicated in the causation
of various gastric disorders including gastric cancer. The
geographical distribution and etiology of gastric cancer
differ widely in different geographical regions and H.
pylori , despite being labeled as a grade Ⅰ carcinogen,
has not been found to be associated with gastric cancer in many areas. Studies in Asian countries such
as Thailand, India, Bangladesh, Pakistan, Iran, Saudi
Arabian countries, Israel and Malaysia, have reported a
high frequency of H. pylori infection co-existing with a
low incidence of gastric cancer. In India, a difference in
the prevalence of H. pylori infection and gastric cancer
has been noted even in different regions of the country
leading to a puzzle when attempting to find the causes
of these variations. This puzzle of H. pylori distribution
and gastric cancer epidemiology is known as the Indian
enigma. In this review we have attempted to explain
the Indian enigma using evidence from various Indian
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INTRODUCTION
It has been 30 years since the discovery of Helicobacter
pylori (H. pylori) in 1983 by Australian physicians Robert
Warren and Berry Marshal[1] In view of the various epidemiological studies worldwide, the International Agency
of Cancer classified H. pylori as a Class Ⅰ carcinogen
for gastric cancer in 1994[2]. Since then the bacterium is
thought to be one of the causative factors in the development of gastric cancer.
H. pylori is a gastric pathogen that colonizes approximately 50%-60% of the world’s population[3]. Infection
with H. pylori causes chronic inflammation and signifi-
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cantly increases the risk of developing duodenal and gastric ulcer disease and gastric cancer. H. pylori infection is
the strongest known risk factor for gastric cancer, which
is the second leading cause of cancer-related deaths
worldwide[4].
Studies in Asian countries such as Thailand, India,
Bangladesh, Pakistan, Iran, Saudi Arabian countries, Israel and Malaysia, have reported a high frequency of H.
pylori infection co-existing with a low incidence of gastric
cancer[5-8].
This review aims to explain this Indian enigma
through various studies performed in past two decades in
different parts of the country.

gastric cancer frequency approximately 4 times higher
than that in northern parts of the country[9,15]. A high incidence of gastric cancer in both males (50.6%) and females (23.3%) has been reported from Mizoram[16]. Nonvegetarian foods, particularly fish, are very common in
the east Indian diet, which is also spicy with more salts.
Pickled food, high rice intake, spicy food, excess chili
consumption, consumption of high-temperature foods,
smoked dried salted meat, use of soda and consumption
of dried salted fish have emerged as significant dietary
risk factors for gastric cancer [17-21]. The diet in south
India is similar to that in eastern parts with rice, fish, excess spice and salt commonly eaten providing an explanation for the higher incidence of gastric cancer in these
regions.
In contrast, the north Indian diet is mainly wheatbased and a greater proportion of people are vegetarian
with a high intake of fruits and spices like turmeric[22,23]
and garlic[24,25] which are known to have anti-cancerous
properties. Dietary habits, especially high intake of curcumin and a vegetarian diet, could be one explanation for
the Indian enigma[26,27].

EPIDEMIOLOGY
Over past few decades there have been many studies related to gastric cancer which showed marked geographical variations with high risk areas in Japan, China, Eastern
Europe, and some countries in Latin America. Low risk
regions are North America, India, Philippines, Africa,
some parts of Western Europe and Australia[9].
Various epidemiological studies in India have shown
a high incidence of gastric cancer in South India as
compared with North India[10]. The prevalence of H.
pylori infection is high (49.94%-83.30%) in India, but the
incidence of gastric cancer is comparatively low indicating mixed results for the association between H. pylori
and gastric cancer. Human epidemiological studies have
shown mixed results with a definite association between
H. pylori and gastric cancer in approximately 50% patients,
and a negative relationship in the remaining patients[11,12].
In North India the prevalence of H. pylori in patients
with gastric carcinoma was assessed and correlated with
gross appearance and histological types[13]. The prevalence of H. pylori in controls was slightly higher than that
in the patient group (80% vs 78%). Diffuse type gastric
cancer was more common than intestinal type and the
prevalence of H. pylori was greater in diffuse type gastric
cancer than in intestinal type (86% vs 68%). A significant association between H. pylori and grades of gastritis
was noted (P < 0.01) in controls as well as in the patient
group, but failed to show a significant association with
tumor grade, intestinal metaplasia, site of tumor and age
of patient. It was inferred that the prevalence of H. pylori
infection is not directly associated with the pathogenesis
of gastric cancer, but may act as a co-carcinogen by damaging the mucosa and thereby making it more susceptible
to the effects of a carcinogen.
Quigley et al[14] in their review stated that human epidemiological studies have produced mixed results with an
association between H. pylori and gastric cancer in 50%
patients, while the remaining patients showed a negative
relationship.

H. PYLORI STRAINS IN INDIA
The study of H. pylori genomics began in August 1997
with the publication of the complete genome of Helicobacter pylori 26695, which was cultured from a gastritis
patient in the United Kingdom[2,28]. Recent technological advancement has made sequencing of the genome
more accessible and less costly resulting in a rapid increase in the number of H. pylori isolates sequenced,
including some of the important laboratory strains[29].
Up to March 2013, 43 complete genomes and 198 draft
genome sequences had been deposited in GenBank for
public access, and the federated genomic databases are
still growing.
Based on the country of origin of the source patient:
18 were from North and South America, 14 from Far
East Asia (Japan/South Korea/China), 11 from Europe,
10 from Malaysia, six from Africa, four from India, and
one from Australia. Based on available data of the complete genomes in GenBank, the average size of an H.
pylori genome was estimated to be 1.62 Mb (1.51-1.71
Mb) with a gastric cancer (GC) content of 38.92%
(38.4%-39.3%). The average H. pylori genome was predicted to consist of 1590 (1429-1749) open-reading
frames encoding 1532 (1382-1707) proteins[29].
Between 2012 and 2013, two H. pylori strains were
isolated from duodenal ulcer patients in Bangalore
(NAB47) and Delhi (NAD1) in India[10]. Based partly
on these conventions, Indian H. pylori isolates have been
shown to have European origins[11] and are widely held
to be mostly innocuous or only mildly pathogenic, unlike
their highly virulent Far East Asian counterparts (which
may be linked to the high incidence of gastric cancer). It
is certain that these genomes representing Indian patients
will rekindle our understanding of the genetic makeup

Dietary variation in the Indian population
Diet plays an important role in gastric carcinogenesis. In
India, southern and eastern parts of the country have a
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and evolutionary relationships of this pathogen in India.

marked for duodenal ulcer, and the ratio of duodenal
to gastric ulcer declined from 2.7 in 1988 to 1.1 in 2008.
The epidemiology of PUD in India may have changed
in the past two decades with the incidence of duodenal
ulcer declining more rapidly than that of gastric ulcer[40].
In a recent review it was concluded that H. pylori is
the primary cause of duodenal ulcer supported by strong
evidence in the literature linking H. pylori etiologically to
duodenal ulcer and reports on eradication therapy of H.
pylori in preventing relapse of uncomplicated and complicated duodenal ulcer[41].

MULTIPLE STRAINS AT THE SAME SITE
H. pylori exhibits conspicuous genetic diversity as evidenced by an apparently unlimited number of unique
strains that differ in genome size, gene order, genetic
content, and allelic profiles[12]. H. pylori exhibits more
frequent recombination events with heterologous strains
than any other known bacterial species[13]. Microarray and
nucleotide sequence analysis of strains isolated longitudinally from the same patient imply that this recombination
is a continuous event[14,30].
Studies from Europe and Western countries showed
that almost all strains of H. pylori isolated from different
sites in the stomach of individual patients show homogeneous DNA profiles. In contrast, Mexican and Chinese
populations are infected with genetically heterogeneous
strains with high infection rates. In India, the prevalence
of H. pylori infection is high[8,24,31] and the chances of
infection and re-infection of strains in a single host is
relatively high as compared to Western populations. In
addition, a similar trend in heterogeneity of strains has
been shown in the Indian continent[32]. Genetic exchanges
among mixed bacterial populations may generate a more
competitive strain to adapt to a particular host thereby
propagating a more virulent strain. In India, the prevalence of H. pylori infection is much higher as compared to
the most western countries and almost all infected cases
were found to carry multiple H. pylori strains[32].

GC
GC is the third most common cancer in India and the
second leading site of cancer occurrence world-wide.
The incidence of GC is 4 times higher in South India
than in North India[42]. An understanding of the molecular mechanism of gastric carcinogenesis and its relationship to H. pylori improved in the last decade. Most studies
showed either no or a negligible effect of H. pylori in gastric carcinogenesis in India.
Misra et al[42] studied the effect of H. pylori on the
proliferative activity of gastric epithelium by studying AgNOR counts, but found no significant difference in normal controls, inflammatory lesions and cancer, concluding that H. pylori has no direct effect on the proliferative
activity of gastric epithelium. A prospective study reported the association of microsomal epoxide hydrolase exon
3 Tyr113His and exon 4 His139Arg polymorphisms with
gastric cancer in India and concluded that 113Tyr-139Arg
was associated with GC in the presence of H. pylori, in
its absence, it appeared to be protective. However, exon
3113His was associated with GC even in the absence
of H. pylori infection[43]. The role of cytochrome P450
(CYP), a polymorphic carcinogen-activating enzyme,
CYP2E1, CYP1A2 (rs762551), and CYP1A1 (rs4646903)
polymorphisms in association with H. pylori infection in
gastric carcinogenesis was studied and it was found that
the presence of CYP2E1 (96-bp insertion) is associated
with increased risk of GC even in the absence of H. pylori. CYP1A2 CC or CT is associated with a reduced risk
of GC[44]. Another study showed that p53 gene mutation
was present in 4.6% of the study population. This mutation was significantly higher in GC when compared with
PUD and non-ulcer dyspepsia (NUD), and was independent of H. pylori infection indicating a role for p53 gene
mutation in gastric carcinogenesis, independent of H.
pylori infection. K-ras gene mutation was not seen in GC
and PUD in Indian patients[45].
Repression of Runt-related transcription factor 3
(Runx3) gene, a tumor suppressor gene, has been shown
to be involved in H. pylori-associated gastric carcinogenesis and cancer development[46]. The study was undertaken to investigate Runx3 intronic T/A polymorphism
(rs760805) in H. pylori-infected patients and uninfected
controls of the Tamil Nadu region, South India. In addition, Runx3 gene expression, HK alpha (H, K-ATPase)

PEPTIC ULCER DISEASE
Researchers have reported the role of H. pylori infection
in the pathogenesis of peptic ulcer and stomach cancer
in India, and some have reported no association between
stomach cancer and H. pylori infection[33-39]. In a recent
study of 190 peptic ulcer patients, 35 stomach cancer
patients, and 125 controls, the author concluded that
H. pylori infection is associated with peptic ulcer disease.
Lower socioeconomic status, consumption of restaurant
food, meat, nonfiltered water, and smoking are risk factors for H. pylori. Consumption of meat, fish, and a family history of peptic ulcer are risk factors for peptic ulcer.
Consumption of chili, peppers and concurrent parasite
infestation appears to be protective against H. pylori[38].
The epidemiology of peptic ulcer disease (PUD) in
India differs from that in the West. It may have undergone a change with recent improvements in hygiene and
availability of potent antisecretory and ulcerogenic drugs.
In a time trend study of H. pylori infection and PUD, the
frequencies of duodenal and gastric ulcer disease in study
groups were compared. Of the 30,216 patients (mean
age: 41.7 ± 12.7 years, 34% females) during the six study
periods, 2360 (7.8%) had PUD. The frequencies of both
duodenal ulcer and gastric ulcer declined from 1988 to
2008, i.e., from 12% to 2.9% and from 4.5% to 2.7%,
respectively (P < 0.001 for each). The decline was more
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gene expression and the methylation status of the Runx3
CpG island were determined. Neither significant repression of Runx3 and HK alpha genes nor methylation
were detected in positive patients, suggesting a lack of
involvement of this tumor suppressor as a risk factor in
H. pylori-associated gastric carcinogenesis in the South
Indian population studied.
Tobacco-smoking was found to be an important
risk factor for the high incidence of stomach cancer in
Mizoram. Meiziol (local cigarette) smoking was a more
important risk factor than other tobacco related habits.
Polymorphisms of GSTM1 and GSTT1 genes appeared
to be effect modifiers. Persons habituated to tobacco
smoking and/or tuibur habit had an increased risk of
stomach cancer if they carried the GSTM1 null genotype
and GSTT1 non-null genotype[47].
CagL is a pilus protein of H. pylori that interacts with
host cellular α5β1 integrins through its arginine-glycineaspartate (RGD) motif, guiding proper positioning of the
T4SS and translocation of CagA[48]. Deletion or sequence
variations of CagL significantly diminished the ability of
H. pylori to induce secretion of interleukin (IL)-8 by the
host cell[49]. In a primary study, prevalence of H. pylori
infection in the study population was found to be 52.5%.
Most of the isolates were CagL genopositive (86.6%),
and all had the RGD motif in their amino acid sequences. D58 and K59 polymorphisms in CagL-genopositive
strains were significantly higher in GC patients (P < 0.05).
Combined D58K59 polymorphism was associated with a
higher risk of GC (3.8-fold) when compared to NUD. It
was concluded that H. pylori CagL amino acid polymorphisms, such as D58K59, are correlated with a higher risk
of GC in the Indian population[50].

system, and the activity of various MMR proteins such
as hMLH1, PMS1, PMS2, hMSH2 and hMSH6 is significantly reduced in the presence of H. pylori infection.
An inverse relationship between microsatellite instability
(MSI) and CagA protein has also been reported suggesting that other factors are also responsible for MSI in GC
in addition to the bacterium CagA protein[57]. H. pylori
induces genomic instability of (CA) n repeats in mice
resulting in impairment of MMR machinery and generating a transient mutator phenotype making the gastric
epithelia susceptible to aggregation of genetic instability leading to gastric carcinogenesis[58]. Some researchers contradict the above findings and suggest that both
H. pylori negative and positive tumors showed the same
amount of MSI in GC, and even after eradication of the
bacterium there were no changes in chromosomal aberrations[59]. This suggested that H. pylori infection may act as
a synergistic factor in GC, but not a direct factor causing
carcinogenesis by altering gene expression.
A detailed characterization of a functionally unknown
gene (HP986) which was detected in isolates from patients with peptic ulcer and gastric carcinoma was performed. Expression and purification of recombinant
HP986 (rHP986) revealed a novel, approximately 29
kDa protein in biologically active form that was associated with significant levels of humoral immune response
in diseased individuals (P < 0.001). In addition, it was
reported that rHP986 induced significant levels of tumor necrosis factor (TNF)-α and IL-8 in cultured human macrophages concurrent with the translocation of
nuclear transcription factor-κB (NF-κB). Furthermore,
rHP986 induced apoptosis of cultured macrophages
through a Fas mediated pathway. Dissection of the underlying signaling mechanism revealed that rHP986 induces both TNFR1 and Fas expression leading to apoptosis. These authors further demonstrated the interaction
of HP986 with TNFR1 through computational and
experimental approaches. Independent pro-inflammatory
and apoptotic responses triggered by rHP986 may possibly work as a survival strategy to gain a niche through
inflammation and to counter the activated macrophages
to avoid clearance[60,61].
Analysis of the p53 codon 72 SNP in 372 biopsy
samples from our center revealed that in the North Indian normal population the p53 Arg/Arg (40.59%) and
Pro/Arg variant (33.66%) were higher as compared to the
p53 Pro/Pro variant (25.75%). Gastritis and gastropathy
had a similar distribution, whereas gastric cancer, GU and
DU cases showed a decrease in the Arg/Arg variant and
an increase in the Arg/Pro and Pro/Pro variant. It was
also found that the presence of the p53 Pro allele along
with a decrease in the Arg/Arg allele is associated with a
small, but non-significant increase in the risk of gastric
lesions, suggesting that p53 (Arg), is more effective in
protecting stressed cells from neoplastic development
than p53 (Pro). These findings are in accordance with
Mantovani et al[62] and Bergamaschi et al[63]. We also found
that the p53 (Arg) (Pro/Arg) variant is higher in normal

MOLECULAR PATHOGENESIS OF H.
PYLORI INFECTION
CD4+ T helper cells (Th) are recognized as a key component of the adaptive immune response to extracellular bacteria and a dominant component of immune
responses to H. pylori[51-53]. H. pylori evokes a weaker Th17
response, followed by a dominant and more persistent
Th1 response that is paralleled by an immunoregulatory
CD4+ T cell response characterized by T regulatory cells
slowly accumulating at the beginning of the infection,
reaching the highest level at 30 d post-infection which is
sustained over time[54].
A close relationship between plasma malondialdehyde
(MDA) and nitric oxide (NO) levels was found with gastric histopathology and genotypes of H. pylori in South
India. Levels of MDA and NO were higher in subjects
infected with genotype-1 of H. pylori than those with
other genotypes suggesting more precise interaction of
highly virulent strains of H. pylori in eliciting severe tissue
damage[55]. Another study from South India reported that
H. pylori infection may increase the expression of c-H-ras
p21 early in the process of gastric carcinogenesis[56].
H. pylori infection has a negative effect on the MMR
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subjects. Variation in apoptotic index also correlated with
a change in the pattern of the Arg/Arg allele in various
diseases showing that this allele may prevent carcinogenic
changes by stimulating apoptosis of damaged epithelial
cells. This may be the reason for the low incidence of
gastric cancer in North India despite a relatively higher
incidence of H. pylori infection (Under Publication).

13
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CONCLUSION

16

In conclusion, the Indian enigma is a variation in the
prevalence of H. pylori infection and gastric cancer in
different zones. The incidence of gastric cancer in the
Indian continent cannot be attributed to infection by H.
pylori only, other factors such as diet, tobacco and socioeconomic status may also have a role.
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and autoimmune bullous diseases. No data are available evaluating the association of H. pylori infection
with other skin autoimmune diseases, such as vitiligo,
cutaneous lupus erythematosus and dermatomyositis.
The epidemiological and experimental evidence for a
possible role of H. pylori infection in skin autoimmune
diseases are the subject of this review.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Autoimmune; Skin; Helicobacter pylori ; Infection
Core tip: Epidemiological and experimental data now
point to a strong relation of Helicobacter pylori (H.
pylori ) infection on the development of many autoimmune diseases. Eradication of H. pylori infection was
shown to be effective in some patients with chronic
autoimmune urticaria, psoriasis, alopecia areata and
Schoenlein-Henoch purpura. There is conflicting and
controversial data regarding the association of H. pylori
infection with Behçet’s disease, scleroderma and autoimmune bullous diseases. No data are available evaluating the association of H. pylori infection with vitiligo,
cutaneous lupus erythematosus and dermatomyositis.
A possible role of H. pylori infection in skin autoimmune
diseases is the subject of this review.

Abstract
Autoimmune skin diseases are characterized by dysregulation of the immune system resulting in a loss of
tolerance to skin self-antigen(s). The prolonged interaction between the bacterium and host immune mechanisms makes Helicobacter pylori (H. pylori ) a plausible
infectious agent for triggering autoimmunity. Epidemiological and experimental data now point to a strong
relation of H. pylori infection on the development of
many extragastric diseases, including several allergic
and autoimmune diseases. H. pylori antigens activate
cross-reactive T cells and induce autoantibodies production. Microbial heat shock proteins (HSP) play an
important role of in the pathogenesis of autoimmune
diseases because of the high level of sequence homology with human HSP. Eradication of H. pylori infection
has been shown to be effective in some patients with
chronic autoimmune urticaria, psoriasis, alopecia areata
and Schoenlein-Henoch purpura. There is conflicting
and controversial data regarding the association of
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INTRODUCTION
The association between infection and autoimmunity
has been progressively defined over the past 25 years.
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the instruction and differentiation of inducible Tregs[14].
These tolerogenic DCs function by converting naive
T-cells into FoxP3+ Tregs through antigen presentation in
the absence of co-stimulatory signals or cytokines[14,15] and
appears to play a central role in the induction and maintenance of H. pylori-specific immune tolerance and immunomodulation[16]. H. pylori also holds an ability to intensely
reprogram DCs toward tolerogenicity by efficiently inducing FoxP3 expression in naive T-cells in a tumor growth
factor (TGF)-β-dependent manner[17,18].
Based on these observations, it is now accepted; that
the presence or absence of H. pylori infection may influence the risk of developing of several autoimmune
conditions, include immune-mediated dermatological diseases[19].

Since Helicobacter pylori (H. pylori) identification in 1983,
an increasing amount of knowledge has collected, with
this pathogen having been directly involved in the pathogenesis of several dermatological diseases[1]. H. pylori is a
widely prevalent microbe, with nearly 50% of the western
world and over 80% of those living in developing countries infected[2]. The bacteria has the amazing ability to
persist in infected individuals for many decades and have
closely co-existed with humans at least since they first
migrated out of East Africa approximately 60000 years
ago[3]. Epidemiological and experimental data now point
to a strong relation of H. pylori infection on the development of many extragastric diseases, including several allergic and autoimmune diseases[4].
The epidemiological and experimental evidence for
a possible role of H. pylori infection in skin autoimmune
diseases are the subject of this review.

H. pylori and chronic urticaria
Urticaria is widely regarded as a heterogeneous group of
diseases that share a distinct skin reaction pattern, i.e., the
development of urticarial skin lesions[20]. Chronic spontaneous urticaria (CU) is defined as wheals arising spontaneously without any external physical stimuli and the
disease lasts > 6 wk[20]. It is accepted that autoimmune
mechanisms are involved in the pathogenesis of CU;
and different pathogenic autoantibodies, namely causing
a release of histamine, after reaction with IgE epitopes,
or with the α-chain of FcεRI receptors, is considered[21].
Assessment of these autoantibodies in clinical practice
is performed by the autologous serum skin test (ASST)
and by immunoassay, while a positive ASST correlates
with CU exacerbation[22]. The role of H. pylori infection
in CU is still a matter of debate, although the association
between CU and H. pylori has been found by some research groups[23-28].
The pathogenetic mechanisms by which H. pylori
may induce urticaria are far from being clear and several
hypotheses have been developed regarding the link with
the bacteria and CU. The immunomodulatory role of
H. Pylori infection in CU is a subject of intensive studies. For instance, IgG and IgA antibodies to 19-kDa H.
pylori-associated lipoprotein was found to play a role
in the pathogenesis of CU[29]. When IgA-, IgG-, and
IgE- mediated immune responses against H.pylori antigens were analyzed, some bacterial immunoresponsive
proteins were identiﬁed in cases of CU[30]. Moreover,
H.pylori is causing excessive consumption of complement
by speciﬁc antibodies produced against the bacterium,
contributing to the pathogenesis of CU[31]. Generally, different strains of H. pylori may elicit different pathogenic
responses[32]. In some cases specific IgE antibodies to H.
pylori antigens have been described, both in active CU[33]
and in complete remission after H. pylori eradication[34].
Significantly increased gastric juice eosinophil cationic
protein (ECP) and gastric eosinophil infiltration were described in H. pylori infected CU patients[35]. Furthermore,
H. pylori eradication results in a significant decrease in
gastric juice ECP and gastric eosinophil infiltration only
in CU patients[36]. CU is associated with a systemic in-

IMMUNOMODULARY MECHANISMS OF
H. PYLORI IN AUTOIMMUNE DISEASES
Various mechanisms have been proposed in an attempt
to explain the extra intestinal autoimmune manifestations
of H. pylori infections.
Autoimmune diseases are characterized by dysregulation of the immune system resulting in a loss of tolerance to self-antigens. The exact etiology for the majority
of these diseases is unknown; however, complex process,
including genetic predisposition, hormonal balance and
environmental factors such as infectious agents are believed to play a pivotal role[4]. The inflammatory response
to H. pylori infection can lead to the development of
antigen-antibody complexes or cross-reactive antibodies
resulting in autoimmunity[5]. H. pylori induced molecular
mimicry can also result in both humoral and cell-mediated autoimmune reactions with the development of organ
specific and systemic immunopathology[6].
Infection with H. pylori elicits a significant immunomodulation, that are typically triggered by chronic inflammation[7] and results in a primarily Th1 T-cell response,
resulting in the production of interleukin (IL)-2 and
interferon gamma[8]. This chronic infection is also characterized be higher local and systemic levels of proinflammatory cytokines such as tumor necrosis factor-α, IL-6,
IL-10, and IL-8[9]. H. pylori chronic infection can also
result in uncontrolled growth and proliferation of CD5+
B-cells, which produce polyreactive and auto-reactive
IgM and IgG3 antibodies[10].
Several recent reports have implicated T regulatory
cells (Tregs) and dendritic cells (DCs) with tolerogenic
activity in mediating the systemic immunomodulatory effects of H. pylori infection[11]. Evidence for a functional
role for Tregs and Treg-derived cytokines in promoting
H. pylori-induced immunomodulation has been provided
in experimental infection models[12,13]. Inducible Tregs,
which are generated in the periphery are believed to initiate and maintain peripheral immune tolerance through the
induction of anergy, deletion of autoreactive T-cells and
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flammatory response, whereas the acute-phase response
is manifested by increased circulating IL-6, which varies
along with C-reactive protein changes and may be related
to the urticarial activity[23].
The best evidence of H. pylori comes from studies investigating CU in which CU clinically improved in many
patients with H.pylori infection after its eradication[24,37,38].
We recently observed that H. pylori eradication in CU
patients, who are resistant to antihistamine medications,
reduces clinical severity of CU through attenuation of
low grade systemic inflammation[39].
Several studies evaluated a possible relationship between endoscopic gastrointestinal findings and CU using
gastroduodenoscopy. In most patients with CU and H.
pylori infection, endoscopic evaluation showed mostly
mild to moderate gastric inflammation, but very few
cases of gastric or duodenal ulcers were identified[29,35].
Recently, we described several cases of CU triggered
by eradication of H. pylori[40]. Perhaps the systemic effects
of the pathogen’s eradication involve some kind of immunomodulation activating autoimmune mechanisms of
CU[40].
Consequently, the recent critical appraisal of the 10
trials, utilizing the Grading of Recommendations Assessment, Development, and Evaluation approach, showed
that the benefit of H. pylori eradication in patients with
CU is weak and conflicting[41]. For this reason, a decision
to proceed with this management should be considered
carefully in the context of relative harms/burdens and
benefits, as well as patient values and preferences[41].

tion in the development of Raynaud’s phenomenon and
Sjögren syndrome in SSc. At least, in primary Raynaud’s
phenomenon, eradication of H. pylori infection was associated with complete remission in some and with a reduction in symptoms in most of the treated patients[53,54].
Kalabay et al[55] explained the pathophysiologic association of H. pylori infection in SSc by the disturbed
gastrointestinal motility in patients with SSc and H. pylori
induced immune dysregulation, aggravating the course
of SSc. Additional studies are necessary to elucidate the
pathogenesis and confirm the association between H. pylori and SSc.
H. pylori and alopecia areata
Alopecia areata (AA) is an autoimmune T-cell mediated
disease directed against the hair follicle, with an estimated
lifetime risk of 1.7% among the general population[56].
While one group of investigators found higher prevalence of H. pylori infection in patients with AA[57], other
studies failed to confirm this association[58,59]. However,
recently a case of a 43-year-old man with an 8-mo history
of AA of the scalp and beard and concomitant H. pylori
infection was presented, with complete remission from
AA after H. pylori eradication[60].
Further controlled trials are necessary to investigate
the association between AA and H. pylori infection.
H. pylori and vasculitis
There is some evidence of an association of H. pylori infection with various vasculitides.
Behçet’s disease (BD) is a multisystem inflammatory
disorder characterized by recurrent oral aphthous ulcers,
genital ulcers, uveitis, and skin lesions. The etiology of
BD remains unknown, but epidemiologic findings suggest that an autoimmune process is triggered by an infectious or environmental agent in a genetically predisposed
individual[61,62]. As for the most other autoimmune disorders, the Th1-type polarization is significant in BD[62]
with increased numbers of activated γδ T lymphocytes[63].
A genetic susceptibility for both BD and H. pylori
infection has been implicated by the fact that H. pylori infection is endemic in most of the countries in which BD
is also highly prevalent[64].
While the prevalence of H. pylori IgG seropositivity was not significantly higher in the patients with BD
compared to the controls, an eradication of H. pylori significantly decreased clinical manifestations of BD, such
as oral, genital ulcerations and cutaneous lesions[65]. Other
studies did not find differences in upper gastrointestinal
endoscopy findings, prevalence and eradication rates of
H. pylori between BD and control groups[66]. More trials
are necessary to check the association between H. pylori
and BD.
Schoenlein-Henoch purpura (SHP) is a leukocytoclastic vasculitis of small vessels and is characterized by
IgA deposition in the affected tissues[67]. SHP is the most
common vasculitic disorder affecting children, but is less
common in adults[68]. Since 1995, when Reinauer et al[69]

H. pylori and psoriasis
Psoriasis is an autoimmune disease which affects 1%-3%
of population[42]. Latest immunological studies have increased our understanding of the pathogenesis of psoriasis. Recently, it has been suggested that of H. pylori infection might be a triggering factor in psoriasis[43,44]. H. pylori
infections were considerably more common in psoriasis
patients than in healthy controls[43,45]. Several investigators
reported cases in which psoriatic lesions cleared up following the eradication of H. pylori infections[45-47]. Further
clinical and basic studies are needed to confirm this association and its pathophysiological mechanisms.
H. pylori and scleroderma
Over the last 20 years increasing evidence has accumulated to implicate infectious agents in the etiology of systemic sclerosis (SSc). The most recent research on the involvement of bacterial infections in the pathogenesis of
SSc focuses H. pylori[48,49]. Several studies reported higher
prevalence of H. Pylori infection in patients with SSc,
than in healthy[50-51]. Moreover, most of the patients in
these studies were infected with CagA strain of H. pylori
as compared to infected controls. H. pylori infection was
also associated with higher SSc activity[52]. At this time it
is unclear, whether H. pylori eradication can improve the
disease activity and skin involvement in SSc patients.
Other studies focused on a role of H. pylori infec-

WJG|www.wjgnet.com

1512

February 14, 2014|Volume 20|Issue 6|

Magen E et al . Helicobacter pylori and skin autoimmunity

first described the case of SHP and H. pylori positive gastritis; where after H. pylori eradication therapy, the clinical
manifestations of SHP were resolved, several analogous
case reports have been described[70-74]. In general, the relationship of H. pylori infection and SHP may be underestimated. Randomised controlled trials are necessary to
confirm a relationship between H. pylori and SHP and to
evaluate the usefulness of H. pylori eradication therapy in
SHP.
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Core tip: The reasons for treatment failure in Helicobacter pylori eradication need not always be due to an-

tibiotic resistance; compliance to therapy and duration
should always be evaluated. Choice of therapy need not
strictly adhere to guidelines; clinicians should first explore the antibiotic resistance prevalence in their treatment population if possible. Third line therapy generally
shows better eradication if it was based on antibiotic
susceptibility tests, but this can be time-consuming and
more costly. Empirical third-line therapies have yet to
show satisfactory eradication rates although most studies generally have smaller study populations.

Abstract
Helicobacter pylori is a highly successful bacterium

with a high global prevalence and the infection carries
significant disease burden. It is also becoming increasingly difficult to eradicate and the main reason for this
is growing primary antibiotic resistance rates in a world
where antibiotics are frequently prescribed and readily
available. Despite knowing much more about the bacterium since its discovery, such as its genomic makeup
and pathogenesis, we have seen declining treatment
success. Therefore, clinicians today must be prepared
to face one, two or even multiple treatment failures,
and should be equipped with sufficient knowledge to
decide on the appropriate salvage therapy when this
happens. This article discusses the factors contributing
to treatment failure and reviews the second and thirdline treatment strategies that have been investigated.
Established empiric second line treatment options
include both bismuth based quadruple therapy and levofloxacin based triple therapy. Antibiotic testing is recommended prior to initiating third line treatment. In the
event that antibiotic susceptibility testing is unavailable,
third line treatment options include rifabutin, rifaximin
and sitafloxacin based therapies.

Song M, Ang TL. Second and third line treatment options for
Helicobacter pylori eradication. World J Gastroenterol 2014;
20(6): 1517-1528 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i6/1517.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i6.1517

INTRODUCTION
Since the discovery of Helicobacter pylori (H. pylori) by
Marshall and Warren in 1982, an immense amount of
research has gone into this bacterium. H. pylori is known
to be the “most successful human pathogen” infecting an
estimated 50% of the global population; its prevalence is
about 70% in developing nations and about 20%-30% in
industrialized nations. The treatment of H. pylori infection is very important due to its high disease burden that
comes in the form of dyspepsia, gastroduodenal ulcer-

© 2014 Baishideng Publishing Group Co., Limited. All rights
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Table 1 Summary of consensus reports on Helicobacter pylori therapy
Region

Consensus title

Year

rd

3 Brazilian consensus

2013

24 countries:
Management of Helicobacter pylori
United Kingdom infection-the maastricht Ⅳ/florence
United States
consensus
Spain
report
Italian
Germany
France
Ireland
etc.

2012

South
America

Global

Helicobacter pylori in developing
countries
World Gastroenterology
Organization Global Guideline

2011

Asia Pacific

Second Asia-Pacific Consensus
Guidelines for Helicobacter pylori
infection

2009

Japan

Guidelines for the Management of
Helicobacter pylori Infection in Japan:
2009 Revised Edition

2009

Latin America

Latin-American Consensus Conference on Helicobacter pylori infection

2000

st

1 line treatment recommendations

Salvage therapy recommendations

PPI + amoxicillin 1 g and
PPI + levofloxacin 500 mg once daily +
clarithromycin 500 mg twice daily for
amoxicillin 1 g twice daily for 10 d
7d
or
(Replace amoxicillin with
PPI + levofloxacin 500 mg once daily +
furazolidone 200 mg twice daily for furazolidone 400 mg once daily for 7-10 d
penicillin allergy)
or
bismuth-based quadruple therapy for
10-14 d
If clarithromycin resistance rate <
2nd line rescue:
20%:
if clarithromycin resistance rate < 20%:
PPI + amoxicillin + clarithromycin
bismuth-based quadruple therapy
or
or
bismuth-based quadruple therapy
PPI + levofloxacin + amoxicillin
(Replace amoxicillin with
if clarithromycin resistance rate > 20%:
metronidazole for penicillin allergy)
PPI + levofloxacin + amoxicillin
If clarithromycin resistance rate >
3rd line rescue:
20%:
antibiotic susceptibility test first
Bismuth-based quadruple therapy
or
Non-bismuth quadruple therapy
(sequential/concomitant therapy)
PPI + amoxicillin + clarithromycin
Bismuth-based quadruple therapy
(replace amoxicillin with
or
metronidazole for penicillin allergy)
PPI + levofloxacin + amoxicillin
or
bismuth-based quadruple therapy
PPI + amoxicillin + clarithromycin for
PPI-amoxicillin-metronidazole_
7d
or
or
bismuth-based quadruple therapy
bismuth-based quadruple therapy
or
levofloxacin-based triple therapy
or
rifabutin-based triple therapy
PPI + amoxicillin + clarithromycin for
2nd line rescue:
7d
PPI + amoxicillin + metronidazole for 5-10
d
3rd line rescue:
PPI + amoxicillin + levofloxacin
Omeprazole 20 mg, or lansoprazole
No specific recommendations
30 mg, or pantoprazole 40 mg, or
rabeprazole 20 mg + clarithromycin
500 mg + amoxicillin 1000 mg twice a
day for 7–14 d (preferably 10 d)

Ref.
[7]

[6]

[8]

[1]

[9]

[10]

PPI: Proton pump inhibitor.

ative diseases, gastric mucosa-associated lymphoid tissue
(MALT) lymphoma and gastric malignancies. Disease
pathogenesis is due to a complex interaction between
host factors, bacterial virulence factors, and the resulting pathological cellular responses such as inflammation,
increased cell proliferation, apoptosis and morphological
change[1,2].
The 1997 Asia-Pacific Consensus had established that
acceptable eradication rates for the treatment of H. pylori
infection are 90% or greater on a per-protocol (PP) analysis and 80% or greater on an intent-to-treat (ITT) analysis[3]. However, the widely used standard clarithromycinbased triple therapy regime first proposed in 1997 is no
longer achieving satisfactory eradication rates in many
countries[4,5]. The updated Asia-Pacific Consensus published in 2009 acknowledged that there was an increasing

WJG|www.wjgnet.com

rate of resistance to clarithromycin and metronidazole
in parts of Asia and that this had led to lower efficacy of
clarithromycin-based triple therapy. Nonetheless it stated
that there was still a role for triple therapy as first line
therapy for H. pylori infection[1]. The Maastricht Ⅳ consensus recommended that if the treatment population
was known to have a clarithromycin resistance rate above
20%, clarithromycin-containing triple therapy should be
avoided. Instead, bismuth-containing quadruple therapy
(BQT) or non-bismuth quadruple therapy (either sequential or concomitant) could be used as first line empirical
treatment. Across the world, consensus meetings had
been held to recommend and update guidelines for H.
pylori treatment in the best evidence-based manner for
the region of interest. Overall the recommendations were
similar[1,6-10] (Table 1).
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Nonetheless, studies have shown that the failure
rate of first line treatment regimens can be more than
20%[3-6,11]. Therefore, it is important that clinicians are
vigilant about treatment failures and have a “rescue” plan
ready. It must also be recognized that H. pylori reinfection,
rather than failed therapy, may occur. This tends to occur
more frequently in developing countries, in contrast to
developed countries where the reinfection rate is low. In
these counties with high reinfection rates, a strategy targeting sources of reinfection and high-risk groups would
need to be employed[12]. This is distinct from failed first
line therapy, which is the focus of this review.

amoxicillin resistance (0), a much higher clarithromycin
resistance of 84.9% and a metronidazole resistance rate
of 61.6%. At the University of Malaysia Medical Centre,
Goh et al[23] noted that metronidazole resistance had risen
significantly from 10.2% in 1992 to 75.5% in 2009 and
postulated that this may be due to the common prescription of metronidazole for diarrheal diseases in Malaysia.
Conversely, the same study showed a very low clarithromycin resistance rate (0) in stark contrast to reports from
many other countries. In Japan, Horiki et al[24] found that
primary clarithromycin resistance rates had increased
from 1.8% in 1996 to 27.1% in 2008; the overall amoxicillin resistance remained low at 0.03%. Japan has tighter
regulations on the usage of metronidazole, and has an
overall lower metronidazole resistance rate of 12.4%
which showed no significant increase from 1996 to 1999
in a study conducted by Kato et al[25]. A study by Megraud
et al[26] published in 2013 showed that the overall prevalence of resistance in 18 European countries to clarithromycin, levofloxacin, amoxicillin, tetracycline, rifabutin
and metronidazole resistance rates were 17.5%, 14.1%,
0.7%, 0.9%, 1.1% and 34.9% respectively. Children had
higher clarithromycin resistance (31.8%) and lower resistance rates for the other antibiotics. Adults residing in
Northern Europe tend to have lower resistance rates for
clarithromycin (7.7%), levofloxacin (7.7%) and metronidazole (28.6%).
Clinicians should be informed about the primary antimicrobial resistance patterns for their local treatment
population before deciding on empirical treatment. In
regions where antibiotic resistance is very high for key
antibiotics such as amoxicillin, clinicians may consider antibiotic susceptibility testing before embarking on 2nd line
treatment.

REASONS FOR TREATMENT FAILURE
The contributory factors to treatment failure are multidimensional and complex. Host genetic factors, H. pylori
virulent factors, antibiotic resistant H. pylori strains, smoking habits, compliance to therapy and duration of therapy
all affect treatment outcome.
Primary antimicrobial resistance
Primary antibiotic resistance rates are rising worldwide
and have a significant negative impact on treatment results[13-17]. A meta-analysis by Fischbach and Evans[18] in
2007 showed that metronidazole resistance lowered efficacy by 18%-38% while clarithromycin resistance reduced
treatment efficacy 35%-66%. The study also observed
that quadruple therapy could achieve a high eradication
rate over 90% in the presence of single-drug resistance
but could only eradicate the infection in less than 50% of
subjects with H. pylori strains containing dual resistance
to clarithromycin and metronidazole.
Resistance patterns vary significantly between regions
due to differences in epidemiology of disease prevalence,
socioeconomic status and the differing patterns of antibiotics usage. Amoxicillin resistance rates are generally
low in many countries like Japan, United States, Europe,
and China, but studies in South Korea and Iran have
shown significantly higher rates. In South Korea, Lee
et al[19] conducted a study from 2003 to 2012 and their
results showed that H. pylori resistance had increased for
all key antibiotics; amoxicillin (from 7.1% to 18.5%), clarithromycin (from 22.9 % to 37.0%), metronidazole (from
34.3% to 35.8%), tetracycline (from 18.6% to 35.2%), levofloxacin (from 5.7% to 34.6%) and moxifloxacin (5.7%
to 34.6%). In Iran, Abadi et al[20] showed that the resistance rates for amoxicillin, clarithromycin, metronidazole
and tetracycline were 23.9%, 45.2%, 65.5% and 37.1%
respectively. Metronidazole resistance rates are significantly higher in China and Malaysia. In Southeast China,
Su et al[21] collected 17731 samples of antral mucosal
biopsies from 2010 to 2012 and found that H. pylori resistance rates to amoxicillin, clarithromycin, metronidazole
and levofloxacin were 0.1%, 21.5%, 95.4% and 20.6%
respectively. In the more affluent and developed Beijing,
Liu et al[22] conducted a smaller study with 73 isolated H.
pylori strains from children, this revealed the same low

WJG|www.wjgnet.com

Acid suppression
Insufficient gastric acid inhibition contributes significantly to treatment failure. A meta-analysis conducted
by Villoria et al[27] showed that high-dose twice-daily PPI
regimens had a cure rate of 88.9% while standard dose
twice-daily PPI regimens had a cure rate of 81.9% in the
PP analysis.
Acid-sensitive antibiotics such as clarithromycin and
amoxicillin are easily degraded when the intra-gastric pH
is less than 4.0. Raising intra-gastric pH from 3.5 to 5.5
increases the in vitro effectiveness of amoxicillin more
than 10-fold[28]. Sugimoto et al[29] have shown that the
median 24-h intra-gastric pH in patients with successful eradication on triple therapy was significantly higher
compared to patients who failed therapy. Patients whose
percentage time of pH < 4.0 was less than 10% and
whose median 24-h pH was higher than 6.0 could eradicate the infection, even when they were infected with
clarithromycin-resistant strains of H. pylori.
H. pylori can only enter the growth phase when its
periplasmic pH is between 6.0 to 8.0. Therefore, adequate
intra-gastric acid suppression helps to stimulate H. pylori
to enter the growth phase and this increases its vulner-
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ability to antibiotics that target its replicative cycle[30].
Omeprazole, lansoprazole and pantoprazole are
structurally very similar, and are all mainly metabolized
in the liver by a genetically determined enzyme, S-mephenytoin 4’-hydroxylase (CYP2C19)[31]. In an interesting study conducted by Furuta et al[32], clarithromycinbased triple therapy had the lowest eradication rate in
the homozygous extensive metabolizer (EM) CYP2C19
genotype group (72.7%) compared to the heterozygous
EM group (92.1%) and the poor metabolizer (PM) group
(97.8%). Salvage therapy with high dose lansoprazole of
30 mg four times daily and 500 mg amoxicillin four times
daily for 14 d achieved 96.8% eradication among the CYP2C19 EM genotype patients. Kang et al[33] also showed
similar results in which EM CYP2C19 genotypes had an
estimated 15% lower eradication rate compared with PM
genotypes. However thus far the literature regarding the
effect of CYP2C19 EM is mainly confined to clarithromycin-based triple therapy and more research is required
to determine its effect in other treatment regimens[34].
Compared to omeprazole, the bioavailability of rabeprazole was assumed to be less affected by CYP2C19
phenotype polymorphism because rabeprazole is reduced
mainly via a non-enzymatic pathway[35]. However, reports
have shown that intra-gastric pH values and plasma rabeprazole concentrations were significantly affected by
CYP2C19 genotype status similar to omeprazole and the
other PPIs[36,37].

treatment success rates[44-46].

Virulence factors of H. pylori
H. pylori strains containing a cagA gene produce the
highly immunogenic CagA protein which is injected into
the host epithelial cells, inducing a greater inflammatory
response than cagA-negative strains, via interleukin 8 (IL-8)
induction[38]. Studies have shown that treatment success
was significantly higher in patients with more severe gastric inflammation. It was postulated that greater gastric
inflammation increased the bioavailability of drugs by
increasing mucosal perfusion. It has also been shown
that cagA-positive strains grow faster compared to cagAnegative strains and therefore are more susceptible to
antibiotics that are active during cell division[39-41]. CagApositive strains also induce higher interleukin 1β (IL1β) and tumor necrosis factor α levels in the host; both
cytokines have a potent inhibitory effect on gastric acid
secretion, contributing to better intra-gastric acid suppression[42,43]. Therefore, cagA-positive strains of H. pylori
tend to have significantly better eradication rates.
The vacA gene is present in all H. pylori strains and
different genotypes have different effects on treatment
outcomes. VacA is a potent toxin that is secreted by H.
pylori into the extracellular space to cause gastric epithelial cell injury. Different allele variations of vacA result in
different levels of toxin activity; infection with strains of
the vacA s1 and m1 genotypes result in higher toxin levels
and greater epithelial damage and therefore more severe
gastric inflammation. Similar to cagA, vacA s1 genotypes
have been shown in studies to have significantly higher

The Maastricht IV consensus recommended bismuthcontaining quadruple therapy or levofloxacin-containing
triple therapy as 2nd line treatment options[6]. This recommendation is followed across many countries, but clinicians continue to look for better eradication strategies
(Table 2).
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Host IL-1β polymorphism
The treatment success rates in patients with different IL1β genotypes also differ; eradication rates are significantly
better in IL-1B-511 T/T genotype compared to C/C and
C/T genotypes[47-49].
Treatment duration
Treatment duration has also been investigated and studies
generally show that a 10-14 d regimen is more efficacious
compared to a 7-d regimen and may increase eradication
rate by 4%-6%. A meta-analysis by Calvet et al[50] showed
that 14-d regimen was significantly better than 7-d regimen in terms of ITT cure rates and, although a 10-d regimen also seemed to improve cure rates, the improvement
was not significant.
Other patient factors
In studies using 7-d standard triple therapy, lower cure
rates were found in patients with a body mass index > 25
kg/m2 and patients who were actively smoking; this was
postulated to be due to lower drug bioavailability[51,52].
Poor compliance to therapy has a major role in treatment
failure and clinicians should always enquire if patients
had stopped therapy due to adverse reactions[53].

SECOND LINE TREATMENT OPTIONS

Bismuth-containing quadruple therapy
Ang et al[54] evaluated the efficacy of a 7-d BQT after
failure of first line clarithromycin-based triple therapy
in Singapore. On ITT analysis the eradication rate was
69.8%, whereas on PP analysis, the eradication rate was
82.2%. A systemic review by Marin et al[55] showed that
BQT had a mean eradication rate of 78% after the failure
of standard clarithromycin-containing triple therapy. Its
effectiveness increased with the duration of treatment,
from 76% for a 7-d regimen to 82% for a 14-d regimen.
However, patient compliance may be an issue with
BQT due to its complex regimen (each drug needs to
be taken at different hours) and the higher incidence of
adverse reactions[56]. The 3-in-1 capsule, Pylera®, which
contains bismuth sub-citrate potassium (40 mg Bi203),
metronidazole 125 mg and tetracycline 125 mg, still requires patients to take 3 capsules 4 times a day for 10 d
with twice-daily standard dose proton pump inhibitor.
Despite the pill load, the timing of drug administration
is simpler and Malfertheiner et al[57] had reported a good
compliance rate above 95%. This phase-3 trial also showed
that 10-d omeprazole and Pylera was superior to 7-d clar-
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Table 2 Second and third line treatment options and study results
Reported eradication Ref.
rates in studies
Second line treatment options and study results
After failure of clarithromycin-triple therapy
Repeat PPI, amoxicillin and clarithromycin
PPI, amoxicillin, metronidazole

Bismuth-containing quadruple therapy: PPI,
bismuth, tetracycline, metronidazole

Bismuth-containing quadruple therapy: PPI, bismuth,
amoxicillin, metronidazole
Bismuth-containing quadruple therapy: PPI, bismuth,
tetracycline, amoxicillin
Bismuth quadruple therapy: PPI, bismuth, tetracycline,
levofloxacin
PPI, amoxicillin and levofloxacin
PPI, levofloxacin, metronidazole
Sequential therapy: PPI and amoxicillin for 5 d, followed by
PPI, levofloxacin, nitroimidazole for 5 d
Moxifloxacin, PPI, amoxicillin

46% (overall)
87% (overall)
96% (ITT)
100% (PP)
78% (overall)
69.8% (ITT)
82.2% (PP)
84.2% (ITT)
92.3% (PP)
79.7% (ITT)
90.8% (PP)
72% (overall)

[55]
[55]
[77]
[77]
[55]
[54]
[54]
[62]
[62]
[63]
[63]
[55]

73% (overall)
61.4% (overall)
78.9% (ITT)
87.0% (PP)
76% (overall)
76.5% (overall)
67.9% (ITT)
73.1% (PP)
78-95% (overall)

[55]
[73]
[63]
[63]
[55]
[61]
[62]
[62]
[55]

74.9% (overall)
87.2% (ITT, overall)

[72]
[73]

After failure of PPI-clarithromycin-nitroimidazole/metronidazole
Bismuth-containing quadruple therapy: PPI, bismuth,
85% (overall)
tetracycline, metronidazole
After failure of non-bismuth quadruple therapy
PPI, amoxicillin, levofloxacin
81% (overall)
Third line treatment options and study results
Susceptibility based selection therapy

10 d sequential therapy: PPI, amoxicillin for 5 d, then PPI,
levofloxacin and tetracycline for 5 d
Rifabutin-containing therapies
Rifabutin, amoxicillin, PPI

Not recommended
Feasible in Japan with < 10% metronidazole resistance rate
Better with extended duration1
Better with extended duration1

Better with extended duration1

14-d regimen better than 7-d regimen

[55]

[55]

88.6% (ITT and PP)

[86]

Rescue therapy was rifabutin, amoxicillin and PPI for 12 d

90% (ITT and PP)

[86]

Rescue therapy was levofloxacin, amoxicillin and PPI for
10 d

80.7% (ITT)
82.6% (PP)
67.23% (ITT)
68.38% (PP)
66% (55%-77%)
(overall)
63% (overall)

[82]
[82]
[92]
[92]
[84]

65%

[85]

75% (ITT)
80% (PP)
78.2% (ITT)
83.6% (PP)

[96]
[96]
[97]
[97]

Rifaximin, levofloxacin and PPI
Sitafloxacin, rabeprazole, amoxicillin

Comments

Rifabutin 300 mg/d dose is more effective than 150 mg/d

[84]
Failed first line clarithromycin-triple therapy and secondline bismuth-containing quadruple therapy
Failed first line clarithromycin-amoxicillin PPI and failed
second line metronidazole-amoxicillin-PPI

1

Extended duration = 10 to 14-d regimen. PPI: Proton pump inhibitor; ITT: Intention-to-treat; PP: Per protocol.

ithromycin-based triple therapy as 1st-line therapy. Another
study showed that 10-d omeprazole and Pylera had similar
efficacy to 10-d clarithromycin-based triple therapy[58]. Although there is limited data to show the efficacy of Pylera®
in rescue therapies, a study conducted in France had shown
that 10-d of omeprazole and Pylera® therapy achieved
84% eradication success in 19 patients who had failed at
last 3 prior triple eradication therapies and had proven H.
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pylori strains that were resistant to clarithromycin, fluoroquinolones and metronidazole[59]. Pylera® is available in
the United States, France, Germany, Kuwait, Lebanon,
Poland and Qatar.
Levofloxacin-based therapy
Levofloxacin-based triple therapy is easier to administer than BQT and has a better adverse effects profile.
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treatment; it was launched in 1999 and had higher in
vitro activity against pathogens compared to levofloxacin. Its oral form is currently available in 123 countries.
There were concerns regarding its safety profile such as
tendonitis and nervous system adverse effects. However, an in depth meta-analysis has shown that moxifloxacin does not show a markedly different safety profile
compared with comparator therapies (beta lactams and
other quinolones)[71].
A meta-analysis by Wu et al[72] compared moxifloxacinamoxicillin-PPI (MAP) therapy to BQT and found that
MAP had a higher overall eradication rate of 74.9% compared to that of BQT which was 61.4%; MAP also had
a lower side effects profile. The duration of treatment
in the reported studies ranged from 7 to 14 d. Miehlke et
al[73] compared 14 vs 7-d of esomeprazole, moxifloxacin,
and amoxicillin as second-line treatment and found that
the ITT eradication rate was significantly higher with 14-d
(95.0%) when compared to 7-d (78.9%) therapy; however
a longer duration of treatment was associated with more
adverse events.

Levofloxacin-amoxicillin-PPI (LAP) triple regimen has
a weighted mean eradication rate of 76% and a 10-d
regimen yields a higher eradication rate of 84% vs the
69% rate of a 7-d regimen[60]. When LAP regimen was
compared with BQT in a meta-analysis done by Di Caro
et al[61], it was found that a 7-d regimen of LAP was comparable to BQT, but a 10-d regimen of LAP was significantly better. In addition, the side effects profile was better for LAP (13.7%) compared to BQT (27.2%, P = 0.02).
Besides duration, it appears that amoxicillin is the key to
the high eradication rate of the LAP combination. When
Moon et al[62] compared levofloxacin-metronidazole-PPI
with BQT in South Korea, the eradication rate in the
LML group was significantly lower with only 67.9% for
ITT analysis. Another study investigated if treatment efficacy will improve when the metronidazole component
of BQT is replaced with levofloxacin. After failure of a
clarithromycin-containing triple therapy, patients were
randomised into either 10-d regimen of levofloxacinbismuth-tetracycline-PPI or 10-d regimen of metronidazole-bismuth-tetracycline-PPI. Results showed that both
therapies were equally effective and well tolerated[63].
Levofloxacin-based therapy as second-line is also gaining more ground because more clinicians may choose to
use sequential or concomitant therapies as first-line treatment when the clarithromycin resistance rate is known
to be high. This means that the patients who failed such
therapy had already been exposed to amoxicillin, metronidazole and clarithromycin. Going by the principle that
treatment failure is due to antibiotic resistance, this leaves
fewer choices for second line therapy. Gisbert et al[64] conducted a multicentre prospective study in which patients
who failed first line non-bismuth quadruple therapy (i.e.,
concomitant therapy or sequential therapy) were given 10
d of levofloxacin, amoxicillin and a standard dose PPI,
all twice daily. The eradication rate was 75.5% (ITT) and
74% (PP) in a study population of 100 patients and tends
to be higher in the treatment group who failed sequential
therapy initially. Hsu et al[65] recently conducted an interesting multicentre study using 10-d bismuth quadruple
therapy of bismuth, levofloxacin, tetracycline and PPI
in 24 patients who failed sequential therapy. The study
population was small but the eradication rate was encouraging at 95.8% (both ITT and PP analysis), 25% reported
adverse effects mainly attributed to gastrointestinal side
effects but since the adverse effects were not severe,
compliance was 100%.
Despite encouraging results, the resistance rates for
levofloxacin are rising as clinicians use this drug for treatment of other conditions such as pneumonia. In Asian
countries, levofloxacin resistance has recently increased.
For instance in South Korea, levofloxacin was 3% in
2003 and became 25.7% by 2010. In Europe where the
use of levofloxacin is more controlled, fluoroquinolone
resistance is lower at less than 10%[66-70].

Levofloxacin-sequential therapy as second-line
Zullo et al[74] first proposed the idea of sequential therapy;
the regimen of PPI and amoxicillin for 5 d, followed by
clarithromycin, metronidazole and PPI for the next 5 d,
appeared to be more effective than standard triple therapy in 1st-line treatment. The hypothesis was that amoxicillin during the first 5 d helped to decrease the bacterial
load and eliminated most of the clarithromycin-resistant
strains first, the second phase of the treatment then allowed the eradication of the remaining bacteria. A multicentre clinical trial showed that levofloxacin-sequential
regimen (amoxicillin and PPI for first 5 d, followed by levofloxacin, nitroimidazole and PPI for the next 5 d could
achieve an eradication rate of 95.1% in the ITT analysis
and 96.4% in the PP analysis if used as empirical secondline therapy. Levofloxacin resistance, as determined by
the presence of gyrA mutations, did not appear to play
a significant role in overall eradication rates. However,
eradication rate was 0 in patients with dual resistance to
levofloxacin and metronidazole, and 66.7% in patients
sensitive to levofloxacin but resistant to metronidazole.
CYP192C polymorphisms also had no significant impact
on eradication rates; but this may be because the study
used high-dose esomeprazole rather than standard-dose
PPI[75].
Using metronidazole in second-line therapy
Some studies have shown that the “old” treatments may
still work if applied in a rationale manner. After failure
with clarithromycin, amoxicillin and PPI, studies have
shown that 2nd line treatment with MAP may still remain
feasible, especially in regions where the resistance rates to
clarithromycin is high while that to metronidazole is low.
Two randomised clinical trials done separately in Japan
and Taiwan, which compared the efficacy of MAP with
LAP, showed better results with the MAP group[76,77]. An-

Moxifloxacin-based therapy
Moxifloxacin has also been investigated as second-line
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other prospective study in Japan showed that 14-d regimen of MAP, with rabeprazole as the PPI, can achieve an
eradication rate of 96% by ITT analysis and 100% by PP
analysis, in patients who failed clarithromycin-based triple
therapy[78]. The restricted use and lower resistance rates
of metronidazole in Japan likely plays a big role in such
study results.

and rifabutin at 150 mg daily (PAR150) for 10 d was
compared with pantoprazole, amoxicillin and rifabutin
300 mg daily for 10 d (PAR300); the results was better for
PAR300 with eradication rate of 87% compared to 67%
in the PAR150 group. The eradication rate was higher as
this was evaluated as a second-line treatment after failure
of standard clarithromycin-triple therapy. Fiorini et al[86]
conducted a culture-based selection therapy for patients
who did not respond to previous treatment for H. pylori
infection. Patients with levofloxacin-resistant strains were
given 12 d of rifabutin, amoxicillin and esomeprazole and
in this scenario, the eradication rate was satisfactory at
88.6% which adds weight to the current recommendation
of antibiotic susceptibility testing before choosing third
line rescue therapy.
Rifabutin can cause rare but serious myelotoxicity
which appears to be dose-dependent, and being a derivative of rifampicin, widespread usage may contribute
to another global problem: the rising trend of multidrug resistant tuberculosis. Suzuki et al[87] has shown that
a history of rifampicin usage is associated with point
mutations in rpoB gene and high minimum inhibitory
concentrations for rifabutin in H. pylori strains. Therefore,
rifabutin should be used only as “rescue” therapy after
amoxicillin, clarithromycin, metronidazole, tetracycline
and levofloxacin have failed to eradicate H. pylori.

Third line treatment options
Treatment based on antibiotic susceptibility
The guidelines recommend antibiotic susceptibility testing to be done in the event of two treatment failures as
the choices of empirical antibiotics become much more
restricted[4,6]. Studies have generally shown that using
this strategy, the cumulative eradication rate after 3 lines
of therapy could be 83% to 99%. The treatment should
comprise of twice daily PPI and at least two sensitive
antibiotics for one to two weeks. Bismuth subcitrate has
also been added as a fourth agent[79,80].
There are some disadvantages to this strategy. H. pylori
culture requires endoscopically obtained gastric biopsy
specimens, is time-consuming, costly, and the successful
culture rate ranges from 75% to 90%[79-81]. Rapid molecular methods, such as polymerase chain reaction tests, may
be able to speed up the detection of resistance to macrolides and fluoroquinolones, but are not widely available.
Liou et al[82] showed that genotypic resistance-guided
sequential therapy strategy has an overall satisfactory
eradication rate of 80.7% in the ITT and 82.6% in the
PP analysis. Patients who failed 2 lines of treatment were
given 7 d of high-dose esomeprazole and amoxicillin,
followed by high-dose esomeprazole and metronidazole
and, either clarithromycin (if 23S rRNA mutation was
absent), levofloxacin (if 23S rRNA mutation was present), or tetracycline (if both 23S rRNA and gyrA mutations were present) for another 7 d. The issue of costeffectiveness of this treatment strategy was not discussed.

Rifaximin based third line treatment
Compared to rifabutin, rifaximin is poorly absorbed
into the blood stream and is therefore almost devoid of
adverse effects and has a relatively higher bioavailability
within the gastrointestinal tract[88]. However, it is unable
to reach therapeutic concentrations within the gastric
mucus layer, which H. pylori reside in due to its poor systemic adsorption. Earlier studies have generally shown
poor eradication rates with Rifaximin as first line therapy
of only 50%-60% regardless of combination with amoxicillin, levofloxacin or clarithromycin[89].
However, in 2012, a study conducted in South Korea
by Yun et al[90] showed that rifaximin might have a role
in patients who failed 2 eradication therapies. In this
prospective study, 482 patients were all given first line
clarithromycin-amoxicillin-pantoprazole for a week; 173
patients failed and were given tetracycline-metronidazolebismuth-lansoprazole for 1 wk; 58 patients failed this
second line treatment as well. With these 58 patients, a
rescue regimen of rifaximin 200 mg trice daily, levofloxacin 500 mg once daily and lansoprazole 15 mg twice daily
for 1 wk was tested; the eradication rate was 65%, the cumulative eradication rate by the time patients had reached
the third-line treatment was 96%. However, in this study,
treatment success was determined by one negative CUBT
result after only 1 wk of stopping antibiotics or PPI, and
this may lead to false negative results[91].

Rifabutin based third line treatment
Rifabutin has very high bactericidal activity against H. pylori strains in vitro. Primary rifabutin resistance in H. pylori
isolates is low, ranging from 1.3% to 2.4%. Unlike other
antibiotics, rifabutin is chemically stable at a wide pH
range and is not likely to be affected by inadequate acid
suppression. A study in Spain was conducted on 92 patients who failed first line 10-d clarithromycin, amoxicillin
and omeprazole therapy, failed second-line 14-d bismuth
quadruple therapy, and were then given rifabutin 150mg,
pantoprazole 40 mg and amoxicillin 1g twice daily. The
eradication rate was 62.2% (PP analysis) and 60.8% (ITT
analysis) which were sub-optimal[83]. Gisbert et al[84] summarised that the overall eradication rate in 342 patients
on rifabutin third-line regimen was 66%, but surprisingly
the eradication rate was 70% for fourth- and fifth- line
regimens suggesting that rifabutin may be used as salvage drug after multiple failures. Perri et al[85] performed
a randomised study in which pantoprazole, amoxicillin
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Levofloxacin based third line treatment
Tursi et al[92] assessed the effectiveness of a third-line
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levofloxacin-containing 10-d sequential treatment in 119
patients in Southern Italy. Using a sequential regimen of
PPI and amoxicillin for the first 5 d, then PPI, levofloxacin and tetracycline for the remaining 5 d, eradication
rates were 68.38% (PP analysis) and 67.23% (ITT analysis). Twenty-six of these patients were given levofloxacin, metronidazole and PPI as second line therapy and
the eradication rate for this group was 76.92%. Overall,
24.37% of patients experienced side effects and 1.68%
of patients had such severe side effects that they had to
withdraw from the study. Although the patient numbers
were small and the adverse reaction rate appeared high,
the authors generally felt that the results was encouraging since the eradication rate was postulated to be higher
if duration of therapy was 14 d instead of 10 d. Another
Italian study published in 2003 used a 10-d triple therapy
regimen consisting of levofloxacin 250 mg, rabeprazole
20 mg and amoxicillin 1g, all twice daily, which achieved
a better eradication result of 83.3% (ITT analysis) and
88.2% (PP analysis). However this study had only 34
participants[93].
In Japan, Murakami et al[94] compared third-line rescue
regimens of lansoprazole and amoxicillin (LA group),
lansoprazole, amoxicillin and levofloxacin (LAL group)
and lansoprazole, amoxicillin and sitafloxacin (LAS
group) in patients who had failed first line standard clarithromycin triple therapy and second line therapy with
amoxicillin, metronidazole and PPI. The LA group had
amoxicillin 500 mg four times a day, the LAL group had
amoxicillin 750 mg and levofloxacin 300 mg twice daily,
and the LAS group had amoxicillin 750 mg and sitafloxacin 100 mg twice daily. The LA group was treated for 14
d whereas the other 2 groups were treated for 7 d. The
ITT eradication rate for both LA and LAL was dismal;
only 54.3% and 43.1% respectively compared to the LAS
group which was 70.0%. The disappointing results with
levofloxacin may partly be explained by the high levofloxacin resistance rate of 57% in the study population.
This suggests that levofloxacin-based therapy will not be
effective in Japan.

CONCLUSION
In the event of treatment failure, the clinician should
always check for poor patient compliance due to adverse
reactions to the medications or patient difficulties complying with the therapy regimen. Other factors to consider would be if the patient had inadequate gastric acidsuppression or had not taken the treatment regimen for
an adequate duration. An effort should be made before
starting therapy to confirm if the patient had several
courses of antibiotics for other infections in the past.
When first line therapy has failed, the principle is to
not repeat the same antibiotics although studies have
shown that amoxicillin can be “reused” as the resistance
rates remain low in many countries. Clinicians need to
stay vigilant to the potentially deleterious effects of rising fluoroquinolone resistance and use moxifloxacin or
levofloxacin judiciously. Culture and antibiotic susceptibility testing may not be cost-effective and may delay the
treatment for patients with H. pylori related peptic ulcer
disease or MALT. However, culture and antibiotic susceptibility tests appear to be useful in selection of thirdline therapy as empirical therapy have shown sub-optimal
results. With the addition of newer and less invasive
molecular tests to detect H. pylori and determine the presence of point mutations, antibiotic susceptibility tests
may play a bigger role in future.
Research for the best treatment strategy is extremely
challenging; there is a multitude of contributory factors
to treatment failure and it will be impossible to standardise one rescue therapy internationally. Perhaps the
best hope will ultimately lie in primary prevention with a
vaccine using selected H. pylori antigens such as CagA that
provides efficacious protection at the mucosal level[98].
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Clinical proteomics identifies potential biomarkers in
Helicobacter pylori for gastrointestinal diseases
Chun-Hao Huang, Shyh-Horng Chiou
pinpointed alkylhydroperoxide reductase (AhpC), neutrophil-activating protein and non-heme iron-binding
ferritin as three prospective biomarkers showing upregulation in H. pylori under oxidative, osmotic and acid
stresses, respectively. Further biochemical characterization reveals that various environmental stresses can
induce protein structure change and functional conversion in the identified biomarkers. Especially salient is
the antioxidant enzyme AhpC, an abundant antioxidant
protein present in H. pylori . It switches from a peroxide
reductase of low-molecular-weight (LMW) oligomers to
a molecular chaperone of high-molecular-weight (HMW)
complexes under oxidative stress. Different seropositivy responses against LMW or HMW AhpC in H. pylori infected patients faithfully match the disease progression from disease-free healthy persons to patients with
gastric ulcer and cancer. These results has established
AhpC of H. pylori as a promising diagnostic marker for
gastrointestinal maladies, and highlight the utility of
clinical proteomics for identifying disease biomarkers
that can be uniquely applied to disease-oriented translational medicine.
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Abstract
The development of gastrointestinal diseases has been
found to be associated with Helicobacter pylori (H.
pylori ) infection and various biochemical stresses in
stomach and intestine. These stresses, such as oxidative, osmotic and acid stresses, may bring about bidirectional effects on both hosts and H. pylori , leading
to changes of protein expression in their proteomes.
Therefore, proteins differentially expressed in H. pylori
under various stresses not only reflect gastrointestinal
environment but also provide useful biomarkers for
disease diagnosis and prognosis. In this regard, proteomic technology is an ideal tool to identify potential
biomarkers as it can systematically monitor proteins
and protein variation on a large scale of cell’s translational landscape, permitting in-depth analyses of
host and pathogen interactions. By performing twodimensional polyacrylamide gel electrophoresis (2-DE)
followed by liquid chromatography-nanoESI-mass
spectrometry (nanoLC-MS/MS), we have successfully
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Core tip: This work aims to review the literature on the
application of proteomics methodology for identifying
proteins differentially expressed in Helicobacter pylori
(H. pylori ) under different environmental stresses,
resulting in the identification of several biomarkers related to gastrointestinal disorders induced by H. pylori
infection.
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INTRODUCTION
The discovery of Helicobacter pylori (H. pylori), a Gramnegative and microaerophilic bacterium has revolutionized the diagnosis and treatment of gastrointestinal
diseases[1,2]. Prolonged infection and inflammation because of persistent H. pylori colonization lead to chronic
gastritis and severe gastric pathologies, such as peptic
ulcer and gastric cancer[3]. It is worth noting that variable
clinical manifestations associated with H. pylori infection
are common in the endoscopic examination of patients,
about 80%-90% patients being asymptomatic gastritis
(GA), 10%-15% gastric or duodenal ulcer (GU) and
1%-2% gastric cancers (GC)[4]. Gastric cancers are generally believed to arise from sites of H. pylori infection
accompanied by chronic irritation and inflammation[5-7].
Such inflammatory ulcers of stomach are manifestly the
result of severe immune response triggered by the host’s
immune system upon H. pylori infection[8,9]. Therefore, to
identify the mechanism underlying such pathogenesis and
the capricious clinical outcomes in the gastric infections by
H. pylori under varied environmental stresses in vivo is crucial to the development of efficient therapeutic approach
against H. pylori infection and the associated gastrointestinal maladies[10].
In this review, we have focused on the potential
roles of three biomarkers identified in the course of
our decade-long research in the pathogenesis of varied
gastrointestinal diseases induced by H. pylori infection.
The antioxidant enzyme alkylhydroperoxide reductase
(AhpC) of H. pylori was found to be expressed with
larger amounts in GC strains and exhibited a higher
seropositivity for GC patients than gastritis (GA) ones.
Based on the significant difference between AhpC in H.
pylori isolated from patients with GA, GU and GC, it is
conceivable that the antioxidant protein AhpC of H. pylori may be applied as a prognostic or diagnostic protein
marker to monitor different stages of tissue damages
from H. pylori-infected diseases. The relevance of upregulated proteins NapA (neutrophil-activating protein)
and non-heme iron-binding ferritin (Pfr) under osmotic
and acid stresses, respectively is also explored regarding
their corresponding regulation of cellular homeostasis.
Finally, the potential diagnostic and therapeutic value of
these novel biomarkers in H. pylori-related gastroenterological maladies is proposed for their translational medical applications.

Acid
stress

H

+

H

+

-

O2

H2O2
Salt
Salt
Salt

Osmotic
stress

Figure 1 Diagram of Helicobacter pylori exposed to various environmental
stresses in stomach and intestine. The development of gastrointestinal diseases is suggested to be associated with Helicobacter pylori (H. pylori) infection and
environmental stresses in stomach and intestine. These stresses, such as oxidative, acid and osmotic stresses[33-36], may bring detrimental effects on H. pylori.

suggested to result from different severity and distribution of H. pylori-induced gastric inflammation plus environmental stresses in stomach and intestine[11]. Several
studies have also shown the correlation between the protection of host cells against H. pylori infection and stressinduced protein factors[12,13]. Figure 1 depicts H. pylori
under various stresses in vivo, such as oxidative, osmotic
and acid stresses, which may underlie the pathogenesis
of the gastrointestinal infections and lay a firm basis for
the development of efficient diagnosis, prognosis and
therapeutic managements.
Oxidative stress
Oxidative stress was suggested to be associated with chronic
inflammation and malignant transformation. It was also
reported to be the causative factor for most cancers,
including gastric cancer[14]. Nevertheless, the pathogenic
agent inducing the gastric inflammation was not known
until the discovery of H. pylori[15]. H. pylori infection can
activate inflammatory responses and trigger immune
system, leading to discharge of reactive oxygen species
(ROS), such as hydrogen peroxide (H2O2), superoxide
anion, and nitric oxide from phagocytes. The excessive
ROS production may thereby trigger oxidative stress
to cause inflammatory damage to host gastric mucosa,
whereas H. pylori will also face the attack of oxygenrelated free radicals released from phagocytes (Figure
1)[16]. To survive under such ROS environment generated
inside the host, H. pylori has developed some defensive
mechanisms to protect against oxidative stress. Therefore, mapping proteome changes of H. pylori in response
to oxidative stress can potentially identify indicators or
markers for both the inflammation status and the progression of gastrointestinal diseases.

ENVIRONMENTAL STRESSES AND
GASTROINTESTINAL DISEASES
The variable clinical outcomes of H. pylori infection is
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Osmotic stress
High dietary salt intake has been considered as a longterm risk factor for gastric carcinogenesis[17,18]. A link
between high salt consumption and gastric cancer has
been shown in both animal model and human epidemiologic studies[19-21]. High salt environment is thought to
induce disturbance of osmotic homeostasis, which may
potentially affect host cells and H. pylori in stomach and
intestine (Figure 1)[22]. Although aforementioned evidences suggest high-salt diet may mediate augmentation
in the severity of H. pylori-induced disease outcomes, the
molecular mechanisms underlying the purported causeeffect correlation between osmotic stress and H. pylori
infection still remain poorly understood. Several studies
have tried to use genetic approaches for identifying the
key regulators in H. pylori in response to high concentration of NaCl. The change of gene-expression levels of
two virulent factors, CagA and VacA, were reported by
Loh et al[23] and Gancz et al[24], respectively. Both results
not only support the synergistic effect between H. pylori
infection and diets rich in sodium chloride but point out
the potential of investigating whole-proteome change
under osmotic stress to explore biomarker discovery.

ery; (2) biomarker verification; and finally (3) biomarker
validation and clinical trial[32].
To this end, we have set up a proteomics-based platform to systematically identify and validate potential
biomarkers in H. pylori for gastrointestinal diseases (Figure
2), which also represents in essence the application of
translational medicine from clinics to lab research and
then back to clinics. Firstly, H. pylori clinical isolates were
obtained from gastric biopsy specimens from patients
with different pathological manifestations, such as gastritis, duodenal ulcer, gastric ulcer and gastric cancer. All
isolated strains were further confirmed for their urease
activity and the helical morphology of these organisms
observed by phase-contrast microscopy[33]. Upon exposing to different stress conditions, H. pylori proteomes
are compared and analyzed by two-dimensional polyacrylamide gel electrophoresis (2-DE) followed by liquid
chromatography-nanoESI-mass spectrometry (nanoLCMS/MS)[33-36]. By making use of rapidly-evolved powerful bioinformatics analysis programs, highly up- or
down-regulated proteins in H. pylori under various
stresses could be identified as candidates of potential
biomarkers. Further immunoblotting in H. pylori strains
from gastrointestinal patients of varied clinical outcomes
can then be used to validate whether these candidates are
engendered to reflect environmental stresses in stomach
and intestine[37].
To translate the lab findings into clinics, enzymelinked immunosorbent assay (ELISA) is an ideal tool
to employ these H. pylori antigens for the detection of
antibodies in sera from patients with different gastric
diseases [37]. For large-scale ELISA analysis, H. pylori
recombinant antigens are produced by molecular cloning, overexpression in Escherichia coli, and followed by
protein purification[37,38]. Recombinant H. pylori antigens
are further coated in 96-well plates for screening seropositivities of patient sera, useful for clinical diagnosis
and prognosis of disease progression. In summary, our
clinical proteomics pipeline provides a rapid and scalable
platform for the identification of biomarkers in gastrointestinal diseases and can potentially be applied to other
diseases as well, such as cataract and cancer[39,40].

Acid stress
H. pylori is unique for its ability to adapt to the extreme
acidic environment of pH 1-2 in human stomach lumen
as evident by the fact that H. pylori infection usually lasts
for decades or more (Figure 1)[25,26]. Survival of H. pylori
under severe acid shock has been generally proposed to
depend on its urease activity, which can release ammonia
from urea, thereby neutralize gastric acid in stomach[27,28].
However, other regulatory proteins and molecular mechanisms can also contribute to the acid adaptation of H.
pylori in human stomach. To address this, several reports
have analyzed differential gene expression in H. pylori under acidic conditions by employing DNA microarray and
their findings supported that acidity is a signal modulating the expression of multiple genes related to metal ion
homeostasis[29-31]. Therefore, it is of interest and import
to know whether proteomics could identify urease and
its metal metabolism related proteins as indicators for
acid stress in stomach, which may reflect the progression
of gastrointestinal diseases.

Functional switch of identified H.
pylori biomarkers in response to
environmental stresses

Clinical proteomics for
gastrointestinal disease,
biomarker discovery and
validation

Our clinical proteomics platform has found out several
stress-related biomarkers from H. pylori proteome (Table
1). Under oxidative stress induced by H 2O 2, several
antioxidant (alkylhydroperoxide reductase AhpC, catalase KatA, serine protease HtrA) and virulent proteins
(cytotoxin-associated protein CagA, vacuolating cytotoxin VacA, adhesin AlpA) are up-regulated in isolated
H. pylori from patients with different gastrointestinal
diseases[35], revealing part of the mechanism concerning
ROS-induced gastric carcinogenesis. In response to os-

Proteomics is a robust methodology, which can depict
snapshots of protein compositions of particular cells or
tissues at defined time points. Clinician scientists have
realized its potential and begun to apply innovative proteomic technology to clinical research especially on its
application to translational medicine, which generally
consists of several phases, that is (1) biomarker discov-
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Figure 2 Flow chart of clinical proteomics platform designed for discovery and validation of Helicobacter pylori biomarkers for the diagnosis of gastrointestinal diseases. We have set up a proteomics-based platform[32] to systematically identify and validate potential biomarkers in Helicobacter pylori (H. pylori) for gastrointestinal diseases, which can provide a major methodological support for translational medicine encompassing basic biomedical research and clinical therapeutic
medicine. ELISA: Enzyme-linked immunosorbent assay.

Table 1 Proteomic analysis identifies upregulated proteins in Helicobacter pylori under different stresses
Stress

Source

Oxidative stress Reactive oxygen species (ROS): H2O2, O2-

Disease

Upregulated proteins (function)

Ref.

Gastritis, duodenal ulcer, gastric
ulcer, gastric cancer

AhpC, KatA, HtrA (antioxidant)
CagA, VacA, AlpA (virulent)

Huang et al[35]

Osmotic stress

High salt: NaCl

Gastric cancer

NapA, Pfr (iron-binding)
UreA, UreB (acid neutralizing)

Liao et al[36]

Acid stress

Gastric acid: H+

Gastro-esophageal reflux disease,
irritable bowel syndrome

Pfr, NapA (iron-binding)
UreA, UreB, UreG (acid neutralizing)

Huang et al[34]

AhpC: Alkylhydroperoxide reductase; NapA: Neutrophil-activating protein; Pfr: Non-heme iron-binding ferritin.

motic and acid stresses, H. pylori overexpress both ironbinding (NapA, Pfr) and acid-neutralizing proteins (urease subunits UreA, UreB)[34,36], indicating that these two
stresses may share similar effects on H. pylori. To further
understand the molecular mechanism, AhpC, NapA and
Pfr are overexpressed and purified for biochemical characterization with or without stresses. Interestingly, various stresses lead to protein structure change and functional switch of these proteins (Figure 3), indicative of
molecular and cellular connotation for H. pylori to adapt
to different stress environments.

or peroxidase activity through a canonical reaction cycle
by coupling reactions involving Trx, thioredoxin reductase (TrxR) and NADPH. Upon facing severe and longterm oxidative stress, LMW-AhpC initially undergoes a
peroxidative reaction cycle and becomes peroxidized,
converting cysteine at its active site to cysteine sulfinic
acid (-SO2H) and sulfonic acid (-SO3H). The oxidized
LMW-AhpC would be converted to HMW-AhpC with
chaperone activity for prevention of mis- or un-folded
proteins from aggregation[45]. In such a scenario, AhpC
acts as a potent sensor for ROS and as chaperones for H.
pylori to survive and persist in the oxidative environment
of human stomachs.

AhpC and oxidative stress
H. pylori AhpC, an important member of 2-Cys peroxiredoxin (Prx) family[41], is abundantly expressed for
balancing the intracellular levels of ROS generated from
metabolisms or mild environmental stresses[42]. AhpC
cooperates with thioredoxin (Trx) to decompose H2O2
and organic peroxides by its peroxidase activity[43,44]. Previously, we found AhpC also displays dual-activities in
vivo, which switches from a peroxide reductase of lowmolecular-weight (LMW) oligomers under microaerobic
conditions to a molecular chaperone of high-molecularweight (HMW) complexes in the presence of Trx after
long-term (16 h) oxidative stress[38]. In brief, LMW-AhpC
efficiently reduces toxic ROS by its peroxide reductase

WJG|www.wjgnet.com

NapA and osmotic stress
NapA, a 17-kDa protein, is known as a major antigen
in the human immune response to H. pylori infection,
which can stimulate neutrophils to generate oxygen
radicals when the microorganism adheres to endothelial
cells[46]. In addition, H. pylori NapA is also reported as an
iron-binding protein with dodecameric structure[47], indicating that NapA may potentially work with dual functionalities under different stresses. Interestingly, NapA is
found not only to be up-regulated in H. pylori under high
salt stress but expose its hydrophobic surfaces to exterior environment[36]. We also found the structure of the
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Recombinant
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Figure 3 Functional switch of identified Helicobacter pylori biomarkers in response to environmental stresses. Alkylhydroperoxide reductase (AhpC),
neutrophil-activating protein (NapA) and non-heme iron-binding ferritin (Pfr) are identified by clinical proteomics as potential biomarkers under different environmental
stresses. Further biochemical characterization showed the protein structure change was accompanied by functional switch of these proteins under varied environmental conditions, such as oxidative, acid and osmotic stresses[34,36,38]. The PDB ID of Helicobacter pylori (H. pylori) AhpC, NapA and Pfr are 1ZOF[61], 1JI4[62] and 3EGM[63],
respectively.

the function from an iron-storage role with ferroxidase
activity to that of DNA binding and protection[34,50,54].
This lends support to the supposition that ferritin can
act as an indicator or sensor reflecting the acid environment in stomach, and potentially as a biomarker to distinguish duodenal ulcer and gastric cancer due to their
differences in acid secretion[55].

NapA monomer was not affected by salt, but that the
native oligomeric structure of NapA dissociated under
high salt concentration, resulting in losing Fe2+-binding
ability[36]. The loss in iron binding of NapA under highsalt osmotic stress leads to release of Fe2+ ions, which
would react with oxygen and produce H2O2[48]. Elevation
of H2O2 concentration would potentially increase the
risk of oxidant-related cellular injury and DNA damage in the gastric lumen or mucosa[49]. Therefore, a high
dietary salt intake would aggravate the circumstances of
H. pylori-associated infections, resulting in inflammationrelated gastrointestinal diseases.

H. pylori AhpC as a biomarker
to monitor different stages
of inflammation associated
gastrointestinal diseases

Pfr and acid stresses
Unlike animal ferritin as ferroxidase to convert active
ferrous ions to the more innocuous ferric ions, ferritin
Pfr (a special prokaryote class of ferritin family) of H.
pylori was shown to be essential for iron storage in subcellular granules and enabled H. pylori to survive under
severe iron starvation. Pfr can also protect H. pylori from
acid-amplified iron toxicity[50-52] caused by iron-mediated
Fenton reaction[53,54]. Similar to AhpC with dual function, we further found H. pylori ferritin (Pfr) can switch
from an iron-storage protein with ferroxidase activity to
a DNA-binding/protective function[34]. The conformational change had occurred when ferritin was exposed to
acid, leading to exposure of more hydrophobic region to
exterior environment at pH 5 than at pH 7. Therefore,
the discovery of the new function of ferritin indicates
that anti-acid mechanism for the survival of H. pylori
may involve several sequential steps. In the acidic environment of the gastric lumen or mucosa, the amplified
metal-induced free radicals generated in the presence of
ferrous ions and H2O2 may force H. pylori to exert some
protection on its own vital DNA, triggering an increasing protein expression level of ferritin and a change in
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H. pylori AhpC was identified by our clinical proteomics
platform to be a potential biomarker for gastric diseases[35]. As shown in Figure 4, we previously reported
that none or low titers of serum antibody against LMW
AhpC were detected in gastritis patients with weak inflammation in cases of H. pylori infection[30]. However,
higher titers of antibodies against HMW AhpC would be
produced in gastric ulcer and cancer patients with more
severe inflammation[30]. Therefore, H. pylori AhpC can
signal and monitor different stages of inflammation associated with H. pylori infection in gastrointestinal diseases.
Also, both HMW AhpC and the serum level of antibody
against AhpC are important to predict the risk of gastric
cancer among H. pylori-positive patients (Figure 4).
Recently, the use of H. pylori AhpC as a potential
vaccine against H. pylori infection[56] or utilization of its
monoclonal antibodies for detecting H. pylori[57,58] were
reported, again emphasizing its importance during the
progression of inflammation-related gastrointestinal
diseases. New technologies for producing H. pylori AhpC
recombinant proteins, such as SDS-PAGE electroelu-
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Figure 4 Alkylhydroperoxide reductase of Helicobacter pylori, a biomarker used to monitor different stages of inflammation associated with gastrointestinal diseases. In cases of Helicobacter pylori (H. pylori) infection, none or low titers of serum antibody against low-molecular-weight (LMW)-alkylhydroperoxide
reductase (AhpC) were detected in patients of gastritis with weak inflammation. However, higher titers of antibodies against high-molecular-weight (HMW)-AhpC were
found in gastric ulcer and cancer patients with severe inflammation. Therefore, H. pylori AhpC can signal and monitor different stages of inflammation associated with H.
pylori infection in gastrointestinal diseases[37].

tion-based rapid purification[59] and different prokaryotic
expression systems[60], have also been developed. Taking all these findings and technologies into account, H.
pylori AhpC is a potential biomarker for gastrointestinal
diseases and it may be credible and promising to develop
biomarkers kits of H. pylori for clinical application in the
future, serving as a non-invasive detection method for
diagnosis and prognosis. Most importantly, the successful identification of H. pylori AhpC as a biological marker
highlights the utility of clinical proteomics for identifying disease biomarkers that can be translated from lab
research into clinics.
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lary stenosis) complications. The appropriate use of
stenting after ampullectomy may prevent post-procedural pancreatitis and papillary stenosis. Tumor recurrence of benign lesions occurs in up to 20% of patients
and depends on tumor size, final histology, presence
of intraductal tumor, coexisting familial adenomatous
polyposis (FAP), and the expertise of the endoscopist.
Recurrent lesions are usually benign and most can be
retreated endoscopically.
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Abstract

Core tip: Endoscopic papillectomy is a relatively safe
and effective therapy and should be established as a
first-line therapy for adenomas of the major duodenal
papilla. Accurate staging of the tumor is important in
the selection of patients. Performed by experienced endoscopists leads to successful tumor eradication in over
85% of patients with ampullary adenomas.

Endoscopic papillectomy (EP) is currently accepted as a
viable alternative therapy to surgery in sporadic ampullary adenoma and has been reported to have high success and low recurrence rates. At present, the indications for EP are not yet fully established. The accepted
criteria for EP include size (up to 5 cm), no evidence
of intraductal growth, and no evidence of malignancy
on endoscopic findings (ulceration, friability, and spontaneous bleeding). Endoscopic ultrasound (EUS) is the
imaging modality of choice for local T staging in ampullary neoplasms. Data reported in the literature have
revealed that linear EUS is superior to helical computed
tomography in the preoperative assessment of tumor
size, detection of regional nodal metastases and detection of major vascular invasion. Endoscopic ampullectomy is performed using a standard duodenoscope
in a similar manner to snare polypectomy of a mucosal
lesion. There is no standardization of the equipment or
technique and broad EP methods are described. Endoscopic ampullectomy is considered a ‘‘high-risk’’ procedure due to complications. Complications of endoscopic
papillectomy can be classified as early (pancreatitis,
bleeding, perforation, and cholangitis) and late (papil-
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INTRODUCTION
Endoscopic papillectomy (EP) was first reported by Suzuki et al[1]. Endoscopic papillectomy is currently accepted
as a viable alternative therapy to surgery in sporadic ampullary adenoma and has been reported to have high success and low recurrence rates.
In the present report, several issues relating to EP
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were assessed: indications, optimal papillectomy technique, complications, and results.

the coexistence of carcinoma within adenoma cannot
be excluded by pre-procedural biopsy. Some authors advocate deeper biopsy after sphincterotomy for accurate
diagnosis of endoscopic biopsy[35]. A prospective study,
however, reported that sensitivity was found to be 21%
before and 37% after sphincterotomy, concluding that
endoscopic forceps biopsies do not allow for reliable
preoperative diagnosis of ampullary tumors[36]. Thus,
in some cases, endoscopic papillectomy can be recommended as a diagnostic tool prior to surgery, due to the
high false-negative rate of biopsy[26].

DEFINITION
The term ‘‘endoscopic papillectomy’’ refers to resection
of the mucosa and submucosa of the duodenal wall, in
the area of the anatomical attachments of the ampulla of
Vater, including the tissue around the bile duct and the
pancreatic-duct orifices.
Endoscopic papillectomy differs from surgical “ampullectomy” which consists of resection of the ampulla
of Vater, via a duodenotomy, including resection of
pancreatic-head tissue, followed by separate reinsertion
of the common bile duct and main pancreatic duct into
the duodenal wall.

STAGING
Endoscopic ultrasound (EUS) is the imaging modality of
choice for local T staging. Data reported in the literature
have revealed that linear EUS is superior to helical Computed tomography (CT) in the preoperative assessment
of tumor size, detection of regional nodal metastases
and detection of major vascular invasion in patients with
periampullary malignancies[37-43].
Many experts agree that lesions less than 1 cm in
diameter without suspicious signs of malignancy (ulceration, induration, bleeding and or biopsies showing highgrade dysplasia or carcinoma), do not require EUS, but
this needs further prospective study and validation[9].
Intraductal ultrasound (IDUS) using a 20 MHz frequency
probe may be more accurate in visualizing the mucosal
layers compared with standard echoendoscopes[44-47].
EUS/IDUS are able to accurately detect involvement
of the bile and pancreatic ducts. Tumor extension into
either ductal system can also be assessed by endoscopic
retrograde cholangiopancreatography (ERCP). This
should be performed before ampullectomy if EUS is not
available or the findings on EUS are equivocal. Although
the presence of intraductal extension of tumor generally
indicates the need for surgery, it has been shown that tumor extension of ± 1 cm into the common bile duct or
pancreatic duct can be further resected and ablated endoscopically[18-20].
CT scan, magnetic resonance imaging (MRI), and
positron emission tomographic scans are highly sensitive
for the detection of distant metastases. In the assessment
of nodal involvement, MRI has been found to be superior to both CT and endoscopic ultrasound[38].

INDICATIONS
The most critical point in EP is assessment of the indication. At present, the indications for EP are not yet fully
established. These could be dictated by the collection of
features that can predict complete removal of a lesion,
while minimizing procedure-related morbidities.
The accepted criteria for EP include size (up to 5 cm),
no evidence of intraductal growth, and no evidence of
malignancy on endoscopic findings (ulceration, friability,
and spontaneous bleeding)[2-9].
The indications for EP are evolving[10-16]. The application of piecemeal resection when appropriate, resulted
in a gradual increase in the size of the tumor resected[17].
Intraductal extension less than 1 cm does not seem to be
an absolute contraindication for EP, because the tumor
can be exposed to the luminal side with balloon sweeping
and, thus, resected completely[18-20]. Cancer in adenoma
without invasion of the muscularis propria of the duodenum, pancreas, or extension along the bile or pancreatic
duct is also a possible indication for this treatment[21-25].
It is important to note that, on some occasions, EP
may be indicated as a total biopsy[26].

PRE-OPERATIVE ASSESSMENT
A common pre-operative problem is achieving a reliable
distinction between benign and malignant papillary tumors.
On the basis of endoscopic appearance alone, ampullary adenomas cannot always be distinguished from ampullary carcinomas or non-adenomatous polyps (carcinoid
tumors, gangliocytic paragangliomas, etc.)[27-29]. Ulceration,
friability, and spontaneous bleeding are generally related
to malignant lesions. The increased application of magnifying endoscopy and narrow-band imaging can assist in
selecting candidates for endoscopic therapy[30,31].
A definitive tissue diagnosis is a prerequisite for appropriate management, but malignancy may be missed in
up to 30% of tumors in the major duodenal papilla when
forceps biopsy specimens are obtained[32-34]. Moreover,
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TECHNIQUE
Endoscopic ampullectomy is performed using a standard
duodenoscope in a similar manner to snare polypectomy
of a mucosal lesion. There is no standardization of the
equipment or technique and broad EP methods are described. There are also no guidelines regarding the power
output and the mode of electrosurgical current (cutting
or coagulation), the use of adjunctive interventions, such
as submucosal injection, post-ampullectomy ablative
therapy, and prophylactic stent placement. The need for
prophylactic antibiotics prior to ampullectomy has not
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Figure 1 Aggressive efforts to retrieve all resected tissue in all patients for histopathologic evaluation are mandatory. A: Endoscopic view of a 3 cm neoplastic lesion of the major papilla; B: The lesion is entirely entrapped by the endoscopic snare; C: The lesion is completely resected (en-bloc resection); D: The resected
specimen is retrieved by a Roth Net© device (US Endoscopy, Mentor, OH, United States); E: A plastic stent is implanted into the main pancreatic duct to prevent postpapillectomy pancreatitis; F: Duodenal view 6 mo after papillectomy. No evidence of recurrent disease is observed.

been established[48].
The procedure starts with cannulation of both the
bile duct and pancreatic duct, and the ducts are partially
filled with contrast to ensure easy recannulation after the
major papilla is resected. To preserve access to the pancreatic duct, some experts have included methylene blue
in the contrast injected into the pancreatic duct to assist
in identifying the pancreatic orifice.
Once delineation of the biliary and pancreatic ducts
has been made a standard polypectomy snare and blended electrosurgical current (50-60 J) are generally used.
The papillary tumor is snared at the base, and constant
tension is applied to the snare loop during electrosurgery
until the lesion is transected. Aggressive efforts to retrieve all resected tissue in all patients for histopathologic
evaluation are mandatory (Figure 1).
Balloon-catheter-assisted papillectomy has also been
advocated to facilitate en bloc resection mainly of flat papillary tumors[18,19].
For lesions which are not resectable “en bloc”, piecemeal polypectomy is recommended. However, en bloc
resection is fundamental in the treatment of neoplastic
lesions, because this allows more precise histopathologic
evaluation of the resection specimen[19,49].
Submucosal injection of dilute epinephrine is sug-
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gested as a means of lifting the tumor from the wall; this
may also decrease the risk of bleeding. It is uncertain,
however, whether epinephrine injection reduces the risk
of bleeding and perforation[11,20,50].
If residual neoplastic tissue remains after snare excision this should be destroyed. Argon plasma coagulation
is the most frequently used modality due to the non-contact approach that limits the depth of tissue injury[9,48,50,51].
Many authorities suggest that placement of a pancreatic stent reduces the risk of papillectomy-related pancreatitis, minimizes the risk of stenosis of the pancreatic
duct orifice and allows safer use of adjunctive coagulative
therapies, however, this theory is unproven. Others advocate pancreatic stent placement only if the pancreatic
duct does not drain after papillectomy[52-55]. The only prospective, randomized, controlled trial to evaluate the role
of prophylactic pancreatic duct stenting for the reduction
of post-ERCP pancreatitis after endoscopic papillectomy
showed a statistically significant decrease in the rate of
post-procedure pancreatitis in the stent group[56]. There
are no data on the length of the duct to be stented.
Most pancreatic stents will spontaneously migrate out
of the pancreatic duct within 2 wk of insertion. This is
confirmed by an abdominal X-ray at 2 wk. A stent that
remains in situ is removed endoscopically.
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Table 1 Outcomes after endoscopic papillectomy
Ref.
Binmoeller et al[2]
Vogt et al[72]
Zádorová et al[5]
Desilets et al[50]
Norton et al[51]
Bohnacker et al[20]
Catalano et al[7]
Cheng et al[8]
Han et al[10]

Patients

Successful resection

Complications

Mortality

Recurrence

Need for surgery

25
18
16
13
26
87
103
55
33

23
12
13
12
12
74
83
39
20

5
4
4
1
5
29
10
12
11

0
0
0
0
0
0
0
0
0

6
6
3
0
2
15
10
9
2

3
NA
1
1
1
17
16
4
2

NA: Not available.

Prophylactic biliary stenting to reduce the risk of
post-procedural cholangitis has not been widely performed and cannot be uniformly recommended at this
time unless there is concern about inadequate biliary
drainage after a papillectomy[2,8,50,57].

visible and histologically proven residual adenoma during
a follow-up period of 3 to 6 mo).
Recurrence of benign lesions occurs in up to 20%
of patients and depends on tumor size, final histology,
presence of intraductal tumor, coexisting FAP, and the
expertise of the endoscopist[14,63-71]. Recurrent lesions are
usually benign and most can be retreated endoscopically.

COMPLICATIONS
Endoscopic ampullectomy is considered a ‘‘high-risk’’
procedure due to complications. Complications of endoscopic papillectomy can be classified as early (pancreatitis,
bleeding, perforation, and cholangitis) and late (papillary
stenosis) complications.
The overall rate of complications after ampullectomy reported from large, tertiary care referral centers
varies between 8% and 35%, with the most common
complications being pancreatitis (5%-15%) and bleeding (2%-16%)[14,17,51,58-61]. Most bleeding episodes can be
controlled by conservative management and endoscopic
hemostasis. Most post-procedural pancreatitis episodes
are mild and resolve with conservative management only.
Late complications include the development of pancreatic or biliary stenosis (0%-8%) and can be treated with
sphincterotomy, stents, and balloon dilation. The appropriate use of stenting after ampullectomy may prevent
post-procedural pancreatitis and papillary stenosis[52-57].
As evidenced by a recent randomized trial, prophylactic
rectal indomethacin significantly reduces the incidence
and severity of post-ERCP pancreatitis providing an incremental benefit over temporary pancreatic stents[62].
Mortality after endoscopic ampullectomy is rare, but
has been reported to be 0.4% (range 0%-7%) on average[63].

CONCLUSION
Endoscopic papillectomy is a relatively safe and effective
therapy and should be established as a first-line therapy
for adenomas of the major duodenal papilla. Accurate
staging of ampullary tumors is important in the selection of appropriate candidates for endoscopic or surgical
therapy. Compared with surgery, endoscopic ampullectomy is associated with lower morbidity and mortality, and
appears to be a preferred treatment modality for small
benign ampullary tumors that have no intraductal extension. Endoscopic ampullectomy performed by experienced endoscopists leads to successful tumor eradication
in over 85% of patients with ampullary adenomas.
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Incidence and mortality of primary liver cancer in England
and Wales: Changing patterns and ethnic variations
Nimzing G Ladep, Shahid A Khan, Mary ME Crossey, Andrew V Thillainayagam, Simon D Taylor-Robinson,
Mireille B Toledano
of diagnosis of primary liver cancer and subcategories: hepatocellular carcinoma, intrahepatic bile duct
and unspecified liver tumours, were analysed over the
study period. Changes in guidelines for the diagnosis of
primary liver cancer (PLC) may impact changing trends
in the rates that may be obtained. We thus explored
changes in the mode of diagnosis as reported to cancer
registries. Furthermore, we examined the distribution of
these tumours by ethnicity. Most of the statistical manipulations of these data was carried out in Microsoft
®
excel (Seattle, Washington, United Sttaes). Additional
epidemiological statistics were done in Epi Info software (Atlanta, GA, United Sttaes). To define patterns
of change over time, we evaluated trends in ASMR and
ASIR of PLC and intrahepatic bile duct carcinoma (IHBD)
using a least squares regression line fitted to the natural logarithm of the mortality and incidence rates. We
estimated the patterns of survival over subsequent 5
and 10 years using complement of mortality to incidence ratio (1-MIR).
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RESULTS: Age-standardised mortality rate of primary
liver cancer increased in both sexes: from 2.56 and
1.29/100000 in 1968 to 5.10 and 2.63/100000 in 2008
for men and women respectively. The use of histology for diagnostic confirmation of primary liver cancer
increased from 35.7% of registered cases in 1993 to
plateau at about 50% during 2005 to 2008. Reliance
on cytology as a basis of diagnosis has maintained a
downward trend throughout the study period. Although
approximately 30% of the PLC registrations had information on ethnicity, there was a relatively higher registration of the major tumour subtypes in patients whose
ethnic backgrounds were from high incident regions of
the world. Survival from PLC is estimated to get poorer
in 10 years (2018) relative to 2008, particularly as a result of IHBD.

Abstract
AIM: To explore recent trends, modes of diagnosis,
ethnic distribution and the mortality to incidence ratio
of primary liver cancer by subtypes in England and
Wales.
METHODS: We obtained incidence (1979-2008) and
mortality (1968-2008) data for primary liver cancer for
England and Wales and calculated age-standardised incidence and mortality rates. Trends in age-standardised
mortality (ASMR) and incidence (ASIR) rates and basis
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CONCLUSION: Incidence and mortality of PLC, and
particularly IHBD, have continued to rise in England
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We aimed to study the incidence and mortality of
PLC and major subcategories, HCC, IHBD and Liver
NOS, not only to update previously documented trends,
but also to explore information on the basis of diagnosis
and, for the first time, the population-based ethnic distribution of these cancers in England and Wales, up until
2008. With rising rates of deaths from chronic liver disease during 1970 to 2006, and also reported increases in
alcohol consumption[5], PLC is likely to be continuing to
increase in England and Wales. Whereas earlier data during 1988-1992 reported a higher incidence of cirrhosis
and liver cancer among ethnic minorities, it was limited
by the fact that it included a small sample of middle aged
people (20-69 years) and thus lacked generalisability to
the wider population[2,6].

and Wales. Changes in the modes of diagnosis may be
contributing.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Primary liver cancer; Hepatocellular carcinoma; Intrahepatic bile duct; England and Wales; Ethnicity
Core tip: It has been widely reported that primary liver
cancer (PLC) has a poor prognosis and is increasing in
many industrialised countries. We highlight an ongoing
increase in the incidence of PLC in England and Wales,
rendering artefactual explanations for the increase ever
less convincing and, for the first time, describe ethnic
variability in the incidence. More widespread use of
histology in the confirmation of PLC is being embarked
upon in England and Wales. These findings suggest
that more aggressive screening efforts would be beneficial in England and Wales so as to improve survival.
Targeted prevention programmes, including vaccination
of at-risk population may be worthwhile.

MATERIALS AND METHODS
Incidence (1979-2008) and mortality (1968-2008) data for
PLC (C22 as coded by the 10th version of International
Classification of Diseases) and PLC subcategories (C22.0
HCC, C22.1 IHBD, C22.9 liver tumours NOS) were extracted from the National Cancer Registry of England
and Wales held at the Small Area Health Statistics Unit
(SAHSU) of Imperial College London and maintained
by the Office for National Statistics (ONS). Mid-year
population estimates by 5-year bands for England and
Wales for the period from 1968 to 2008 were obtained
from SAHSU and ONS databases. Data were analysed
using Epi InfoTM statistical software (version 3.5.1, 2008,
Atlanta GA, United States). Age standardised incidence
rates (ASIR) and mortality rates (ASMR) per 100000
were calculated. The European standard population was
used as the reference for direct age standardisation. To
define patterns of change over time, we evaluated trends
in ASMR and ASIR of PLC and IHBD using a least
squares regression line fitted to the natural logarithm of
the mortality and incidence rates.
Diagnoses of specific PLC sub-types are usually
based on several modalities of investigation. The connotation, “Basis of Diagnosis”, as practiced by coding
officers during registration of incident cases of cancer,
describes the most advanced method used in making a
diagnostic decision for each case. The basis of diagnosis
of PLC has been recorded by all Cancer Registries in
England and Wales since 1993 using the following codes:
1 (imaging/radiology); 2 (other special tests such as clinical opinions and tumour markers); 3 (cytology); and 4
(histology). In clinical practice, histology of the liver is
hierarchically ranked the gold standard of diagnosis, followed by imaging, cytology and serum tumour markers
(“others”), in that order. The proportion of cases diagnosed using these modalities was determined for PLC
overall, and specifically for HCC, IHBD and Liver NOS.
Information on ethnicity, recorded at the time of
registration (incidence data), was obtained for PLC and
subcategories annually. To reflect regional ethnic affiliation, rather than countries of origin, we categorised

Ladep NG, Khan SA, Crossey MME, Thillainayagam AV, TaylorRobinson SD, Toledano MB. Incidence and mortality of primary
liver cancer in England and Wales: Changing patterns and ethnic variations. World J Gastroenterol 2014; 20(6): 1544-1553
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i6/1544.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i6.1544

INTRODUCTION
The incidence of primary liver cancer (PLC), otherwise
coded as malignant neoplasm of the liver and intrahepatic bile duct in the International Classification of Diseases
(ICD) version 10, in many industrialised countries is
increasing[1]. Major PLC subcategories include: hepatocellular carcinoma (HCC), intrahepatic bile duct carcinoma
(IHBD) and also tumours where the precise histological diagnosis is not specified by the reporting physicians
(Liver NOS). Previous epidemiological studies of PLC in
England and Wales have documented increases in mortality and incidence rates, but no data have been reported
over the past decade[2,3]. Taylor-Robinson and co-workers
observed that the mortality rate of IHBD in England
and Wales almost doubled between 1979 and 1999, while
rates of HCC remained stable[3]. A study of the incidence of liver cell cancer by West and colleagues during
1971-2001, reported a rising trend of HCC among men
in England and Wales[4]. Despite this increase, England
and Wales is a country with relatively low incidence of
PLC compared to regions of sub-Saharan Africa and
Asia. The rate of PLC is therefore likely to be higher in
migrant populations (especially from regions known to
be endemic to risk factors associated with PLC) than in
the indigenous white population.
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Figure 1 Age-standardised (A) mortality and (B) incidence rates of primary liver cancer, hepatocellular carcinoma, intrahepatic bile duct carcinoma and
unspecified liver tumours (liver tumours, not otherwise specified) by gender and year. PLC: Primary liver cancer; HCC: Hepatocellular carcinoma; IHBD:
Intrahepatic bile duct carcinoma; NOS: Not otherwise specified.

(1-MIR)[9].

Indians, Pakistanis and Bangladeshis together as “South
Asians”. Other ethnic categories were as follows: white,
Afro-Caribbeans, black Africans, Chinese, and other. We
then calculated the proportion of PLC and subcategories
registered in the incidence data, among each ethnic group
annually. Given that many cancer registrations were recorded without ethnicity, we then compared these proportions with the proportion of the national population
by ethnic groups annually. Projected mid-2008 population estimates by ethnic group released by the Office for
National Statistics were utilised to calculate annual ethnic
proportions[7].
Mortality to incidence ratios (MIR) have been utilised to not only interrogate the completeness of data in
cancer registries[8] but additionally as a proxy to estimate
5 years survival of cancer patients[9]. We thus calculated
these ratios for PLC overall and for HCC and IHBD by
sex. The crude morality and incidence rates of PLC and
the major subcategories were determined for the last 10
years of data (that is from 1999 to 2008), linearly projected to 2018 and the MIR calculated. We estimated the
patterns of survival for these cancers over the next 5-10
years using complement of mortality to incidence ratio

WJG|www.wjgnet.com

RESULTS
ASMR
Rising trends in mortality rate of PLC in England and
Wales during 1968-1996 has been previously reported[3].
Overall, the absolute mortality and ASMR of PLC continued to increase during 1996-2008 in both males and
females. In men, this rose from 1052 cases (ASMR: 3.70
per 100000) in 1996 to 1731 cases (ASMR: 5.10 per
100000) in 2008 and in women; from 770 cases (1.93 per
100000) to 1178 cases (ASMR: 2.63 per 100000) in the
same period (Figure 1). The trend was more consistent
in men than women. For HCC, men experienced a rise in
the mortality rate (from 1.49 to 2.60 per 100000 in 1996
to 2008 respectively) whereas women had a relatively stable rate. There was a steady increase in the mortality rates
of IHBD in both men and women that have persisted
with a similar annual percent change of 9% and 10%
in men and women respectively during 1968-2008. The
numbers of those registered without a specific histological category (Liver NOS) fluctuated during 1968-1990,
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Figure 2 Proportion (%) of registrations (incidence) of primary liver cancer, hepatocellular carcinoma, intrahepatic bile duct carcinoma and liver tumours,
not otherwise specified by the basis of diagnosis, England and Wales, 1993-2008. PLC: Primary liver cancer; HCC: Hepatocellular carcinoma; IHBD: Intrahepatic
bile duct carcinoma; NOS: Not otherwise specified.

from which time it started to fall. This was 287 and 219
in 1996 and has fallen to 200 and 130 in 2008 for men
and women respectively.

was most commonly undertaken. The proportion of
liver cancer registrations having unsophisticated means
of diagnosis remained low during 1993-2008. Cytology
is increasingly less relied upon in the diagnosis of liver
tumours. However, for IHBD, cytology has slightly been
increasing and “others” (including: those diagnosed by
unsophisticated means, tumour markers and clinical opinion) have dropped dramatically from 31% in 1994 to 5%
of cases in 2008.

ASIR
Over the last decade, our data reveal an upward trend
in the incidence of PLC among men in England and
Wales, contrasted to a relatively static rate among women.
There was a marginal rise in the trend of HCC among
men compared to a non-significant decrease in the rate in
women (774-1083 and 371-306 cases in men and women
respectively) (Figure 1). IHBD markedly increased in
both genders (annual percent change: 10% in both men
and women) during 2001 to 2008 (437-639 and 473-672
in men and women respectively). The ASIR of unspecified liver tumours in both sexes has stabilised during 1995
to 2008.

Distribution of primary liver cancer by ethnicity
We found that the completeness of ethnic information
in the incidence data, recorded during the study period,
ranged from 19% to 51% of cases that were registered to
have had PLC (Table 1). For HCC and IHBD, there was
an initial increase (50.3% and 57.7% respectively) in the
proportion of those registered with ethnicity from 1993
to 1998, after which it remained static for two years. Following that, there was a sharp drop in 2001 to 19% for
both HCC and IHBD, rising steadily to 42% and 41%
respectively in 2007. There were no clear patterns in the
registration of ethnicity for those with unspecified liver
tumours.
Figure 3 compares the proportion of ethnic groups
in the population of England and Wales in 2008 (most
recent year of study) with the corresponding distribution of ethnicity amongst cancer registrations for HCC,
IHBD and Liver NOS. White people comprised 89% of

Basis of diagnosis
There were increases in the proportion of patients registered to have required histology to establish specific
diagnosis of liver tumours, in the incidence data, during
the last 4 years of the study (2005-2008). Imaging was the
most utilised technique for diagnosing HCC from 1993
up until 2005, when it was overtaken by histology (Figure
2). For IHBD, imaging and histology were relied upon
with approximately equal proportion during 1993-1997.
However, from 1998, histological confirmation of IHBD
WJG|www.wjgnet.com

1547

February 14, 2014|Volume 20|Issue 6|

Ladep NG et al . Primary liver cancer in England and Wales
Table 1 Distribution of primary liver cancer in England and Wales by ethnic groups from 1993-2008 n (%)
Year

Primary liver cancer

1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008

All groups

Whites

Afro-Caribbeans

Black Africans

South Asians

Chinese

Others

563 (38.3)
570 (36.4)
605 (35.9)
888 (46.5)
990 (48.7)
1075 (51.4)
1003 (47.7)
977 (41.9)
443 (19.1)
529 (21.3)
508 (20.7)
741 (28.4)
908 (31.8)
1156 (39.0)
1276 (41.3)
1273 (40.3)

554 (98.4)
561 (98.4)
587 (97.0)
863 (97.2)
964 (97.4)
1034 (96.2)
953 (95.0)
913 (93.4)
365 (82.4)
461 (87.1)
436 (85.8)
647 (87.3)
784 (86.3)
962 (83.2)
1058 (82.9)
1135 (89.2)

2 (0.4)
1 (0.2)
2 (0.3)
3 (0.3)
1 (0.1)
5 (0.5)
11 (1.1)
24 (2.5)
35 (7.9)
23 (3.9)
20 (4.3)
30 (4.0)
57 (6.3)
96 (8.3)
110 (8.6)
43 (3.4)

0 (0.0)
1 (0.2)
2 (0.3)
3 (0.3)
4 (0.4)
8 (0.7)
3 (0.3)
8 (0.8)
8 (1.8)
8 (1.5)
11 (2.2)
18 (2.4)
17 (1.9)
13 (1.1)
14 (1.1)
12 (0.9)

7 (1.2)
4 (0.7)
7 (1.2)
7 (0.8)
11 (1.1)
15 (1.4)
15 (1.5)
17 (1.7)
11 (2.5)
18 (3.4)
25 (4.9)
20 (2.7)
26 (2.9)
49 (4.2)
41 (3.2)
34 (2.7)

0 (0.0)
0 (0.0)
4 (0.7)
4 (0.5)
7 (0.7)
5 (0.5)
8 (0.8)
5 (0.5)
7 (1.6)
9 (1.7)
3 (0.6)
6 (0.8)
8 (0.9)
10 (0.9)
20 (1.6)
11 (0.9)

0 (0.0)
3 (0.5)
3 (0.5)
8 (0.9)
3 (0.3)
8 (0.7)
13 (1.3)
10 (1.0)
17 (3.8)
10 (1.9)
13 (2.6)
20 (2.7)
16 (1.8)
26 (2.2)
33 (2.6)
38 (3.0)

the population and the corresponding proportions of
cases of IHBD and HCC were 92% and 85% respectively. In contrast, Afro-Caribbeans constituted about 1%
of the population of England and Wales in 2008, yet 3%,
5% and 1% of HCC, IHBD and Liver NOS, respectively
were registered to people whose ethnic background was
Afro-Caribbean in that year. Similarly, the proportions of
PLC registration in the incidence data in black Africans
and Chinese were slightly higher than the proportion of
these ethnic groups in the population as a whole (1% vs
2% respectively) (Figure 3).

separate studies, had observed increases in mortality and
incidence of liver cancer, respectively[3,4]. Global studies
of PLC was reported by Khan et al[10] to show widespread
increase in mortality from IHBD in all western countries
that were studied. Whereas a variable mortality trend
from HCC was found in studies across countries, the
present study noted that both IHBD and HCC were rising in incidence and mortality in England and Wales. In
contrast to other countries, however, the rate of increase
in the mortality from PLC in England and Wales was
greatest for IHBD, compared to HCC[10].
The progressive increase in the incidence and mortality rates of PLC in England and Wales either reflects a
true increase, or an epidemiological artefact. For instance,
our group recently published the contribution of misclassification of hilar cholangiocarcinoma to increasing
the incidence of IHBD[11]. Another study in the United
States has also shown that although coding error resulted
in 15% overestimation of IHBD, there was a significant
proportion of increase that was not explained by misclassification[12]. A true increase may thus underlie the
trend in the mortality and incidence being reported in the
present study. Furthermore, the fact that both incidence
and mortality increased supports a non-artefactual effect and suggests there has not been any improvement in
survival from PLC, despite changes in the diagnosis and
treatment of PLC during the last decade.
While it has been a common cause of liver tumourrelated death in England and Wales, IHBD is a less common subtype of PLC than HCC worldwide. Aetiological
associations of IHBD are ill-understood, and are still
being studied. Chronic infestation by liver fluke is associated with the aetiology of IHBD in South-East and
East Asia[13,14]. Primary sclerosing cholangitis (PSC) is
the commonest known predisposing factor for IHBD in
the Western world, often associated with up to a tenth
of cases of cholangiocarcinoma[15,16]. However, the incidence of PSC has not been shown to be increasing
and thus cannot explain the current rise in the incidence

Mortality to incidence ratio
Women are projected to experience lower survival than
men in general (Figure 4). For HCC, both men and
women will experience rising MIR during the next 10
years unless changes that will ensure earlier detection and
treatment is achieved, although this will plateau for men
from 2014. These data suggest that a higher proportion
of women than men will experience lower survival from
IHBD.

DISCUSSION
This study has presented for the first time both mortality
and incidence rates together for primary liver cancer and
shown that they have continued to rise in England and
Wales throughout the last decade. The greatest rise was in
IHBD in both men and women (44% increase: from 910
cases in 2001 to 1311 cases in 2008). Reassuringly, histological confirmation of PLC subcategories has become
more widespread in diagnostic practice and less accurate
modes of diagnosis, such as imaging techniques, have
been declining as the sole mode of diagnostic confirmation. Generally, the registration of IHBD and HCC was
proportionately highest among people whose ethnicity
was registered as Afro-Caribbean.
Using data gathered towards the end of the last
century, Taylor-Robinson et al[3], as well as West et al[4] in
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Figure 3 Comparison of ethnic groups in England and Wales (2008), as recorded in the (A) population of England and Wales, and the registration of (B)
hepatocellular carcinoma, (C) intrahepatic bile duct carcinoma, and (D) liver tumours, not otherwise specified.

of IHBD[17]. Environmental toxins and genetic dispositions[18] have also been noted to be responsible for
sporadic cases of IHBD and may underlie some of the
observed differences in this present study.
Changes in the basis of diagnosis may have resulted
in increased case ascertainment and thus contributed
to the rising trends in the incidence and mortality rates
observed. Our data show that the proportion of cases
reported to cancer registries that had histology underpinning the diagnosis of PLC has been increasing, suggesting that suspicious “nodules” identified during routine
screening or investigations incompletely characterised by
dynamic imaging are being subjected to liver biopsy in
many centres across England and Wales and hence diagnosed. Recent technological advances in the management
of PLC[19-21], including the setting up of tertiary centres,
modern hepatobiliary imaging, image-guided biopsies and
widespread availability of magnetic resonance cholangiopancreatography (MRCP) may have contributed to the
recent trends. The role of case ascertainment is further
buttressed by the rising trend in the histological confirmation of PLC shown in this study, suggesting a more
aggressive surveillance for PLC.
It would be expected that an outcome of improved
diagnostic yield should lead to detection of early stage
PLC and improvement in survival. There is yet a study

WJG|www.wjgnet.com

to be undertaken that describes the impact of changes in
screening guidelines and management of PLC in England and Wales. As mortality to incidence ratio has been
recently validated to be a proxy indicator for cancer survival studies[22], our data confirms that PLC will continue
to be associated with high case fatality, mostly contributed to by the low survival from IHBD. Also, a US study[23],
has shown that although an increase in the incidence of
IHBD was noted during recent years (1975 to 1999),
there was neither a significant increase in the proportion
of those found with localised disease, nor in the survival
of those diagnosed. Survival from PLC is projected to
be lower in women in England and Wales by 2018. Leadtime bias could be responsible for the observed mutual
increase in the incidence and mortality rates of PLC in
the face of improvements in diagnosis. It is thus possible
that our finding represents a true increase in mortality
due to an inherent poor prognosis associated with PLC.
The exploration of ethnic information confirms that
sub-Saharan Africans and South Asians living in England
and Wales have higher PLC incidence than indigenous
white people[6,24]. Our population-based analysis confirms
that the registration of HCC among Afro-Caribbeans,
sub-Saharan black Africans and Chinese is higher than
among indigenous white people in England and Wales.
This finding is similar to a population-based US study in
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Figure 4 Estimated relative survival (A) 5 yr and (B) 10 yr projections; obtained from complement of mortality to incidence ratios × 100 that was extrapolated from 2008 to 2018. PLC: Primary liver cancer; HCC: Hepatocellular carcinoma; IHBD: Intrahepatic bile duct carcinoma.

nificant survival benefit to female patients[33].
HCV-related HCC has been identified as one of many
reasons for the rise in HCC incidence in some developed
countries, including England and Wales[34]. The incidence
of HCV in England and Wales rose significantly between
1960 and 1980[35], owing to the practice of intravenous
drug use and the prevalence of HCV in the blood donor
system prior to donor screening procedures in 1992.
HCC would have only recently started to emerge in patients that were infected during this period as progression to end-stage liver disease (cirrhosis and HCC) can
take 25-30 years[36]. Alcoholic liver disease has also been
reported to have more than doubled between 1990 and
2003 in England and Wales[37]. With economic and social
factors that have promoted consumption of alcohol, the
influence of alcohol on the current rising incidence of
HCC is likely to be exponential and has contributed to
the current observation. A population-based study of
the impact of alcohol consumption, obesity and other
factors has recently lent support to the contribution of
these lifestyle factors to rising incidence of PLC. A recently published case-control study of the European Prospective Investigation into Nutrition and Cancer cohort
reported higher odds of HCC in people who smoked
cigarettes, drank alcohol and/or were obese, compared to
controls[38]. Per capita alcohol consumption in the United
Kingdom has increased by 150% in the past 50 years[5], a
factor that could well have added to the rising incidence
of HCC.
Diabetes mellitus (DM), a recognised risk factor for
HCC, is higher among migrant populations than among
indigenous whites of England and Wales[39]. Since the
mid-1990s, Gray et al[40] found that DM coexisting with
HCV infection was significantly higher among Afro-Caribbeans than other ethnicities. That study also reported
that persistent moderate elevations in serum transaminases of studied patients was higher among Afro-Caribbeans
than in other studied ethnic minorities, a factor associated
with poor outcome. This may therefore contribute to the
higher and rising rate of HCC in Afro-Caribbeans, com-

2008 that reported a higher incidence of HCC among immigrant populations, compared to Caucasians[25]. Higher
prevalence of HBSAg carriage status among immigrant
populations may in part have predisposed ethnic minorities to HCC. The rates of HCC in people from Asian
and African backgrounds were however, not as alarming as expected, perhaps reflecting the positive impact
of hepatitis B virus (HBV) vaccination in the control of
PLC. A landmark study in Taiwan confirmed that HBV
immunisation in children introduced in 1984 significantly
halved the annual incidence of HCC from 0.70/100000
in 1981-1986 to 0.36/100000 in 1990-1994[26].
We found registrations of IHBD at cancer registries
proportionately highest among Afro-Caribbeans. Reasons for the higher proportional registration of IHBD
in particular among Afro-Caribbean populations are not
clear and require further investigation. It suggests a high
prevalence of aetiological factors and/or more willingness to register ethnic information by Afro-Caribbean
people. Ulcerative colitis is associated with PSC, which in
turn is responsible for about 10% of IHBD[27]. Reports
of PSC and indeed ulcerative colitis among ethnic minorities are scanty. A 15-year study, published 3 decades ago
intriguingly observed a significant rarity of ulcerative colitis among Afro-Caribbeans[28]. Recent case control and
cohort studies have implicated hepatitis C virus (HCV),
HBV, cigarette smoking, obesity, gallstones and alcohol
consumption, among others to be contributory to IHBD,
although some of these associations are weak[29,30]. A
descriptive study during the latter part of 2000 found a
higher prevalence of obesity, cigarette smoking, alcohol
drinking and cirrhosis of the liver from HCV in AfroCaribbeans, compared to sub-Saharan black Africans[31].
To the best of our knowledge, there is no firm evidence
of increasing HCC risk in women in relation to oral
contraceptive (OCP) or other hormone use[32]. Hence,
hormone use is unlikely to explain the increase in rates
of HCC in women that we observed. On the contrary,
a cross sectional study of over 3000 HCC patients confirmed OCP as an independent factor that conferred sig-
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pared to the rest of studied ethnic minorities. Indeed a
study of obesity among ethnic minorities found that the
highest rate of obesity was among Afro-Caribbeans (30%)
relative to 19% in the reference white population.
We note that the registration of ethnicity was lacking
in more than 60% of those that were registered with PLC
in England and Wales cancer registries. Although we utilised data during a most recent year with 40% registration
of ethnic information, it is possible that a disproportionate registration of ethnic information would have skewed
our findings. With progressive increases in ethnic registration during liver cancer registration, follow up analyses
should provide a better distribution of PLC by ethnic
groups in England and Wales.
The major strength of the present study is the fact
that it utilised the whole population cancer registry data
of England and Wales. We have been able, for the first
time, to demonstrate trends in both mortality and incidence together of PLC, the basis of diagnosis and ethnic
distribution for the whole population of England and
Wales. The information on the basis of diagnosis was
objective evidence of the modality of investigation for
PLC during the period when data on mode of diagnosis
was collected routinely across the country. The ethnic
trends in liver cancer registrations presented here provide
important insight on high risk groups and possible focus
for prevention strategies. However, due to the limited
number of individual registrations recorded with ethnicity, the trends are estimations subject to error, based on
the ethnic proportions in the population as a whole. We
advocate further studies to corroborate and expand on
our findings. To determine the impact of guidelines and
improved management of PLC, information on adherence to surveillance schedules, tumour stage at diagnosis,
ethnicity, and survival of patients will need to be gathered. Search for better performing screening and diagnostic tools should be a priority as current tools have low
sensitivities and specificities. Newer techniques, including
the use of urinary metabonomics hold some promise
but wait on validation experiments. Our group has recently reported the impressive diagnostic performance of
panels of urinary metabolites in discriminating HCC in
some African populations[41,42] Follow-up studies of these
changing trends in the mortality and incidence of PLC
need to be closely monitored.
In conclusion, Mortality from PLC has continued to
increase in both sexes in England and Wales. The incidence of IHBD increased in both genders, while that of
HCC increased only among males. Increasing use of histological confirmation of PLC and subcategories lends
support to better characterisation of liver tumours. While
the proportional registration of all major categories of
PLC was greatest in Afro-Caribbeans, there were modestly higher proportions of sub-Saharan black Africans
and Chinese with HCC, compared to indigenous white
populations. Better characterisation of PLC is being
achieved in England and Wales, providing opportunities
for targeted preventive programmes.
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Background

Primary liver cancer (PLC) is the 5th most commonly diagnosed cancer and 3rd
cause of cancer-related death globally. Although less common than in the developing countries, an exponential increase in the mortality from PLC in England and
Wales was reported towards the end of the last century. Lifestyle and temporal
changes warrant close monitoring of the trends in not only the mortality, but additionally; incidence, modes of diagnosis and ethnic distribution of this fatal cancer.

Research frontiers

It remains less widely investigated whether changes in diagnosis, International
Classification of Diseases (ICD) classification and immigration are impacting on
the increasing rates of PLC in England and Wales. There is insufficient data on
the most important factors responsible for rising rates of PLC in England and
Wales. The rates of deaths from chronic liver disease in the United Kingdom
has been reported to be going upwards in contradiction to declining death rates
of more common diseases such as asthma and cardiovascular events. Recognising the impact of these changes through surveillance of most current trends
in PLC would inform clinical care and management guidelines and efforts for
prevention.

Innovations and breakthroughs

The authors have reported for the first time, information on changes in the
mode of diagnosis and ethnic variation of PLC incidence by subcategories in
England and Wales. Data were obtained from the national cancer registries,
which include all incident cases and deaths from these cancers and are thus
representative of the population. Although a significant proportion of the registered cases were found not to have information on basis of diagnosis and
ethnic background, it highlights significant information that would be relevant for
follow up studies.

Applications

These results highlight the need to ensure accurate registration of information
on PLC diagnoses as well as provision of aggressive prevention strategies to
at-risk groups, such as people of Afro-Carribean ethnicity. “Basis of diagnosis”
is vague and needs to be given a standardised definition, otherwise if cancer
registries differ in this definition, it could provide inaccurate data and hence
faulty conclusions. The contribution of diets, obesity, smoking and alcohol
consumption in the current trends would form a suitable subject of worthwhile
study. Efforts at developing more sensitive and specific PLC screening tools in
order to reverse the projected trend of worsening poor survival is engendered
by these data.

Terminology

ICD is the internationally agreed alpha-numeric system by which diseases and
deaths are classified into categories by national registration bodies. Basis of
diagnosis describes the most advanced method used in making a diagnostic
decision for PLC and subcategories.

Peer review

Ladep et al present an interesting analysis on liver cancer incidence and mortality in England and Wales. They divided the information into different types of
tumours, gender and ethnicity. The manuscript reports very interesting findings
that incidence and mortality of PLC, and particularly intrahepatic bile duct carcinoma, have continued to rise in England and Wales and the change observed
may be caused by changes in the modes of diagnosis.
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Regulation of hepatic EAAT-2 glutamate transporter
expression in human liver cholestasis
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level of substrate affinity and maximal transport velocity. The decreased uptake was correlated with intracellular translocation of EAAT2 molecules as demonstrated
using immunofluorescence. In the liver of bile duct
ligated rats, an increase in EAAT2 transporter protein
expression in hepatocytes was demonstrated using immunohistochemistry. The same findings were observed
in human liver specimens of cholestasis in which high
levels of γ-glutamyl transpeptidase were documented
in patients with biliary atresia and progressive familial
intrahepatic cholestasis type 3.
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CONCLUSION: This study demonstrates the alteration
in glutamate handling by hepatocytes in liver cholestasis and suggests a potential cross-talk between glutamatergic and bile systems.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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ligation; Cholestasis; Biliary atresia
Core tip: The aim of the current study was to demonstrate the role of glutamate transport, the most abundant intracellular hepatic amino acid, in liver cholestasis. The study was conducted in vitro using HepG2 cells
as well as the livers of bile duct ligated rats and human
cholestasis specimens. The principal data revealed that
the activity and expression of EAAT2-mediated glutamate transport were altered both in vitro and in vivo .
This supports the involvement of glutamate transporters, as an indirect liver response and/or as a direct
hepatic target, in restoring intracellular pools of this
amino acid which are probably altered after cholestasis.

Abstract
AIM: To investigate the activity and expression of
EAAT2 glutamate transporter in both in vitro and in
vivo models of cholestasis.
METHODS: This study was conducted on human hepatoblastoma HepG2 cell cultures, the liver of bile duct
ligated rats and human specimens from cholestatic
patients. EAAT2 glutamate transporter activity and expression were analyzed using a substrate uptake assay,
immunofluorescence, reverse transcription-polymerase
chain reaction, and immunohistochemistry, respectively.

Najimi M, Stéphenne X, Sempoux C, Sokal E. Regulation of
hepatic EAAT-2 glutamate transporter expression in human
liver cholestasis. World J Gastroenterol 2014; 20(6): 1554-1564
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i6/1554.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i6.1554

RESULTS: In HepG2 cells, cholestasis was mimicked by
treating cells with the protein kinase C activator, phorbol 12-myristate 13-acetate. Under such conditions,
EAAT2 transporter activity was decreased both at the
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D-[3H]-aspartate was from Amersham (Amersham Pharmacia Biotech, Roosendaal, Netherlands). Anti-GLT-1/
EAAT2 antibody was purchased from Abcam (Cambridge,
United Kingdom), and anti-actin and anti-MRP2 antibodies were provided by Sigma and Alexis Biochemicals,
respectively. L-trans-pyrrolidine-2,4-dicarboxylic acid (tPDC) and threo-beta-benzyloxyaspartate (TBOA) were
purchased from Tocris (Bristol, United Kingdom) and
dihydrokainic acid (DHK) was from Ocean Product
International (Nova Scotia, Canada). The culture medium, penicillin, streptomycin, non-essential amino acids,
pyruvate sodium, trypsin-EDTA, reverse transcription
(RT) kit, elongase and PCR primers were obtained from
Invitrogen (Merelbeke, Belgium). Fœtal calf serum was
purchased from Perbio Science (Erembodegem, Belgium).

INTRODUCTION
The liver is considered to be the major site of amino
acid and protein homeostasis. Of these amino acids,
L-glutamate is the most abundant intracellular amino
acid. Accordingly, this intermediate is involved in a wide
variety of liver metabolic pathways such as ureagenesis,
gluconeogenesis and glutathione synthesis. The intracellular availability of glutamate is highly controlled both
at the level of synthesis, after conversion of a variety
of precursors, and uptake from the extracellular environment. High glutamate concentrations have been
documented in liver and bile[1] and can serve as substrate pools for glutamate transporters predominantly
expressed at the canalicular side of the hepatic cell[2].
Amongst the glutamate transporters (EAATs 1-5) described so far[3], GLT-1/EAAT2 has been well-documented in the liver[4-6]. However, its role is not yet fully
understood, although many reports have demonstrated
that glutamate transporters are subject to direct regulation at the transcriptional, translational and posttranslational levels[7]. Glutamate transporters directly or indirectly cross-talk with proteins inserted within the same
membrane or with several intracellular signaling pathways[8-11]. Protein kinase C (PKC) represents one of the
widely studied intracellular pathways that control both
the activity and the expression of glutamate transporters.
Such a functional relationship has been demonstrated in
several models, particularly of central nervous system
origin[9,12-14]. Activation of PKC in the liver is correlated
with the appearance of symptoms related to cholestasis.
Indeed, a clear positive and negative modulation of bile
flow has been reported in the rat liver following PKC
activation. Such an effect was correlated with the regulation of both apical exocytosis and sinusoidal bile acid
uptake[15]. In vitro, down-regulation of MRP2 transporter
expression, a potential condition related to cholestasis
development, has been demonstrated in human HepG2
cells treated with PKC activator[16]. Together, these data
support the investigation of the potential involvement
of glutamate transporters in liver physiopathology.
In the current study, we demonstrate that PMA mediated activation of PKC in HepG2 cells, an experimental condition mimicking liver cholestasis, and modulated
both EAAT2 transporter activity and expression. In vivo,
EAAT2 expression in the livers of bile duct ligated rats
and in human specimens of cholestatic disease was upregulated. These alterations in GLT-1/EAAT2 expression observed in both experimental in vitro and in vivo
models of cholestasis suggest involvement of the glutamate system as part of the liver response or as a direct
liver target of cholestasis.

Cell culture
HepG2 cells were cultured in plastic flasks (CELLSTAR®,
Greiner Bio One) using DMEM containing 4.5 g/L glucose (Ref number: 41965-039) medium supplemented
with 10% fetal calf serum, 1% non-essential amino
acids, 1% pyruvate sodium, and 1% penicillin-streptomycin. At confluence, cells were routinely lifted using
0.05% trypsin-EDTA and replated at a 1:10 dilution. All
cultures were maintained at 37 ℃ in a water-saturated
atmosphere containing 5% CO2. All culture media and
consumables were from Invitrogen.
Animals and bile duct ligation
Experiments performed in this study were approved
by the local ethical review board. Male Wistar rats were
subjected to a 12-h day-night rhythm with free access to
food and water. Four sham and 4 bile duct ligated rats
were used for these experiments. Animals were anesthetized with an intraperitoneal injection of xylazine/ketamine, and were randomly assigned to bile duct ligation
or sham operation. Briefly, the common bile duct was
identified, double-ligated close to the liver hilus and cut
between the ligatures. In sham-operated rats, the bile
duct was only identified and exposed. Fifteen days later,
livers were harvested for analysis. Specimens were fixed
in formalin for 48 h and embedded in paraffin.
Human liver samples
Cholestatic human liver tissue was obtained from the
resected livers of patients undergoing orthotopic liver
transplantation for biliary cirrhosis, due to biliary atresia
(BA) (n = 4) or progressive familial intrahepatic cholestasis (PFIC) (n = 4). For controls, we used 3 liver specimens from patients transplanted for a non-cholestatic
liver disease (2 Crigler Najjar and 1 oxalosis). Use of
these tissues for research purposes was approved by the
institution review board and the patient’s representative
gave approval. Samples of liver tissue were fixed in formalin for 24-48 h and embedded in paraffin.

MATERIALS AND METHODS
Materials
PMA, 4’,6-diamidino-2-phenylindole (DAPI), L-aspartate
and phenylarsine oxide (PAO) were obtained from Sigma,
Ro-8220 and PD98056 were from Calbiochem, and
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At 80% confluence, plates with hepG2 cells were placed
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Evaluation of cell damage
Cell viability following PMA treatment was evaluated by
analyzing HepG2 cell culture supernatants for lactate dehydrogenase (LDH) (Cytotoxicity detection kit, Roche).
Intracellular ATP concentrations were also semi-quantitatively measured in HepG2 cell cultures using a commercially available kit (ATP Bioluminescence Assay Kit CLS
Ⅱ, Roche) according to the manufacturer’s instructions.

at the surface of a 37 ℃ water bath, rinsed twice with
preheated Krebs buffer[8] and then treated with drugs
or vehicles. For the saturation studies, D-[3H]-aspartate
(30 nmol/L) was diluted with unlabeled L-aspartate to
achieve final aspartate concentrations of 1-200 μmol/L.
Inhibitors were added 15 min before the addition of
PMA. Unless stated, uptake was stopped after 6 min by
3 rinses with ice-cold Na+-free Krebs buffer in which
NaCl was substituted with equi-osmolar choline chloride.
The cells were lysed with 500 μL of 1 N NaOH and the
radioactivity of 200 μL of the lysate was determined by
liquid scintillation counting. A fraction of the lysate was
also used for protein determination. The specific activity
of the glutamate transporters (expressed as the uptake
velocity per mg of protein) was estimated after subtracting the data obtained using Na+-free Krebs buffer.

Immunofluorescence confocal microscopy
HepG2 cells were plated on sterile glass coverslips and
treated for 4 h with 500 nmol/L PMA or vehicle. Cells
were then washed twice in PBS and fixed in 4% paraformaldehyde for 20 min at room temperature. After washing, cells were permeabilized with 0.1% Triton X-100 for
15 min and blocked with 5% dry milk in TBS for 1 h at
room temperature. The cells were incubated with antiEAAT2 primary antibody (1:50) in the blocking solution
for 1 h at room temperature. After three washes with
TBS, cells were further incubated with a fluorescein isothiocyanate (FITC)-conjugated goat anti-rabbit antibody
for 1 h at room temperature (1:500, Sigma, Bornem, Belgium). Cells were washed with TBS solution three times,
once with PBS and the coverslips were mounted on glass
slides in Mowiol with 2.5% DABCO overnight at room
temperature and examined with an axiovert confocal
microscope (Zeiss, Oberkochen, Germany) coupled
to MRC 1024 confocal scanning equipment (Bio-Rad,
Richmond, CA, United States).

Reverse transcription-polymerase chain reaction assay
Total RNA was extracted from cells grown in 6 wellplates using the TriPure isolation reagent and cDNA was
generated using the reverse transcription kit, according
to the manufacturer’s instructions. Polymerase chain
reaction (PCR) amplifications targeting EAAT2 and
GAPDH were performed using polymerase elongase in
a final volume of 25 μL and appropriate primers (EAAT2
sense: 5’-aaatgaatggtgttgtcctgg-3’, EAAT2 antisense: 5’
-cttcatgtcatcataaatgg-3’ and GAPDH sense: 5’-cggagtcaacggatttggtcgtat-3’, GAPDH antisense 5’-agccttctccatggtggtgaagac-3’) generating distinct amplification products (341 and 307 base pairs for EAAT2 and GAPDH,
respectively). After 26, 28 and 30 cycles of amplification
consisting of denaturing at 94 ℃ for 30 s, annealing at
60 ℃ for 60 s and extension at 72 ℃ for 90 s, samples
were electrophoresed on a 1% agarose gel and nucleic
acids were visualized by ethidium bromide staining.

Immunohistochemistry
Immunohistochemistry of both animal and human liver
samples was performed on 5 μm-thick liver sections that
were deparaffinized and rehydrated in a graded alcohol
series. After endogenous peroxidase activity blockade
by incubation for 15 min in a 3% hydrogen peroxide
methanol solution, the slices were incubated with citric
acid monohydrate solution (pH 6.0) at 97 ℃ for 90 min
for antigen retrieval. Non-specific immuno-staining was
prevented by incubation in PBS buffer containing 1%
normal goat serum for 1 h at room temperature. Slices
were thereafter incubated overnight with polyclonal antiEAAT2 antibody at a dilution of 1/4000 at room temperature.
Staining was visualized by EnVision + System-HRP
Labeled Polymer Anti-Rabbit (DAKO) using diaminobenzidine (Sigma, Belgium) as a chromogenic substrate.
The nuclei were counterstained using Mayer’s hematoxylin for 10 min. Preparations were then mounted for
microscopic analysis.

Immunoblot analysis
Total extract samples were mixed with loading buffer
(125 mmol/L Tris HCl, 50 mmol/L dithiothreitol, 4%
sodium dodecyl sulfate, 20% glycerol, 0.01% bromophenol blue, pH 6.8), boiled for 5 min and loaded onto
5% sodium dodecyl sulfate-polyacrylamide gel according to Laemmli[17]. After electrophoresis, proteins were
transferred to nitrocellulose membranes with a Bio-Rad
minitransblot electrophoretic transfer cell. Non-specific
immunodetection was prevented by incubating the nitrocellulose membranes in TBS buffer (50 mmol/L Tris pH
8.1, 150 mmol/L NaCl) containing 10% dry milk and
0.05% Tween-20 for 1 h with gentle shaking at room
temperature. The membranes were thereafter probed
with affinity-purified mouse anti-MRP2 (Alexis Biochemicals, 0.5 μg/mL) or rabbit anti-actin (Sigma, 1:1000)
diluted in blocking solution for 18 h at 4 ℃. The antigen-antibody complex was visualized with a horseradish
peroxidase-conjugated anti-mouse (Amersham, 1:6000)
or goat anti-rabbit IgG secondary antibody (Sigma,
1:3000). Immunoreactive proteins were detected using
enhanced chemiluminescence reagents (Perkin-Elmer).
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Statistical analysis
Data from the glutamate uptake experiments were analyzed by nonlinear regression using the curve-fitting
program (GraphPad Software, San Diego, CA, United
States). Statistical analysis of the data was performed
using GraphPad Prism software. Statistical differences
were determined by the Student’s t test for two-group
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Figure 1 Characterization of Na+-dependent D-[3H]-aspartate uptake in HepG2 hepatoblastoma cells. A: D-[3H]-aspartate (30 nmol/L) uptake was measured
after 6 min incubation with intact HepG2 cells treated with vehicle (controls), t-PDC (1 mmol/L), TBOA (1 mmol/L) or DHK (100 μmol/L) for 15 min. Data shown are
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comparison or by One-way ANOVA followed by the
Tukey’s test for multiple comparisons between more
than two groups. A probability of P < 0.05 was considered significant.

ity could be regulated after PKC activation. To do so,
HepG2 cells were exposed to 500 nmol/L PMA for 15
min and aspartate uptake was evaluated for 6 min. Nonlinear analysis of the specific uptake of D-[3H]-aspartate/L-aspartate isotopic dilutions revealed that PMA
treatment decreased EAAT2-mediated uptake capacity
by 60% (Bmax values of 0.220 ± 0.001 nmol/mg of protein/min for control cells and 0.088 ± 0.005 nmol/mg of
protein/min for PMA-treated cells) as well as EAAT2 affinity for the substrate (Km values of 17.1 ± 2.6 μmol/L
for control and 27.1 ± 4.3 μmol/L for PMA-treated cells)
(Figure 2A). The effect of PMA on aspartate uptake was
concentration-dependent as shown in Figure 2B and was
maintained after prolonged exposure (Figure 2C). A 90%
decrease in aspartate uptake capacity was reached when
HepG2 cells were incubated for 60 min with PMA. This
decrease in aspartate uptake was not associated with a decrease in cell viability as no difference in ATP levels was
observed between PMA and vehicle-treated cells (Figure
2C, inset). Involvement of the PKC pathway in modulating EAAT2-mediated glutamate uptake in HepG2
cells was confirmed by the complete abolition of the
observed effect using the PKC inhibitor Ro-31-8220 (1
μmol/L) (Figure 3A). Besides PKC activation, PMA also
indirectly modulated other closely connected pathways.
To investigate the involvement of additional mediators in
such modulation, HepG2 cells were pretreated with the
MEK inhibitor, PD98059 (10 μmol/L). No inhibition of
the PMA-mediated decrease in aspartate uptake was observed (Figure 3A).
As the inhibition of aspartate uptake observed in
HepG2 cells after PMA treatment could be correlated
with internalization of transporter molecules from the
plasma membrane, cells were pretreated with PAO in
order to block both internalization and membrane insertion processes[18-20]. In PAO pre-treated cells, a partial
inhibition of the PMA effect was observed (Figure 3B)
suggesting that internalization of glutamate transporters

RESULTS
Expression of GLT-1/EAAT2 transporter in HepG2 cells
As explained in the Methods section, glutamate transport was evaluated in HepG2 cells following incubation with radiolabeled D-aspartate, a non-metabolizable
analog of glutamate, for 6 min. Significant specific Na+dependent D-[3H]-aspartate uptake was measured and
no uptake was detected using Na+-free buffer (data not
shown). When HepG2 cells were incubated with the
non-selective transportable inhibitor, t-PDC, or the nontransportable inhibitor, TBOA, Na+-dependent aspartate
uptake was completely abolished (Figure 1A) indicating
the involvement of high affinity glutamate transporters. The use of DHK, a selective inhibitor of EAAT2
mediated uptake, demonstrated that EAAT2 was the
predominant glutamate transporter expressed in HepG2
cells (Figure 1A).
Further glutamate transport characterization was
performed after incubating HepG2 cells with increasing
concentrations of the substrate. Non-linear analysis of
D-[3H]-aspartate uptake revealed a maximal velocity of
0.220 ± 0.001 nmol/mg of protein/min and a Km value
of 17.1 ± 2.6 μmol/L (Figure 1B). RT-PCR analyses (data
not shown) and immunofluorescence confirmed the expression of EAAT2 transporter in HepG2 cells (Figure
1C). Together these data demonstrate that HepG2 cells
primarily express functional EAAT2 glutamate transporters.
Effect of acute PMA treatment on D-[3H]-aspartate
uptake activity in HepG2 cells
We thereafter examined if EAAT2 transporter activ-
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We then focused on the behavior of the EAAT2 transporter after long-term PKC activation. These experimental conditions have been shown to mimic liver cholestasis by inducing down-regulation of MRP2 transporter
expression from apical membranes in these cells and in
perfused rat liver[15]. In our study, we first confirmed the
dramatic loss of MRP2 canalicular immunoreactivity in 4
h PMA-treated HepG2 cells using immunofluorescence
(Figure 4A). We further investigated EAAT2 glutamate
transporter activity after 1, 2 and 4 h by evaluating uptake
after incubation with radiolabeled aspartate for 6 min. As
shown in Figure 4B, a 90% decrease in aspartate uptake
was observed in PMA-treated HepG2 cells as compared
to controls, an effect that was observed after 1 h and was
unchanged up to 4 h. The decreased uptake activity was
not correlated with altered cell viability as demonstrated
using the LDH assay at the longest period of PMA treatment (Figure 4B inset). This suggests that chronic PKC
activation maintained decreased EAAT2 activity.
Confocal microscopy was used to evaluate whether
decreased aspartate uptake observed after PMA treatment was correlated with internalization of EAAT2
membranous transporters. After immunostaining, labeled cells were scanned under 488 nm wavelength excitation and images were acquired as single transcellular
optical sections. As shown in Figure 4C, under control
conditions, EAAT2 immunoreactivity appeared predominantly at the cell surface with concomitant intracellular
staining (Figure 4C). After PMA treatment, immunoreactivity was concentrated in the peri-nuclear region,
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(PKC) pathway in the modulation of EAAT2 activity in HepG2 cells; Cells were
pretreated with 1 µmol/L Ro-31-8220 or vehicle for 15 min. Thereafter, phorbol
12-myristate 13-acetate (PMA) (500 nmol/L) was added and the uptake assay
was performed after 15 min. Data shown are means ± SE of three independent
experiments performed in triplicate. PMA significantly inhibited D-[3H]-aspartate
uptake, Ro-31-8220 had a non-intrinsic effect on aspartate uptake, and completely blocked the effect of PMA on aspartate uptake (Ro-31-8220 vs PMA
plus Ro-31-8220 not significantly different). PD09859, a selective inhibitor of the
MAPK pathway, failed to prevent the PMA-decrease in aspartate uptake; B: Effect of L-aspartate and phenylarsine oxide (PAO) on basal and PMA-decreased
aspartate uptake in HepG2 cells. Cells were pretreated with PAO (10 μmol/L) or
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between PMA-treated cells with or without the pharmacological agent.

is part of the mechanism (in addition to decreased affinity) behind the decrease in HepG2 cells’ ability to take
up aspartate. Together these data suggest the potential
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(original magnification × 200); B: Effect of pre-treating HepG2 cells with PMA for 1, 2 and 4 h on D-[3H]-aspartate uptake. Data are expressed as percent of control
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EAAT2 genetic expression was affected. Using RT-PCR,
analysis of EAAT2 transporter mRNA level revealed
that PMA stimulated the expression of this transporter
as compared to control cells (Figure 5A). The effect of
PMA was observed after 26 and 28 cycles of amplification and was specific to the EAAT2 transporter as the
amplification of GAPDH cDNA appeared similar in the
controls and PMA-treated cells (Figure 5B).

whereas very low immunostaining was observed at the
membrane. EAAT2 transporter molecules were particularly redistributed into large vesicular compartments
within the cell suggesting a possible transfer into late endosomal or lysosomal pathways. These data suggest that
internalization of EAAT2 cell surface transporters is
involved in the inhibition of aspartate uptake observed
after chronic PKC activation. We further examined if
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Figure 6 GLT-1/EAAT2 transporter expression in rat liver after bile duct ligation. A: Immunoblot analysis of multidrug resistance protein 2 transporter and actin
protein expression in the liver of sham-operated (control, n = 4) and bile duct ligated (BDL, n = 4) rats. Fifty µg of total protein extract were loaded and subjected
to sodium dodecyl sulfate-polyacrylamide gel electrophoresis. Immunoblots are representative of at least three independent experiments; B: Immunohistochemical
localization of the GLT-1/EAAT2 transporter in liver sections of sham operated (B1, B3) and bile duct ligated (B2, B4) rats. Immunohistochemistry was performed on
paraffin-embedded liver sections using specific antibody for GLT-1 as described in Methods. (B1 and B3) in sham-operated liver rats, no GLT-1 immunoreactivity is
observed in hepatocytes. After BDL, (B2 and B4) GLT-1 immunoreactivity is detected as a specific cell surface staining in hepatocytes [original magnification × 200 (B1,
B2) and × 400 (B3, B4) respectively].

Expression of GLT-1/EAAT2 transporter in the liver of
bile duct-ligated rats and human cholestatic disease
Based on the data obtained in HepG2 cells, it may be
surmised that in vivo GLT-1/EAAT2 transporter expression is modulated in liver cholestasis. Therefore, GLT-1
immunoreactivity was analyzed in rat liver 15 d after
bile duct ligation (BDL). Using immunoblotting, we
first evaluated the effect of this surgical intervention on
the expression of MRP2 transporter. As shown in Figure 6A, a marked loss in MRP2 protein expression was
observed after BDL, whereas no changes were seen in
actin expression, used as the internal control, between
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the sham-operated and BDL rats. We then analyzed the
expression of GLT-1 transporter in paraffin-embedded
liver sections using immunohistochemistry. At the antiGLT-1 antibody concentration used, no staining was
observed in sham-operated rats (Figures 6B1 and 6B3),
whereas strong up-regulation of cell surface GLT-1
transporter expression was observed in all the membranes of hepatocytes in BDL rats (Figures 6B2 and
6B4). These results, although contrary to the results obtained in the HepG2 cell line, confirm that the expression of EAAT2/GLT-1 transporter is altered during in
vivo cholestasis.
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Figure 7 EAAT2 transporter expression in human cholestatic liver tissue. A: In non cholestatic liver disease, some rare hepatocytes show membranous staining; B:
In PFIC type 2, this expression increased, but was still limited to some hepatocytes. In the case of biliary atresia (C) and progressive familial intrahepatic cholestasis
(PFIC) type 3 (D), the membrane expression is strong and observed in numerous hepatocytes (original magnification × 200).

Analysis of human liver disease specimens revealed
that control non-cholestatic liver specimens showed rare
focal cell surface immunostaining of hepatocytes without any specific topography in the liver lobule (Figure
7A). In cholestatic liver slices, plasma membrane expression of EAAT2 transporter, as in BDL rats, increased
in all membranes of the diseased hepatocytes. In genetically proven progressive familial intrahepatic cholestasis
type 2 (PFIC 2) samples, the immunostaining remained
focal (Figure 7B), whereas in BA (Figure 7C) and PFIC
3 (Figure 7D) strong membranous labeling was present
in numerous hepatocytes. In PFIC 3, this labeling was
concentrated in the periportal tract.

concentrations of glutamate are approximately 30 times
higher than plasmatic concentrations[2,21,22] suggesting
that sinusoidal glutamate uptake activity is low. High
glutamate concentrations are also found in bile and do
not originate from direct secretion of free glutamate.
These high levels are generated within the biliary tree by
the action of GGT on glutathione secreted into bile[2].
The glutamate transport system detected in the canalicular membrane may then serve to reclaim some of this
amino acid.
According to its important intermediary metabolic
role in liver ammonia detoxification, gluconeogenesis
and acid-base balance, the control of hepatic glutamate
transport may significantly modulate its availability and
these related intrahepatic metabolic processes. Indeed,
glutamate transport across the liver sinusoidal membrane
is currently documented to be important for controlling
liver nitrogen flux by modulating perivenous glutamine
synthesis[23]. The activity of glutamate transporters in
liver sinusoidal membranes is influenced by a variety of
factors in vivo including those which alter plasma amino
acid composition or the Na+ electrochemical gradient.
Modulation of both the degree and the distribution of
glutamate transporter expression within the liver may
enhance the range of hepatic response to a variety of
physiological and physio-pathological challenges. This is
the case for managing whole-body nitrogen metabolism,
as demonstrated after starvation, diabetes and glucocorticoids treatment[24].

DISCUSSION
Using PMA-treated human hepatoblastoma HepG2
cells, the current study demonstrated that EAAT2 glutamate transporter expression and activity were modulated
under experimental cholestasis conditions. In vivo, we
showed an up-regulation of EAAT2/GLT-1 glutamate
transporter protein expression in the membranes of hepatocytes of both bile duct-ligated rats and cholestatic
human liver samples in which high levels of GGT were
noted. Although divergent, the in vitro and in vivo data
from the current study confirm the involvement of glutamate transport systems in liver physiopathology.
Liver is a major site of glutamate synthesis and displays all the related enzymatic pathways. Hepatic tissue
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Several studies have reported the involvement of
PKC in the regulation of glutamate transport, especially
in cell models of central nervous system origin[9]. In the
liver, activation of this kinase leads to the induction of
hepatic cholestasis as demonstrated in HepG2 cells and
perfused rat liver[15,16]. Our results show that HepG2 cells
specifically take up radiolabeled D-aspartate in a sodiumdependent manner. To our knowledge, this is the first report of the presence of functional glutamate transporters in this human cell line, although other studies have
demonstrated the presence of such systems in rat hepatoma cells[25,26]. After demonstrating the predominance
of EAAT2 expression in this cell line, we showed that
acute activation of PKC decreased both EAAT2 affinity
for the substrate and maximal transport velocity. These
data were in part correlated with rapid internalization
of EAAT2 cell surface transporter molecules from all
membranes. In previous studies, the decrease in GLT-1/
EAAT2 activity documented after PKC activation has
been associated only with an internalization process[14] or
with a decrease in the affinity for the substrate as demonstrated in Y-79 human retinoblastoma cells[13]. In our
study, the modulation of the above uptake parameters
of the EAAT2 transporter may be related to the PKC
subtype or to the GLT-1 isoform eventually expressed in
HepG2 cells.
We subsequently revealed that long-term PKC activation maintained a marked decrease in EAAT2 transporter activity and expression with no loss in cell viability. Such experimental conditions have been shown to
induce cellular symptoms of cholestasis (down-regulation
of MRP2 transporter expression as confirmed by our
group in PMA-treated HepG2 cells). Decreased EAAT2
expression due mainly to an internalization of cell surface transporter molecules towards the intracellular
compartment was demonstrated using confocal microscopy. Further studies are needed to determine if these
transporter molecules will be targeted for degradation
or recycling in the plasma membrane. We were unable to
study the immunoreactivity of the EAAT2 transporter at
the cell membrane and intracellular fractions as no specific signal was detected in western blotting experiments
using the commercially available anti-EAAT2 antibody.
By analyzing EAAT2 mRNA expression using RTPCR, we demonstrated that chronic activation of PKC
increased EAAT2 mRNA levels suggesting that this signaling pathway is involved in the stimulation of EAAT2
gene transcription or the decrease in its mRNA destabilization. This stipulates that cis-acting responsive elements
for this kinase may be present in the 5’ or 3’ untranslated
EAAT2 gene regions and that the PKC pathway may indirectly control the long-term level of the availability of
extracellular glutamate in the liver. Furthermore, EAAT2
mRNA up-regulation may suggest that EAAT2 molecules internalized after chronic activation are targeted
to degradation.
We determined whether EAAT2 modulated expression was observed in vivo. Thus, EAAT2 protein expres-
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sion was analyzed in the livers of rats following BDL for
2 wk. Using immunohistochemistry, our data revealed a
marked up-regulation in hepatic GLT-1/EAAT2 expression after BDL, an experimental condition of extrahepatic obstructive cholestasis. The discrepancy in the data
obtained in vivo and in vitro may be related to the model
of cholestasis, which is of intrahepatic origin in HepG2
cells and extrahepatic in bile duct ligated rats. The predominant cell surface expression of GLT-1 observed
in hepatocytes after BDL revealed that transporters are
oriented at all membranes of hepatocytes to take up extracellular glutamate.
Using transport measurements, it was proposed that
sodium gradient-dependent glutamate transport was
localized only in the canalicular domain[2]. In our experimental conditions, no immunostaining for GLT-1 was
observed in control rat livers at the canalicular or the sinusoidal side. Nevertheless, it was clear that BDL stimulated the cell surface expression of this transporter in
all hepatocyte membranes. This suggests a need for this
amino acid, due to the low energetic pool that can occur
after BDL. In addition, the high extracellular concentrations of glutamate at the plasmatic and biliary levels,
as previously demonstrated in patients with high levels
of GGT[27], force the hepatocytes to reclaim this amino
acid. No intracellular staining was observed in hepatocytes indicating that these cells are not able to synthesize
new transporter molecules.
The presence of free radicals, oxidative stress, and
lipid peroxidation have been confirmed during cholestasis[28-32]. This was attributed to the pro-oxidant potential
of hydrophobic bile acids highly accumulated inside the
hepatocytes[33] and a consequent strong inflammatory
response[34]. The up-regulation of glutamate transport via
the EAAT2/GLT-1 subtype could also be indirectly associated with liver glutathione synthesis, which is altered
after cholestasis[35].
The antioxidant defence will activate the maintenance
of normal intracellular levels of glutathione. Its de novo
synthesis is closely related to an adequate supply of precursor amino acids such as glutamate which may be supplied via transporter activity[36]. Indeed, the free glutamate
found in excreted bile is formed from the intra-biliary
hydrolysis of GSH due to the hydrolytic reaction of
GGT[37]. Glutamate formed in the canalicular bile may be
transported back into the liver via the identified canalicular glutamate transport systems[2]. The significance of this
is still unknown, although substantial intra-hepatic cycling
of specific biliary constituents was proposed. This complex interacting pathway (GSH-GGT-Glutamate) may be
altered in HepG2 cells according to the potential divergent role of GGT such as in tumour progression[36].
EAAT2 transporters are able to take up cysteine, one
of the three amino acid precursors of glutathione, and
synthesis can also be reduced if glutamate transport is
inhibited[38]. In this way, the demonstrated increase in
EAAT2/GLT-1 transporter activity may help hepatocytes to avoid liver oxidative damage.
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gluconeogenesis and glutathione synthesis. Glutamate uptake is involved in
controlling intracellular glutamate availability and is clearly implicated in diseases of other organs such as the central nervous system. Although many of
the metabolic pathways associated with glutamate are altered in several liver
diseases, few studies on the role of glutamate uptake in liver physiopathology
are available.

A relationship between PKC and GSH has also been
documented[39]. Indeed, negative regulation of PKC has
been reported consequent to GSH depletion as in oxidative stress. Such depletion has been reported to remove
the negative modulation of PKC and to provide a permissive environment for its activity[40]. A decrease in liver
GSH, induced by L-buthionine sulfoximine or diethylmaleate treatment, is accompanied by the inactivation
of classic PKC isoforms and increased activity of novel
PKC isoforms, in particular PKC-δ[41].
The cell surface expression of EAAT2 transporter
was confirmed in cholestatic human liver samples especially in BA and PFIC 3 patients, characterized by high
levels of GGT, as compared to non-cholestatic patients
or PFIC 2. Hepatocytes are the principal bile producing liver cells (a complex fluid containing salts and
phospholipids). Bile is delivered to the intestine via the
bile ducts and acts like a detergent in order to dissolve
fat and aid the absorption of vitamins. An alteration in
PFIC gene expression causes poor bile flow including
salts (in PFIC-1 deficiency) or phospholipids (PFIC-3
deficiency). The consequent accumulation of such bile
substances in the liver leads to hepatic damage and cholestasis. In PFIC3 (MDR3 deficiency), GGT is present
in large quantities in the canalicular and bile-duct membranes. When these are damaged, GGT is released into
the bile. GGT then leaks across the wall of the biliary
tract into the blood and the concentrations of GGT in
serum are augmented. GGT is lacking in the canalicular
membranes in PFIC-1 patients. In PFIC-2, bile acids are
not normally pumped into bile, although GGT is present
in the canalicular membranes. Without the detergent action of bile acids, GGT cannot be released. The involvement of this enzyme in modulating membrane transport
has already been demonstrated in vitro. Indeed, in GGTimplanted human erythrocytes[42], an increase in amino
acid translocation across cell membranes has been proposed to be the result of an increase in the transporter
cell surface expression. The results of this study support
the potential role of GGT as an intracellular pathway
regulating glutamate transport through modulation of its
membrane localization of transporters.
In summary, the current study demonstrates the involvement of the glutamate transport system in liver cholestasis both in cellular and animal models as well as in
humans. This may help in understanding the role of glutamate and acidic amino acid transport in liver diseases.

Research frontiers

High glutamate concentrations are found both in the liver and bile as compared
to plasma. Few data are available regarding the potential role of glutamate
transporters in the liver, although this is well documented for other organs including the brain. In the current study, the authors demonstrate the involvement
of EAAT2-mediated glutamate transport in liver cholestasis. Altered hepatocytes, the major metabolic liver cells, modulate cell surface EAAT2 transporter
molecule expression probably to normalize extracellular glutamate level and
recover basal intracellular metabolic activities.

Innovations and breakthroughs

This is the first study to investigate the modulation of EAAT2 mediated glutamate transport in human liver cholestasis.

Applications

Glutamate availability is very important for the execution of several intrahepatic
pathways. Pharmacological modulation of its transport activity at the hepatic
and/or extra-hepatic level should be taken into account as it may indirectly control/perturbate these hepatic metabolic pathways.

Peer review

The authors clearly demonstrated the alteration of glutamate handling by
EAAT2 in cholestatic liver disease in humans both at the intrahepatic level as in
progressive familial intrahepatic cholestasis and extrahepatic level as in biliary
atresia. The study design is clear and the methodology used is appropriate and
clearly described. Figures are clearly expressing the results in logical sequence
that is in accordance with scientific thinking. The conclusion is strongly based
on the obtained results from the experiments.
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Prognostic value of chemotherapy-induced hematological
toxicity in metastatic colorectal cancer patients
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years. Eighty-eight percent of the patients received
more than two lines of chemotherapy. By univariate analysis, whatever their grade, neutropenia and
thrombocytopenia occurring during the first two lines
of chemotherapy were significantly associated with better overall survival (HR = 0.55, 95%CI: 0.43-0.70, P <
0.0001 and HR = 0.70, 95%CI: 0.56-0.88, P = 0.025
respectively). In contrast, anemia during chemotherapy
was significantly associated with poorer overall survival
(HR = 1.9, 95%CI: 1.22-2.97, P = 0.005). Multivariate
analysis revealed that both neutropenia and thrombocytopenia were significantly associated with better overall
survival: HR = 0.43, 95%CI: 0.29-0.64, P < 0.0001 and
HR = 0.69, 95%CI: 0.49-0.98, P = 0.036, respectively.
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Abstract

Core tip: Using a retrospective database of 399 patients we aimed to establish whether chemotherapyinduced cytopenia was predictive of better outcome in
patients with metastatic colorectal cancer. We observed
that occurrence of neutropenia and thrombocytopenia
was associated with better outcome, while occurrence
of anemia was associated with poorer outcome.

AIM: To establish whether chemotherapy-induced neutropenia is predictive of better outcome in patients with
metastatic colorectal cancer (mCRC).
METHODS: Survival and patient characteristics from
consecutive mCRC patients treated in the Centre
Georges Francois Leclerc, Dijon, France between January 2001 and December 2011 were analyzed. Patient
and tumor characteristics, hematological toxicity (neutropenia, anemia, and thrombocytopenia), and type of
chemotherapy received were recorded.

Rambach L, Bertaut A, Vincent J, Lorgis V, Ladoire S, Ghiringhelli
F. Prognostic value of chemotherapy-induced hematological
toxicities in metastatic colorectal cancer patients. World J
Gastroenterol 2014; 20(6): 1565-1573 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i6/1565.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i6.1565

RESULTS: We retrospectively analyzed data from 399
consecutive patients with mCRC who received at least
one line of chemotherapy. Median follow up was 6.3
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data recording (December 31, 2011). The primary endpoint was OS, defined as the time from date of diagnosis
until death of any cause, or December 31, 2011, whichever occurred first. Survivors were censored at last follow-up. Median follow-up with its 95%CI was calculated
using the reverse Kaplan-Meier method. The association
between hematological toxicity (neutropenia, thrombocytopenia, or anemia) and patient or disease characteristics were examined using the χ 2 test or Fisher’s exact test for
qualitative variables, and the Student t or Mann-Whitney
test for continuous variables, as appropriate. Hematological toxicities were only considered if they occurred
during the first two lines of chemotherapy, because data
obtained thereafter could be biased due to inherent longer survival of these patients, and the classical problem
of immortal time bias[16].
Survival probabilities were estimated using the Kaplan-Meier method and survival curves were compared
using the log-rank test. Hazard ratio (HR) and 95%CI
for univariate and multivariate analyses of OS were
estimated using Cox’s proportional hazards regression
with a backward elimination procedure. All predictors
with P < 0.10 by univariate analysis were retained in the
multivariate models. To prevent colinearity, when two
variables were significantly correlated, only the more informative of the two was retained according to its clinical relevance, or according to the value of the likelihood
ratio. Variables included in uni- and multivariate analyses
were: neutropenia, thrombocytopenia and anemia during the two first lines of chemotherapy (occurrence or
no occurrence), location of the primary tumor (colon
or rectum), bevacizumab use, anti-EGFR use, number
of metastatic sites (1 vs ≥ 2), age (< 75, vs ≥ 75 years),
sex, serum carcinoembryonic antigen (CEA) (< 200 vs
≥ 200 ng/mL), leukocyte count, serum level of alkaline
phosphatase (ALP) (< 300 vs ≥ 300 IU/L) and lactate
dehydrogenase (LDH) (median value used as cutoff value), WHO performance status (0 vs 1-4), primary tumor
surgery, metastases resection, number of chemotherapy
lines (1 or 2 vs ≥ 3) and molecules (1-3). Multivariate
Cox models were constructed with all predictors with P
< 0.10 in univariate analysis, carried out by the backward
elimination procedure. To handle missing data, we performed Cox regression using multiple imputations[17].
Routine blood counts were taken during every chemotherapy cycle, usually the day before treatment. Hematologic toxicity was graded according to the National Cancer
Institute Common Terminology Criteria for Adverse
Events, version 3.0 [in detail anemia grade 1 (hemoglobin; Hb < 10 g/dL), grade 2 (Hb: 8-10 g/dL), grade 3
(Hb < 8 g/dL), grade 4 (life-threatening consequences);
thrombocytopenia grade 1 (150000-75000/mm3), grade 2
(75000-50000/mm3), grade 3 (50000-10000/mm3), grade
4 (< 10000/mm 3); neutropenia grade 1 (2000-1500/
mm3), grade 2 (1500-1000/mm3), grade 3 (1000-500/
mm3), grade 4 (< 500/mm3)]. For each type of cytopenia,
patients were divided into three categories: absent (grade
0), mild (grades 1-2), and severe (grades 3-4).

INTRODUCTION
In patients with unresectable metastatic colorectal cancer (mCRC), there is no curative option, but treatment
with palliative systemic chemotherapy has been shown to
improve overall survival (OS)[1]. Currently available therapeutic options rely on three major cytotoxic agents: fluoropyrimidine, oxaliplatin and irinotecan, associated with
targeted therapies [anti-epidermal growth factor receptor
(EGFR) (panitumumab and cetuximab) or anti-vascular
endothelial growth factor (bevacizumab) monoclonal antibodies]. Five-year OS in patients diagnosed with unresectable distant metastases is -10%[2-4]. In contrast, when metastases can be surgically removed, 5-year OS increases to
50%[5]. OS seems to be increasing in recent clinical studies,
probably because of the wider use of polychemotherapy
and the routine addition of targeted therapies[6-8].
Many reports[9-14] have suggested that neutropenia occurring during anticancer cytotoxic chemotherapy could
be a marker of treatment effectiveness, reflecting cytotoxic drug exposure. Accordingly, chemotherapy-induced
neutropenia has previously been associated with better
survival in many cancer types, both in adjuvant and
metastatic settings. Indeed, myelosuppression induced by
chemotherapy might be a direct reflection of cytotoxic
activity, representing a biological measure of drug effectiveness, and could thus predict treatment efficacy. Usually, the recommended dosage of chemotherapy is determined on the basis of dose-finding phase Ⅰ trials. Such
studies determine the toxic profiles of cytotoxic agents
in a small number of patients, but do not take into account the inter-individual variability of drug metabolism.
In the currently available literature, only one small retrospective study observed a significant association between
neutropenia and colorectal cancer survival[15].
However, most of these studies[9-14] only focused on
neutropenia, and did not take in account information on
other hematological toxicity such as thrombocytopenia
or anemia.
In this report, we describe a retrospective analysis of
399 consecutive patients with mCRC treated by chemotherapy, in order to evaluate associations between OS
and hematological toxicity (i.e., neutropenia, thrombocytopenia and anemia) occurring during the first two lines
of chemotherapy.

MATERIALS AND METHODS
Patients
From January 2001 to December 2011, 399 consecutive patients with histologically proven mCRC received
first-line chemotherapy at the Centre Georges-François
Leclerc (Dijon, France), and were prospectively recorded
in an institutional clinical database. This study was approved by our institutional review board and all data
were rendered anonymous.
Statistical analysis
All patients were followed up until death or the end of
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Statistical analyses were performed using SAS version 9.3 (SAS Institute Inc., Cary, NC, United States). All
tests were two sided, and P < 0.05 was considered statistically significant.

4%
19%

23%

10%
23%

40%

RESULTS

13%

Patients
The median follow-up at the time of this analysis was
6.3 years (95%CI: 5.6-7.4 years). Patient and tumor
characteristics are described in Table 1. Treatment characteristics are presented in Table 2. Most patients (88%)
received more than two lines of chemotherapy. Only
3.5% received one line of chemotherapy (fluropyrimidine alone), 13.5% received only fluoropyrimidine and
oxaliplatinum, and 4.5% received only fluorpyrimidine
and irinotecan. In total, 78.5% received the three major
drugs (oxaliplatin, irinotecan and fluoropyrimidine). The
median number of chemotherapy lines was four (range:
1-8). Seventy-two percent of patients received targeted
therapy (35% received only anti-EGFR, 40% received
only bevacizumab, and 25% received both). Thirty-eight
percent of the patients had metachronous and 62% had
synchronous disease. We noted that 83% of patients had
liver metastases, 35% had lung metastases, and 12% had
peritoneal carcinomatosis. Although 60% of patients
had only one tumor, most of these had diffuse liver or
lung involvement and less than half could benefit from
metastases surgery.

Grade
Grade
Grade
Grade
Grade

4
3
2
1
0

42%

17%
34%
24%

34%

4%
Anemia

Neutropenia

Thrombopenia

Figure 1 Worst grade of hematological toxicity (neutropenia, anemia, and
thrombocytopenia) recorded during the first two lines of chemotherapy in
metastatic colorectal cancer patients (n = 399).

nificantly higher hematological toxicity. Neutropenia, but
not thrombocytopenia or anemia, was more frequently
experienced by patients who received all three major
drugs (P < 0.0001, P = 0.053, P = 0.3), as compared to
patients who received one or two drugs, or fewer than
two lines of chemotherapy (Table 2).
Relationship between hematological toxicity and
prognosis
At the time of analysis, 311 patients had died (77.9%).
Patients who experienced at least one episode of neutropenia had significantly better outcome compared to
those with no neutropenia in terms of OS (log-rank test
P < 0.0001) (Figure 2A). Similarly, patients who experienced thrombocytopenia also had significantly better OS
compared to patients that did not present with thrombocytopenia during chemotherapy (log-rank test P = 0.008)
(Figure 2B). In contrast, occurrence of anemia was associated with poorer outcome (log-rank test P = 0.038) (Figure
2C). Mild (grade 1-2) or severe (grade 3-4) toxicity had the
same prognostic role for each hematological toxicity. Two
hundred and four patients received FOLFOX (5-fluorouracil plus oxaliplatin combination) alone or with targeted
therapies; 113 patients received FOLFIRI (5-fluorouracil plus irinotecan combination) alone or with targeted
therapies; and 82 patients received monotherapy by fluoropyrimidine alone or with targeted therapies as first-line
treatment. We observed that neutropenia was a predictor
of better outcome in patients that received FOLFOX
alone or with targeted therapies (mean OS of 27 mo in
patients without neutropenia vs 47 mo in patients with
neutropenia, P = 0.004), or in patients that received FOLFIRI alone or with targeted therapies as first-line therapy
(mean OS of 28 mo in patients without neutropenia vs 41
mo in patients with neutropenia, P = 0.04). Similar results
were observed in patients treated with fluoropyrimidine
alone or with targeted therapies as first-line therapy (mean
OS of 22 mo in patients without neutropenia vs 34 mo in
patients with neutropenia, P = 0.0005).
Univariate analysis of factors associated with OS indicated that among the classical prognostic factors, age

Hematological toxicity
In the whole population, neutropenia occurred in 71.2%
of the patients: 36.1% experienced grade 1-2 (mild)
neutropenia, and 35.1% had grade 3-4 (severe) neutropenia during the first two lines of chemotherapy. Most
patients (91.7%) developed anemia. Among these, 71.3%
developed grade 1-2 anemia and only 20.4% had grade
3-4 anemia during the first two lines of chemotherapy.
Comparatively few patients developed thrombocytopenia during treatment (58.8%). Grade 1-2 thrombocytopenia occurred in 50.7% of patients, and only 8.1% of
patients experienced grade 3-4 thrombocytopenia. Most
classical prognostic variables did not differ significantly
between patients who had hematological toxicity and
those who did not (Table 1). However, patients who experienced thrombocytopenia were significantly younger
than those who did not (P < 0.001). Similarly, patients
who experienced neutropenia were more frequently
younger (P < 0.0001), had better performance status (P
= 0.024), and more frequently had low alkaline phosphatase serum level at diagnosis (P = 0.023), compared with
those without neutropenia (Table 1). Figure 1 shows the
worst grade of neutropenia, anemia and thrombocytopenia recorded at each cycle of chemotherapy during the
two first lines of treatment in the 399 patients analyzed.
Table 2 represents hematological toxicity in function of
treatment received. Except for neutropenia, the use of
anti-EGFR or bevacizumab was not associated with sig-
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Table 1 Patient characteristics according to hematological toxicity in 399 consecutive patients with metastatic colorectal cancer n (%)
All (n = 399)

Anemia (n = 397)
No (n = 33) Yes (n = 364)

Mean ± SD
65 ± 11
Median
65.5 (24.7-90.7)
(min-max)
Origin
Colon
314
(79.1)
Rectum
85
(21.4)
Gender
Male
213
(53.4)
Female
186
(46.6)
WHO PS
0
134
(47.9)
1
102
(36.4)
2
33
(11.8)
3
8
(2.9)
4
3
(1.1)
Missing
119
Metastatic
sites
Single
241
(60.6)
Multiple
157
(39.4)
Missing
1
Leucocyte
count
< 10000
219
(74.2)
≥ 10000
76
(25.8)
Missing
104
ALP
< 300
217
(81.0)
≥ 300
51
(19.0)
Missing
131
Prior anemia
Grade 0
175
(44.8)
Grade
216
(55.2)
1-2-3-4
Missing
8
CEA
n
307
Mean ± SD 455.3 ± 1979.3
Median
18 (0.1-20820)
(min-max)
LDH
n
261
Mean ± SD 496.4 ± 860.1
Median
233 (82-7230)
(min-max)
Vital status
Death
311
(77.9)
Censored
88
(22.1)

66.5 ± 10
67.8 (50-85.8)

64.9 ± 11.1
65.5 (24.7-90.7)

Neutropenia (n = 396)
No (n = 114) Yes (n = 282)

P

No (n = 163) Yes (n = 233)

P

0.508

69 ± 11.7
63.5 ± 10.4
69.6 (44.4-90.7) 63.5 (24.7-85.8)

< 10-4

67.4 ± 11.2
63.4 ± 10.7
67.5 (24.7-90.7) 63.5 (28.2-88.2)

< 10-3

0.994
26
7

(78.8)
(21.2)

287
77

(78.8)
(21.2)

16
17

(48.5)
(51.5)

196
168

(53.8)
(46.2)

16
5
1
0
0
11

(72.7)
(22.7)
(4.5)
(0)
(0)

117
97
32
8
3
107

(45.5)
(37.7)
(12.5)
(3.1)
(1.2)

0.622
88
26

(77.2)
(22.8)

224
58

(79.4)
(20.6)

68
46

(59.6)
(40.4)

143
139

(50.7)
(49.3)

26
34
16
3
2
33

(32.1)
(42.0)
(19.8)
(3.7)
(2.5)

107
68
17
5
1
84

(54.0)
(34.3)
(8.6)
(2.5)
(0.5)

0.554

217
146
1

(59.8)
(40.2)

(87.0)
(13.0)

198
72
94

(73.3)
(26.7)

19
1
13

(95.0)
(5.0)

197
50
117

(79.8)
(20.2)

28
5

(84.8)
( 15.2)

145
211

(40.7)
(59.3)

71
43
0

(62.3)
(37.7)

168
113
1

(59.8)
(40.2)

0

8

(80.3)
(19.7)

84
79

(51.5)
(48.5)

127
106

(54.5)
(45.5)

49
52
14
5
2
41

(40.2)
(42.6)
(11.5)
(4.1)
(1.6)

84
50
19
3
1
76

(53.5)
(31.8)
(12.1)
(1.9)
(0.6)

0.559

0.139

0.774
100
63
0

(61.3)
(38.7)

139
93
1

(59.9)
(40.1)

0.337
60
25
29

(70.6)
(29.4)

158
50
74

(76.0)
(24.0)

53
21
40

(71.6)
(28.4)

163
30
89

(84.5)
(15.5)

41
67

(38.0)
(62.0)

132
148

(47.1)
(52.9)

0.138

< 10-4

187
46

0.646

0.151
20
3
10

(76.7)
(23.3)

0.024

0.264
(69.7)
(30.3)

0.392
125
38

0.106

0.233

23
10
0

Thrombopenia (n = 396)

P

0.501
89
34
40

(72.4)
(27.6)

129
41
63

(75.9)
(24.1)

85
24
54

(78.0)
(22.0)

131
27
75

(82.9)
(17.1)

69
89

(42.3)
(54.6)

104
126

(45.2)
(54.8)

0.023

0.344

0.103

6

2

0.763

5

3

23
282
90
215
126
179
43.7 ± 116.3
491.1 ± 2061.4 0.008 714.8 ± 2643 349.6 ± -1629.8 0.389 487.6 ± 1736.2 436.1 ± 2148.4
5.7 (0.3-508.9) 19.4 (0.1-20820)
19.2 (0.1-18380) 15.6 (0.2-20820)
21.1 (0.4-14660) 15.4 (0.1-20820)

0.219

20
299.6 ± 225.4
224 (117-878)

0.244

240
513.3 ± 892.8 0.282
234 (82-7230)

73
506.7 ± 837.6
249 (113-6190)

187
493 ± 873.1
227 (82-7230)

98
16

211
71

0.04
21
12

(63.6)
(36.4)

288
76

(79.1)
(20.9)

0.374

103
530.8 ± 982.5
248 (83-7230)

157
474.5 ± 774.8
227 (82-6450)

0.015
(86.0)
(14.0)

(74.8)
(25.2)

0.842
128
35

(78.5)
(21.5)

181
52

(77.7)
(22.3)

WHO PS: WHO performance status; ALP: Alkaline phosphatase; CEA: Carcinoembryonic antigen; LDH: Lactate dehydrogenase.

> 75 years, primitive colon (vs rectal) tumor, poor WHO
status, CEA level > 200 ng/mL, multiple metastatic
sites, initial anemia, high ALP or LDH serum levels, and
high leukocyte count were also significantly associated
with poorer OS (Table 3). As regards treatment-related
variables, bevacizumab use, anti-EGFR use, resection of
the primary tumor, resection of metastases, and use of
the three major cytotoxic drugs were also significantly
associated with better survival (Table 3).
Multivariate analysis revealed that poor WHO status
(P = 0.021), anemia during the first two chemotherapy

WJG|www.wjgnet.com

lines (P = 0.029), multiple metastases locations (P =
0.026), and high serum levels of ALP (P = 0.007), or
LDH (P < 0.001), were independently associated with
poorer OS. On the contrary, resection of the primary
tumor (P < 0.001), resection of metastases (P < 0.001),
occurrence of thrombocytopenia (P = 0.036) and neutropenia (P < 0.001) were all independently associated
with better OS (Table 3). Thrombocytopenia and neutropenia were better correlated (r = 0.35) than anemia
and neutropenia (r = 0.03), or anemia and thrombocytopenia (r = 0.04).
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Table 2 Treatment characteristics according to hematological toxicity in 399 consecutive patients with metastatic colorectal cancer n (%)
All (n = 399)

Anemia (n = 397)

Neutropenia (n = 396)

No (n = 33) Yes (n = 364)
Lines of chemotherapy
<2
46
(11.5)
≥2
353
(88.5)
Lines of chemotherapy
n
399
Mean ± SD
4.4 ± 2.5
Median
4 (1-13)
(min-max)
Number of drugs
1
20
(5)
2
79
(19.8)
3
300
(75.2)
Bevacizumab
Yes
226
(57.1)
No
170
(42.9)
Missing
3
Anti- EGFR mab
Yes
165
(41.6)
No
232
(58.4)
Missing
2
Granulocyte-colony stimulating
factor use
Yes
105
(26.7)
No
288
(73.3)
Missing
6
EPO use
Yes
76
(19.4)
No
316
(80.6)
Missing
7
Surgery of primary tumor
Yes
323
(81.2)
No
75
(18.8)
Missing
1
Surgery of metastatic site
Yes
102
(25.7)
No
295
(74.3)
Missing
2

P

No (n = 114) Yes (n = 282)

(6.1)
(93.9)

33
5 ± 2.8
4 (1-11)

44
320

(12.1)
(87.9)

364
4.4 ± 2.5
4 (1-13)

25
89

0.266

(21.9)
(78.1)

114
3.4 ± 2.1
3 (1-9)

21
261

(7.4)
(92.6)

282
4.9 ± 2.6
5 (1-13)

(6.1)
(15.2)
(78.8)

18
74
272

(4.9)
(20.3)
(74.7)

13
34
67

(11.4)
(29.8)
(58.8)

7
45
230

(2.5)
(16.0)
(81.6)

0.613
17
15
1

(53.1)
(46.9)

209
153
2

(57.7)
(42.3)

14
18
1

(43.8)
(56.3)

150
213
1

(41.3)
(58.7)

54
58
2

(48.2)
(51.8)

171
110
1

(60.9)
(39.1)

34
78
2

(30.4)
(69.6)

130
152
0

(46.1)
(53.9)

95
264
5

(26.5)
(73.5)

2
30
1

(6.3)
(93.8)

74
284
6

(20.7)
(79.3)

31
2
0

(93.9)
(6.1)

291
72
1

(80.2)
(19.8)

13
19
1

(40.6)
(59.4)

103
260
1

(28.4)
(71.6)

163
3.9 ± 2.4
3 (1-12)

21
212

(9)
(91)

233
4.9 ± 2.6
5 (1-13)

15
42
106

< 10-4

10
99
5

(9.2)
(90.8)

94
187
1

(33.5)
(66.5)

23
86
5

(21.1)
(78.9)
(4.6)

52
228
2

(18.6)
(81.4)

86
28
0

(75.4)
(24.6)

235
46
1

(83.6)
(16.4)

22
90
2

(19.6)
(80.4)

94
188
0

(33.3)
(66.7)

0.049

(9.2)
(25.8)
(65.0)

5
37
191

(2.1)
(15.9)
(82.0)
0.245

86
74
3

(53.8)
(46.3)

139
94
0

(59.7)
(40.3)

59
102
2

(36.6)
(63.4)

105
128
0

(45.1)
(54.9)

0.096

0.003
30
130
3

(18.8)
(81.3)

74
156
3

(32.2)
(67.8)

34
126
3

(21.3)
(78.8)

41
188
4

(17.9)
(82.1)

129
33
1

(79.6)
(20.4)

192
41
0

(82.4)
(17.6)

33
129
1

(20.4)
(79.6)

83
149
1

(35.8)
(64.2)

0.57

0.052

0.41

0.059

0.148

< 10-4

< 10-3

0.004

0.838
(28.1)
(71.9)

(15.3)
(84.7)

0.022

0.789

9
23
1

25
138

< 10-4

P
0.053

< 10-4

0.760
2
5
26

No (n = 163) Yes (n = 233)

< 10-4

0.3
2
31

Thrombopenia (n = 396)

P

0.487

0.007

0.001

GCSF: Granulocyte-colony stimulating factor; EPO: Erythropoietin.

bocytopenia and neutropenia are associated with better
OS in patients treated for mCRC. In contrast, the occurrence of anemia during chemotherapy is associated with
poorer survival. Surprisingly, each type of hematological
toxicity had the same prognostic role, regardless of the
severity [mild (grade 1-2) or severe (grade 3-4) toxicity],
suggesting that there is no relation between the severity of
the toxicity and the prognostic effect.
Several studies have previously focused on the prognostic role of neutropenia occurring in patients receiving
chemotherapy for various tumor types. Chemotherapyinduced neutropenia was recognized as a prognostic
factor of better survival in patients with metastatic lung,
gastric, or ovarian cancer[9-11], and also in breast or esophageal cancer patients treated in a neoadjuvant setting[12,13].
In the context of CRC, a retrospective Japanese study
recently evaluated the impact of neutropenia in a cohort
of 153 patients treated by fluorouracil and oxaliplatin as
first-line treatment for mCRC[15]. The occurrence of both
mild and severe neutropenia was associated with better

Analysis with multiple imputations confirmed that
neutropenia during chemotherapy for mCRC was associated with increased survival (P = 0.004), while thrombocytopenia was no longer significant (P = 0.079). To avoid
the bias of longer survival in patients with hematological
toxicity, a landmark analysis using a time point of 6 mo
from the diagnosis was performed because > 90% of
patients developed hematological toxicity during the first
6 mo follow-up[9]. Patients who died before the landmark
time were excluded from the analysis regardless of the
presence or absence of hematological toxicity. Thirty-five
patients were excluded from the analysis because they
died before the landmark time. Using such analysis, univariate and multivariate analyses confirm that neutropenia
and thrombocytopenia during chemotherapy for mCRC
were associated with increased survival (data not shown).

DISCUSSION
This study shows that both chemotherapy-induced throm-
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Table 3 Univariate and multivariate analysis (Cox regression) of factors associated with overall survival in 399 consecutive patients
with metastatic colorectal cancer
Univariate analysis n = 399
HR

Multivariate analysis n = 214

P

95%CI

HR

P

95%CI

< 10-4

Age
≥ 75

1.77

Male
Female

1
1.06

Colon
Rectum

1
0.75

0
1-2-3-4

1
2.15

< 200
≥ 200

1
2.31

No
Yes

1
1.83

1.33

2.35

Sex

0.615
0.85

1.33

Origin

0.04
0.57

0.99

< 10-4

WHO PS
1.63

2.82

< 10-4

CEA
1.72

3.09

< 10-4

Prior anemia
1.45

0.0767
1
0.68

2.31

1.04
0.021

1
1.53

1.07

2.19
0.143

1
1.37

0.90

2.09
0.188

1
0.79

Anemia

0.44

0.55

1.13

0.005
No
Yes

1
1.91

1.22

0.029
1
2.19

2.98

Thrombopenia

1.08

4.41

0.003
No
Yes

1
0.70

No
Yes

1
0.55

0.56

0.88

< 10-4

Neutropenia
0.44

0.705

Metastatic sites

0.036
1
0.69

0.49

0.98

1
0.43

0.29

0.64

0.005
1
>1

1
1.40

No
Yes

1
0.33

No
Yes

1
0.27

1.11

1.77

Surgery of the primary tumor
0.25

0.44

Surgery of metastatic site
0.21

0.36

ALP
< 300
≥ 300

1
3

< 233
≥ 233

1
2.15

1.62

2.85

< 10000
≥ 10000

1
2.04

1.53

2.73

No
Yes

1
0.73

No
Yes

1
0.61

0.49

0.76

<2
≥2

1
0.46

0.32

0.66

1
2
3

1
0.5
0.35

0.29
0.21

0.87
0.58

2.16

4.18

LDH

Leucocyte count

Anti-EGFR Mab

< 10-4

< 10-4

< 10-4

< 10-4

< 10-4

< 10-4

0.026
1
1.49

1.05

2.11

1
0.46

0.30

0.70

1
0.48

0.31

0.74

< 10-3

< 10-3

0.007
1
1.81

1.18

2.78

1
2.03

1.38

2.97

< 10-3

0.006
0.58

0.91

Bevacizumab

Chemotherapy lines

Chemotherapy molecules

< 10-4

< 10-4

0.107
1
0.76

0.55

1.06

< 10-4

WHO PS: WHO performance status; ALP: Alkaline phosphatase; LDH: Lactate dehydrogenase.

gesting that the favorable prognostic role of neutropenia
during chemotherapy for mCRC is a general phenomenon
that may not depend on the type of chemotherapy. In addition, our study involved Caucasian patients, suggesting

outcome. Of note, as in our study, both mild and severe
neutropenia had a favorable impact on patient outcome.
However, we extended this finding in a larger population
that received different chemotherapy regimens, thus sug-
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A

Neutropenia

tor of poor prognosis in patients with hematological malignancy[18,19]. However, to the best of our knowledge, no
information has been reported in the literature regarding
the prognostic role of chemotherapy-induced thrombocytopenia. In our study, thrombocytopenia was also
found to be an independent prognostic factor of better
survival. The prognostic role of both neutropenia and
thrombocytopenia strongly suggests that these hematological toxicities could be used a surrogate maker of the
efficacy of cytotoxic chemotherapy.
Hematological toxicity may reflect the biological
activity of cytotoxic drugs, while the absence of toxicity may, on the contrary, indicate possible underdosing.
Such underdosing may result from the use of body surface area (BSA) to determine the dose of chemotherapy.
In the case of fluoropyrimidine, it is well known that
using the BSA may result in either under- or overdosing.
Personal dose adaptation could limit toxicity, and enhance efficacy[20-22]. Similarly, BSA is not a valuable tool
to adapt irinotecan-based regimens. The degradation of
the irinotecan bioactive metabolite SN38 is dependent
on UGT1A1 polymorphism. UGT1A1*28 variant is a
common allele with seven TA repeats in the promoter,
compared with the wild-type allele (UGT1A1*1) with six
TA repeats[23]. UGT1A1*28 variant is associated with decreased gene transcription and expression, as well as reduced enzyme activity, which leads to higher exposure of
SN38, and thus higher hematological and digestive toxicity[24,25]. Concerning oxaliplatin, pharmacokinetic data
indicate that plasma clearance of oxaliplatin is dependent not only on BSA, but also on age, sex and serum
creatinine level[26]. In addition, it is also possible that underdosing of chemotherapy in everyday clinical practice
may be a result of the methods used for phase Ⅰ studies
to determine maximum tolerated dose. A low number
of patients are included in phase Ⅰ trials, and these studies do not take into account inter-individual variation in
drug pharmacokinetics[27].
Surprisingly, in our study, multivariate analysis revealed that anemia occurring during chemotherapy was
associated with poorer outcome, while prior anemia was
not. Previous studies have shown that initial anemia is a
factor for poor prognosis in localized[28,29] and metastatic
CRC[30]. However, in our study, the anemia variables (i.e.,
anemia existing before and occurring during chemotherapy) were strongly correlated (r² = 0.25).
Some limitations of our study include the singlecenter design, and the use of different chemotherapeutic
schedules, which could affect survival. In addition, hematological toxicity could be associated with more intensive chemotherapeutic regimens, or longer treatment duration. Thus, we cannot exclude the possibility that the
prognostic role of hematological toxicity could be linked
to an immortal time bias[31]. However, to limit this problem, we decided to focus only on hematological toxicity
occurring during the two first lines of chemotherapy.
Another potential limit is the number of missing data.
Despite the missing data, we chose to include in the multivariate analysis the WHO performance status, ALP and
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0.8

0.6

P < 0.0001

0.4

0.2

0.0
0
1
2

114 71
142 123
139 121

40
83
83

24
47
51

12
35
37

0

8
28
18

5
19
9

4
12
4

1
7
3

0
5
2

5

2
1

1
0

1

10

15

t /yr

B

Thrombopenia

Group 0: Grade 0
Group 1: Grade 1-2
Group 2: Grade 3-4

1.0

Survival percentage

0.8

0.6

P = 0.008

0.4

0.2

0.0
0
1
2

163 115 65
200 173 121
32 27 20

40
69
13

26
49
9

0

17
32
5

12
18
3

6
13
1

3
7
1

1
5
1

5

0
3
0

1

1

10

15

t /yr

C

Anemia

Group 0: Grade 0
Group 1: Grade 1-2
Group 2: Grade 3-4

1.0

Survival percentage

0.8

0.6

P = 0.01

0.4

0.2

0.0
0
1
2

33 32 25
306 241 155
57 43 27
0

16
89
18

11
61
13

10
39
6

6
24
4

4
15
1

5

4
6
1

2
5
0

1
2
10

0
1

1
15

t /yr

Figure 2 Kaplan-Meier curves for overall survival stratified according to
the occurrence or not of neutropenia (A), thrombocytopenia (panel B),
and anemia (C) recorded during the first two lines of chemotherapy in
metastatic colorectal cancer patients (n = 399). P values were calculated
using the log-rank test.

that the observations of Shitara et al[15] may be generalized
to different ethnic populations, and may not rely on a particular drug metabolism in patients of Japanese origin.
Thrombocytopenia at baseline is known to be a fac-
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CEA levels and the leukocyte count, because they are
known prognostic factors, and were strongly associated
with OS by univariate analysis. To handle the missing
data issue, we performed Cox regression using multiple
imputations. This analysis strengthened our findings that
neutropenia is an independent prognostic factor of better survival. As regards thrombocytopenia, the result was
less clear, but there was a trend towards better survival
in patients experiencing thrombocytopenia.
In conclusion, neutropenia and thrombocytopenia
occurring during the two first lines of chemotherapy for
mCRC are associated with better survival. One hypothesis could be that using BSA to calculate the dose of
chemotherapy in mCRC patients is not ideal. However,
other mechanisms could explain our observation. Further clinical trials are warranted to determine whether
adaptation of drug doses based on hematological toxicity could improve the efficacy of standard regimens in
mCRC patients.
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basis of dose-finding phase I trials. Such studies determine the toxic profiles
of cytotoxic agents in a small number of patients, but do not take into account
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Neutropenia and thrombocytopenia occurring during the first two lines of chemotherapy were significantly associated with better overall survival (OS) (HR =
0.55, 95%CI: 0.43-0.70, P < 0.0001 and HR = 0.70, 95%CI: 0.56-0.88, P = 0.025
respectively). In contrast, anemia during chemotherapy was significantly associated with poorer OS (HR = 1.9, 95%CI: 1.22-2.97, P = 0.005).
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This study underlines the possible prognostic role of neutropenia and thrombocytopenia occurring during chemotherapy for metastatic colorectal cancer
(mCRC).
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Hematological toxicity, namely neutropenia, anemia and thrombocytopenia, was
graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events, version 3.0. For each type of cytopenia, patients were
divided into three categories: absent (grade 0), mild (grades 1-2), and severe
(grades 3-4).
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This is a well-written, interesting article showing an association between neutropenia and thrombocytopenia occurring during chemotherapy and better survival
for mCRC. It would be of interest to know where the metastases were, if they
were metachronous or synchronous, why 60% of the patients had only one
metastatic site, and only 25% had surgery for the metastases.
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Does training and experience influence the accuracy of
computed tomography colonography interpretation?
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an abdominal imaging radiologist and then a colonoscopy was performed utilizing segmental un-blinding and
re-examination as required. A radiology resident and
two gastroenterology (GI) fellows blinded to the results
also interpreted the CTC datasets independently. Accuracy rates and trend changes were determined for each
reader to assess for a learning curve.

Greg Rosenfeld, Yi Tzu Nancy Fu, Brendan Quiney, Hong
Qian, Darin Krygier, Jacquie Brown, Patrick Vos, Pari Tiwari, Jennifer Telford, Brian Bressler, Robert Enns, Division
of Gastroenterology, Department of Medicine, University of
British Columbia, St. Paul’s Hospital, Vancouver, BC V6Z 1Y6,
Canada
Brendan Quiney, Jacquie Brown, Patrick Vos, Department of
Radiology, University of British Columbia, St. Paul’s Hospital,
Vancouver, BC V6Z 1Y6, Canada
Hong Qian, CHEOS, St. Paul’s Hospital, Vancouver, BC V6Z
1Y6, Canada
Darin Krygier, Division of Gastroenterology, Department of
Medicine, University of British Columbia, Royal Columbian
Hospital, New Westminster, BC V3L 3W7, Canada
Author contributions: Rosenfeld G, Krygier D, Brown J, Vos P,
Telford J, Bressler B and Enns R designed the research; Rosenfeld G, Fu YTN, Quiney B, Krygier D, Brown J, Vos P and Tiwari P read and interpreted CT scans and collected data; Telford J,
Bressler B and Enns R performed the colonoscopy and collected
data; Qian H provided the data analysis; Rosenfeld G and Enns
R were the primary authors writing the manuscript but all of the
authors contributed to the writing of the manuscript.
Correspondence to: Greg Rosenfeld, MD, Division of Gastroenterology, Department of Medicine, University of British Columbia, St. Paul’s Hospital, 770-1190 Hornby Street, Vancouver,
BC V6Z 1Y6, Canada. grosenfeld@telus.net
Telephone: +1-604-3299552 Fax: +1-604-6892004
Received: August 8, 2013
Revised: October 12, 2013
Accepted: December 12, 2013
Published online: February 14, 2014

RESULTS: Among 90 patients (57% male) aged 55 ±
8.9 years, 39 polyps ≥ 6 mm were detected in 20 patients and 13 polyps > 9 mm in 10 patients. Accuracy
rates were 88.9% (≥ 6 mm) and 93.3% (> 9 mm) for
the GI Radiologist, 89.8% (≥ 6 mm) and 98.9% (> 9
mm) for the Radiology Resident and 86.7% and 95.6%
(≥ 6 mm) and 87.8% and 94.4% (> 9 mm) for each of
the GI fellows respectively. The reader’s accuracy rate
did not change significantly with the percentage change
rate ranging between -1.7 to 0.9 (P = 0.12 to 0.56).
Patients considered colonoscopy more satisfactory than
CTC (30% vs 4%, P < 0.0001), they felt less anxiety
during colonoscopy (36% vs 7%, P < 0.0001), they
experienced less pain or discomfort during colonoscopy
compared to CTC (69% vs 4%, P < 0.0001) and colonoscopy was preferred by 77% of the participants as a
repeat screening test for the future.
CONCLUSION: No statistically significant learning
curve was identified in CTC interpretation suggesting
that further study is required to identify the necessary
training to adequately interpret CTC scans.

Abstract

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

AIM: To evaluate the effect of experience on the accuracy rate of computed tomography colonography (CTC)
interpretation and patient preferences/satisfaction for
CTC and colonoscopy.

Key words: Computed tomography colonography;
Colonoscopy; Colorectal neoplasia; Colorectal cancer
screening

METHODS: A prospective, non-randomized, observational study performed in a single, tertiary care center
involving 90 adults who underwent CTC followed by
colonoscopy on the same day. CTC was interpreted by
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Core tip: In this study, novice readers and experienced
radiologists had similar accuracy rates for the detec-
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MATERIALS AND METHODS

tion of colonic neoplasia utilizing computed tomography
colonography (CTC) as a screening tool. The optimal
number of scans required to achieve satisfactory performance in CTC interpretation was not identified suggesting that larger scale studies are required to identify
the training requirements necessary for adequate CTC
interpretation. Patient preferences for CTC and colonoscopy were assessed by means of a self completion
survey and patients were found to prefer colonoscopy
to CTC as a screening tool, likely because of the use of
conscious sedation.

A single center, non-randomized, evaluator blinded
study of 90 patients at average or high risk of developing colorectal neoplasia referred for colonoscopy. The
study was approved by the institutional review board
of the University of British Columbia and Providence
Health Care and was registered at clinicaltrials.gov
(NCT01181739).
Study group
Patients 19 years of age or older referred to a gastroenterologist for colonoscopy for the detection of colorectal
neoplasia were invited to participate. Indications included: asymptomatic patients over the age of 50 years,
a prior history of colorectal neoplasia, family history of
CRC, positive screening test for CRC (fecal occult blood
tests, or flexibile sigmoidoscopy), and symptoms of CRC.
Exclusion criteria included: patients with a history of colonic biopsy or polypectomy in the previous year, diverticulitis in the previous 8 wk, colonic obstruction, colonic
ischemia, inflammatory bowel disease and current pregnancy. Each patient provided written informed consent.

Rosenfeld G, Fu YTN, Quiney B, Qian H, Krygier D, Brown
J, Vos P, Tiwari P, Telford J, Bressler B, Enns R. Does training
and experience influence the accuracy of computed tomography colonography interpretation? World J Gastroenterol 2014;
20(6): 1574-1581 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i6/1574.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i6.1574

INTRODUCTION

Design
Participants were given the CTC specific bowel preparation instructions used at our site as outlined. They were
also given instructions regarding the intake of oral barium and gastrograffin which were used as stool tagging
agents. The same bowel preparation was used for both
CTC and colonoscopy. Patients were allowed sips of clear
fluids and their usual medications on the morning of the
procedure but were allowed nothing by mouth thereafter
until completion of both procedures.

Colorectal cancer (CRC) is the third most common cause
of cancer in the United states[1] and Canada[2]. Colorectal
cancer is preventable through screening and removal of
the precursor lesions; adenomatous polyps[3]. Despite
its risk, inconvenience and cost, colonoscopy remains
the optimal screening test for colorectal adenomas and
cancer. Adherence to colonoscopy screening programs
is low[4] and computed tomography colonography (CTC)
has been proposed as an alternative to colonoscopy in
part, because it may increase participation in colorectal
cancer screening programs.
CTC every five years was adopted as a screening
strategy in 2008 by the multi-society task force in their
colorectal cancer screening guidelines[5] but was not included in other guidelines[6,7]. CTC has a similar sensitivity
and accuracy for the detection of colorectal cancer and
adenomas greater than 6 mm in diameter when interpreted by trained and experienced readers[8]. Furthermore,
following training, CTC has been interpreted by non-radiologist and inexperienced readers with similar sensitivity to that of experienced radiologists[9,10]. However, despite adoption of CTC by many radiology departments,
the type and duration of training and ongoing experience
needed to accurately detect colorectal neoplasia by CTC
has yet to be determined[11,12].
This study sought to assess the performance for
several readers of differing levels of expertise in CTC
interpretation for the detection of colorectal neoplasia.
As well, we wished to evaluate the learning curve for each
reader in an attempt to delineate the number of scans
required to reach a plateau in the accuracy rate of CTC
interpretation. Finally, through a patient satisfaction survey, we sought to compare patient preferences and satisfaction for CTC and Colonoscopy.

WJG|www.wjgnet.com

CTC
Preparation for CTC included bowel purging, stool and
fluid tagging as outlined. Colonic distention was achieved
with the use of an automated low-pressure delivery of
carbon dioxide using the EXEM Protocol Colon insufflator. Buscopan 10 mg iv was used unless there were contraindications, however no sedation was used or offered
for CTC.
Images were obtained in both the prone and supine
position using the GE VCT LightSpeed Scanner. Images
were acquired with the following specifications: collimation 40 mm; pitch 1.375:1; matrix 512 × 512; field of
view to fit the patient; MA Noise index 35; tube rotation
of 0.5 s and peak voltage 120 kV. Images were reconstructed using a standard algorithm with thicknesses of
1.25 mm. The quality and adequacy of images were assessed before the patients left the radiology department
to await colonoscopy. Where necessary, right and left decubitus images were obtained.
Interpretation CTC reader training
The CTC scans were initially read by a radiologist experienced in gastrointestinal imaging and CTC interpretation.
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Patient questionnaires
Following CTC and prior to colonoscopy, all patients
were given an 11 question written survey for selfcompletion. Another 13 question survey was given after
recovery from the sedation in the endoscopy suite, immediately prior to the patient’s discharge from the hospital. Both surveys were adapted from those published
previously that were used to assess patient satisfaction
with endoscopy[15].
In order to assess the test/retest reliability of the survey, a random sample of 25% of the patients were mailed
a second survey for completion, 3-4 wk after the day of
the procedures.

Upon completion of the CT scans and prior to colonoscopy, the gastroenterology (GI) radiologist interpreted the
images using the 2D images first and the 3D images for
confirmation and recorded the data on a collection sheet.
The size of any polyps identified was measured using the
electronic measuring tool from the optimum view and
the location was recorded according to one of 4 bowel
segments: ascending colon, transverse colon, descending
colon or sigmoid and rectum. Next extra-colonic findings
were recorded as well as the total time required to review
the images. The data was recorded on the data collection
sheet according to the CRADS reporting system as proposed elsewhere[13]. The data collection sheet was sealed
and given to a research assistant who then attended the
colonoscopy.
The scans were later read by two first year GI fellows
and a third year Radiology resident all of whom initially
had no prior experience with CTC interpretation. However, one of the GI fellows had attended an American
Gastroenterology Association introductory course in
CTC interpretation. This course provided an overview of
CTC in general, but no direct teaching of CTC interpretation. Prior to reading the patient CT scans, these three
readers completed 30 training CTC datasets provided by
GE Imaging Advantage 4.0 colon vcar software. These
scans are self-learning modules, which teach a specific
feature of CTC interpretation. The GI fellows and the
Radiology resident read the CTC images at a later time,
after the completion of both procedures and the findings
were recorded in the same manner using the same data
collection sheet used by the GI Radiologist. The colonoscopy findings were reviewed after each set of CTC
images were interpreted and therefore, these readers were
able to verify the accuracy of their CTC interpretation.

Lesion matching
Tissue samples removed at colonoscopy were sent for
examination by an experienced pathologist at St. Paul’s
Hospital. Lesion size was estimated at colonoscopy and
the lesions found at CTC and colonoscopy were matched
based on the colonoscopy and pathology reports. Lesions
within one colonic segment were considered a match[16].
Matching was performed by the first author and the research assistant who was present at the endoscopy. Discrepancies were resolved through a consensus opinion.
Statistical analysis
Mean and standard deviation were calculated for continuous variables where appropriate. Otherwise, median and
interquartile ranges were provided. Categorical variables
were summarized with count and percentage.
The colonoscopy results after segmental unblinding
and the pathological examination of removed tissue specimens was considered the “gold standard” for determining size, location and histologic type. Lesions < 5 mm in
diameter were not included in the analysis. Lesions were
grouped according to size as 6-9 mm or > 9 mm. Reader
performance was analyzed separately for the two lesion
groups, except for the analysis of a learning curve in accuracy rate which was evaluated only for 6-9 mm lesion
group.
Sensitivity, false positive rate and accuracy rate were
calculated on per-patient basis. Each patient was classified as “polyps present” or “no polyps present” based on
the reference standard. The sensitivity for each read was
calculated as the proportion of true positive findings, the
false positive rate was the proportion of false positive
findings and the accuracy rate was the proportion of correct findings. The four readers were compared pair-wisely
in performance measures with the use of McNemar’s test.
The Joinpoint regression model was used to assess
the trends and determine statistically significant trend
changes in reader’s performance during the study period,
including reading time and accuracy rate. Statistically
significant trend changes are detected using the Monte
Carlo permutation method[17]. We defined a reading sequence with 90 time points to represent the order of the
90 scans accordingly. The logarithm of reading time was
modeled against the reading sequence using joinpoint re-

Colonoscopy
Within two hours of completion of the CTC imaging,
participants underwent colonoscopy with conscious
sedation using a combination of midazolam and merperidine or fentanyl. Colonoscopy was performed by an
experienced gastroenterologist using a video colonoscope
(PCF or HCF 180 series, Olympus, NY, United States).
The endoscopist was blinded to the results of the CTC
and performed colonoscopy in the standard fashion until the cecum was reached. During withdrawal, once the
colonoscopist declared the examination of each segment
complete, the results of the CTC findings of that segment were made known to the colonoscopist who would
re-examine that segment if necessary. This technique of
“segmental unblinding” has been described previously[14].
Polyps detected at colonoscopy were removed in the
usual fashion with snare polypectomy, with or without
cautery, or biopsy forceps and submitted for histopathological examination. Lesion size was estimated by comparison to the biopsy forceps or snare prior to removal.
The findings at colonoscopy were recorded in a similar
fashion to the CTC findings with the use of a graphic
data collection sheet.
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Table 1 Reader performance grouped according to polyp size
Polyps size

GI radiologist (95%CI)

Polyps 6-9 mm
Sensitivity (n = 20 pts with polyps at OC)
False Positives (n = 70 pts without polyps at OC)
Overall Accuracy (n = 90)
Polyps > 9 mm
Sensitivity (n = 10 pts with polyps at OC)
False Positives (n = 80 pts without polyps at OC)
Overall accuracy

Radiology resident (95%CI)

GI fellow 1 (95%CI) GI fellow 2 (95%CI)

85% (62%-97%)
10% (4%-20%)
88.9% (81%-95%)

90% (68%-99%)
10% (4%-20%)
89.8% (81%-95%) (n = 88)

80% (56%-94%)
11.4% (5%-21%)
86.7% (78%-93%)

80% (56%-94%)
10% (4%-20%)
87.8% (79%-94%)

70% (35%-93%)
3.8% (0.8%-11%)
93.3% (86%-98%)

70% (35%-93%)
0% (0%-5%)
98.9% (94%-100%)

90% (55%-100%)
3.8% (0.8%- 11%)
95.6% (89%-99%)

70% (35%-93%)
2.5% (0.3%-9%)
94.4% (88%-98%)

OC: Optical colonoscopy; GI: Gastrointestinal.

gression under the assumption of a normal distribution.
The trend was described by percentage change rate, the
same as annual the percentage change described previously[17] where a negative value indicates a decrease in
reading time and a positive value suggests an increasing
reading time. For accuracy rate, we redefined the reading
sequence using 9 time points where each point represents
a reading set of 10 patients. The accuracy rate for each
reading set was calculated for each reader and fitted to
the joinpoint regression model under the assumption of
a normal (poisson) distribution.
Patient satisfaction results from the surveys of CTC
and colonoscopy were summarized in a contingence table
for each question. Proportions of patients with a difference in experience between the two approaches were
calculated and compared using McNemar’s test. The test,
re-test reliability of the survey was assessed using the
percent agreement between the replies for the first and
second survey for the patients who completed the follow
up survey. Following the guideline proposed by Fleiss[18],
the Kappa coefficient was calculated and classified as
“excellent” (≥ 0.75), “good” (74-40) or “poor” (< 40).

39 polyps 6-9 mm were found in 20 patients, and 13
polyps > 9 mm were found in 10 patients. Some of the
patients had multiple polyps and in total, 70 patients did
not have any polyps. The sensitivity, false positive and
accuracy rates for each of the readers on a per-patient
basis are shown in Table 1. On a per polyp basis, the
sensitivity rates for polyps 6-9 mm and > 9 mm were
59% and 53.8% for the Radiologist and the Radiology
resident, 66.7% and 84.6% for GI fellow 1, 66.7% and
69.2% for GI fellow 2 and 97.4% and 100% for colonoscopy, respectively (first pass, before unblinding and
histopathology confirmation of adenomatous polyps).
Pairwise comparisons between each of the readers
showed a significant difference only for polyps > 9 mm,
where GI fellow 1 detected significantly more polyps
than the radiologist (P = 0.05) and the radiology resident
(P = 0.05) but not GI fellow 2 (P = 0.16).
False positives
There were 70 patients with no polyp detected based on
the reference standard. The false positive rate for the
detection of polyps between 6-9 mm was 10% for the
radiologist and the radiology resident, 11.4% for GI fellow 1 and 10% for GI fellow 2. For polyps > 9 mm, the
false positive rates were 3.8% for the Radiologist, 0%
for the Radiology resident, 3.8% for the GI fellow 1 and
2.5% for GI fellow 2. The false positive rate for colonoscopy was 2.86% (6-9 mm) and 1.25% (> 9 mm). Pairwise
comparisons did not reveal any significant differences
between the readers for either size of polyp.

RESULTS
A total of 90 patients of whom 57% were male, aged 55
± 8.9 years were enrolled in the study. All of the patients
initially enrolled in the trial were able to complete the trial
with the exception of one patient in whom the colonoscopy was delayed, however, it was eventually performed.
The majority (74%) of the patients were of average risk
for colorectal cancer and were referred for screening purposes. The remainder were referred for bleeding (12%), a
change in bowel habit (9%) and abdominal pain (4%). All
of the patients completed both procedures on the same
day with the colonoscopy occurring within two hours
of the CTC, except for one patient. This patient, despite
being asymptomatic, had extra luminal air following the
CTC, and colonoscopy was performed 37 d later without
complication. There were no other complications encountered during this trial.

Accuracy
On a per patient basis, the Accuracy rates were 88.9%
and 93.3% for the GI Radiologist, 89.8% and 98.9% for
the Radiology Resident, 86.7% and 95.6% for GI fellow 1 and 87.8% and 94.4% for GI fellow 2 for polyps
6-9 mm and > 9 mm respectively. The accuracy rate for
colonoscopy was 97.8% (6-9 mm) and 98.9% (> 9 mm)
(Table 1).
Learning curve
Due to the small number of polyps > 9 mm, the learning curve was assessed based on detection of polyps ≥
6 mm in size. Using the polyp as the experimental unit,
the sensitivity rate for each reader was compared for the

Sensitivity
Using the gold standard of combined colonoscopy results after segmental unblinding and pathology results,
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Figure 1 Graph shows the changes for each of the 4 readers over the reading sequence in the study. A: Accuracy rate. Each point on the y axis, represents an average accuracy rate for each 10 patient data sets reviewed with the line representing the slope in the joinpoint regression model; B: Reading time. Each point on the graph
represents the reading time for a patient scan. The line represents the slope in the joinpoint regression model depicting the change in reading time for each reader. GI:
Gastroenterology.

reading sequence of patients 1-10 with the sensitivity rate
of patients 11-20. No differences in the sensitivity rates
were found between the first and second set of 10 patients with polyps (P = 0.09-1.0) for any of the readers.
For the Joinpoint regression analysis, the patient
was used as the experimental unit and the accuracy rate
was calculated for each consecutive set of 10 patients
along the reading sequence. There was no learning pattern change regarding readers’ accuracy as no breakpoint was detected in the analysis for any of the readers
(Figure 1A). The percentage change rate estimates were
-1.7 (95%CI: -4.0-0.6, P = 0.12) for the radiologist, 0.9
(95%CI: -4.4-4.3, P = 0.56) for the radiology resident,
-1.7 (95%CI: -4.6-1.3, P = 0.23) for GI fellow 1 and -1.1
(95%CI: -3.1-0.9, P = 0.25) for GI fellow 2. The lack of
a statistically significant percentage change rate in the
regression line suggests that the readers overall accuracy
rates stayed stable throughout the study period.

identified 1. No further analysis was performed as the GI
fellows were not trained in abdominal CT interpretation
which likely explains the variability in findings between
the readers. Furthermore, the radiology resident appeared
more likely to “over call” extracolonic findings and thus
found a substantially larger number than the radiologist.
The majority of the extra colonic findings were not clinically significant and the differences in the detection of
extra-colonic findings was not an endpoint of this study
and therefore, this data was not evaluated further.
The average sedation used at colonoscopy was 4 mg
of intravenous midazolam and the average analgesia was
78.5 mg of intravenous fentanyl (64 patients) or 54.8 mg
of intravenous meperidine (26 patients).
Patient satisfaction surveys
All 90 patients enrolled completed the initial surveys and
20 of them also received follow up surveys. All 20 patients
(100%) returned the mail-in surveys but not all of the
questions were answered (≥ 85%). The agreement rate
for each question ranged between 0.35 and 0.89 for CTC
and between 0.56 and 1.00 for Colonoscopy. The Kappa
Coefficients were “good” for most of the questions.
Although most participants felt their pain (or discomfort) was adequately controlled during both procedures,
69% experienced less pain or discomfort during colonoscopy compared to CTC and 4% felt less discomfort
with CTC (P < 0.0001). Additionally, 36% of the participants felt less anxious during colonoscopy compared to
CTC and 7% of subjects felt less anxious with CTC (P
< 0.0001). Twenty-six percent of the participants preferred the physical environment of the endoscopy suite,
whereas, 14% preferred the CTC exam room (P = 0.06).
Overall, colonoscopy was considered more satisfactory
than CTC by 30% of participants and 4% subjects held
the opposite opinion (P < 0.0001). Colonoscopy was
preferred by 77% of the participants as a repeat screening test for the future, mostly because there was less pain
and discomfort during procedure. Of the 23% who preferred CTC, the majority made this decision based on the

Reading time
The median time required to read one scan was 10.3
min (IQR 8.6, 12.0) for the Radiologist, 12.0 (IQR 9.0,
20.0) min for the Radiology resident, 8.0 min (IQR 5.0,
10.0) for GI fellow 1 and 13.3 min (IQR 10.3, 17.5) for
GI fellow 2.
Using joinpoint regression, the reading time stayed
stable for the radiologist with a percentage change rate
of -0.1 (-0.4, 0.1), P = 0.36. However, a significant reduction in reading time was observed in the three readers with less experience (Figure 1B). For the radiology
resident and the two GI fellows, the percentage change
rates were -0.8 (-1.3, -0.4), -1.1 (-1.6, -0.6) and -0.6 (-0.9,
-0.4) respectively.
Extra-colonic findings
The radiologist identified 30 extra-colonic findings the
majority of which were cystic appearing lesion of the
kidneys or liver and 8 required additional investigations.
The radiology resident identified 66 findings while the
first GI fellow identified 8 and the second GI fellow
WJG|www.wjgnet.com
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shorter time requirement for CTC.

the novice readers would be expected to show decreases
in reading time as they became more familiar and proficient in the necessary steps to interpret the scans. The
accuracy rates for the three novice readers also declined
slightly over time and it may be that the decrease in reading time comes at a cost of a decrease in accuracy. That
is to say, that as the reading time goes down so does the
accuracy. This seems intuitive and would be analogous to
the finding that adenoma detection rates at colonoscopy
decrease when the withdrawal time is less than 6 min.
Further research comparing polyp detection rates with
the amount of time spent interpret CTC scans may help
to better define any potential association.
Patients preferred colonoscopy over CTC in our
study based primarily on decreased levels of anxiety and
discomfort. This is similar to one previous study[28] but
contrary to other previous reports where patients preferred CTC[4,23,29-31]. The preference for colonoscopy in
our study is most likely based on the sedation received
during colonoscopy. Patient preference is important for
the adherence to any screening program. The uptake of
all screening for CRC has not been as high as anticipated
and this in part, may be related to a negative patient perception of both colonoscopy and CTC.
The main limitation of this single centre trial was the
small sample size of 90 patients. We encountered difficulty enrolling patients for tandem procedures and it was
difficult to coordinate the two exams on the same day.
The one patient who was found to have a small amount
of extra luminal air remained asymptomatic and at no
point did she develop any clinical sign of perforation.
The etiology of the air remained unclear but it was likely
related in some way to the insufflation of the carbon dioxide. The extra colonic findings seen by the radiologist
was not seen by either of the GI fellows (novice readers) and this highlights one proposed benefits of CTC,
being the ability to pick up incidental pathology on the
CT scan of the abdomen. This point is somewhat controversial as the extracolonic findings could also lead to
additional unnecessary investigations. The inexperienced
readers were clearly not able to adequately interpret the
scans for the presence of extracolonic findings. Some
bias may have been introduced by the order of examinations with CTC always being performed first. As a result,
patients did not realize the full benefit of the shorter
examination and lack of recovery time for CTC when
performed alone.
In this study, four readers with differing levels of experience had similar sensitivity and accuracy rates for the
detection of adenomatous polyps in patients undergoing
colonoscopy for the detection of colorectal neoplasia.
There was no learning curve for CTC interpretation for
any of the readers and patients demonstrated a preference for colonoscopy over CTC. Larger, multi-center
studies are needed to better define the training requirements and performance standards for CTC credentialing,
particularly given the variability in accuracy with different
readers.

DISCUSSION
There was no learning curve demonstrated for any of
the readers in this study. In fact, although not statistically
significant, the accuracy rates for three of the readers declined slightly with increasing experience. One of the GI
fellows detected two more polyps > 9 mm than the other
readers. Beyond this, there was no difference between the
readers for accuracy rates or interpretation times. This
is in keeping with previous evidence, that with training,
non-radiologist readers can learn to interpret CTC scans
with a similar degree of accuracy to that of experienced
radiologists[9,10,19]. Experience alone, is not sufficient to
achieve competence in CTC interpretation[20] and clearly
some training is required, however, how much training
has yet to be clearly defined. The lack of a learning curve
may suggest that the 30 training scans was enough for the
readers to reach a plateau in their interpretation skills or,
alternatively, that many more scans are necessary to see
the effect of training on CTC interpretation. Exposure to
an introduction to CTC interpretation conference by one
of the GI fellows also did not make a difference to the
learning curve. Similarly, the order of review of 2D or
3D images did not appear to impact the learning curve.
The accuracy rates and learning curves do vary widely
amongst readers[12]. Guidelines from The American College of Radiology have recommended at least 50 cases
are required for training[21] while the American Gastroenterology Association has recommended at least 75 cases
in their guidelines[22] showing that there is still no consensus regarding the amount of training necessary for adequate training for CTC interpretation[8]. These findings
suggest that more study is clearly required to determine
the specifics regarding learning curves in the appropriate
interpretation of CTC.
The sensitivity rates ranging from 54% to 84% for the
detection of polyps > 6 mm were lower in our study than
seen previously in some studies[14] but similar to those
seen in others[23-25]. This is consistent with prior meta
analyses which have shown that there is a wide variability
in the sensitivity of CTC for detecting polyps[26,27]. This
variability in detection rates is one of the potential problems with CTC as a screening test[12]. On the other hand,
the accuracy rates of our study were similar to those reported elsewhere[24]. GI fellow 1 detected 2 more polyps
> 9 mm than the other readers, however, this reader also
had a slightly higher false positive rate and subsequently,
a slightly lower overall accuracy rate. This would not be
unexpected in a novice reader as it could be anticipated
in an effort not to miss any significant pathology that a
reader might “overcall” a polyp on CTC. The radiology
resident had the greatest decrease in reading time over
the course of the study while the experienced radiologist
had little change in the reading time over the course of
the study. This is not surprising given the familiarity with
interpreting CT scans on the part of the radiologist, while
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Background

Computed tomography colonography (CTC) has previously been recommended
as a screening test for adenomatous neoplasia in the colon as a precursor to
colorectal cancer. While several previous articles have attempted to address
the sensitivity of CTC for the detection of colonic neoplasia, few have looked at
the necessary training require to adequately interpret CTC.

9

Research frontiers

As well as looking at a possible learning curve in the interpretation of CTC, this
paper also evaluated patient preferences for CTC and colonoscopy.

Innovations and breakthroughs

10

After 30 training cases and 90 study cases, no learning curve was identified
in the interpretation of CTC. Patients experienced less pain or discomfort and
less anxiety with colonoscopy over CTC. The majority of patients preferred
colonoscopy over CTC and would choose colonoscopy for repeat screening if
necessary.

11

Applications

Interpretation of CTC can be learned by novice readers with time. However, the
optimal number of scans required to learn this skill has yet to be determined.

Terminology

CTC is a abdominal computed tomography scan which uses air and contrast
to distend the bowel so that the lining of the bowel can be carefully examined.
Colonscopy involves the use of a flexible tube with a fiber optic camera to visualize the inside of the colon.

12

Peer review

Overall, the study was well designed and variables were well controlled. The
authors could have more discussion from their results to the general training
requirments of clinical procedures as CTC.

13
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Core tip: Patients with a large hiatus hernia assessed
by high resolution esophageal manometry are more
prone to have pathological gastroesophageal reflux and
to have more acid symptoms than patients with a small
hiatus hernia. However, it is unlikely that patients with
an absence of acid symptoms will have pathological reflux regardless of hernia size.

Abstract
AIM: To determine if the severity of gastroesophageal
reflux disease is dependent on the size of a hiatus hernia.

Franzén T, Tibbling L. Is the severity of gastroesophageal reflux dependent on hiatus hernia size? World J Gastroenterol
2014; 20(6): 1582-1584 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i6/1582.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i6.1582

METHODS: Seventy-five patients with either a small (n
= 25), medium (n = 25) or large (n = 25) hiatus hernia
(assessed by high resolution esophageal manometry)
were investigated using 24-h esophageal monitoring
and a self-assessed symptom questionnaire. The questionnaire comprised the following items, each graded
from 0 to 3 according to severity: heartburn; pharyngeal burning sensation; acid regurgitation; and chest
pain.

INTRODUCTION
Most patients with pathological gastroesophageal reflux
(GER) have a hiatus hernia[1]. Patients with Barrett’s esophagus that covers more than 3 cm are shown to have a hiatus hernia in 96%[2] and prolonged periods with esophageal
pH < 4 in the supine position in 33%. After fundoplication for hiatus hernia, pathological GER disappears in the
majority of cases[3,4]. The hernia sac is under the influence
of the intrathoracic pressure in association with the intraesophageal pressure during inspiration and expiration. This
leads to a significant reduction in the normal gastroesophageal pressure barrier, facilitating GER. From a mechanical
point of view, the size of the hiatus and the size of the
hernia sac with its rather high compliance, should reason-

RESULTS: The percentage total reflux time was significantly longer in the group with hernia of 5 cm or more
compared with the group with a hernia of < 3 cm (P <
0.002), and the group with a hernia of 3 to < 5 cm (P
< 0.04). Pharyngeal burning sensation, heartburn and
acid regurgitation were more common with large hernias than small hernias, but the frequency of chest pain
was similar in all three hernia groups.
CONCLUSION: Patients with a large hiatus hernia
are more prone to have pathological gastroesophageal
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ably be expected to have an inhibitory effect on GER and
on GER symptoms. The aim of this study was therefore
to determine if there is any relationship between the size
of a hiatus hernia, the degree of GER, and the frequency
of acid symptoms and chest pain.
Seventy-five patients were stratified into three groups
with either a small (< 3 cm), a medium-sized (3 to < 5
cm), or a large (5 cm or more) hiatus hernia, assessed
using high resolution manometry (HRM)[5]. They underwent 24-h esophageal pH monitoring and answered a
questionnaire on the severity of heartburn, pharyngeal
burning sensation, acid regurgitation, and chest pain.

Table 1 Percentages of symptoms graded 2 or 3 for
pharyngeal burn sensation, heartburn, acid regurgitation in all
three hernia groups
Hiatus hernia size

Hbr

Acr

Chest pain

GER (%) (ranges)

40%
40%
44%

2.2% (0%-9.0%)
1.9% (0%-25.3%)
5.4% (0%-55.7%)

Median values and ranges of 24-h pH test (GER %) are given. Pbr:
Pharyngeal burn sensation; Hbr: Heartburn; Acr: Acid regurgitation; GER:
Gastroesophageal reflux.

was calculated. A difference of 2 cm or more was regarded as a hiatus hernia.
After the HRM study, 24-h pH monitoring was performed. An antimony pH-electrode was passed via the
nose and positioned 5 cm above the upper end of the
lower esophageal sphincter. The Medtronic Synectics®
equipment for ambulatory pH monitoring was used and
the recordings were analyzed digitally. A total reflux time
of less than 4% was regarded as normal.

MATERIALS AND METHODS
Study design
This was a prospective clinical study over a 6-mo period
on patients with a small, medium-sized or large hiatus
hernia at HRM. They underwent 24-h esophageal pH
monitoring and answered a questionnaire on the severity
of acid symptoms and chest pain.
Patients
The study comprised 75 patients, of whom 25 had a
small hiatus hernia < 3 cm (13 men, 12 women; median
age: 58 years, range: 17-76 years), 25 had a medium-sized
hiatus hernia 3 to < 5 cm (13 men, 12 women; median
age: 51 years; range: 18-74 years), and 25 had a large hiatus hernia 5 cm or more (10 men, 15 women; median age:
48 years; range: 16-84 years) as assessed with HRM. Before examination, the patients had to refrain from eating
and drinking for 12 h and had not taken proton-pump
inhibitors for 10 d.

Statistical analysis
Fisher´s exact test was used for comparison between the
three groups regarding symptom frequency. P < 0.05 was
regarded as significant. The Student t-test was used for
comparison between the three groups regarding the percentage total reflux time.

RESULTS
The percentage total reflux time (Table 1) was significantly longer in the group with a hernia of 5 cm or more
compared with the group with a hernia of < 3 cm (P <
0.002), and with the group with a hernia of 3 to < 5 cm (P
< 0.04). There was no significant difference between the
small- and the medium-sized groups. Pathological GER
defined as > 4% total reflux time during 24-h pH monitoring was significantly more common with large hernias
(64%) than with medium-sized and small hernias (24%)
(Table 2). The symptom score in patients with a hernia
larger than 2 cm and with pathological GER was twice
that of patients with normal GER (Table 2).
Pharyngeal burning sensation, heartburn, and acid
regurgitation were more common in the group with large
hernias than in the group with small hernias, but the
frequency of chest pain was about the same in all three
hernia groups (Table 1).
Five of the patients in the group with a hernia < 3
cm had no acid or chest symptoms. Their median GER
was 1.7% (range: 0.4%-3.6%). Two patients in the group
with a hernia 3 to < 5 cm and no symptoms had a mean
GER of 1.7% (range: 1.4%-2.0%), and two symptomfree patients in the group with a hernia 5 cm or more had
a mean GER of 0.6% (range: 0.3%-0.9%).

Questionnaire
The patients were asked to answer a questionnaire about
the presence of the following items, each graded from
0-3 (0 = none; 1 = mild; 2 = moderate; 3 = severe):
heartburn (a retrosternal burning sensation); a pharyngeal
burning sensation; acid regurgitation; and chest pain. A
maximum symptom score of 12 was thus possible.
HRM
The HRM system (ManoScan 360 A-100, Mano View
analysis software ver. I 2.0.1 from Sierra Scientific Instruments Inc., Los Angeles, CA, United States) uses a solid
state catheter (4.2 mm diameter) with closely spaced circumferential pressure sensors at 1 cm intervals over 36
cm. The HRM catheter was passed via the nose and positioned in order to provide simultaneous recordings from
the hypopharynx and the esophagus to the stomach. The
catheter was calibrated outside the patient before and immediately after the investigation using the thermal compensation option in the software.
The investigation was performed in the supine position and comprised 10 swallows of a 10-mL water bolus,
each swallow time separated by 30 s intervals. The difference (cm) between the hiatus level and the gastroesophageal transition level as imaged during water swallowing
WJG|www.wjgnet.com
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< 3 cm (n = 25)
36% 40% 40%
3 to < 5 cm (n = 25) 48% 44% 44%
5 cm more (n = 25) 56% 48% 56%

DISCUSSION
In this study, it was found that the group with a large
1583

February 14, 2014|Volume 20|Issue 6|

Franzén T et al . Hiatus hernia size and GER
hernia. The hernia sac is under the influence of the intrathoracic pressure in
association with the intraesophageal pressure during inspiration and expiration.
This leads to a significant reduction in the normal gastroesophageal pressure
barrier, facilitating GER.

Table 2 Mean scores for pathological and normal gastroesophageal reflux in patients with small, medium or large hiatus hernias
Hiatus hernia size

Pathological GER
Score sum (MV)

Normal GER
Score sum (MV)

3.5 (n = 6)
6.7 (n = 6)
5.8 (n = 16)

2.8 (n = 19)
3.3 (n = 19)
2.7 (n = 9)

< 3 cm (n = 25)
3 to < 5 cm (n = 25)
5 cm or more (n = 25)

Research frontiers

From a mechanical point of view, the size of the hiatus and the size of the hernia sac with its rather high compliance, should reasonably be expected to have
an inhibitory effect on GER and on GER symptoms.

Innovations and breakthroughs

In this study, it was found that the group with a large manometric hiatus hernia
had significantly more gastroesophageal reflux and more acid symptoms than
the group with small hernias.

GER: Gastroesophageal reflux.

Applications

manometric hiatus hernia had significantly more gastroesophageal reflux and more acid symptoms than the
group with small hernias. This is in agreement with the
study by Ott et al[6]. They found that patients with large
hiatus hernias, assessed with barium esophagogram, were
more likely to have abnormal findings on pH monitoring,
and that a minimal sized hiatus hernia was a poor predictor of the presence of abnormal gastroesophageal reflux.
Patti et al[7], in an upper gastrointestinal series, showed that
patients with a large hiatus hernia are more exposed to
acid than patients with a small hiatus hernia. In the present study, acid symptomatology was not correlated with
the hiatus hernia size as long as the patient did not have
pathological values during the 24-h pH test. Pathological
total reflux time, i.e., more than 4% during 24 h, was not
seen in any of the patients without acid or chest symptoms regardless of hernia size. This implies that certain
patients with a large hernia can go without symptoms and
that there is no pathognomonic relationship between hernia size, symptoms and gastroesophageal reflux.
In a study by Koch et al[8], the size of the esophageal
hiatus assessed during fundoplication surgery was not
found to have any relationship with symptoms, number
of reflux episodes, or reflux in the upright position, but
to have a significant influence on GER in the supine position. In another study, the size of the esophageal hiatus
measured during surgery was found to be significantly related to the amount of acid reflux. However, it is not obvious that the degree of gastroesophageal reflux is equally
dependent on the size of the esophageal hiatus and the
size of the hiatus hernia itself, since a narrow hiatus canal
can be found in large non-reducible hiatus hernias.
In conclusion, patients with a large hiatus hernia are
more prone to have pathological gastroesophageal reflux
and to have more acid symptoms than patients with a
small hiatus hernia. However, it is unlikely that patients
with an absence of acid symptoms will have pathological
reflux regardless of hernia size.

Patients with a large hiatus hernia are more prone to have pathological gastroesophageal reflux and to have more acid symptoms than patients with a
small hiatus hernia. However, it is unlikely that patients with an absence of acid
symptoms will have pathological reflux regardless of hernia size.

Peer review

This study investigates the relationship between the size of a hiatus hernia, the
degree of GER, and frequency of acid symptoms and chest pain. It’s a well carried out study.
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Percutaneous radiofrequency ablation for early
hepatocellular carcinoma: Risk factors for survival
Luciana Kikuchi, Marcos Menezes, Aline L Chagas, Claudia M Tani, Regiane SSM Alencar, Marcio A Diniz,
Venâncio AF Alves, Luiz Augusto Carneiro D’Albuquerque, Flair José Carrilho
HCC by computed tomography (CT) or magnetic resonance imaging (MRI) (single nodule of ≤ 5 cm, or
multi- (up to 3) nodules of ≤ 3 cm each) and who
underwent RFA treatment with curative intent between
January 2010 and August 2011 at the Instituto do
Câncer do Estado de São Paulo, Brazil were enrolled in
the study. RFA of the liver tumors (with 1.0 cm ablative margin) was carried out under CT-fluoro scan and
ultrasonic image guidance of the percutaneous ablation
probes. Procedure-related complications were recorded.
At 1-mo post-RFA and 3-mo intervals thereafter, CT and
MRI were performed to assess outcomes of complete
response (absence of enhancing tissue at the tumor
site) or incomplete response (enhancing tissue remaining at the tumor site). Overall survival and diseasefree survival rates were estimated by the Kaplan-Meier
method and compared by the log rank test or simple
Cox regression. The effect of risk factors on survival
was assessed by the Cox proportional hazard model.
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RESULTS: A total of 38 RFA sessions were performed
during the study period on 34 patients (age in years:
mean, 63 and range, 49-84). The mean follow-up
time was 22 mo (range, 1-33). The study population
showed predominance of male sex (76%), less severe
liver disease (Child-Pugh A, n = 26; Child-Pugh B, n =
8), and single tumor (65%). The maximum tumor diameters ranged from 10 to 50 mm (median, 26 mm).
The initial (immediately post-procedure) rate of RFAinduced complete tumor necrosis was 90%. The probability of achieving complete response was significantly
greater in patients with a single nodule (vs patients
with multi-nodules, P = 0.04). Two patients experienced major complications, including acute pulmonary
edema (resolved with intervention) and intestinal
perforation (led to death). The 1- and 2-year overall
survival rates were 82% and 71%, respectively. Sex,
tumor size, initial response, and recurrence status influenced survival, but did not reach the threshold of
statistical significance. Child-Pugh class and the model

Abstract
AIM: To evaluate outcomes of radiofrequency ablation
(RFA) therapy for early hepatocellular carcinoma (HCC)
and identify survival- and recurrence-related factors.
METHODS: Consecutive patients diagnosed with early
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percutaneous ablation therapy has emerged as a particularly promising treatment for such patients[3].
Percutaneous tumor ablation has been shown to
promote tumor necrosis and preserve liver function[3,4].
Radiofrequency ablation (RFA) is currently considered
the most effective modality of percutaneous ablation
therapy, with demonstrated efficacy and safety profiles
for early HCC cases of both single lesion (1 nodule, ≤
50 mm) and multi-lesion (up to 3 nodules, ≤ 30 mm
each)[3,4]. RFA is a physical thermal ablation technique by
which energy is introduced directly into the tumor tissue through an active electrode. The electric current is
converted into heat in a closed circuit and the ionic agitation of molecules caused by intracellular movement of
alternating electrical current at the needle tip results in
friction-generated heat; temperatures around and above
60  ℃ cause coagulation necrosis[4].
Meta-analyses of the randomized controlled trials
carried out to investigate the efficacies and outcomes of
various tumor ablation techniques have shown RFA to
be superior to ethanol injection for achieving complete
tumor ablation and in survival rates[5,6]. A recent metaanalysis of studies investigating the efficaciousness of
RFA vs hepatic resection also indicated that the two procedures produced similar short-term therapeutic efficacies in early HCC cases[7]. The accumulated evidence of
RFA efficacy has promoted its popularity among physicians for treating unresectable early HCC.
The majority of studies on RFA outcomes in HCC
patients have been conducted with Asian and European
populations[8-11]. Few reports of clinical experience with
this particular interventional technique have been reported for early HCC patients in Latin America. The study
reported herein was carried out to assess the outcome
of potentially curative RFA therapy in patients with early
HCC treated at a large metropolitan hospital in Brazil
and to identify the related risk factors for survival and
tumor recurrence.

for end-stage liver disease score were identified as
predictors of survival by simple Cox regression, but
only Child-Pugh class showed a statistically significant
association to survival in multiple Cox regression analysis (HR = 15; 95%CI: 3-76 mo; P = 0.001). The 1and 2-year cumulative disease-free survival rates were
65% and 36%, respectively.
CONCLUSION: RFA is an effective therapy for local tumor control of early HCC, and patients with preserved
liver function are the best candidates.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Hepatocellular carcinoma; Radiofrequency
ablation; Overall survival; Disease-free survival
Core tip: Radiofrequency ablation (RFA) is widely recognized as an effective therapy for early stage hepatocellular carcinoma (HCC) in patients who are not suitable
candidates for surgical resection, such as those with
decompensated liver function or portal hypertension.
Reports from Brazil of clinical experience with RFA
management of HCC are rare. This study evaluated 34
consecutive patients with early HCC treated with RFA
at a single Brazilian hospital. RFA was efficacious for
promoting local tumor control and positive outcome
was related to preserved liver function. Careful evaluation of liver function may help to identify the best candidates for this procedure.
Kikuchi L, Menezes M, Chagas AL, Tani CM, Alencar RSSM,
Diniz MA, Alves VAF, D’Albuquerque LAC, Carrilho FJ.
Percutaneous radiofrequency ablation for early hepatocellular
carcinoma: Risk factors for survival. World J Gastroenterol
2014; 20(6): 1585-1593 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i6/1585.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i6.1585

MATERIALS AND METHODS
Study design and patient selection
This study was designed as a single-center retrospective
analysis and was carried out with pre-approval by the local institutional review board (Registration ID: 368/12;
Instituto do Câncer do Estado de São Paulo (ICESP),
Brazil) according to the ethical guidelines of the Declaration of Helsinki.
The hospital’s prospective database was searched for
patients diagnosed with early HCC who underwent RFA
treatment with curative intent between January 2010 and
August 2011. Patients who were subject to RFA without
curative intent (as recommended by multidisciplinary
team evaluation) were excluded from analysis, regardless of whether a clinically effective outcome had been
achieved. However, patients who had been awaiting liver
transplantation and received RFA as bridge therapy were
included in the study.

INTRODUCTION
Hepatocellular carcinoma (HCC) is the most frequently
diagnosed primary hepatic malignancy, with the majority of cases occurring in patients with liver cirrhosis[1,2].
The increased practice of ultrasonography (US)-based
surveillance of high-risk patients, such as those with
chronic liver disease, has promoted the rates of HCC
diagnosis at the early stage when therapeutic intervention is more likely to be effective and less extensive.
While surgical resection remains the preferred curative
treatment method, patients with decompensated liver
function or portal hypertension are contraindicated for
this procedure and may require liver transplantation;
however, the substantially complicated nature of organ
transplantation and lack of donors has led researchers
to seek alternative methods for local tumor control, and
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HCC diagnosis and staging
Prior to the RFA treatment, all patients had been evaluated by imaging analysis (including US, contrast-enhanced dynamic computed tomography (CT), magnetic
resonance imaging (MRI), and/or chest CT), physical
examination, and laboratory testing. The Child-Pugh
and model for end-stage liver disease (MELD) scoring
systems were applied to determine liver function status.
HCC was diagnosed according to dynamic CT or MRI
findings showing hyperattenuation in the arterial phase
with washout in the portal venous phase[12,13]. In cases
with inconclusive imaging findings, tumor biopsy was
performed to confirm the HCC diagnosis.
For all patients, the RFA treatment was selected after
consideration of the tumor parameters (i.e., site, size,
and number), the functional reserve of the liver, and the
general health status. In particular, the following criteria
were applied to determine a patient’s candidacy for RFA:
(1) ineligibility for or refusal of surgical resection; (2)
US-detected tumor; (3) a single nodule ≤ 50 mm in diameter, or up to three nodules with a maximum diameter
of 30 mm each; (4) Child-Pugh A or B cirrhosis; and
(5) international normalized ratio of < 1.6 and platelet
count of > 50 × 109/L. The following conditions were
considered contraindications for RFA: (1) hepatic hilum
proximal to the tumor; (2) abundant ascites; (3) decompensated encephalopathy; and (4) extrahepatic tumor
spread and/or macrovascular invasion.

or incomplete response (enhancing tissue observed at
the tumor site). Patients showing incomplete response
were given an additional RFA procedure. After achievement of complete response, patients were followedup at 3-mo intervals, until April 2013. The followup evaluations included clinical testing (including liver
function testing) and CT or MRI. Tumor recurrence
was diagnosed upon imaging detection of an enhancing
area within or at the periphery of the ablated lesion. The
recurrence was defined as distant if one or more of the
detected tumor(s) were > 1 cm beyond the primary site.
Patients with recurring HCC tumors were treated with
additional RFA, if the same initial criteria for RFA candidacy remained satisfied. For those patients with recurrent HCC that showed contraindications to additional
RFA, alternative therapies (such as transarterial chemoembolization (TACE) or sorafenib) were considered and
applied.
All major complications that occurred during the follow-up period were recorded. Major complications were
defined as complications resulting in hospital admission
for interventional therapy, unplanned increase in the
routine level of medical care, prolonged hospitalization,
permanent adverse sequelae, or death.
Statistical analysis
Continuous data were expressed as median and range.
The Lausen (1994) method was used to identify cutoff
points of tumor size and MELD score necessary to
maximize the subsequent log rank statistical analysis[14].
Fisher’s exact test was carried out to identify variables
associated with initial complete response.
Overall survival was defined as the interval between
treatment and death or date of last follow-up. Probability of disease-free survival was defined as the interval
between treatment and the date of local or distant HCC
recurrence. Survival rates were estimated by the KaplanMeier method and compared by log rank or simple Cox
regression analyses. The effect of risk factors on survival
was assessed by the Cox proportional hazard model, according to the calculated hazard risk (HR) and 95%CI.
All statistical analyses were performed by the R statistical
computing package (version 2.15.2; The R Project for
Statistical Computing). A P-value of < 0.05 was considered statistically significant.

RFA
At ICESP, the RFA routine is standardized, and all procedures were performed by one of three trained physicians (one having record of at least 5-years of experience
with percutaneous ablation therapy) using the Cool-Tip
200-W RF generator (Covidien, Mansfield, MA, United
States). The procedure was performed on an in-patient
basis with general endotracheal anesthesia or conscious
sedation, depending on the target location and anticipated complexity. Prior to needle insertion, the point of entry was planned to ensure a safe trajectory and end position. CT-fluoro scan and US image guidance was used to
precisely place the ablation probes percutaneously within
the tumor. The tumor size, location, and geometry were
considered when selecting whether a single 17-gauge or
triple cluster 17-gauge needle electrode will be applied in
the RFA procedure. The tumor ablation was carried out
in overlapping sessions, with the intent of ablating the
entire tumor along with a 1.0 cm ablative margin.
Immediately after the procedure, a contrast-enhanced
CT was performed in the interventional suite and detection of residual tumor tissue necessitated an additional
needle insertion and ablation routine.

RESULTS
Demographic, clinical and RFA treatment characteristics
of early HCC patients
Of the total 395 patients with HCC who were evaluated
for potential clinical management at ICESP during the
20-mo study period, 38 (12%) were treated with RFA.
Four patients that received RFA without curative perspective were excluded from analysis. The baseline characteristics of the 34 RFA-treated patients are shown in
Table 1. This patient population showed predominance
of males, low-grade liver dysfunction (Child-Pugh A),

Follow-up
The efficacy of RFA was evaluated at one month after
the procedure. CT or MRI imaging analysis was carried
out and the response to RFA was classified as complete
response (absence of enhancing tissue at the tumor site)
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(range, 1-33) for all patients; two patients were lost to
follow-up.

Table 1 Baseline characteristics of the 34 patients with early
hepatocellular carcinoma treated with radio frequency ablation n (%)

Overall survival rates of RFA and related factors
The 1- and 2-year overall survival rates were 82% and
71%, respectively (Figure 1). No deaths occurred among
the female patients during the follow-up period. Overall
survival time was significantly higher for patients with tumors ≤ 35 mm in diameter (3 years vs > 35 mm: 2 years,
P = 0.08). All patients that achieved complete response
had a single tumor, while 27% of the patients with multinodular HCC never achieved complete response (i.e.,
partial response); the probability of achieving complete
tumor ablation was significantly greater in patients with
a single nodule (vs multiple tumors, P = 0.04).
Overall survival rate was higher in patients with
complete response (HR = 0.22, 95%CI: 0.04-1.22), but
the difference from patients with incomplete response
did not reach the threshold for statistical significance
(P = 0.83). Preserved liver function was associated with
a significantly better overall survival time, as shown by
patients with MELD score ≤ 11 (HR = 14.00, 95%CI:
2.8-70.0 mo; vs ≥ 12, P = 0.001) and patients classified
as Child-Pugh A (HR = 15.00, 95%CI: 3.0-76.0 mo vs
Child-Pugh B, P = 0.001). Patients with recurrence during follow-up showed a trend towards better survival,
but this result may reflect the different (longer) followup times of certain patients (Figure 2). In multiple Cox
regression analysis, only the Child-Pugh class was found
to be associated with survival at a statistically significant
level.

No. of patients (n = 34)

Characteristics
Sex, male/female
Age in years median, range
Etiology,
HCV
HBV
Alcohol
Others
Child-Pugh class
A
B
MELD points median, range
Cutpoint by Lausen method
Portal hypertension, n (%)
ECOG-PST, 0/1 %
BCLC stage, 0/A %
Alpha-fetoprotein in ng/mL median, range
Tumor size in mm, median, range
Cutpoint by Lausen method
Tumor stage, n (%)
Single
≤ 20 mm
21-30 mm
> 30 mm
Multinodular
Initial response (n = 32)
Complete
Partial
Recurrence (n = 32)
No
Yes
Local tumor recurrence
Distant recurrence

26/8
63, 49-84
24 (70)
1 (3)
6 (18)
3 (9)
26 (76)
8 (24)
9, 6-16
11
27 (79)
85/15
18/82
10.7, 1.4-12.7
26, 10-50
35
22 (65)
6
8
8
12 (35)
29 (90)
3 (10)
17 (53)
15 (47)
6
9

HCV: Hepatitis C Virus; HBV: Hepatitis B Virus; MELD: Model for endstage liver disease.

Outcomes of RFA bridge treatment in patients with
substantial liver dysfunction
Sixteen of the RFA-treated patients were on the liver
transplant waiting list in the beginning of their followup period. Four of those patients received orthotopic
liver, and the median time to transplant was 12 mo.
Five of the patients who did not receive a donor-match
died from liver failure, and all showed no signs of HCC
progression. At the end of follow-up, seven patients remained on the liver transplant list and met the Milan criteria. Explant analysis of the four transplanted patients
showed that although the main nodule was completely
necrotic in two of the cases and partially necrotic in the
other two cases, small HCC foci (nodules < 10 mm)
were present in all of the explanted liver specimens.

1.0

Survival

0.8
0.6
0.4
0.2
0.0
0.0

0.5

1.0

1.5

2.0

2.5

t /yr

Figure 1 Overall survival of the 34 patients with early hepatocellular carcinoma treated with radio frequency ablation.

Disease-free survival rates of RFA and factors related to
recurrence
At the end of follow-up, tumor recurrence had been detected in 15 (47%) of the total 32 patients. The 1- and 2-year
cumulative disease-free survival rates were 65% and 36%,
respectively (Figure 3). Tumor recurrence during followup was influenced by survival; log rank test indicated that
patients with better survival rates (Child-Pugh A, MELD ≤
11, and female) were at risk for recurrence.
Both local recurrence (n = 6) and distant recurrence

single tumor status, and larger tumor size (only 17% had
tumors ≤ 2 cm).
A total of 38 RFA sessions were performed in the 34
patients. Only three patients showed incomplete initial
response, but complete response was achieved in all after
additional RFA sessions (2 sessions, n = 2; 3 RFA sessions, n = 1). The median follow-up period was 22 mo
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Gender

A

Gender

B

0.8

0.8

0.6

0.6

0.4
0.2

> 35 mm

0.4
0.2

0.0
0.0

≤ 35 mm

Tumor size

1.0

Survival

Survival

1.0

Tumor size

Female
Male

0.0
0.5

1.0

1.5
t /yr

2.0

2.5

0.0

0.5

1.0

1.5

2.0

2.5

t /yr
Child-Pugh

Child-Pugh

MELD score

1.0

0.8

0.8

0.6

0.6

0.4

0.4
0.2

0.0
0.0

0.0
0.5

1.0

1.5
t /yr

2.0

2.5

0.0

0.5

1.0

1.5

2.0

2.5

t /yr
Initial response

E

Initial response

Complete
Partial

1.0

Recurrence status

F

Recurrence status

0.6

0.6

Survival

0.8

0.4

No
Yes

1.0

0.8

0.2

0.4
0.2

0.0
0.0

> 11

MELD score

1.0

0.2

Survival
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Figure 2 Cumulative survival rates of hepatocellular carcinoma patients following radiofrequency ablation treatment. Comparisons are presented between
the following patient sub-groups. A: Male and female; B: Tumor size of ≤ 35 mm and > 35 mm; C: Child-Pugh A and B; D: Model for end-stage liver disease score ≤
11 and > 11; E: Complete and partial initial response; F: With tumor recurrence and without tumor recurrence.

(n = 9) occurred. Among the patients that experienced
distal recurrence, three showed macroscopic vascular
invasion at the time of recurrence detection and one
experienced nodal recurrence. Treatment for recurrence
included RFA (n = 6), percutaneous ethanol injection (n
= 2), TACE (n = 5), and sorafenib (n = 2).

lowing the RFA sessions. One patient developed acute
pulmonary edema and was transferred to the intensive
care unit; the patient fully recovered and was discharged
to home without further incident occurring during the
remaining follow-up. Another patient experienced intestinal perforation and died 31 d after the RFA procedure.
Of the total 12 patients (34%) that died during the
follow-up period, only one death was attributed to HCC
progression. The majority of deaths (50%) were related

Major complications of RFA
Two patients experienced major complications fol-
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lopathy, and/or important coagulopathy. Recent recommendations for TACE treatment candidacy emphasize
careful selection from among those patients with ChildPugh B[18]. The data from the current study also indicate
that liver function is an important consideration for RFA
candidacy. Child-Pugh B patients comprised 24% of the
study population and most of these patients had MELD
scores > 11 as well as a previous episode of ascites or
encephalopathy which was compensated before the RFA
treatment (data not shown).
RFA was very successful in promoting tumor control
in the current study population, in general. Achievement
of complete response was detected in the initial evaluation for all patients with single nodule HCC. Achievement of initial complete response after RFA has been
reported as an important predictor of survival, due to
its association with significant improvement in disease
outcome[15,19]. The impact of extensive tumor necrosis
on survival has also been reported for TACE[20], and
researchers have considered features of this alternative
treatment modality in hopes of developing improved
strategies for RFA. Multiple electrode insertion was proposed to facilitate generation of a sufficient safety margin, and iterative RFA was shown to promote achievement of complete and durable ablation[9]. TACE has also
been applied as an adjunct therapy to RFA and improves
the treatment-induced tumor necrosis. Occlusion of
arterial flow during RFA significantly enlarges the zone
of coagulation, which may underlie the improved effects
on tumor control that are achieved when RFA is used in
combination with transarterial therapies, such as TACE.
Indeed, supplementing RFA with TACE has been shown
to improve survival in some HCC patients, but the precise benefit of this association must be validated[21-23].
Recurrence of tumors treated with RFA occurred in
47% of the patients in the current study. Despite imaging analysis detecting no viable neoplastic tissue at postprocedural and follow-up exams, residual nests of tumor
cells contributed to local tumor recurrence in 40% of
these cases. The cases of distant recurrences (60% of
recurrences) was not surprising due to the multicentric
nature of HCC in cirrhosis. Recurrent HCC is not uncommon after RFA nor is it specific to this modality
of therapy. Even patients treated with hepatic resection
show recurrence rates > 70% at five years after the surgical therapy[24,25]. Unfortunately, no adjuvant therapy has
demonstrated a significant improvement in disease-free
rates after potentially curative therapies (such as RFA)
for early HCC either.
Most of the published data on RFA effectiveness has
come from studies conducted with Eastern cohorts of
patients and generalization to Western patients may not
be feasible because of the known etiologic differences
of these populations[26,27]. The largest study to date on
RFA outcome demonstrated that etiology of liver disease is an important predictor of long-term survival and
distant intrahepatic recurrence, and identified a role for
chronic infection with hepatitis C virus (HCV) in patient
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Figure 3 Cumulative disease-free survival of the 34 patients with early
hepatocellular carcinoma treated with radio frequency ablation.

to complications of underlying cirrhosis and liver failure.
Three deaths were attributed to other causes unrelated to
tumor, liver failure, or the RFA treatment. None of the
patients that survived to the end of follow-up presented
any clinical signs of worsening liver function.

DISCUSSION
In the past two decades, RFA has become recognized
worldwide as an efficacious and safe treatment modality
for patients with early HCC[12,13]. In Brazil, more than
one-third of newly diagnosed HCC cases are classified as early stage[2], and clinicians face the same clinical challenges for treating these types of patients with
concomitant portal hypertension or decompensated liver
function (contraindicators for surgical resection)[3]. To
expand our knowledge of RFA application and outcome
in Brazil, this study evaluated the initial (immediate postprocedural) and short-term (1-2 year follow-up) clinical
experience with RFA in a single treatment center with
experienced staff. The 38 RFA procedures performed
with curative intent on a total of 34 patients with early
HCC showed high anti-tumor effect, providing complete
response in 90% of the patients. Moreover, the overall
survival rate was found to be significantly associated
with liver function in these patients.
After selection of tumor variables (number and size),
our results showed a great discrepancy in terms of overall survival after RFA depending on liver function. Specifically, the 1-year survival rates for patients with ChildPugh A and B score were 96% and 37%, respectively.
Similar findings were reported by other groups examining clinical efficacy of RFA[15-17]. Because most HCCs
arise in the context of liver cirrhosis, the established
liver impairment may already represent a general poor
prognosis for these patients. Indeed, for Child-Pugh C
patients, HCC treatment has no effect on outcome[12,13].
For Child-Pugh B patients, however, HCC treatment can
be beneficial, but the outcome is not consistent. Asymptomatic HCC patients with minor laboratory changes
and without decompensated cirrhosis are categorized
within the same group as patients with ascites, encepha-
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survival[10]. In another study, patients with HCV-related
cirrhosis who achieved sustained virological response
to antiviral therapy were shown to have a substantially
lower rate of HCC recurrence and accompanying higher
survival rate[9]. In the current study, up to 70% of the
patient cohort were HCV-positive (data not shown) and
this may have played a role in the high recurrence rate.
RFA is a well-established bridge therapy for patients
awaiting liver transplant. The results from explant analysis
of the transplanted patients supported the finding that
RFA is very efficacious in promoting tumor necrosis; the
treated lesions remained necrotic in all cases. However,
very small (< 1 cm) HCC lesions were found in all explant specimens. Thus, RFA appears to be a good choice
for bridge therapy of patients with compensated liver
function while awaiting donor liver to become available
for transplantation[28]; those patients with decompensated liver function, however, may not be suitable candidates for RFA, and liver transplantation should remain
the treatment of choice. In our hospital, the average wait
time for a donor liver was approximately 12 mo[2]; livingdonor transplant may also be an excellent curative therapy and should be explored as a feasible alternative for
some HCC patients, such as those not suited to surgical
resection or RFA.
One RFA-related death that of gastrointestinal perforation, occurred in the current study’s cohort. Risk of
this type of procedure-related complication is increased
when the target nodule is located adjacent to the intestine, and the risk is even higher when the patient has
a previous history of gastrointestinal surgery. The reported frequency of gastrointestinal perforation in RFA
is 0.3% per treatment[29]. Our patient had no history of
gastrointestinal surgery and we performed an intraperitoneal infusion technique, by which 500-1000 mL of
5% glucose solution was injected before and during the
ablation routine for the purpose of creating space between the lesion and the intestine. The RFA procedure
itself was uncomplicated and the patient was discharged
to home afterwards. Ten days later, the patient returned
to clinic with acute abdominal pain and immediately
underwent laparotomy and colostomy. Nonetheless, the
patient died 31 d after the RFA procedure.
The current study has several limitations inherent
to its study design that must be considered when interpreting its results. While the small sample size reflected
the normal volume for this procedure in a reference
HCC center in Brazil, it may have been the reason why
no significant differences were observed for some of
the well-known predictors of survival and recurrence.
Furthermore, the current study’s findings were gained
from a single-center cohort and cannot be compared to
clinical experiences from other treatment centers, due
to heterogeneity of selection and patient management,
physicians’ expertise, indication of additional treatments,
and the institution’s volume of care. Liver transplantation is considered the optimal treatment for early HCC
patients with decompensated liver function, and these
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patients are not good candidates for the alternative minimally invasive therapies. Inclusion of patients with more
advanced liver dysfunction (Child-Pugh B patients) in
the current study’s cohort may have compromised the
overall survival rate. However, this cohort composition
was considered an accurate reflection of the actual profile of patients seeking HCC treatment, and the results
may help to refine selection criteria for RFA candidates
in our hospital in the future.
In summary, RFA was a safe and effective therapy
to achieve local tumor control of early HCC in Brazilian patients. The best candidates for RFA were patients
with early HCC and well preserved liver function. Careful follow-up with imaging analysis should be conducted
after RFA, as the rate of recurrence remains high. Yet,
most cases of recurrence can be effectively treated with
additional RFA or other standard therapies. Finally, RFA
ablation was shown to be an effective bridge therapy
during the wait for a donor liver, but mainly benefited
patients with well compensated liver function.

COMMENTS
COMMENTS
Background

Hepatocellular carcinoma (HCC) is a frequent complication of chronic liver
disease and is the main cause of death in patients with compensated liver cirrhosis. Prospective surveillance of cirrhotic patients has improved the diagnosis
rates of HCC in early stage, when patients are candidates for potentially curative therapies. In this scenario, radiofrequency ablation (RFA) has emerged as
a promising alternative therapy.

Research frontiers

RFA is the standard of care for patients with early HCC who are not candidates
for surgical resection. RFA is considered safe and effective due to its demonstrated ability to promote tumor necrosis without deterioration of liver function.
This study identifies risk factors for survival and disease recurrence following
RFA treatment, and the results are expected to improve patient selection for
this procedure.

Innovations and breakthroughs

The publically available literature includes few reports of clinical experience and
analyses of RFA in HCC patients from Brazil and Latin America. Selection and
patient management, physicians’ expertise, indication of additional treatments,
and the institution’s volume of care can be institution specific and may influence
RFA outcome. This study of a Brazilian patient cohort from a hospital with clinical expertise in RFA confirms the importance of careful liver function evaluation
when considering a patient’s candidacy for RFA.

Applications

RFA is a very effective therapy to promote local tumor control. Patients with
well-preserved liver function were shown to have better survival rates following
RFA treatment of HCC. For patients classified as Child-Pugh B, liver transplantation should remain the first choice for therapy.

Terminology

RFA is a physical thermal ablation technique that introduces energy directly
into target tissue (such as a tumor lesion) through an active electrode. HCC is
a primary malignant tumor that frequently occurs in patients with chronic liver
disease. Decompensated liver function occurs when the liver can no longer
function normally. Overall survival denoted the chance of staying alive after the
treatment for HCC. Tumor recurrence was defined as the return of HCC after
treatment and after a period of time during which the cancer could not be detected by routine imaging analysis.

Peer review

This study analyzed data from Brazilian patients with early HCC who underwent
RFA with curative intent. A rate of 90% complete tumor necrosis was obtained
at initial (immediate post-procedural) evaluation. The 1- and 2-year overall
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survival rates were 82% and 71%, respectively. Child-Pugh class was the only
independent predictor for survival following RFA. The results of this study agree
with those from similar studies in ethnically and geographically different cohorts
that have been previously published, and provide novel insights into the unique
clinical experience of a Latin America-based population. Although this was a
preliminary study and used only a small amount of cases, the results may be
useful to treating physicians in selecting candidates for RFA treatment.
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Recombinant streptokinase vs phenylephrine-based
suppositories in acute hemorrhoids, randomized, controlled
trial (THERESA-3)
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Karem M Catasús-Álvarez, Roselin Valle-Cabrera, Ana Aguilera-Barreto, Pedro A López-Saura;
the THERESA-3 Group of Investigators
METHODS: A multicenter (14 sites), randomized (1:1),
open, parallel groups, active controlled trial was done.
After inclusion, subjects with acute symptoms of hemorrhoids, who gave their written, informed consent to
participate, were centrally randomized to receive, as
outpatients, rSK (200000 IU) or 0.25% phenylephrine
suppositories, which had different organoleptic characteristics. Treatment was administered by the rectal
route, one unit every 6 h during 48 h for rSK, and up
to a maximum of 5 d (20 suppositories) for phenylephrine. Evaluations were performed at 3, 5 and 10 d postth
inclusion. The main end-point was the 5 -day complete
clinical response (disappearance of pain and edema, and
≥ 70% reduction of the lesion size). Time to response
and need for thrombectomy were secondary efficacy
variables. Adverse events were evaluated too.
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RESULTS: 5th day complete response rates were 83/110
(75.5%) and 36/110 (32.7%) with rSK and phenylephrine suppositories, respectively. This 42.7% difference
(95%CI: 30.5-54.2) was highly significant (P < 0.001).
rd
The advantage was detected since the early 3 day
evaluation (37.3% vs 6.4% for the rSK and active control groups, respectively; P < 0.001) and was kept even
th
at the late 10 day assessment (83.6% vs 58.2% for
rSK and phenylephrine, respectively; P < 0.001). Time
for complete response was significantly shorter (P =
0.031; log-rank test) in the rSK group (median: 4.9 d;
95%CI: 4.8-5.0) with respect to the active control (median: 9.8 d; 95%CI: 9.8-10.0). Thrombectomy was necessary in 1/59 and 8/57 patients with baseline thrombosis in the rSK and phenylephrine groups, respectively (P
= 0.016). There were no adverse events attributable to
the experimental treatment.

Abstract
AIM: To compare the efficacy and safety of recombinant streptokinase (rSK) and phenylephrine-based suppositories in acute hemorrhoidal disease.
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CONCLUSION: rSK suppositories showed a significant
advantage over a widely used over-the-counter phen-
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therapy), not exempted from complications[2-4,9-11].
Streptokinase (SK) is an indirect fibrinolytic agent that
interacts with plasminogen, forming an active complex
with protease action that activates plasminogen into plasmin. The efficacy of SK has been demonstrated in acute
myocardial infarct[12,13] and in other thrombotic diseases[14].
The local application of recombinant SK (rSK) on hemorrhoids, where thrombosis and/or inflammation with
microthrombi may be present was first tested in a proofof-concept, pilot trial in 10 patients[15] and afterwards in a
phase Ⅱ, multicenter, randomized, double-blind, placebocontrolled trial in 80 patients. A 200000 IU, but not a
100000 IU rSK suppository showed a beneficial effect
on hemorrhoidal symptoms (36% larger response rate, 5
d faster), over excipient controls, with an adequate safety
profile[16]. These were the first reports of a thrombolytic
treatment for this condition.
Vasoconstrictors have been also used as non-invasive
treatment of hemorrhoids[17]. Among them, phenylephrine
is widely prescribed and there are over-the-counter products of this drug established in common medical practice
since several decades. The aim of the present work was to
compare the efficacy and safety of 200000 IU rSK suppositories vs a phenylephrine-based commercially available
suppository for the treatment of acute hemorrhoids in
terms of clinical response, need for thrombectomy, and
adverse events through a multicenter, randomized clinical
trial, as part of the clinical development of the experimental formulation.

ylephrine preparation for the treatment of acute hemorrhoidal illness, with an adequate safety profile.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Streptokinase; Suppository; Phenylephrine;
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Core tip: Medical treatments for acute hemorrhoidal
disease come very seldom from randomized, controlled
clinical trials. The paper describes that a candidate to
a new therapeutic alternative, based on thrombolysis,
shows significant efficacy advantage with respect to a
widely used, over-the-counter, hemorrhoidal product.
Hernández-Bernal F, Castellanos-Sierra G, Valenzuela-Silva
CM, Catasús-Álvarez KM, Valle-Cabrera R, Aguilera-Barreto A,
López-Saura PA; the THERESA-3 Group of Investigators. Recombinant streptokinase vs phenylephrine-based suppositories in
acute hemorrhoids, randomized, controlled trial (THERESA-3).
World J Gastroenterol 2014; 20(6): 1594-1601 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i6/1594.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i6.1594

INTRODUCTION
Hemorrhoids are one of the principal reasons that patients
seek consultation from a colon and rectal surgeon[1-3]. The
exact incidence of this common condition is difficult to
estimate, as many people are reluctant to seek medical
advice for various personal, cultural, and socioeconomic
reasons, but epidemiological studies report a prevalence
varying from 4.4% in adults in the United States to over
30% in general practice in London[1,4,5].
Treatments include conservative medical management, office procedures, and surgical approaches in an
operating room. The least-invasive approach should
be considered given the physiologic importance of the
hemorrhoid cushions and the potential self-limiting
nature of many hemorrhoid symptoms. The decision
on how to treat depends on many factors including the
severity of the signs and symptoms and can change in
patients with thrombosis, important prolapse or profuse
hemorrhage, and other medical conditions[1-3].
The initial treatment of the hemorrhoidal illness consists of general conservative measures (hygienic-dietetic,
life style changes, symptomatic treatment) to restore the
intestinal habit and to diminish the local symptoms. Although several medicines have been tested, significant
benefits have not been obtained to control this condition.
When response is obtained the result takes many days[3,6].
Therefore, in an important group of patients surgery becomes the final solution[7,8]. In such cases, surgical or other
invasive procedures are indicated (hemorrhoidectomy, ligation, sclerotherapy, infrared photoclotting, cryo and laser
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MATERIALS AND METHODS
A randomized (1:1), parallel groups, open, controlled,
phase Ⅲ clinical trial was carried out in 14 hospitals from
10 Cuban provinces. The National Center for the Coordination of Clinical Trials, Havana was outsourced as a
contract research organization (CRO) for trial coordination and monitoring, product supply, and data collection.
Patients, 18-75 years old, with acute symptoms and signs
of hemorrhoids, characterized by anal pain, with tumors
of variable size and appearance, maybe colored red-violet,
usually associated with significant edema, who gave their
written, informed consent to participate were eligible. Exclusion criteria were: SK administration in the previous
6 mo, antecedents of intracranial hemorrhage, allergy
to SK, phenylephrine or any other component of the
medicament, stroke, intracranial surgery or skull trauma
less than 3 mo before, any other bleeding-risk condition,
and history of severe arterial hypertension or ventricular
tachycardia. Patients with acute diarrhea in the last 12 h,
hemorrhoidal disease caused by portal hypertension, septic or severe hemorrhagic complications, associated fistula or cancer, pregnancy, puerperium, and mental disorders were also excluded. The trial was done in proctology
wards from central hospitals in Havana or from province
capitals throughout the country. Participant investigators
were specialists in colo-proctology. The protocol followed
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the Declaration of Helsinki guidelines and was approved
by the Ethics Committees of the participating hospitals
and by the Cuban Regulatory Authority.
Recombinant streptokinase was produced in Escherichia
coli at the Center for Genetic Engineering and Biotechnology (CIGB), Havana[18]. Suppositories, 2 g (Proctokinasa®,
Heber Biotec, Havana), were prepared containing 200000
IU of rSK, 20 μg thimerosal, 20 mg sorbitan monostearate (Span 60), 10 mg sodium salicylate, and hard fat
(Witepsol W25). Preparation H® suppositories (Wyeth,
Richmond), contained 0.25% phenylephrine HCl, 85.39%
cocoa butter, corn starch, methylparaben, propylparaben,
and shark liver oil. Their organoleptic characteristics, presentations and therapeutic schedules were different, which
determined that the trial could not be double-blind.
The patients included were randomly distributed to the
treatment groups: (1) rSK; and (2) phenylephrine suppositories. Treatment was administered by the rectal route, one
unit every 6 h during 48 h for rSK, and up to a maximum
of 5 d (20 suppositories) as labeled for the phenylephrine
commercial preparation. Concomitant treatment for all
groups included high-fiber diet, abundant liquid ingestion,
bed rest, local hygiene, and oral analgesics if pain. Thrombectomy was performed in cases with thrombosis if there
was no improvement at all during the first 72 h and the
patient’s pain required it. Treatment started immediately
after confirmation of inclusion and continued as outpatient. Its compliance was monitored through a log card
designed for that purpose, and recollection of the empty
suppository blister packs.
Diagnosis was done clinically or verified by anoscopy,
if necessary. Hemorrhoids were classified according to
their origin. External hemorrhoids originate distal to the
dentate line, arising from the inferior hemorrhoidal plexus.
Internal hemorrhoids originate proximal to the dentate
line, arising from the superior hemorrhoidal plexus, covered with mucosa. Internal hemorrhoids were further classified into four grades according to the extent of prolapse.
Grade I: the hemorrhoidal tissue protrudes into the lumen
of the anal canal, but does not prolapse outside; grade Ⅱ:
hemorrhoids may prolapse beyond the external sphincter and be visible during evacuation but spontaneously
return to lie within the anal canal; grade Ⅲ: hemorrhoids
protrude outside the anal canal and require manual reduction, and grade Ⅳ: hemorrhoids are irreducible and are
constantly prolapsed. Some hemorrhoids were regarded as
mixed (internal-external), arising from the inferior and superior hemorrhoidal plexus and their anastomotic connections. Acute hemorrhoids could present with thrombosis
or not[1-4,19].
Clinical evaluations were carried out by the specialists
on the 3rd, 5th and 10th day outpatient visits after treatment
onset. The main endpoint was the proportion of patients
with complete clinical response on the 5th day, given by
disappearance of pain and edema, and reduction of more
than 70% of the initial lesion size (measured with calibrated millimeter rulers). Time to response and need for
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thrombectomy were secondary efficacy variables.
The adverse events (type, duration, severity, outcome,
and causality relationship) were carefully registered. The
severity of the adverse events was classified in three levels: (1) mild, if no therapy was necessary; (2) moderate,
if a specific treatment was needed; and (3) severe, when
hospitalization or its prolongation was required, the
reaction was life-threatening or contributed to patient’
s death. A qualitative assessment was used to classify
the causal relationship as definite, probable, possible or
doubtful[20]. Adverse reactions known for intravenous
SK (fever, shivering, nausea, vomiting, low blood pressure, hemorrhages and allergy) were specially searched.
Central 1:1 randomization was done at CIGB, in
blocks of 4 individuals, by means of a computerized
random number generator. Each hospital pharmacy
received a stock with both products, unmasked, in sufficient amounts to guarantee the treatment according
to their inclusion rate. The decision to accept a participant was made by the investigators in ignorance of the
group assignment. The informed consent was obtained
and then the clinical researcher phoned (a 24-h line was
specially set up for the trial) the central trial coordinator who, after collecting the patient’s initials, assigned
the corresponding code (site code + patient consecutive
number) and treatment, which was then prescribed and
requested to the hospital pharmacy. Trial on-site monitoring verified this process as well as the accurateness
of all the case report forms vs the primary information,
treatment compliance, and all Good Clinical Practices
procedures.
SK treatment duration was prolonged from 24 h in
the previous trials[15,16] to 48 h since in those studies some
patients had not achieved response but only showed
some improvement at 24 h, so it was supposed that a
longer treatment would yield a better result. At the same
time the main response criteria was changed from 90%
lesion size reduction to 70%, combined with pain disappearance, following expert criteria that considered that
this reduction was enough for the patient to return to
his/her usual activities.
The trial hypothesis was to obtain a proportion of
70% of the patients with complete response at the 5th
day after treatment onset with rSK suppositories (as
obtained in the previous studies) and a 20% advantage
(that could be considered clinically significant) over the
response rate in the active control group. Assuming
types Ⅰ and Ⅱ errors of 0.05 and 0.10, respectively, in a
superiority model, a sample size of 101 subjects was estimated using the PASS software (www.ncss.com). Considering 10% dropouts the final sample size was rounded
to 110 subjects per group.
Statistical analysis
After review and query resolution, data were doubleentered in databases built with the OpenClinica software
(www.openclinica.com). SPSS version 15 software was
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290 patients

Not included: 70
Patient refused: 22
Hemorrhoids complications: 15
Bleeding risk conditions: 11
Other concomitant diseases: 9
Other: 13

220 randomized

Phenylephrine: 110
patients

rSK: 110 patients

Abandon: 2

Completed
treatment: 108

Abandon: 5
Adverse event: 1

Completed
treatment: 104

Figure 1 Disposition of 220 patients from November 2009 to March 2010.

used for statistical analyses. Complete response rates
comparison between groups was assessed by the likelihood ratio χ 2 test (or the Fisher’s exact test) and the 95%
confidence interval (CI) of the estimated proportions
and their differences. Times to complete response were
estimated by survival analyses (Kaplan-Meier) and compared with the log-rank test. The level of significance
chosen was α = 0.05. All analyses were done on intention-to-treat basis. Missing evaluations were imputed as
the last observation carried forward.

three.
Table 1 shows the demographic and baseline characteristics of the patients. Most of them were males, 18 to
75 years-old, with the ethnic distribution of the Cuban
population. Treatment was started within 6 d after the
onset of symptoms in 75% of the subjects. Hemorrhoids were 66% external and 53% with thrombosis.
Symptoms presented for the first time in 42% of the
patients, 15% had previous thrombectomy, and three
subjects had history of hemorrhoidectomy. No relevant
imbalances between the groups can be seen.
Table 2 shows the results of the clinical evaluations.
The analyses were “intention-to-treat” and involved
all patients who were randomly assigned. A significant
treatment-dependence of the complete response rate
was obtained for the main trial outcome, at 5 d. The rSK
suppositories treated group showed 75% complete response rate, as expected and a > 40% advantage over the
control group. A multilevel analysis did not yield relevant
differences among the participating hospitals regarding
this main trial outcome (result not shown). Secondary
outcome evaluations, at 3 and 10 d yielded highly significant differences as well. Time to response was 5 d
shorter in the rSK group.
Complete response rate was > 74% in all subgroups
treated with rSK, regardless of the hemorrhoid classification or type of acute event (Table 3). A significant
advantage of the rSK treatment was found for all subgroups except for patients with prolapse grades Ⅰ or
Ⅱ. Besides the small sample size, response rate with
phenylephrine was higher among these less complicated
cases. Thrombectomy was needed in very few cases but
a significant treatment-dependence was detected.
A total of 45 and 33 adverse events (AE) were re-

RESULTS
From November 2009 to March 2010 a total of 220 patients were included out of 290 that were screened. Their
disposition is shown in Figure 1. The main causes for noninclusion were refusal to consent, hemorrhoidal disease
with excluding complications (infections, abscess, fistula,
or due to portal hypertension), bleeding risk conditions
(anti-coagulant therapy, recent digestive or urinary bleeding, hemophilia, and recent surgery), other concomitant
diseases (acute diarrhea, arterial hypertension, heart failure, hyperthyroidism, and prostate hyperplasia), and other
causes (pregnancy, age, allergy, and mental disorders). Out
of the 70 non-included subjects, 27 (39%) were due to
possible contraindications or precautions of the rSK treatment.
Treatment was completed in 98.2% and 94.5% of
the patients from the rSK and phenylephrine groups,
respectively. Causes of non-compliance are described in
Figure 1. Patients missing the response evaluation visits
were one, one, and four in the rSK group on the 3rd, 5th,
and 10th day, respectively. In the phenylephrine group the
corresponding missing evaluations were none, two, and
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Table 1 Demographic and baseline characteristics of the patients n (%)

Gender
Male/female (% male)
Ethnicity
White
Black
Mestizo
Age (yr)
Median ± QR (range)
Days from start of symptoms to treatment onset
Median ± QR (range)
Classification of the hemorrhoids
External
Internal
Mixed
Grade of prolapse (Ⅰ or Ⅱ:Ⅲ or Ⅳ)
Presence of thrombosis
Debut of disease
Previous thrombectomy
Previous hemorrhoidectomy

rSK
(n = 110)

Phenylephrine
(n = 110)

Total
(n = 220)

58/52 (52.7)

66/44 (60.0)

124/96 (56.4)

60 (54.5)
13 (11.8)
37 (33.6)

56 (50.9)
16 (14.5)
38 (34.5)

116 (52.7)
29 (13.2)
75 (34.1)

46 ± 20 (18-74)

45 ± 18 (21-75)

45 ± 19 (18-75)

3 ± 2 (0-26)

3 ± 3 (0-38)

3 ± 3 (0-38)

73 (66.4)
31 (28.2)
6 (5.5)
(13:24)
59 (53.6)
48 (43.6)
17 (15.5)
2 (1.8)

73 (66.4)
30 (27.3)
7 (6.4)
(7:30)
57 (51.8)
44 (40.0)
16 (14.5)
1 (0.9)

146 (66.4)
61 (27.7)
13 (5.9)
(20:54)
116 (52.7)
92 (41.8)
33 (15.0)
3 (1.4)

QR: Quartile range; rSK: Recombinant streptokinase.

th

Table 2 Results of the clinical evaluations after treatment
n (%)

Table 3 Subgroup analyses: 5 day complete response n (%)
rSK

rSK
(n = 110)
Response after 3 d
Response after 5 d
(95%CI)3
Difference (95%CI)3
Response after 10 d
Days to response:
median (95%CI)
1

Phenylephrine
(n = 110)

41 (37.3)
7 (6.4)
83
36
(75.5%; 67.4-83.5)3 (32.7%; 24.0-41.5)3
42.7 (30.5-54.2)3
92 (83.6)
64 (58.2)
5 (4.8-5)
10 (9.8-10)

P value

Type of acute event
Without thrombosis
With thrombosis
Thrombectomy
Hemorrhoid classification
External
Internal + mixed
Prolapse grade
Ⅰ or Ⅱ
Ⅲ or Ⅳ

< 0.0011
< 0.0011,3

< 0.0011
0.0312

Likelihood ratio χ ; 2Log-rank test; 3Main outcome. rSK: Recombinant
streptokinase.
2

1

P value

38/51 (74.5)
45/59 (76.3)
1/59 (1.7)

15/53 (28.3)
21/57 (36.8)
8/57 (14.0)

< 0.00011
< 0.00011
0.0162

54/73 (74.0)
29/37 (78.4)

22/73 (30.1)
14/37 (37.8)

< 0.00011
< 0.00011

11/13 (85)
18/24 (75)

4/7 (57)
10/30 (33)

0.292
0.0021

Likelihood ratio χ ; 2Log-rank test. rSK: Recombinant streptokinase.

ported in the phenylephrine and rSK groups, respectively. The AE that appeared in more than one patient
are shown in Table 4. Most reports were mild or moderate. Only three events were severe: one patient with local
pain and burning sensation in the phenylephrine group
and one with local pain in the rSK group. Only a tachycardia immediately after the application of the phenylephrine suppository in one patient was considered with
definite causality relation with treatment. The rest of the
AE could be explained by the underlying illness. None
of them required specific treatment.

2

hand no reports of the quantitative effect of phenylephrine-based preparations on the resolution of acute
hemorrhoidal illness were found, either from controlled
clinical trials or not[21,22]. The sample size of the study
was enough to fulfill its aim. The multicentric character
of the trial, with several provinces involved, contributes
to the generalizability (external validity, applicability) of
the findings. A double-blind design was not possible in
this case since the products had different presentations
and schedules. A double-dummy scheme (each active
drug with the alternate placebo) would had been little
feasible and ethically questionable, given the acute character of the condition to treat and the uncomfortable
way of administration. However, central randomization,
its concealment, and active monitoring, minimized this
source of bias. The trial performed well, without deviations and minimal dropouts. This was facilitated by the
fact that treatment was short lasting, simple, and inclusion could be completed easily. Therefore the internal
validity of the study was adequate.

DISCUSSION
This work reports for the first time the therapeutic efficacy of rSK suppositories on acute hemorrhoids in a
randomized trial, compared to a commonly used treatment. This active control was preferred to a placebo,
due to ethical considerations, since it was not possible to
exclude patients from an accepted therapy. On the other
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showed a much smaller thrombectomy rate, in agreement with the previous trial with this product[16] and its
proposed mechanism of action as a thrombolytic agent.
This is an exciting result since thrombectomy is indicated when conservative management fails to improve
the patient’s main complaint (anal pain). To be able to
avoid an aggressive approach can be interesting due to
the possible medical and financial consequences to the
patient and/or healthcare system. Since thrombosis is
a frequent complication of hemorrhoidal disease (53%
in this series) the possibility of a non-surgical approach
would be beneficial to a significant number of patients.
The results indicate that the rSK suppository is safe
and tolerable. The adverse events reported were minimal, mild, resolved spontaneously and with low causality relation with the rSK. In the same sense, there were
no bleeding complications in the rSK group. In fact,
bleeding as a symptom of the underlying disease cleared
adequately in this group. It was previously shown that
rSK suppositories application does not alter systemic hemostasis[15]. On the contrary, the only event that caused
treatment interruption was a phenylephrine-related
tachycardia episode, expected with an alpha-adrenergic
agent.
Several local host factors may influence absorption in
the rectum: the mucus layer, the variable volume of rectal fluid, the basal cell membrane, the tight junctions and
the intracellular compartments may each constitute local
barriers to drug absorption, depending on histological
factors and on the molecular structure of the administered drug[17], a > 40 kDa protein in this case. At the
same time there are arteriovenous shunts as well as communications between the internal and external plexus
that makes the submucosal space in the rectal duct as
a vascular sponge[26] that can explain the effect of rSK
even if only a small amount is absorbed. The thrombolytic effect of the rSK suppository on microthrombi in
the local capillary structures could improve permeability
and its action on the lymphatic local system, which could
diminish the inflammation, exudates, and local edema.
This determines a rapid improvement after the product
is applied, even if macrothrombosis is not present.
The results of this trial show that the rSK suppository preparation significantly advantages the widely used
over-the-counter phenylephrine control preparation
for the treatment of acute hemorrhoidal illness, with an
adequate safety profile. Further controlled, large trials
should confirm this efficacy data, compare them with
other products established in usual medical practice and
explore other schedules in order to optimize the costbenefit ratio.

Table 4 Adverse events occurring in more than one patient

Total subjects with adverse events
Events
Local burning sensation
Local pricking sensation
Rectal bleeding
Anal pruritus
Diarrhea
Headache
Anal pain
Local heat sensation

rSK
(n = 110)

Phenylephrine
(n = 110)

19 (17.3)

30 (27.3)

3 (2.7)
4 (3.6)
5 (4.5)
3 (2.7)
4 (3.6)
1 (0.9)
3 (2.7)
0

11 (10.0)
9 (8.2)
4 (3.6)
5 (4.5)
0
3 (2.7)
1 (0.9)
2 (1.8)

rSK: Recombinant streptokinase.

The trial hypothesis was fulfilled: a > 70% complete
response rate was obtained on the 5th day in the rSK
treated group and the advantage over the control group
was > 40%, far above the expected difference. The difference found at the 3rd day indicates that the effect begins shortly after treatment. At 10 d more than 80% of
the patients treated with rSK had responded completely
and the difference with the control group was 25% despite the fact that the natural course of the acute event
leads to its resolution. The results confirm the previous
evidence of effect found for this product[15,16]. As expected, a better outcome was achieved with the extended
treatment schedule from 24 to 48 h.
The median time-to-complete response was shortened in 5 d with respect to the phenylephrine preparation. The shorter response time is an interesting result
with a potential impact on patients’ quality of life. This
illness frequently affects active population that needs to
return as soon as possible to their usual doings[3,10,23-25].
Other larger studies have reported longer healing periods with control standard treatments and other agents.
Greenspon et al[23] reported that conservatively treated
thrombosed external hemorrhoid patients required 24
d to complete symptom resolution as compared to 3.9
d with surgical management. Menteş et al[24] report an
86.2% success rate at two weeks with oral calcium dobesilate in acute attacks of internal hemorrhoids. Perrotti et
al[25] report that thrombosed hemorrhoids can be treated
at home and usually settle within 10-14 d using ice packs,
stool softeners, and analgesia.
Subgroup analyses showed the efficacy for all clinical
variants of acute hemorrhoids including all grades of
prolapse. The differences were large enough to exclude
that any of these significant findings were from chance
alone. Only in the less complicated prolapse grades Ⅰ or
Ⅱ, the difference between rSK and control groups was
not statistically significant, although clinically interesting.
The sample size in this subgroup was quite small and the
response in the controls was higher, which is not unexpected for a milder condition.
Need for thrombectomy was 14% in the control
group, similar to other reports[7]. The rSK treated group
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Hemorrhoids are the most frequent proctologic illness, being a worldwide health
problem. Although several medicines have been tested, significant benefits have
not been obtained to control this condition. When response is obtained the result
takes many d and in an important group of patients surgical or other invasive
procedures are indicated (hemorrhoidectomy, ligation, sclerotherapy, infrared
photoclotting, cryo and laser therapy), not exempted from complications. Streptokinase (SK) is a fibrinolytic agent. Its efficacy of SK has been demonstrated in
acute myocardial infarct and in other thrombotic diseases. Its local application
on hemorrhoids, where thrombosis and/or inflammation with microthrombi may
be present was first tested in exploratory trials where a 200000 IU suppository
showed a beneficial effect on hemorrhoidal symptoms (36% larger response rate,
5 d faster), over excipient controls, with an adequate safety profile. These were
the first reports of a thrombolytic treatment for this condition. The aim of the present work was to compare the efficacy and safety of 200000 IU SK suppositories
vs a phenylephrine-based over-the-counter available suppository for the treatment
of acute hemorrhoids through a multicenter, randomized clinical trial.
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Research frontiers
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Medical treatments for haemorrhoidal crisis come very seldom from randomised, controlled clinical trials. The paper describes that a candidate to a
new therapeutic alternative, based on thrombolysis, shows significant efficacy
advantage with respect to a widely used over-the-counter hemorrhoidal product.
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Innovations and breakthroughs

The results of this trial show that the SK suppository preparation significantly
advantages the widely used over-the-counter phenylephrine control preparation
for the treatment of acute hemorrhoidal illness (75% response rate at 5 d vs
33% with the control), with an adequate safety profile.
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Applications

These results lead to a new first-in-class treatment for such a common disease.
Further controlled, large trials should confirm these efficacy data and compare
them with other products established in usual medical practice.
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Terminology

Fibrinolysis: breakdown of fibrin that forms the clots that occlude blood flow
in veins or arteries. Streptokinase: indirect fibrinolytic agent that interacts with
plasminogen, forming an active complex with protease action that activates plasminogen into plasmin, which is the direct fibrinolytic enzyme.
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It is a well-conducted trial with impressive results. This is a well designed,
well conducted and well written study. The multicenter nature of the study and
inclusion of the study along with inclusion of sufficient number of patients from
different ethnic groups and with different grades of hemorrhoids indicates good
generalisability of the study. The results demonstrate early initiation of action,
short response time and high healing rate in patients treated with recombinant
streptokinase, which is of great clinical benefit.
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stents for hepatocellular carcinoma with portal vein tumor
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average survival time of 11 patients were analyzed. Portal vein pressure was assessed before and after TIPS.
The follow-up period was 2-18 mo.
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RESULTS: TIPS with covered stents was successfully completed in all 11 patients. The mean portal
vein pressure was reduced from 32.0 to 11.8 mmHg
(t = 10.756, P = 0.000). Gastrointestinal bleeding
was stopped in nine patients. Refractory ascites completely disappeared in one patient and was alleviated
in another. Hepatic encephalopathy was observed in
six patients and was resolved with drug therapy. During the follow-up, ultrasound indicated the patency of
the shunt and there was no recurrence of symptoms.
Death occurred 2-14 mo (mean: 5.67 mo) after TIPS
in nine cases, which were all due to multiple organ failure. In the remaining two cases, the patients were still
alive at the 16- and 18-mo follow-up, respectively.
CONCLUSION: TIPS with covered stents for HCC patients with tumor thrombus in the main portal vein is
technically feasible, and short-term efficacy is favorable.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Abstract

Key words: Transjugular intrahepatic portosystemic
shunt; Covered stent; Portal hypertension; Main portal
vein tumor thrombus; Hepatocellular carcinoma

AIM: To evaluate transjugular intrahepatic portosystemic shunt (TIPS) with covered stents for hepatocellular carcinoma (HCC) with main portal vein tumor
thrombus (PVTT).

Core tip: Tumor thrombus invasion of portal veins is
very common in advanced hepatocellular carcinoma
patients, especially in the patients presenting with upper gastrointestinal hemorrhage. Transjugular intrahepatic portosystemic shunt (TIPS) with bare stents has
been attempted to treat those patients. We choose
Fluency stent (Bard Inc, Germany) in this study, and
our primary experience showed that the efficacy of
TIPS with covered stents is favorable for treatment of
complications related to portal hypertension due to

METHODS: Eleven advanced HCC patients (all male,
aged 37-78 years, mean: 54.3 ± 12.7 years) presented
with acute massive upper gastrointestinal bleeding (n
= 9) or refractory ascites (n = 2) due to tumor thrombus in the main portal vein. The diagnosis of PVTT was
based on contrast-enhanced computed tomography
and color Doppler sonography. The patients underwent
TIPS with covered stents. Clinical characteristics and
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tumor thrombus invasion in the main portal vein. Significant improvement of symptoms was observed in all
the patients. The patency rate was 100%.
Zhao JB, Feng C, Zhu QH, He XF, Li YH, Chen Y. Transjugular
intrahepatic portosystemic shunt with covered stents for hepatocellular carcinoma with portal vein tumor thrombosis. World
J Gastroenterol 2014; 20(6): 1602-1607 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i6/1602.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i6.1602

Figure 1 Portal venogram in a 59-year-old man with hepatocellular carcinoma and lung metastasis, who was treated with transjugular intrahepatic
portosystemic shunt for severe varicosis and vomiting blood for 3 d.
Puncture was successfully performed in the right branch with tumor thrombus in
the trunk and left branch of the portal vein.

INTRODUCTION
Transjugular intrahepatic portosystemic shunt (TIPS)
with covered stents has been widely adopted as a minimally invasive treatment for complications related to
portal hypertension, such as variceal bleeding and refractory ascites, and the effectiveness has been confirmed by
several clinical studies[1-9]. Patients with advanced hepatocellular carcinoma (HCC) may present with fatal massive
gastrointestinal bleeding or refractory ascites due to occlusion of the main portal vein by tumor thrombus[10-13].
Studies on TIPS with covered stents in this clinical setting have been limited and its therapeutic role has not
been established[14-16].
Here, we report a case series using TIPS with covered stents for the treatment of complications related to
portal hypertension due to tumor thrombus invasion in
the main portal vein.

sent from the patients and their family members, before
the procedures.
Prior to TIPS, enhanced CT was performed to localize the hepatic vein and the main portal vein and its
branches, and to identify their spatial relationship using
3D reconstruction. The right jugular vein was punctured,
and a 10-Fr Ring Transjugular Intrahepatic Access Set
(Arrow, Reading, PA, United States) was advanced into
the vessel. A 16-gauge Colapinto needle (Optimed, Germany) was used to puncture into the portal system. The
needle direction was estimated according to the location
of the tumor thrombus. For the patients with tumor
thrombus in the main portal vein and its left or right
branch, we attempted puncture of the patency branch
(Figure 1). For the patients with tumor thrombus in the
main portal vein and both right and left branches, we attempted to puncture the bifurcation of the main branches. Simultaneous needle withdrawal and contrast agent
injection were performed to identify the portal system.
Successful access to the portal system was confirmed
based on the outline of the tumor thrombus in the
portal vein (Figure 2A). The appearance of a “grid-like
outline” in the tumor thrombus interspaces, or occasionally, small branches (it belongs to a branch of the left
or right stem of hepatic portal vein), was considered to
indicate successful puncture of the portal system (Figure
3). Then a hydrophilic guidewire and a catheter (Terumo,
Japan) were manipulated through the tumor thrombus to
the superior mesenteric vein (Figure 2B). After measurement of the portosystemic pressure gradient (PPG), the
10-Fr sheath was advanced along the guidewire across
the tumor thrombus to the superior mesenteric vein.
The covered stent (Fluency; Bard, Germany) was advanced. Contrast agent was injected via the 10-Fr sheath
to make sure that the tumor thrombus was completely
covered. After that, the 10-Fr sheath was withdrawn and
the covered stent was released. Shunt venography was
performed (Figure 2C). All patients received medical
treatment after the TIPS.

MATERIALS AND METHODS
Eleven patients (all male, aged 37-78 years, mean: 54.3
± 12.7 years) with advanced HCC with main portal vein
tumor thrombus were admitted to our department because of acute massive upper gastrointestinal bleeding
(volume > 500 mL, n = 9) or refractory ascites (n = 2).
The characteristics of the patients are summarized in
Table 1. All the patients had coexisting chronic type B
hepatitis and cirrhosis. Seven patients underwent transarterial chemoembolization or radiofrequency ablation.
The Child-Pugh score was 5, 6 or 7 in three patients
each and 8 in two. The Eastern Cooperative Oncology
Group performance status was 0-3. Preoperative enhanced computed tomography (CT) scans demonstrated
tumor thrombus invasion of the main portal vein and
its branches, but the superior mesenteric vein remained
patent. Severe gastric varices were found in the nine patients with acute hemorrhage. Sclerotherapy and band
ligation under endoscopy were performed but failed to
provide any clinical improvement. In the two patients
with refractory ascites, the effectiveness of paracentesis and intravenous albumin injection was poor. TIPS
placement was then undertaken in all 11 patients for the
purpose of saving or prolonging life. Ethics Committee
approval was obtained, along with written informed con-
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B

C

Figure 2 Portal venograms in a 41-year-old man with hepatocellular carcinoma and lymphatic metastasis, who was treated with transjugular intrahepatic
portosystemic shunt for severe varicosis and vomiting blood for 5 d. A: Injection of a small amount of contrast agent demonstrated tubular and slow blood flow
with no dissipation and the portal vein was clearly defined; B: After a catheter was introduced, the portal vein image was confirmed by 30° right anterior oblique angiography; C: After two Fluency stent grafts with a length of 80 mm and diameter of 8 mm were implanted, the shunt was shown to have smooth blood flow by postoperative angiography.

(range: 26-37 mmHg) before the procedure and decreased to 11.8 ± 3.8 mmHg (range: 7-19 mmHg) after
the procedure (t = 10.756, P = 0.000). Gastrointestinal
tract bleeding stopped in nine cases after TIPS, without
recurrence during follow-up. Refractory ascites completely disappeared in one patient and was alleviated in
another. Six patients experienced hepatic encephalopathy
(HE; 2 grade I, 3 grade Ⅱ, and 1 grade Ⅲ) about 1 wk
after TIPS and recovered after administration of lactulose and protein restriction. Color Doppler ultrasound
was used for monitoring the patency of the TIPS and
demonstrated that the stent grafts were patent during
2-18 mo of follow-up. No patients had recurrence of
bleeding or worsening of ascites. Death occurred 2-14
mo (mean: 5.67 mo) after TIPS in nine cases; all due
to multiple organ failure. However, the other two cases
were still alive at the 16- and 18-mo follow-up, respectively (Table 2).

Figure 3 Portal venogram in a 37-year-old man with hepatocellular carcinoma and lung metastasis, who was treated with transjugular intrahepatic
portosystemic shunt for severe varicosis and vomiting blood for 5 d. The
tumor thrombus was located in the trunk and both left and right branches of the
portal vein, and needle puncture was performed in the portal bifurcation. After
injection of contrast agent, tumor thrombus was seen as an expansive growth
with loose texture, with clear imaging of the portal vein branches.

DISCUSSION

Statistical analysis
The results are expressed as the mean ± SD. The results
of portal vein pressure were assessed before and after
TIPS by the paired comparisons t-test. A P-value < 0.05
was considered statistically significant. All calculations
were performed using SPSS version 13.0 software for
windows.

Tumor thrombus invasion of the portal veins is common in patients with advanced HCC, especially in those
with upper gastrointestinal hemorrhage [9]. TIPS with
bare stents has been attempted to treat the complications
related to portal hypertension due to tumor thrombus
invasion (Table 3)[17-20]. Our study was markedly different
from previous ones. First, all the patients were diagnosed
with HCC, tumor thrombus in the main portal vein, and
complete portal vein occlusion. Second, all portosystemic shunts were created with an expanded polytetrafluoroethylene (ePTFE)-covered stent.
Several problems such as shedding of cancer cells
into the circulation, or shunt occlusion by tumor ingrowth into the mesh of the stent may occur after TIPS
with bare stents[21-24]. We speculated that creation of
TIPS with covered stents may overcome these shortcomings. The most commonly used Viatorr stent (Gore,
United States) is not commercially available in China[25,26],
therefore, we chose the Fluency stent (Bard) in this

RESULTS
TIPS was successfully performed in all 11 patients. In
the five patients with tumor thrombus in the main portal
vein and its left or right branch, the patent branch was
successfully punctured. In the six patients with tumor
thrombus in the main portal vein and both branches, the
bifurcation of the main branches was successfully punctured. Twenty-one Fluency stent grafts (length 4-8 cm)
were implanted in all cases, with a diameter 8 mm in 20
and 7 mm in one. The mean PPG was 32.0 ± 4.8 mmHg
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Table 1 Clinical data of the 11 patients
Case No. Age (yr) Localization of tumor Localization of portal Treatment
vein tumor thrombus before TIPS

Eextrahepatic
metastasis

Symptoms
before TIPS

Gastroscopic findings
before TIPS

Child-Pugh
score

Metastasis in both
lungs
None

Vomiting
blood for 3 d
Massive
refractory
ascites for 3
mo
Vomiting
blood for 5 d

Severe varicosis

6

Not performed

8

Severe varicosis

6

Massive
refractory
ascites for 6
mo
Vomiting
blood for 5 d
Vomiting
blood for 6 d
Vomiting
blood for 3 d
Vomiting
blood for 2 d
Vomiting
blood for 3 d
Vomiting
blood for 7 d
Vomiting
blood for 1 d

Not performed

7

Severe varicosis

7

Severe varicosis

6

Severe varicosis

5

Severe varicosis

8

Severe varicosis

5

Severe varicosis

5

Severe varicosis

7

1

59

S2, 3, 4

Main, left branch

TACE once

2

78

S5, 6

Main, both left and
right branches

None

3

41

S7, 8

Main, both left and
right branches

TACE 3 times

4

66

S2, 3

Main, left branch

TACE twice,
RF once

5

37

S2, 3, 4, 7

None

6

46

S2, 3, 5, 6

Main, both left and
right branches
Main, left branch

None

Metastasis in both
lungs
None

7

43

S5, 6

Main, right branch

None

None

8

55

S5, 6, 7

9

60

S2, 5, 6

10

57

S2, 3, 4

11

55

S5, 8

Lymphatic metastasis in hepatic
hilus and cardiodiaphragmatic
angle
None

Main, both left and TACE 3 times, Metastasis in both
right branches
RF once
lungs
Main, both left and
TACE once Metastasis in both
right branches
lungs
Main, left branch TACE 2 times
None
Main, both left and
right branches

TACE once,
RF once

Metastasis in both
lungs

TIPS: Transjugular intrahepatic portosystemic shunt; TACE: Transcatheter arterial chemoembolization; RF: Radio frequency.

Table 2 Transjugular intrahepatic portosystemic shunt procedures and outcomes
Case No.
1
2
3
4
5
6
7
8
9
10
11

Covered stent
(diameter × length mm)

Hepatic arterial
angiography

8 × 40, 8 × 80
8 × 80, 8 × 60
8 × 80, 8 × 80
7 × 80
8 × 80, 8 × 80
8 × 80, 8 × 60
8 × 80, 8 × 60
8 × 80, 8 × 60
8 × 80, 8 × 80
8 × 80, 8 × 60
8 × 80, 8 × 60

No obvious APF
No obvious APF
No obvious APF
Obvious APF
No obvious APF
No obvious APF
No obvious APF
No obvious APF
No obvious APF
No obvious APF
No obvious APF

PPG before TIPS PPG after TIPS
(mmHg)
(mmHg)
33
29
36
26
37
32
27
37
31
28
36

10
10
12
7
19
14
12
13
12
9
12

Outcomes

Postoperative

Follow-up

HE
Hemostasis
Cured ascites
Hemostasis
Alleviated ascites
Hemostasis
Hemostasis
Hemostasis
Hemostasis
Hemostasis
Hemostasis
Hemostasis

Grade Ⅱ HE
Grade Ⅱ HE
No
No
Grade Ⅰ HE
Grade Ⅰ HE
No
Grade Ⅲ HE
No
No
Grade Ⅱ HE

Death after 4 mo
Death after 4 mo
Death after 2 mo
Survived the 16 mo
Death after 2 mo
Death after 6 mo
Death after 14 mo
Death after 3 mo
Death after 10 mo
Survived the 18 mo
Death after 6 mo

TIPS: Transjugular intrahepatic portosystemic shunt; PPG: Portosystemic pressure gradient; APF: Active power filter.

study. The Fluency stent is ePTFE-coated throughout
the endograft with a 2-mm bare segment[25-27].
Our primary experience showed that the efficacy of
TIPS with covered stents is favorable for complications
related to portal hypertension due to tumor thrombus
invasion in the main portal vein. Significant improvement of symptoms was observed in all 11 patients. The
patency rate was 100% during follow-up.
Creation of TIPS in this clinical setting is technically
feasible and obviously challenging. How to puncture
the portal system remains the greatest challenge. In our
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study, five patients had tumor thrombus in the trunk of
the portal vein and its left or right branch, and the patent
branches were successfully accessed with the conventional
TIPS method[28,29]. However, for the patients with tumor
thrombus in the main portal vein and both its branches,
simultaneous needle withdrawal and contrast agent injection were helpful for successful puncture of the portal
vein. We preferred the bifurcation of the portal vein as
the puncture site, because the portal vein was enlarged due
to expansion of the tumor thrombus. Contrast material is
injected to determine whether access to a portal vein has
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Table 3 Brief summary of published studies: Transjugular intrahepatic portosystemic shunt for malignant portal vein obstruction n (%)
Ref.

Type of paper Technical success rate Stent used in TIPS Shunt dysfunction

Chung et al[17]

Case report

6 (100)

Bare stent

2 (33)

Wallace et al[18]

Case series

37 (97)

Bare stent

44%

Jiang et al[19]

Case series

10 (71.4)

Bare stent

NA

Burger et al[20]

Case report

2 (100)

Bare stent

0%

Indication of TIPS

Localization of PVTT

Recurrent variceal
bleeding (n = 6)

Portal trunk (n = 6) 3 patients died
at postoperative month 4
Portal trunk (n = 6), 30- and 90-d
right branch (n = 5), survival rates
left branch (n = 2) were 84% and
60%, respectively
Portal trunk (n = 14), Mean survival
right branch (n = 11), time 132.3 d
left branch (n = 4)

Variceal hemorrhage
(n = 16), BCS (n = 3),
refractory ascites/hydrothorax (n = 14),
other (n = 5)
Intractable ascites (n =
3), simple hemorrhage
(n = 1), hemorrhage
and ascites (n = 10)
Recurrent variceal
Portal trunk (n = 2)
bleeding (n = 1), refractory ascites (n = 1)

Prognosis

One patient
died at
postoperative
month 3

BCS: Budd-Chiari syndrome; NA: Not available; PVTT: Portal vein tumor thrombosis; TIPS: Transjugular intrahepatic portosystemic shunt.

lular carcinoma patients may present with fatal massive gastrointestinal bleeding
or refractory ascites due to occlusion of the main portal vein by tumor thrombus.
Transjugular intrahepatic portosystemic shunt with covered stents for those patients is technically feasible, challenging, and with favorable short-term efficacy.

been gained. When it displayed like vascular structure and
the contrast materials flowed slowly with no dissipation,
the portal vein could be clearly defined. The appearance
of a “grid-like outline” in the tumor thrombus interspaces,
or occasionally, small branches, was considered to indicate
successful puncture of the portal system.
In order to achieve long-term shunt patency, the
tumor thrombus in the main portal vein should be
completely covered. After the procedure, the portal
blood flow was redirected to the systemic circulation.
Subsequent HE and liver failure are two problems to
which one needs to pay attention. In our study, only one
patient experienced grade Ⅲ HE, three grade Ⅱ, and
two grade Ⅰ; all of whom recovered after administration
of lactulose and protein restriction. No death resulted
from hepatic failure in our 11 patients. We speculate that
the blood supply to the liver from the peripheral portal
branches and hepatic artery increased in a compensatory
manner during occlusion of the main portal veins[30].
This study had some limitations. First, the sample
size in this case series was small, and the effectiveness
and safety of TIPS in this clinical setting need to be
evaluated in prospective studies with larger samples. Second, the long-term patency of the shunt could not be
observed, because the patients had end-stage HCC.
Undoubtedly, the prognosis of advanced HCC is
poor. The main purpose of TIPS was to save or prolong
life, and this should be explained clearly to the patients
and their relatives.
In conclusion, TIPS with covered stents for HCC with
tumor thrombus in the main portal vein is technically feasible, challenging, and has favorable short-term efficacy.

Research frontiers

The authors demonstrated that transjugular intrahepatic portosystemic shunt
(TIPS) with the expanded polytetrafluo- roethylene (ePTFE)-covered Fluency
stent has favorable short-term efficacy compared with the bare stent. Significant
improvement of symptoms was observed in all the patients. The patency rate
was 100% during the follow-up.

Innovations and breakthroughs

This study was markedly different from previous ones. First, all the patients
were diagnosed with hepatocellular carcinoma, tumor thrombus in the main portal vein, and complete portal vein occlusion. Second, all portosystemic shunts
were created with an ePTFE-covered stent.

Applications

TIPS with covered stents is a feasible procedure for hepatocellular carcinoma
patients with tumor thrombus in the main portal vein. It is beneficial for advanced hepatocellular carcinoma patients with severe clinical symptoms.

Terminology

The Fluency stent is a polytetrafluoroethylene-encapsulated grid-like cylinder
composed of a biocompatible nickel-titanium alloy.

Peer review

In the present manuscript, the authors showed that TIPS with covered stents for
hepatocellular carcinoma patients with tumor thrombus in the main portal vein
is a feasible procedure.
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respectively). There is no significant difference (P > 0.05)
in the levels of insulin, IGF-1, IGFBP-1, IGFBP-3 and
IGF-1/IGFBP-3 between the patients with and without
hepatic as well as distal abdominal metastases. WHR
and BMI of colon cancer patients were positively and
significantly correlated with the levels of insulin and
IGF-1/IGFBP-3. In contrast, WHR and BMI were negatively correlated with IGFBP-3 level.

Abstract

METHODS: We determined serum insulin, IGF-1 and
IGFBPs levels in 615 colorectal cancer patients and 650
control healthy donors by enzyme-linked immunosorbent
assay (ELISA). In the meantime, their body mass index
(BMI) and waist-to-hip ratio (WHR) were measured.

Core tip: A previous study evaluated the effects of insulin, insulin-like growth factor-1 (IGF-1) and insulin-like
growth factor binding proteins (IGFBPs) on cell growth
and proliferation, which played important roles in the
etiology of colon cancer. The present study aimed to
investigate the relationship of changes in serum insulin,
IGF-1, IGFBPs, body mass index, waist-to-hip ratio with
the initiation and progression of colorectal cancer. We
observed that there were no differences in serum levels
of leptin, IGF-1, IGFBP-1 and IGFBP-3 as well as IGF-1/
IGFBP-3 ratio between pre- and post-operation colorectal cancer patients.

RESULTS: Serum levels of insulin and IGF-1 as well
as IGF-1/IGFBP-3 ratio in pre-operation patients were
significantly elevated, but the level of IGFBP-3 was
significantly decreased compared with normal controls
and post-operation patients (P < 0.05 and P < 0.001,

Jiang B, Zhang X, Du LL, Wang Y, Liu DB, Han CZ, Jing JX,
Zhao XW, Xu XQ. Possible roles of insulin, IGF-1 and IGFBPs
in initiation and progression of colorectal cancer. World J Gastroenterol 2014; 20(6): 1608-1613 Available from: URL: http://

CONCLUSION: The elevation of insulin, IGF-1 as well as
IGF-1/IGFBP-3 ratio and the reduction of IGFBP-3 may
be related to the initiation of colorectal cancer, but they
are not related to the progression and outcome of the
disease.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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factor-1; Insulin-like growth factor binding protein-3;
Insulin-like growth factor-1/insulin-like growth factor
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AIM: To investigate the roles of serum insulin, insulinlike growth factor-1 (IGF-1), and insulin-like growth
factor binding proteins (IGFBPs) in the initiation and
progression of colorectal cancer.
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Table 1 Patient and disease characteristics
n

Characteristic
Gender
Male/female
Clinical Stage
T1/T2/T3
Type
Colon cancer/rectal cancer/colorectal cancer
Colon cancer
Pre/post-operation
Rectal cancer
Pre/post-operation
Health control
Male/female

INTRODUCTION
Reports in recent years showed that the rate of colorectal
cancer in North America is 44.60/100 thousand, while in
Europe is 42.9/100 thousand[1]. Based on the investigations from the Asian-Pacific colorectal cancer collaborative group, the incidences of colorectal cancer significantly increased in several Asian countries. The rates of
colorectal cancer in Japan, South Korea and Singapore
are 49.3/100 thousand, 24.7/100 thousand and 35.1/100
thousand, respectively. With the improvement of the
quality of life of the Chinese people and changes in their
diet, the incidence of colorectal cancer is increasing, especially in large cities[2-4]. The high incidence of colorectal
cancer may be associated with genetics, environment, life
style and diet. Previous studies showed that both insulinlike growth factor-1 (IGF-1) and insulin-like growth
factor binding protein-3 (IGFBP-3) genes had no association with the occurrence of colon cancer, while insulin
receptor substrate-1 (IRS-1) had certain association with
colon cancer incidence[5-8]. There are very few reports on
the association of biomarkers such as insulin, IGF-1 and
IGFBPs with the incidence of colorectal cancer in China.
In this study, we investigated risk factors associated with
colorectal cancer, and the relationship between IGF-1,
IGFBPs and colorectal cancer. Our results may provide
insights into the causes of the increased incidence of
colorectal cancer in China.

60/362/193
193/410/12
53/140
179/231
368/282

and waist and hip circumferences (cm) and collected 10
mL of blood from the pre- and post- operation patients.
Information about the risk factors for colorectal cancer
was collected by trained interviewers. The investigation
questionnaire included age, occupation, education, ethnic
group, residence, history of benign colorectal diseases and
malignant tumors. Body measurements include height,
weight, waist and hip circumferences, and blood pressure.
Analysis of serum insulin, IGF-1, IGFBPs, and leptin
At the time of blood collection, blood constituents were
rapidly aliquoted and levels of insulin, IGF-1, IGFBPs
and leptin were assayed by ELISA within 48 h. All reagents were provided by American ADL Company and
Swedish Mercodi AB Company. Serum leptin levels were
assayed by using Human Radioimmunoassay RIA kit
(Linco Research, St. Louis, United States). All the procedures were according to the manufacturers’ instructions.

MATERIALS AND METHODS

Statistical analysis
The survey and the experimental data were statistically
analyzed with SPSS13.0 software. The differences between groups were analyzed by t-test, χ2 tests, variances
and correlations. Analyzed data are shown as mean ±
SD, and the differences were considered significant when
P < 0.05.

Study population and recruitment procedure
A total of 615 hospitalized patients or revisited outpatients who were diagnosed with colorectal cancer in the
Department of Anorectal Surgery of Shanxi Cancer
Hospital from June 2010 to October 2011 were recruited
for this study. All participants answered the inquiry questions. The study was approved by the Ethics Committee
of Shanxi Cancer Hospital. There were 335 male and 280
female patients with a median age of 53 years old (range,
20 to 80 years old). There were 193 cases of colon cancer
(pre-operation 73 cases and post-operation 120 cases),
and 410 cases of rectal cancer (pre-operation 199 cases
and post-operation 211 cases). There were also 12 cases
of colorectal junction cancer. All pre-surgical patients
received no treatment, and all post-surgical patients were
confirmed with colon or rectal ulcer-cancer, infiltrating
cancer or junction cancer by histopathological examination. There were 650 healthy participants as controls, including 368 males and 282 females with a median age of
49 years old (range, 18 to 72 years old). All patients and
healthy controls had no history of diabetes. The data for
the patients are shown in Table 1.

RESULTS
All subjects were local Shanxi residents with 10 or more
years of residency and belong to Han ethnic group. The
average age of colorectal cancer patients was 53.85 ±
13.99, while the average age was 49.72 ± 9.95 for the
healthy control group. There was no statistical difference
in age between the two groups. There were also no statistical differences in occupation (χ2 = 10.20, P = 0.08),
education (χ2 = 1.588, P = 0.66), residence location (χ2 =
0.37, P = 0.59) or blood pressure (χ2 = 0.20, P = 0.78).
Comparison of serum levels of leptin, insulin, IGF-1,
IGFBP1 and IGFBP3 between colorectal patients and
healthy controls
The levels of serum leptin, insulin, IGF-1 and IGF-1/
IGFBP3 in colorectal cancer patients were significantly

Data collection
A trained nurse measured the weight (kg), height (cm),
WJG|www.wjgnet.com
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Table 3 Comparisons of serum levels of biomarkers between
patients with and without post-surgical metastasis (x bar ± s)

Table 2 Comparisons of pre-operation and post-operation
serum levels of biomarkers between colorectal cancer patients
and healthy controls (x bar ± s)

Biomarker
Biomarker
Insulin (μIU/mL)
IGF-1 (ng/mL)
IGFBP-1 (ng/mL)
IGFBP-3 (μg/mL)
IGF-1/IGFBP-3
Leptin (ng/mL)

Healthy controls
(n = 650)

Pre-operation
(n = 284)

Post-operation
(n = 331)

6.24 ± 4.70
136.73 ± 63.17
10.97 ± 3.58
9.24 ± 3.912
29.01 ± 10.002
9.01 ± 4.97

9.82 ± 4.671
200.16 ± 44.071
12.23 ± 4.03
6.47 ± 3.053
39.02 ± 16.353
13.49 ± 8.351

9.971 ± 6.011
209.84 ± 47.821
12.34 ± 4.31
7.05 ± 2.31
31.98 ± 13.49
13.79 ± 8.351

Insulin (μIU/mL)
IGF-1 (ng/mL)
IGFBP-1 (ng/mL)
IGFBP-3 (μg/mL)
IGF-1/IGFBP-3
Leptin (ng/mL)

10.95 ± 7.57
206.12 ± 22.65
6.99 ± 2.94
7.35 ± 3.85
31.93 ± 11.91
13.07 ± 4.86

Without metastasis P value
(n = 66)
10.05 ± 6.36
200.64 ± 32.71
6.91 ± 2.66
7.01 ± 1.26
30.99 ± 12.85
13.43 ± 7.08

0.88
0.94
0.53
0.20
0.89
0.32

IGF-1: Insulin-like growth factor-1; IGFBP: Insulin-like growth factor bind-

1

Compared to healthy controls, P < 0.001 and P < 0.05; 2Healthy controls
compared to pre- and post- operation groups, which showed significant
differences, P = 0.015 and P = 0.001; 3Pre-operation group compared to
post-operation group, P = 0.02. IGF-1: Insulin-like growth factor-1; IFGBP-1: Insulin-like growth factor binding protein-1.

ing protein.

Table 4 Comparisons of serum biomarker levels between colon cancer and rectal cancer patients (x bar ± s)

higher than those in healthy controls, while the IGFBP-3
level was lower than controls (P < 0.05 and P < 0.001,
respectively). There was no significant difference in
IGFBP-1 levels between the two groups (P > 0.05).
IGFBP-3 level was obviously lower in pre-operation
patients than in post-operation patients, and the IGF-1/
IGFBP-3 ratio was significantly higher in pre-operation
patients (P < 0.05). The results are shown in Table 2.

Biomarker

Colon cancer
(n = 65)

Rectal cancer
(n = 167)

P value

Insulin (μIU/mL)
Leptin (ng/mL)
IGF-1 (ng/mL)
IGFBP-1 (ng/mL)
IGFBP-3 (μg/mL)
IGF-1/IGFBP-3

8.04 ± 3.86
12.80 ± 5.81
181.01 ± 38.01
9.82 ± 1.81
6.04 ± 2.19
30.81 ± 9.64

10.01 ± 4.86
13.76 ± 5.69
207.39 ± 39.62
11.99 ± 4.28
6.31 ± 3.66
39.57 ± 15.24

0.095
0.144
0.041
0.022
0.73
0.033

IGF-1: Insulin-like growth factor-1; IGFBP: Insulin-like growth factor binding protein.

Comparisons of serum levels of leptin, insulin, IGF-1,
IGFBP1, IGFBP3 and IGF-1/IGFBP3 between patients
with and without metastatic colorectal cancer
Three hundred and five cases of colorectal cancer patients
were involved, who survived one year, three years and
more than three years after surgery. Among them, no metastasis was found by color ultrasonic imaging and computed tomography (CT). Another 66 patients were found
with hepatic or abdominal metastases by color ultrasonic
imaging and CT. We compared the two groups about serum levels of insulin, IGF-1, IGF-1/IGFBP3, IGFBP1,
IGFBP3 and leptin. There were no statistical differences (P
> 0.05) between them. The results are shown in Table 3.

ference in BMI between the two groups (P > 0.05). The
comparison data are shown in Table 5.
Correlations between the BMI/WHR of the patients and
their serum leptin, insulin, IGF-1, IGFBP1 and IGFBP3
levels
WHR and BMI of colon cancer patients were positively
correlated with serum levels of leptin, insulin and IGF-1/
IGFBP3 ratio, and inversely correlated with IGFBP3 level.
There is no correlation between the both and IGF-1 and
IGFBP1. Data are shown in Table 5. WHR of rectal cancer patients was positively correlated with serum levels of
leptin and IGF-1 (r = 0.213, P < 0.05 and r = 0.291, P =
0.045), while BMI also positively correlated with serum
IGFBP1 level (r = 0.333, P = 0.016). There was no correlation between BMI and other biomarkers (P > 0.05). Table
6 shows the comparison data of colon cancer patients.

Comparisons of serum levels of leptin, insulin, IGF-1
and IGFBPs between colon cancer and rectal cancer
patients
The serum levels of IGF-1, IGFBP1 and IGF-1/IGFBP3
ratio were significantly higher in rectal cancer patients
than in colon cancer patients (P = 0.041, P = 0.022 and P
= 0.033, respectively). There were no statistical differences
in leptin, insulin and IGFBP-3 levels between the two
groups (P > 0.05). Related data are shown in Table 4.

Comparisons of serum levels of insulin, IGF-1, IGFBPs
and IGF-1/ IGFBP3 between pre- and post-operation
cancer patients
There were significant differences between pre- and postoperation stage T2-T3 cancer patients in the levels of serum insulin, IGF-1, IGFBPs and IGF-1/IGFBP3 ratio (P
< 0.05). Related data are shown in Table 7.

Comparisons of body mass index and waist-to-hip ratio
between colorectal cancer patients and healthy controls
Body mass index (BMI) showed no statistical difference
between the two groups (P > 0.05), while waist-to-hip
ratio (WHR) displayed a significant difference between
cancer patients and controls (P = 0.003 for colon cancer
and P = 0.035 for rectal cancer). There was a significant
difference in WHR between colon cancer patients and
rectal cancer patients (P = 0.046), but there was no difWJG|www.wjgnet.com

With metastasis
(n = 305)

DISCUSSION
Colorectal cancer in Shanghai region of China is positively correlated with the consumptions of red meat, fish
and preservative containing food[9-12]. Mao et al[13] investigated the association of physical inactivity, energy intake
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circulation as a manifestation of their disease. The elevated levels of IGF-1 seem to occur very early in tumor
development. In our study, we also found high levels of
IGF-1 in colorectal cancer patients. It suggested that
measurement of IGF-1 in the blood of people may be
an early warning indicator that a tumor could be developing in the body.
IGFBP-3 is an apoptosis inducing factor and exerts
its roles through competing with IGF-1 for receptor
binding and through regulating local concentration
of IGF-1. It was shown with increasing evidence that
IGFBP-3 could also independently inhibit cell proliferation and induce apoptosis without involving IGFs. Hyperglycemia, hyperinsulinemia, and increased IGF-1 level
have already been etiologically proven as risk factors for
colorectal cancer[22,23]. IGFBPs were also considered as
regulators of insulin level[7]. Slattery et al[3] evaluated the
effects of insulin, IGF-1 and IGFBPs on cell growth
and proliferation, which played important roles in the
etiology of colon cancer and breast cancer. They also
analyzed the relationship of genetic polymorphisms of
IRS-1, 2, IGF-1 and IGFBP-3 with colon cancer by genotyping using data collected in a case-control study of
1346 colon cancer cases paired with 1544 controls and
952 rectal cancer cases paired with 1205 controls. The
results implied that IRS-1 and the R allele of G927R are
risk factors for colon cancer with an OR of 1.4; in the
meantime IRS2 and G927R heterozygote GD genotype
significantly reduced the colon cancer risk with an OR
of 0.8. Wei et al[4] believed that hyperinsulinemia, IGF-1
and IGFBP-3 are involved in the pathogenic mechanism
of colon cancer and increased colon cancer risk. They
also reported that Western style of life and diet may be
the major reasons for increased risk of cancer, especially
colon cancer[7-10]. Xuan et al [24] also found that insulin
level could increase the risk of breast cancer. The main
mechanisms may involve reduced plasma and tissue
levels of IGFBPs by elevated insulin level (hyperinsulinemia and insulin resistance). Therefore, a subsequently
increased IGF-1 activity inhibited cell apoptosis and
stimulated cell proliferation activity, and finally induced
the rapid growth of tumor cells.
Our results showed that the levels of serum leptin,
insulin, IGF-1 and IGF-1/IGFBP3 in colorectal cancer
patients were significantly higher than those in healthy
controls, while the IGFBP-3 level was lower than controls.
Leptin is the product of the OB gene, and its biological
effects are regulating the body weight, maintaining metabolism and keeping energy balance. Leptin promoted colon
cell proliferation and cancer initiation[25]. Investigations
from Stattin et al[17] also suggest that leptin may be directly
involved in the initiation of colon cancer and may serve
as a sensitive biomarker for obesity induced adverse endocrine environment. Liu et al[6] postulated that a high-fat
diet enhances colon cell proliferation and carcinogenesis
by elevating serum leptin. In their experiments, colon cell
proliferation, c-fos protein expression and aberrant crypt
foci (ACF) were elevated following increased dietary fat.
There was a significant correlation between serum leptin
and colon cell proliferation and ACF[6]. Our results also

Table 5 Comparisons of body mass index and waist-to-hip
ratio between colorectal cancer patients and healthy controls
(x bar ± s)
Group

Body mass index

Colon cancer
Rectal cancer
Healthy controls

WHR
0.99 ± 0.0611,2
0.90 ± 0.0171
0.81 ± 0.037

23.99 ± 3.95
24.01 ± 3.62
23.26 ± 2.96

1

Comparison of WHR between colorectal cancer patients and healthy controls, P = 0.003 and P =0.035; 2Comparison of WHR between colon cancer
patients and rectal cancer patients, P = 0.046. WHR: Waist-to-hip ratio.

Table 6 Associations of waist-to-hip ratio and body mass index of colon cancer patients with the levels of leptin, insulin,
insulin-like growth factor, insulin-like growth factor binding
protein-1, insulin-like growth factor binding protein-3 and
insulin-like growth factor-1/insulin-like growth factor binding
protein-3 ratio
Biomarker

WHR
BMI
Pearson correlation Pearson correlation

Insulin

0.519

0.485

Leptin

0.396

0.448

IGF-1

0.394

0.172

IFGBP-1

-0.259

0.082

IGFBP -3

-0.443

-0.342

0.501

0.296

IGF-1/IGFBP3

P value
< 0.001
0.002
< 0.001
< 0.001
> 0.05
> 0.05
> 0.05
> 0.05
0.005
0.018
0.045
0.050

IGF-1: Insulin-like growth factor-1; IFGBP-1: Insulin-like growth factor
binding protein-1; WHR: Waist-to-hip ratio; BMI: Body mass index.

and obesity with risk factors for rectal cancer in 1447
rectal cancer patients and 3106 healthy controls from 7
provinces in Canada. Their results showed that the obvious risk factors for rectal cancer are overweight, obesity
and BMI ≥ 30 kg/m2 with an odds ratio (OR) of 1.44
for females and 1.78 for males. The results also suggest
that there is a great increase in risk for the incidence of
rectal cancer when high energy intake, high BMI and low
physical activity simultaneously exist. Many researchers
reached the same conclusion[4,14-17]. In our study, we also
found that high BMI and WHR were associated with
cancer patients.
Dietary lipids provide a rich source of energy and
diets high in lipids, especially animal fat, may increase
the risk of colorectal cancer[18,19]. And the obesity is associated with serum levels of insulin, IGF, leptin and
lipid, among other factors[4,6]. Insulin-like growth factors include two polypeptides IGF-1 and IGF-2. IGF-1
is an important mitogen in the body, which promotes
cell proliferation and inhibits apoptosis[20,21]. There is no
report that demonstrated a cause-and-effect relationship between IGF-1 and cancer and no investigator ever
suggested that IGF-1 was a causative agent in tumor development. However, it was reported that patients with
certain types of tumors had high levels of IGF-1 in their
WJG|www.wjgnet.com
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Table 7 Analysis of serum insulin, insulin-like growth factor-1, insulin-like growth factor binding proteins, and insulin-like growth
factor-1/insulin-like growth factor binding protein-3 ratio
Stage

n

T1
Pre-operation
Post-operation
P value
T2
Pre-operation
Post-operation
P value
T3
Pre-operation
Post-operation
P value

60

Insulin
(mU/L)

IGF-1
(μg/L)

IGFBP-1
(μg/L)

IGFBP-3
(μg/L)

IGF-1/IGFBP-3

7.85 ± 4.87
7.68 ± 5.07
P > 0.05

153.52 ± 32.65
151.46 ± 39.19
P > 0.05

8.25 ± 1.24
7.91 ± 4.66
P > 0.05

8.25 ± 3.25
9.65 ± 4.06
P < 0.05

18.61 ± 10.01
15.70 ± 9.65
P < 0.05

10.51 ± 6.03
8.78 ± 8.07
P < 0.05

200.37 ± 52.45
148.58 ± 45.63
P < 0.05

11.95 ± 2.69
9.06 ± 4.31
P < 0.05

5.95 ± 3.26
8.84 ± 4.06
P < 0.05

33.68 ± 16.08
16.81 ± 11.01
P < 0.05

11.25 ± 6.57
8.83 ± 8.07
P < 0.05

209.69 ± 48.11
150.78 ± 35.21
P < 0.05

12.25 ± 3.01
9.85 ± 3.66
P < 0.05

5.75 ± 3.86
8.63 ± 3.33
P < 0.05

36.47 ± 12.46
17.48 ± 10.57
P < 0.05

362

193

IGF-1: Insulin-like growth factor-1; IFGBP-1: Insulin-like growth factor binding protein-1.

ing protein-3 (IGFBP-3) is an apoptosis inducing cell growth factor and plays its
roles through competing with IGF-1 for receptor binding and through regulating
local concentration of IGF-1. Increased IGF-1 level has already been etiologically proved as a risk factor for colorectal cancer. IGFBPs were also considered
as regulators of insulin level. But there is no further evidence for them.

demonstrated that serum leptin level in colorectal cancer
patients was significantly higher than that in controls.
Furthermore, in this study, we also observed that
there was no difference in serum levels of leptin, IGF-1,
IGFBP-1 and IGFBP-3 as well as IGF-1/IGFBP-3 ratio
between pre- and post-operation colorectal cancer patients or between patients with and without post-surgical
metastasis (P > 0.05). We believed that high serum levels
of insulin, IGF-1 and IGFBP-3 have no correlation with
the disease’s outcome and tumor stage classification in
colorectal cancer patients. The underlying mechanisms
need to be further investigated. This study also showed
that the WHR of colorectal cancer patients were significantly higher than that of healthy controls and it positively correlated with leptin and insulin levels as well as
IGF-1/IGFBP3 ratio. This suggests that central obesity
is an important risk factor for the initiation of colorectal
cancer. The results from MacInnis et al[7] implied that the
occurrence of colon cancer and human level of obesity
are mainly determined by two factors, FFM and WHR,
while the data from Moore et al[8] showed that BMI ≥ 30
increased the risks of colon cancer by 50% in 30-54-yearold adults and by 2.4-fold in 55-79-year-old adults. Larger
waist size was associated with a two-fold increase in the
risk of colon cancer. There was a linear increase in risk
with the waist size for both proximal and distal colon cancer[8]. Mao et al[13] believed that obesity induced BMI increase is the major risk factor for colon cancer death. Hou
et al[26] also reported a positive correlation between BMI
and the incidence of colon cancer in Shanghai residents.
In this study, we revealed that BMI of colorectal cancer
patients showed no statistical difference from that of
healthy controls and the relationship of increasing BMI
with the initiation of colorectal cancer is of interest for
further investigations.

Research frontiers

A previous study evaluated the effects of insulin, IGF-1 and IGFBPs on cell
growth and proliferation, which played important roles in the etiology of colon
cancer. Wei et al believed that hyperinsulinemia, IGF-1 and IGFBP-3 are
involved in the pathogenic mechanism of colon cancer and increased colon
cancer risk.

Innovations and breakthroughs

A previous study evaluated the effects of insulin, IGF-1 and IGFBPs on cell
growth and proliferation, which played important roles in the etiology of colon
cancer. The present study aimed to investigate the relationship of changes
in serum insulin, IGF-1, IGFBPs, body mass index, waist-to-hip ratio (WHR)
with the initiation and progression of colorectal cancer. The authors observed
that there were no differences in serum levels of leptin, IGF-1, IGFBP-1 and
IGFBP-3 as well as IGF-1/IGFBP-3 ratio between pre-operation and postoperation colorectal cancer patients or between patients with and without postsurgical metastasis.

Applications

The study results suggest that the WHR of colorectal cancer patients was
significantly higher than that of healthy controls and it positively correlated with
leptin and insulin levels as well as IGF-1/IGFBP3 ratio. This suggests that central obesity is an important risk factor for the initiation of colorectal cancer.

Peer review

This paper “Association of Insulin, IGF-1 and IGFBPs with the Risk of Colorectal Cancers” wrote by Bo Jiang et al is good. The investigation is interesting.
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tissues were evaluated. The serum levels of IL-1β and
TNF-α were also detected. Histopathology of gastric
tissues and localization of Cyclooxygenase 2 (COX-2)
were detected using hematoxylin and eosin staining
and immunohistochemistry, respectively.
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RESULTS: Pretreatment with HRW obviously reduced
aspirin-induced gastric damage scores (4.04 ± 0.492 vs
2.10 ± 0.437, P < 0.05). The oxidative stress levels of
MDA and MPO in the gastric tissues increased significantly in the aspirin-treated group compared with the
HRW group (2.43 ± 0.145 vs 1.79 ± 0.116 nmol/mg
prot, P < 0.05 and 2.53 ± 0.238 vs 1.40 ± 0.208 U/g
tissue, P < 0.05, respectively). HRW could obviously
elevated the SOD levels in the gastric tissues (37.94
± 8.44 vs 59.55 ± 9.02 nmol/mg prot, P < 0.05). Pretreatment with HRW significantly reduced IL-06 and
TNF-α in the gastric tissues (46.65 ± 5.50 vs 32.15 ±
4.83 pg/mg, P < 0.05 and 1305.08 ± 101.23 vs 855.96
± 93.22 pg/mg, P < 0.05), and IL-1β and TNF-α in the
serum (505.38 ± 32.97 vs 343.37 ± 25.09 pg/mL, P
< 0.05 and 264.53 ± 28.63 vs 114.96 ± 21.79 pg/mL,
P < 0.05) compared to treatment with aspirin alone.
HRW could significantly decrease the COX-2 expression
in the gastric tissues (staining score: 8.4 ± 2.1 vs 2.9 ±
1.5, P < 0.05).
CONCLUSION: HRW pretreatment alleviated the aspirin-induced gastric lesions by inhibiting the oxidative
stress, inflammatory reaction and reducing the COX-2
in the gastric tissues.

Abstract
AIM: to investigate the role of the hydrogen-rich water (HRW) in the prevention of aspirin-induced gastric
mucosal injury in rats.

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

METHODS: Forty male rats were allocated into four
groups: normal control group, HRW group, aspirin
group, and HRW plus aspirin group. The protective efficacy was tested by determining the gastric mucosal
damage score. Malondialdehyde (MDA), superoxide
dismutase (SOD), myeloperoxidase (MPO), interleukin
(IL)-06 and tumor necrosis factor (TNF)-α in gastric
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Core tip: Aspirin is one of the most widely used medicines, but can cause adverse side effects of gastric
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tissue’s ability to respond to mild damaging agents[22-24].
The possible mechanism is that COX-2 expression may
be a compensatory response to increase the levels of gastroprotective PG in the process of gastric injury[17].
Hydrogen therapy is a new method which has gained
much appreciation recently and shown efficacy in many
diseases. Hydrogen has anti-oxidant, anti-inflammatory,
anti-apoptotic, anti-allergy, and anti-cancer effects. Several methods, including inhalation, drinking hydrogenrich water (HRW) and injection of hydrogen-saturated
saline, have been developed and proved to be valid and
reliable[25,26]. Oral intake of HRW is an effective and convenient way to deliver the molecular hydrogen, which is
more suitable for application. Some researches showed
that oral intake of HRW could protect cardiac allografts
from inﬂammation-associated deterioration, kidney allografts from chronic rejection and so on[27-29]. Although
the research of hydrogen as a medical therapy has been
extensively investigated, its effect on the aspirin-induced
gastric mucosal injury has not been reported.
The aim of this study was to assess the protective
role of HRW on aspirin-induced gastric mucosal damage
in rats mainly through measurement of oxidative stress
indicators and cytokines, including levels of MDA, SOD,
MPO, interleukin (IL)-6 and TNF-α in the gastric tissues, IL-1β and TNF-α in the serum, and expression of
COX-2 in gastric mucosa.

injury. Hydrogen has been found to have powerful antioxidant and anti-inflammatory effects. We investigated
the protective role of hydrogen-rich water on aspirininduced gastric mucosal damage in rats. We found that
hydrogen could alleviate the aspirin-induced gastric
lesions by inhibiting the oxidative stress, inflammatory
reaction and reducing the Cyclooxygenase 2 in the gastric tissues. This may provide a potential therapy for
the adverse effects of aspirin.
Zhang JY, Wu QF, Wan Y, Song SD, Xu J, Xu XS, Chang HL,
Tai MH, Dong YF, Liu C. Protective role of hydrogen-rich water on aspirin-induced gastric mucosal damage in rats. World J
Gastroenterol 2014; 20(6): 1614-1622 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i6/1614.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i6.1614

INTRODUCTION
Non-steroidal anti-inflammatory drugs (NSAIDs), including the anti-inflammatory and analgesic agents, are the
most common prescription medicines for the treatment
of many diseases[1]. Aspirin, in particular, is widely used
in cardiovascular disorders and even in the treatment of
cancer because of its multiple actions[2,3]. However, there
are adverse effects even it is used at a low and safe dose,
especially the side effects in the digestive tract, such as
the dyspeptic symptoms, gastrointestinal erosions, peptic
ulcers, overt bleeding or perforation[4,5]. Hence, attempts
have been made to develop a risk-free dose, or coated
and buffered aspirin to mitigate the injury. However, little
progress has been made[6].
Research has revealed that various factors, such as endogenous prostaglandin (PG), neutrophil-dependent microvascular injury, oxygen-derived free radicals, inflammatory cytokines[7-10], are associated with the aspirin-induced
gastric mucosal damage. tumor necrosis factor (TNF)-α
is a proinflammatory cytokine and can augment the neutrophil-derived superoxide generation, leading to oxygen
radical-mediated tissue injury. Pretreatment of TNF-α
inhibitors have been reported to suppress the gastric mucosal injury[11,12]. Moreover, the tissue enzymatic activity,
such as dismutase (SOD), myeloperoxidase (MPO) and
malondialdehyde (MDA), are also considered to be related to aspirin-induced gastric mucosal injury[13-16]. Among
the multiple mechanisms, the function of cyclooxygenase
(COX) is one of the biggest concerns for the scientists.
COX-1 plays a definite protective role in the NSAIDsinduced gastric injury[17]. Nevertheless, the COX-2 plays a
perplexing role in this pathological process. First, COX-2
can be induced by the damaging agents such as luminal
acid and aspirin in the gastric mucosa, and inhibition
of COX-2 can alleviate the damage[18-20]. It involves the
maintenance of gastric mucosal integrity by preventing exogenous injury and by promoting gastric mucosal
healing[21]. However, there are also studies reporting that
COX-2 inhibitors exacerbate gut injury and attenuate the

WJG|www.wjgnet.com

MATERIALS AND METHODS
Experimental animals and preparation of hydrogen-rich
water
The study was conducted using male Sprague Dawley
rats (200-250 g) (Animal Feeding Center of Xi’an Jiaotong University Health Science Center, Xi’an, China).
All rats were housed (5 per cage) in clear, pathogen-free
polycarbonate cages in the animal care facility, and were
fed a standard animal diet and water ad libitum under
controlled temperature with 12-h light-dark cycles. They
were cared in accordance with the guidelines of the Ethical Committee, Xi’an Jiaotong University Health Science
Center. The HRW was produced by Naturally Plus Japan
International Co, Ltd (Japan), which was stored under
atmospheric pressure at 4 ℃ in an aluminum bag with no
dead volume. The gas chromatography was used to confirm the content of hydrogen by the method described
by Ohsawa et al[25] The hydrogen concentration of the
HRW we used in this study was 0.63-0.82 mmol/L.
Study design
Forty rats were divided into four groups randomly, each
consisting of 10 animals, with different pre-treatments
for 7 d, as follows: (1) normal control group received
oral saline; (2) HRW control group received oral HRW
(changed every 3 h, at about 80 mL/d); (3) aspirin group
took oral saline; and (4) HRW plus aspirin group received
HRW (80 mL/d per rat). On the 8th day, gastric injury
was induced by administration of aspirin (400 mg/kg)
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Table 1 Scale for grading gastric mucosal damage
Grade
0
1
2
3
4
5
6

kines. The levels of cytokines (IL-6 and TNF-α) in the
gastric tissue samples and IL-1β and TNF-α in the blood
samples were evaluated using the ELISA kit reagent from
Dakewe Biotech Co. (Shenzhen, China) according to the
manufacturer’s instructions. A standard curve was run
on each assay plate using recombinants of the respective
cytokines in serial dilutions.

[30]

Appearance of the gastric mucosa
Normal
Slight edema and congestion
Edema, congestion, and bleeding
One or two spot erosions
One or two linear erosions
Many small and a few large erosions
Extensive erosions over entire mucosa

Immunohistochemistry
To establish the immunolocalization of COX-2, a mouse
polyclonal antibody (Beijing Biosynthesis Biotechnology Co., Ltd, Beijing, China), was used at a working
dilution of 1:20. The antibody was applied directly to
sections, and slides were incubated overnight at 4  ℃ in
a humidiﬁed chamber. Immune complexes were subsequently treated with the secondary antibody (containing
anti-rabbit and anti-mouse immunoglobulins) and detected after streptavidin peroxidase treatment for 20 min
at room temperature. After rinsing sections with three
changes of PBS, immunoreactivity was visualized with
diamine benzidine (DAB)-hydrogen peroxide (20 min).
Sections were gently rinsed in distilled water, counterstained with HE, and photomicrographs were taken under a microscope (Olympus Optical Co., Tokyo, Japan).
The results of immunohistochemistry were obtained by
two researchers under blinded conditions. The intensity
of immunohistochemical staining was scored as 0 (negative), 1 (weak), 2 (moderate strong) or 3 (strong). The extent of staining was assessed based on the percentage of
positive cells: 0 (negative), 1 (1%-25%), 2 (26%-50%), 3
(51%-75%), and 4 (76%-100%). The final staining score
for each sample was the mean of the sum of the intensity
and extent scores from five fields. The expression was
considered as low if the ﬁnal scores was 1-5 and as high
if the ﬁnal scores were 6-12.

(Sigma Chemical Co., St. Louis, MO, United States) in
the aspirin and HRW plus aspirin groups. Normal control and HRW control groups were given saline (1 mL)
following overnight fast. After 8 h of aspirin treatment,
rats were anesthetized under mild ether, and sacriﬁced via
cervical decapitation. Gastric mucosa was harvested by
gently scraping the mucosa off the underlying muscularis
mucosa and serosal layers with a microscope slide and
were frozen in liquid nitrogen and stored at -80 ℃ until
assayed. The serum was separated by centrifugation at
3000 × g for 15 min at -4 ℃ to obtain clear serum, aliquoted, and stored at -80 ℃ until assayed.
Macroscopic analysis
Stomach was opened along the greater curvature, and
mucosae were rinsed with cold PBS to remove blood impurities. Gastric mucosal changes were evaluated by two
authors who were blinded to the treatment regimen. A
scoring system to grade the degree of gastric mucosa was
applied using a scale of 0 to 6 as described by Coleman et
al[30] (Table 1).
Histological study
Samples from the gastric mucosa were excised from the
gastric glandular epithelium at a region located 2 mm
below the limiting ridge that separates the forestomach
from the glandular epithelium along the greater curvature of the stomach. They were fixed in 10% formalin
solution and embedded in paraffin after completion of
the routine procedure. Serial sections of 5-μm thickness
were obtained and stained with hematoxylin/eosin (HE)
to evaluate gastric morphology. The results were evaluated in a blinded fashion by two researchers. The mucosa
was considered injured if one or more of the following
criteria were met: discontinuous surface, dilated gland,
hemorrhage, or damage to superﬁcial cells[31].

Statistical analysis
All data were presented as mean ± SD for 10 rats in each
group. To compare data among all groups of animals,
one-way analysis of variance (one-way ANOVA) and
Duncan comparisons were employed. All statistical tests
were performed using SPSS for Windows version 18.0
(SPSS Inc., Chicago, IL, United States). Differences were
considered statistically significant at P < 0.05.

RESULTS
Histopathological changes
Histopathological examination revealed aspirin-induced
severe congestion and multiple hemorrhagic erosions in
the stomach tissue, particularly in mucus-secreting cells,
characterized by gastric pit damage and vacuolization
of the glandular portion. Pretreatment with HRW considerably attenuated, but did not completely prevent the
severity of these histopathological changes, while some
erosion in sub-glandular and epithelial necks was evident
(Figure 1A). In the aspirin group, the mean gastric mucosal damage score was 4.04 ± 0.492, while HRT pretreat-

Gastric mucosal enzymatic activity assay
The gastric mucosal tissue was homogenized, and tissue
MPO, MDA and SOD activities were measured using the
activity assay kits from Nanjing Jian Cheng Bioengineering Institute (Nanjing, China) according to the manufacturer’s instructions.
Gastric mucosal and serum cytokine assay
Gastric tissue and blood samples were homogenized and
the supernatant was used for the determination of cyto-
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Figure 1 Histopathological examination of stomach sections. A: Hematoxylin-eosin stained results showed severe degenerative changes in glandular region, epithelial folds and connective septa in aspirin-induced mucosal tissue (1, × 100 and 2, × 200), while hydrogen-rich water (HRW) pretreatment displayed slight changes (3,
× 100 and 4, × 200); B: The gastric mucosal damage score in four groups. The mean scores are significantly higher in the aspirin group and HRW plus aspirin group
(HRW + Asp) when compared with the normal control group and HRW alone group (bP < 0.01). Pretreatment with HRW could significantly decrease the damage score
in HRW + aspirin group (Asp) group when compared with aspirin group (aP < 0.05).

ment could reduce the damage to 2.10 ± 0.437 (P < 0.05)
(Figure 1B).

treatment with HRW could also significantly decrease the
elevation of IL-06 and TNF-α in the gastric tissue (46.65
± 5.50 vs 32.15 ± 4.83 pg/mg, P < 0.05 and 1305.08 ±
101.23 vs 855.96 ± 93.22 pg/mg, P < 0.05), (Figure 2).

Effects of HRW on MDA, MPO, SOD and cytokine levels
in aspirin-induced gastric mucosal injury
The oxidative stress parameters including MDA and
MPO in the gastric mucosa increased significantly in the
aspirin-treated group compared with the HRW pretreatment group (2.43 ± 0.145 vs 1.79 ± 0.116 nmol/mg prot,
P < 0.05 and 2.53 ± 0.238 vs 1.40 ± 0.208 U/g tissue, P
< 0.05). And the protective indicator SOD could increase
significantly from 37.94 ± 8.44 nmol/mg prot to 59.55 ±
9.02 nmol/mg prot by the use of HRW (P < 0.05). Pre-
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Effects of HRW on cytokine levels in the peripheral
blood
The levels of IL-1β and TNF-α in the peripheral blood
were markedly increased in the aspirin-treated group
compared with the normal control and HRW control
groups (P < 0.01). The increase in IL-1β and TNF-α
concentration in the gastric mucosa elicited by aspirin
were significantly suppressed by HRW pretreatment
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Figure 2 Levels of oxidative stress indicators and cytokines in all groups. Malonaldehyde (MDA), myeloperoxidase (MPO), tumor necrosis factor (TNF)-α, and
interleukin (IL)-06 in the gastric mucosal tissues are significantly higher, and superoxide dismutase (SOD) levels is obviously lower in aspirin group and hydrogen-rich
water (HRW) plus aspirin group [HRW + aspirin group (Asp)] when compared with the normal control group and/or HRW alone group (bP < 0.01, aP < 0.05 when compared with the control and HRW groups). Pretreatment with HRW could significantly decrease the MDA, MPO, TNF-α, and IL-06 levels and increase the SOD activity
in HRW + Asp group when compared with aspirin group (cP < 0.05).

(505.38 ± 32.97 vs 343.37 ± 25.09 pg/mL, P < 0.05 and
264.53 ± 28.63 vs 114.96 ± 21.79 pg/mL, P < 0.05, respectively) (Figure 3).

cells and neck gland cells of gastric tissues (staining score:
8.4 ± 2.1). In contrast, the group of rats pretreated with
HRW presented lower COX-2 immunoreactivities (staining score: 2.9 ± 1.5) (P < 0.05) (Figure 4).

Immunohistochemical analysis of COX-2 in gastric
mucosal tissues
Immunohistochemical analysis was performed to ascertain the localization of COX-2 in gastric mucosal tissues.
Rats treated with aspirin displayed signiﬁcant immunoreactivity for COX-2 around the glandular regions, mucoid
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DISCUSSION
Aspirin is widely used as an anti-inflammatory and analgesic drug, but it often induces gastrointestinal adverse
effects, which limits its clinical use. Studies focusing on
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Figure 3 Serum tumor necrosis factor-alpha and interleukin-Iβ levels in all groups. All data are expressed as mean ± SD. The mean tumor necrosis factor (TNF)-α
and interleukin (IL)-Iβ levels are significantly higher in the aspirin group (Asp) and HRW plus aspirin group (HRW + Asp) when compared with the normal control group
and/or HRW alone group (bP < 0.01, aP < 0.05 when compared with the control and HRW groups). And pretreatment with HRW could significantly decrease serum
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Figure 4 Immunolocalization of cyclooxygenase 2 in gastric tissue. A, B: the results in the control group; C, D: a scarce cyclooxygenase 2 (COX-2) immunoreactivity in sub-glandular region of hydrogen plus aspirin-treated rats; E, F: an apparent COX-2 immunoreactivity in the glandular region and epithelial necks of stomach tissues of rats treated with aspirin (A, C, E: × 200 and B, D, F: × 400).

reduction of the aspirin-induced gastric mucosal damages is urgently needed[32-34]. Here, we examined the effect
of HRW on the aspirin-induced gastric mucosal injury.
Although hydrogen is the lightest gas in nature, it has an
enormous anti-oxidation and anti-inflammatory capacity.
In fact, there are few studies investigating the preventive or therapeutic effects of gas on gastric mucosal
damages. In one study, hydrogen sulfide was found to
protect against aspirin-induced gastric injury via reducing oxidative stress[35]. In another study, Liu et al[36] found
that hydrogen treatment successfully ameliorated stressassociated gastric ulceration via its anti-oxidant, antiinﬂammatory and anti-apoptotic effects. Our research
shows that hydrogen can reduce aspirin-induced gastric
injury by reducing MDA, MPO, IL-06 and TNF-α levels

WJG|www.wjgnet.com

and increasing SOD activity in gastric tissues. Simultaneously, hydrogen could decrease the elevation of IL-1β
and TNF-α in the serum compared to treatment with
aspirin alone. We also found that hydrogen can decrease
COX-2 expression in the gastric tissues, which may be
the key mechanism of hydrogen action because of its importance in the aspirin-induced gastric injury. The present
study demonstrated that hydrogen may prevent against
aspirin-induced gastric mucosal injury, mainly depending
on the modulation of anti-inﬂammatory cytokines, antioxidative stress and activation of COX-2.
In the past few years, the research of hydrogen
therapy attracted wide attention from scientists and physicians[26,37]. Hydrogen molecules have been proven to act
as an important physiological regulatory factor to cells
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and organs by anti-oxidant, anti-inflammatory, anti-apoptotic and other protective effects, which can be applied in
the treatment of various diseases[26]. Compared with other studies on hydrogen therapy, a distinctive experimental design in our research was the delivery of hydrogen
molecule. We designed and used the random oral intake
of HRW to deliver the hydrogen molecule, which was
similar to the human physiological status. This special and
convenient delivery method implies that the HRW can be
used as a kind of drink, which can immensely expand its
applications.
According to a previous study, redox imbalance plays
a major pathogenic role in aspirin gastropathy[5]. The
over oxidative stress in the gastric mucosa can increase
the production of oxygen radicals or decrease the capability of antioxidant defenses[38]. We found in the present
study that hydrogen can significantly reduce the Aspinduced elevation of MDA and MPO, the most typical
markers of free radical species-related injury. In addition,
hydrogen also reversed the aspirin-reduced elevation of
SOD, which is responsible for converting superoxide
radicals to molecular oxygen and hydrogen peroxide
within cytoplasm and mitochondria[39]. The cytokines,
such as TNF-α, IL-1β and IL-06, induced by lymphocytes and macrophages that inﬁltrate the gastric mucosa,
are associated with the tissue injury[40]. They are responsible for the neutrophil adherence in the microcirculation
of gastric mucosa, and the release from activated macrophages with parallel accumulation of neutrophils within
the gastric pits[41]. In the present study, we observed
that pretreatment with hydrogen resulted in signiﬁcantly
decreased TNF-α, IL-1β and IL-06 production which
could prevent subsequent neutrophils inﬁltration and alleviate injury.
On a deeper level, we focused on COX-2, which was
the rate-limiting enzyme to regulate the synthesis of PG.
This is a key factor in response to stress. It was reported
that aspirin can rapidly up-regulate COX-2 mRNA expression in rat gastric mucosa, probably as a compensatory response to inhibition of COX-2 activity and gastrin
PG synthesis[42,43]. COX-2 products play a relevant role in
the maintenance of gastric mucosal integrity by preventing exogenous injury to the stomach and accelerating
gastric mucosal healing[44]. Interestingly, HRW pre-treatment counteracted the increased expression of COX-2
induced by aspirin treatment, which promote mucosal
healing. According to the description in the introduction section that the COX-2 plays a controversial role in
the aspirin-induced gastric injury, we speculate that the
COX-2 can act as the double-edged sword. First, COX-2
is induced by cytokines and then promotes the release of
cytokines to exacerbate inflammation[20]; meanwhile, as a
compensatory mechanism, the expression of the COX-2
can accelerate the prostaglandin production to protect
the gastric mucosa[21]. Thus, when the noxious stimuli are
strong enough to cover the protective role of the COX-2,
high expression of COX-2 is a harmful indicator in the
pathological process of aspirin-induced gastric injury. In
this study, a high dosage of 400 mg/kg of aspirin was
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used for the rats and the high expression of COX-2 was
induced by the cytokines. The hydrogen can suppress its
expression to protect the gastric mucosa. Although the
different molecular mechanism between hydrogen and
COX-2 is not clear, COX-2 as a definite target of hydrogen can be confirmed. A clue of “hydrogen → mitigating oxidative stress → alleviating inflammatory reaction
→ suppressing COX-2 expression → protecting aspirininduced gastric injury” can be used to summarize the
research.
In conclusion, the present study shows that: (1) hydrogen is able to prevent aspirin-induced injury to the
rat gastric mucosa through a mechanism, which is in part
contributed by the anti-oxidant and anti-inflammatory activities; (2) aspirin causes up-regulation of COX-2 expression in the gastric mucosa; and (3) hydrogen signiﬁcantly
counteracts aspirin-induced up-regulation of COX-2 expression, probably as a consequence of the reduction in
the extent of aspirin-induced injury. Therefore, hydrogen
therapy might be safe and effective in the prevention of
the stomach injury due to NSAIDs. Future clinical studies are necessary to determine whether it can be applied
as preventive or therapeutic agents as shown in this preclinical study.
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Background

Aspirin is widely used as an anti-inflammatory and analgesic drug, but it often
induces gastrointestinal adverse effects which include dyspeptic symptoms,
gastrointestinal erosions, peptic ulcers, overt bleeding or perforation. Hence,
efforts have been made to develop the risk-free dose or coated and buffered
aspirin to mitigate the injury, but little progress has been made. This limits the
clinical use of aspirin, and studies aimed to reduce the aspirin-induced gastric
mucosal damages are urgently needed.

Research frontiers

Hydrogen therapy is a new medical method which has gained much attention
recently. It has been shown that hydrogen has anti-oxidant, anti-inflammatory,
anti-apoptotic, anti-allergy, and anti-cancer effects. Several methods used to
deliver hydrogen, including inhalation, drinking hydrogen-rich water (HRW) and
injection with hydrogen-saturated saline, have been proved to be valid and reliable.

Innovations and breakthroughs

Compared with other researches on hydrogen therapy, this study is characterized by a distinctive experimental design in the delivery of hydrogen molecule.
The authors used the random oral intake of HRW to deliver hydrogen molecule,
which was similar to human physiological status. This special and convenient
delivery method implies that the HRW can be used as a kind of drink, which
can immensely expand its applications. The authors also found that the hydrogen did have a protective role in the aspirin-induced gastric injury, which is in
part contributed by the anti-oxidant and anti-inflammation activities. Hydrogen
can signiﬁcantly counteract aspirin-induced up-regulation of Cyclooxygenase 2
(COX-2) expression, probably as a consequence of the reduction in the extent
of aspirin-induced injury.

Applications

Hydrogen therapy is safe and effective in prevention of the stomach injury
derived from non-steroidal anti-inflammatory drugs administration. The special
and convenient delivery method used in this study implies that HRW can be
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used as a kind of drink, which can immensely expand its applications.

Terminology

14

Hydrogen is the lightest gas in the nature, but it has huge anti-oxidant, antiinflammatory, anti-apoptotic, anti-allergy, and anti-cancer effects. HRW is produced by pressing the hydrogen gas into the water by a specific device under
high pressure.

15

Peer review

This study demonstrates the protective effects of hydrogen therapy (hydrogen
rich water) on acute aspirin gastropathy in rats, which are probably dependent
on the modulation of COX-2, cytokines and antioxidant activities. This is an
interesting paper, with a new clinical application of a new therapy, in an experimental model of gastropathy. The results are well presented and provide sufficient experimental evidence to support the conclusions.
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Direction of gravity; Right lateral position; Appropriate
angle and distance

Abstract

INTRODUCTION

Core tip: In gastric endoscopic submucosal dissection
(ESD), the patient’s position must be altered according
to the direction of gravity to use an appropriate angle
and distance between electric knife and mucosa for
safety as well as colorectal ESD.
Mori H, Rafiq K, Kobara H, Nishiyama N, Fujihara S, Yachida T,
Ayagi M, Tani J, Miyoshi H, Masaki T. An effective and safe gastric
endoscopic submucosal dissection in the right lateral position using
an inverted overtube. World J Gastroenterol 2014; 20(6): 1623-1625
Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i6/1623.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i6.1623

As endoscopic submucosal dissection (ESD) for early
gastric cancer was developed to resect en bloc specimens
of larger lesions safely, which is a determinant factor for
histological assessment of resected specimens[1-3]. The
rate of complications such as perforations and bleedings is still high[4-6]. One of the factors of difficulty level
depends on the location, which may be located in the
esophagogastric junction, fornix, or lower body of the
lesser curvature, among other locations. In these regions,
it is very difficult for us to make appropriate distance and
appropriate angle between gastric mucosa and electric
knife[7-9]. On the other hand, we perform colonoscopy
both in the left lateral position and right lateral position
by rotating patients to take advantage of gravity. We
investigated the efficacy and safety of gastric ESD by
rotating patient’s position from conventional left lateral
position to right lateral position using inverted overtube.

Previously, we reported the efficacy of a newly developed inverted overtube in shortening the hemostatic
time and obtaining a clear endoscopic view in emergency endoscopic hemostasis. This device also helped
us to perform gastric endoscopic submucosal dissection
(ESD) more safely by changing the direction of gravity
in the right lateral position. To perform a safe ESD, it is
important to make an appropriate angle and distance
between the electric knife and the gastric mucosa. In
this position, the distance to gastric mucosa is reduced,
and the angle of the electric knife changes from vertical
to somewhat oblique, facilitating safer cutting.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Gastric endoscopic submucosal dissection;
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Figure 1 Outer appearance of the inverted overtube (TOP co., Tokyo, Japan).

A

Figure 2 Simulated model in the right lateral position using the inverted
overtube.
Figure 3 Conventional endoscopic submucosal
dissection in left lateral position when pull (A)
and push (B) the endoscope. A: The electric knife
is located vertically toward the gastric mucosa of the
lower body of the lesser curvature of the anterior
wall in the conventional left lateral position; B: The
resected line is located farther from the endoscope,
making it more difficult to approach.

B

B

A

Figure 4 New right lateral position endoscopic submucosal dissection using gravity (A) and location and approach direction of electric knife the during
right lateral endoscopic submucosal dissection (B). A: The rotation of the patients to the right lateral position (curved arrow) allows the inverted overtube to be
placed through the mouth; B: As the direction of gravity to the stomach changes, the angle between the electric knife and the gastric mucosa is decreased to approximately 20 degrees, and the mucosa is located closer to the endoscope.

began to perform ESD in the left lateral position. After
marking the resection line, we realized that the electric
knife was located vertically relative to the gastric mucosa
in the conventional left lateral position (Figure 3A). The
resected line was located farther from the endoscope and
was thus difficult to approach (Figure 3B).
We rotated the patients’ positions to the right lateral
position and placed the inverted overtube into their
mouths (Figure 4A). As the direction of gravity to the
stomach changed, the angle between the electric knife
and the gastric mucosa changed to approximately 20 degrees, facilitating safe cutting (Figure 4B).

CASE REPORT
The outer appearance of the inverted overtube is shown
in Figure 1 (TOP co., Tokyo, Japan), and the simulated
model of using the inverted overtube is shown in Figure
2. The inverted overtube was approved by the Institutional Ethics Committee of Kagawa University Hospital,
Kagawa, Japan. Additionally, the inverted overtube was
approved by the Japanese Pharmaceutical Law.
Sixty-three-year-old and seventy-two-year-old men
underwent ESD due to early gastric cancer located in the
lower body of the lesser curvature. In both patients, we
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DISCUSSION
In order to perform a safe ESD, it is important to use an
appropriate angle and distance between the electric knife
and the gastric mucosa[7,8]. The level difficulty depends on
the location, which may be located in the esophagogastric
junction, fornix, or lower body of the lesser curvature,
among other locations[9]. In the right lateral position, the
distance between the electric knife and the gastric mucosa
is reduced, and the angle of the electric knife changes from
vertical to somewhat oblique, facilitating safer cutting. In
gastric ESD, the patient’s position must be altered according to the direction of gravity, as in done colonoscopies[10].
Furthermore, most endoscopists perform endoscopic
treatment procedures with the patient lying in the left lateral position. Performing gastric ESD from the opposite
side, with the patient lying in the right lateral position is
very difficult. Therefore, the use of the inverted overtube
is the best method to help endoscopists perform gastric
ESD with less stress because they are in their conventional standing position relative to patients rotated to
the right lateral position. This new ESD technique is the
most effective way to make appropriate distance and appropriate angle between gastric mucosa and electric knife
by gravity. The present technique dramatically changed
the conventional concept of endoscopic procedure and
enabled the endoscopist to perform the endoscopic treatment procedures from the conventional standing position
while freely and easily changing the patient’s position according to their needs of the direction of gravity.
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Core tip: A healthy patient who had no intestinal
disease or history of abdominal surgery was admitted
with abdominal pain. The computer tomography scan
showed a small quantity of free air with mesentery,
suggesting microperforation. An emergency exploratory
laparotomy was performed, and microperforation at the
mid-portion of the jejunum caused by an ingested fish
bone was revealed.
Choi Y, Kim G, Shim C, Kim D, Kim D. Peritonitis with small
bowel perforation caused by a fish bone in a healthy patient.
World J Gastroenterol 2014; 20(6): 1626-1629 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i6/1626.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i6.1626

Abstract

INTRODUCTION

Perforation of the gastrointestinal tract by ingested
foreign bodies is extremely rare in otherwise healthy
patients, accounting for < 1% of cases. Accidentally
ingested foreign bodies could cause small bowel perforation through a hernia sac, Meckel’s diverticulum,
or the appendix, all of which are uncommon. Despite
their sharp ends and elongated shape, bowel perforation caused by ingested fish bones is rarely reported,
particularly in patients without intestinal disease. We
report a case of 57-year-old female who visited the
emergency room with periumbilical pain and no history
of underlying intestinal disease or intra-abdominal surgery. Abdominal computed tomography and exploratory
laparotomy revealed a small bowel micro-perforation
with a 2.7-cm fish bone penetrating the jejunal wall.

Perforation of the gastrointestinal (GI) tract by ingested
foreign bodies is extremely rare but can occur in patients
with a hernia sac or Meckel’s diverticulum. Approximately 75% of ingested foreign bodies are impacted at
the cricopharyngeal sphincter of the esophagus, and >
90% of foreign bodies pass through the intestine if they
reach the stomach, with only a few causing impaction and
severe complications[1]. There is a report of a 13-cm-long
artificial esophageal tube that passed through the entire
GI tract without perforation or impaction in an advanced
gastric cancer patient with esophageal stenosis[2]. From
this perspective, bowel perforation caused by an ingested
fish bone is difficult to consider in an otherwise healthy
individual. Small bowel perforation may occur if the patient has intestinal disease or the perforation is at a site of
acute angulation, such as the ileocecal and rectosigmoid
junctions[3-5]. We report a case of small bowel perforation
at the mid-portion of the jejunum caused by an ingested
fish bone in an otherwise healthy patient, who had no in-

© 2014 Baishideng Publishing Group Co., Limited. All rights
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Figure 1 Computed tomography findings showing a small quantity of free
air with mesentery (white arrow). There is no evidence of localized inflammation or fluid collection.

Figure 3 Operative findings in small bowel perforation by a fish bone
(white arrow). There was no definite obstruction or stricture.

grossly normal except for the perforation, and there was
no stenosis or angulation at the site of perforation (Figure
3). A retrospective history taken after surgery revealed
that the patient had ingested Japanese red rockfish 3 d
before admission.

DISCUSSION
Perforation of the GI tract by ingested foreign bodies is
rare, with < 1% of ingested foreign bodies perforating
the bowel. Accidentally ingested fish bones are the most
common foreign body causing GI tract perforations, but
75% of ingested foreign bodies are impacted at the cricopharyngeal sphincter of the esophagus, and > 90% of
foreign bodies pass through the intestine if they reach the
stomach[1]. Foreign bodies may perforate the gut through
a hernia sac, Meckel’s diverticulum, or the appendix. The
terminal ileum is the most common site of perforation,
followed by the duodenal C-loop because of the immobile and rigid nature of the duodenum, as well as its
deep transverse rugae and sharp angulations, which make
it a common site for the entrapment of long and sharpended objects[6]. However, impaction and severe complications have few causes; thus, perforation of the bowel
with an ingested foreign body in a patient with normal
bowel physiology is rarely seen in clinical practice.
The majority of ingested foreign bodies pass through
the GI tract without complications and only a minority
of cases requires surgical intervention[3-5]. The intestine
has a remarkable ability to protect itself against perforation. When the intestinal mucosa is pricked with sharply
pointed objects, an area of ischemia with a large central
concavity develops at the site. The bowel wall increases
the lumen of the bowel at the point of contact, permitting freer progress to the offending object[7]. In addition,
when a sharp, long object is swallowed, the flow of the
intestinal contents and the relaxation of the bowel wall
tend to make the head lead and the sharp end trail behind[8]. However, in this case, the shape of the fish bone
apparently made it more likely to be held up in the GI
tract. Fish bones produce pathological changes peculiar
to its sharp tip, which grips the intestinal wall mucosa
and causes necrosis of the intestine that results in the

Figure 2 2.7-cm fish bone excised from the small bowel.

testinal disease or history of abdominal surgery.

CASE REPORT
A 57-year-old female, with no previous abdominal complaints, was admitted to our hospital with acute abdominal pain that began 3 d prior with no nausea, vomiting,
or diarrhea. Physical examination showed diffuse tenderness and rebound tenderness in the entire abdomen with
voluntary muscle guarding. Laboratory tests indicated an
elevated white cell count of 10610 with 73% neutrophils,
and C-reactive protein of 6.30 units. Abdominal X-ray
showed paralytic ileus, with multiple small bowel loops
and fecal densities in colon. Our presumptive diagnosis
was acute peritonitis, based on the patient’s symptoms.
Empirical antibiotics were administered immediately,
and a computed tomography (CT) imaging study was
performed. The CT scan showed a small quantity of free
air with mesentery, suggesting microperforation of small
bowel (Figure 1). The next day, the white cell count was
elevated to 12460, and the pain had deteriorated with a
low-grade fever and chills. An emergency exploratory
laparotomy was performed, revealing small bowel perforation with a 2.7-cm fish bone at the jejunum, 100 cm
above the Treitz ligament (Figure 2). Localized inflammation and abscess formation were identified, and a small
bowel segmentectomy was completed. The intestine was
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Differential diagnosis

formation of a mucosal band around the fish bone that
hooks it to the tissue[9-11]. The bones of Japanese red
rockfish are relatively long and sharp, compared with
their body length, which could cause severe complications
when swallowed. There is no previous report of small bowel
perforation caused by Japanese red rockfish, but Kim et al[12]
reported that Japanese red rockfish were the second most
common fish species causing esophageal perforation.
These fish are commonly ingested in East Asia, including South Korea and Japan, so care has to be taken when
consuming them.
Perforation of the GI tract has a wide spectrum of
clinical presentations, including acute or chronic abdominal pain, GI hemorrhage, bowel obstruction, and even
bizarre clinical manifestations such as ureteric colic[13].
Foreign body perforation represents a challenging clinical scenario, and delayed diagnosis of complications and
subsequent timely treatment result in increased morbidity
and mortality. Although severe tenderness and rebound
tenderness suggest bowel perforation, foreign body
perforation is seldom diagnosed preoperatively. Nonmetallic foreign bodies, especially fish bones and other
bone fragments, pose a unique problem in the diagnosis
of foreign body perforation. The degree of radio-opacity
of the bone depends on the species of fish, and even
when fish bones are sufficiently radio-opaque, large soft
tissue masses and fluid can obscure the minimal calcium
content of the bone, particularly in obese patients[14-15].
The perforation is caused by impaction and progressive
erosion of the foreign body through the intestinal wall,
and the site of perforation becomes covered by fibrin,
omentum or adjacent loops of bowel. Furthermore, the
presence of free gas under the diaphragm is rarely seen in
foreign body perforation of the GI tract. This limits the
contribution and accuracy of CT in preoperative diagnosis, and the prediction of fish bones by symptoms alone
or radiographs is quite poor and usually misleading. The
use of oral and intravenous contrast material during CT
also can cause difficulty in identifying fish bones[16].
Perforation of intestinal structures by ingested foreign
bodies is a challenging diagnosis that should always be
recalled in cases of acute abdominal symptoms. Japanese
red rockfish are commonly ingested in South Korea, and
their bones are relatively long and sharp, which can cause
complications when swallowed. This is the first reported
of bowel perforation caused by Japanese red rockfish
bones. The patient experienced bowel perforation at
the mid-portion of the jejunum, despite normal bowel
physiology with no history of intestinal disease or intraabdominal surgery. We conclude that bowel perforation
caused by a fish bone should be recalled by physicians
and a careful history taken if there are symptoms or signs
suspicious for peritonitis, even if the CT scan is negative
and there are no predisposing factors or previous history
of intestinal disease.

Acute appendicitis [elevated white blood cell (WBC) count, diffuse abdominal
pain] - abdominal computed tomography (CT).

Laboratory diagnosis

WBC 10610 (neutrophil 73%), C-reactive protein 6.30 (mg/dL).

Imaging diagnosis

Abdomen X-ray - paralytic ileus (with multiple small bowel loops and fecal densities in colon). Abdomen CT - suggestive of microperforation of small bowel
(small quantity of free air with mesentery).

Pathological diagnosis

Jejunum, segmental resection: acute nonspecific suppurative inflammation.

Treatment

Empirical intravenous antibiotics were administered, and emergency exploratory laparotomy with small bowel segmentectomy was performed.

Experiences and lessons

Perforation of intestinal structures by ingested foreign bodies is a challenging
diagnosis that should always be recalled in cases of acute abdominal
symptoms.

Peer review

The authors report a very interesting case of small bowel perforation by ingested foreign body. The case presentation and discussion are clear and detailed.
Bowel perforation is rarely caused by ingested fish bones and must be taken
into account in healthy subjects with acute peritonitis of unknown origin. The
case would be of interest for clinicians and surgeons in the management of this
kind of patients. However, the plain abdominal film findings could be described
(presumably multiple small bowel loops) rather than the singe interpretative
statement.

REFERENCES
1
2

3
4
5

6
7
8

9

10
11

COMMENTS
COMMENTS

12

Clinical diagnosis

Acute peritonitis due to small bowel perforation.

WJG|www.wjgnet.com

1628

Earlam E. Clinical tests of oseophageal function. BMJ 1976;
1080-1081. Available from: URL: http//www.bmj.com/content/1/6017/1080.1
Lim SB, Choi DH, Lee MS, Kim JH, Cho SW, Sim CS. A case
of spontaneously passed long esophageal stent without any
symptom. Kor J Gastroenterol 1990; 22: 404. Available from:
URL: http://www.e-ce.org/journal/Archive.php
Schwartz GF, Polsky HS. Ingested foreign bodies of the gastrointestinal tract. Am Surg 1976; 42: 236-238 [PMID: 1267274]
Mcpherson RC, Karlan M, Williams RD. Foreign body perforation of the intestinal tract. Am J Surg 1957; 94: 564-566
[PMID: 13458636 DOI: 10.1016/0002-9610(57)90580-9]
Maleki M, Evans WE. Foreign-body perforation of the intestinal tract. Report of 12 cases and review of the literature.
Arch Surg 1970; 101: 475-477 [PMID: 5457244 DOI: 10.1001/
archsurg.1970.01340280027008]
Chao HH, Chao TC. Perforation of the duodenum by an
ingested toothbrush. World J Gastroenterol 2008; 14: 4410-4412
[PMID: 18666336 DOI: 10.3748/wjg.14.4410]
Exner A. Wie schuetzt sich der verdanungstract ver verletzungen durch spitze fremdkoerper. Arch F D Ges Physiol
1902; 89: 253 [DOI: 10.1007/BF01657640]
Goh BK, Chow PK, Quah HM, Ong HS, Eu KW, Ooi LL,
Wong WK. Perforation of the gastrointestinal tract secondary
to ingestion of foreign bodies. World J Surg 2006; 30: 372-377
[PMID: 16479337 DOI: 10.1007/s00268-005-0490-2]
Bundred NJ, Blackie RA, Kingsnorth AN, Eremin O.
Hidden dangers of sliced bread. Br Med J (Clin Res Ed)
1984; 288: 1723-1724 [PMID: 6428516 DOI: 10.1136/
bmj.288.6432.1723-a]
Sutton G. Hidden dangers of sliced bread. Br Med J (Clin
Res Ed) 1984; 288: 1995 [PMID: 6428634 DOI: 10.1136/
bmj.288.6435.1995-b]
Rivron RP, Jones DR. A hazard of modern life... Lancet 1983;
2: 334 [PMID: 6135843 DOI: 10.1016/S0140-6736(83)90304-5]
Kim HE. Characteristics of esophageal foreign bodies: thorns
of Chromis notata. Kor J Gastrointest Endosc 2007; 35: 231.
Available from: URL: http://www.e-ce.org/journal/Ar-

February 14, 2014|Volume 20|Issue 6|

Choi Y et al . Small bowel perforation caused by a fish bone

13
14
15

chive.php
Webb WA. Management of foreign bodies of the upper gastrointestinal tract: update. Gastrointest Endosc 1995; 41: 39-51
[PMID: 7698623 DOI: 10.1016/S0016-5107(95)70274-1]
Coulier B. [Diagnostic ultrasonography of perforating foreign bodies of the digestive tract]. J Belge Radiol 1997; 80: 1-5
[PMID: 9173080]
Goh BK, Tan YM, Lin SE, Chow PK, Cheah FK, Ooi LL,

16

Wong WK. CT in the preoperative diagnosis of fish bone
perforation of the gastrointestinal tract. AJR Am J Roentgenol 2006; 187: 710-714 [PMID: 16928935 DOI: 10.2214/
AJR.05.0178]
Ngan JH, Fok PJ, Lai EC, Branicki FJ, Wong J. A prospective
study on fish bone ingestion. Experience of 358 patients. Ann
Surg 1990; 211: 459-462 [PMID: 2322040 DOI: 10.1097/000006
58-199004000-00012]
P- Reviewers: Day AS, Vivas S S- Editor: Ma YJ
L- Editor: A E- Editor: Wu HL

WJG|www.wjgnet.com

1629

February 14, 2014|Volume 20|Issue 6|

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748/wjg.v20.i6.1630

World J Gastroenterol 2014 February 14; 20(6): 1630-1634
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

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

CASE REPORT

Characterization of primary hepatic carcinosarcoma by
contrast-enhanced ultrasonography: A case report
Li-Ping Liu, Xiao-Ling Yu, Ping Liang, Bao-Wei Dong
Li-Ping Liu, Department of Ultrasound, First Hospital of Shanxi
Medical University, Taiyuan 030001, Shanxi Province, China
Li-Ping Liu, Xiao-Ling Yu, Ping Liang, Bao-Wei Dong, Department of Interventional Ultrasound, Chinese People’s Liberation
Army General Hospital, Beijing 100853, China
Author contributions: Liu LP performed contrast-enhanced ultrasound examination and collected case data; Liu LP and Dong
BW wrote the manuscript; Yu XL and Liang P revised the manuscript; all authors approved the version to be published.
Supported by The National Natural Science Foundation of
China, No. 81171361
Correspondence to: Li-Ping Liu, MD, Department of Ultrasound, First Hospital of Shanxi Medical University, No. 13, Jiefang Nanlu, Taiyuan 030001, Shanxi Province,
China. liuliping1600@sina.com
Telephone: +86-351-4638628 Fax: +86-351-4639010
Received: September 20, 2013 Revised: October 20, 2013
Accepted: December 3, 2013
Published online: February 14, 2014

mor and is comprised of a mixture of carcinomatous
and sarcomatous elements, easily misdiagnosed as other types of tumor or an abscess. This is the first report
on the contrast-enhanced ultrasonography characteristics of primary hepatic carcinosarcoma.
Liu LP, Yu XL, Liang P, Dong BW. Characterization of primary
hepatic carcinosarcoma by contrast-enhanced ultrasonography:
A case report. World J Gastroenterol 2014; 20(6): 1630-1634
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i6/1630.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i6.1630

INTRODUCTION
Carcinosarcoma of the liver is defined as a tumor containing an intimate mixture of carcinomatous and sarcomatous elements[1]. Primary hepatic carcinosarcoma
is rare with less than 30 adequately imaged documented
cases reported[2-5]. We present a case of carcinosarcoma
of the liver confirmed by pathology following surgical
resection. To our knowledge there has been no report of
CEUS of primary hepatic carcinosarcoma.

Abstract
Primary hepatic carcinosarcoma is a rare tumor and is
comprised of a mixture of carcinomatous and sarcomatous elements. We present a case of primary carcinosarcoma of the liver in a 59-year-old woman, which
was confirmed by pathology following surgical resection. Using contrast-enhanced ultrasonography, the
tumor showed peripheral nodular hyperenhancement in
the arterial phase with two feeding arterial vessels and
a large internal non-enhancing portion in the center.
The peripheral nodular portion of the tumor showed
hypoenhancement in the later phase.

CASE REPORT
A 59-year-old woman was admitted to our hospital with a
liver tumor. She had a high fever with cold symptoms for
1 mo before admission, and had been misdiagnosed with
an abscess in a smaller hospital. The main biochemical
indices of the liver were: serum alpha-fetoprotein (AFP)
level of 221.7 µg/L, γ-glutamyl transpeptidase level of
67 U/L, serum total protein of 81.9 g/L, and total bile
acid of 49 µmol/L. Serum markers for hepatitis B and C
were negative. A history of hepatitis, tuberculosis, heart
disease, hypertension or diabetes was denied.
Conventional ultrasonography (US) and contrast-enhanced ultrasonography (CEUS) were performed using a

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

B

Figure 1 Conventional ultrasonography of a primary hepatic carcinosarcoma. A: Gray-scale ultrasonography showed an ovoid heterogeneous echogenic mass
in the right liver; B: Color doppler imaging showed the right hepatic vein compressed by the mass (arrow).

A

B

C

Figure 2 Contrast-enhanced ultrasonography of a primary hepatic carcinosarcoma. A: Contrast-enhanced sonography showed early intense peripheral nodular
enhancement in the arterial phase (21 s) with two feeding arteries (arrows); B: Peripheral nodular portion of the tumor was iso-enhancing compared to the surrounding
liver in the portal phase (76 s); C: Peripheral nodular portion of the tumor was washed out and was hypo-enhanced compared to the liver in the later phase (191 s).

Technos MPS DU8 sonography system (Esaote Genova,
Italy). CEUS software allows real-time imaging at a low
mechanical index (MI). The contrast agent used in this
study was SonoVue (Bracco, Milan, Italy). The patient
gave her full informed consent for SonoVue injection,
which was injected intravenously as a bolus of 2.4 mL
through the antecubital vein followed by a 5-mL saline
flush. The perfusion and enhancement of the lesion were
continuously observed until sufficient dynamic information on the lesions was obtained, and the entire liver was
then scanned. The MI value was 0.8 on CEUS.
Baseline sonogram of the liver showed both a coarse
echo pattern and surface nodularity, which are sono-
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graphic signs of cirrhosis. At the same time, an ovoid
heterogeneous echogenic mass within the right lobe of
the liver was noted (Figure 1A). The tumor was 6.5 cm ×
6.6 cm in size. Color Doppler imaging showed that the
tumor had compressed the right hepatic vein (Figure 1B).
CEUS displayed peripheral nodular enhancement of the
tumor in the early arterial phase with two feeding arterial
vessels and a large internal non-enhancing portion in the
central area (Figure 2A). The peripheral nodular portion
of the tumor was hyper-enhancing and iso-enhancing in
the portal phase (Figure 2B) and hypo-enhancing in the
later phase (Figure 3C). The large internal portion was
non-enhancing in all three phases.

1631

February 14, 2014|Volume 20|Issue 6|

Liu LP et al . CEUS characteristics of primary hepatic carcinosarcoma

A

B

Figure 3 Contrast-enhanced computed tomographic of a primary hepatic carcinosarcoma. A: Contrast-enhanced computed tomographic revealed peripheral
nodular enhancement in the arterial phase with a large internal non-enhancing portion, which correlated with contrast-enhanced ultrasonography findings; B: Peripheral nodular portion of the tumor was isoenhanced in the portal phase.
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B

C

D

Figure 4 Pathologic findings of the primary hepatic carcinosarcoma (hematoxylin and eosin, original magnification × 200). A: A section of the gross specimen showing a well-demarcated, peripheral nodular solid mass with a central area of necrosis and hemorrhage; B: Light microscopy showing moderate hepatocellular
carcinoma; C: Stromal sarcoma components are comprised of spindle cells; D: Atypical spindle and epithelial cells are seen, which are consistent with hepatic carcinosarcoma.

Computed tomographic (CT) scan of the tumor
revealed peripheral nodular enhancing portions in the
arterial phase with large internal non-enhancing necrotic
portions (Figure 3A). The peripheral nodular portion of
the tumor was iso-enhancing in the portal phase (Figure
3B). Enhanced-CT imaging features were the same as
contrast-enhanced sonography.
The patient underwent surgical resection. The liver
was found to be cirrhotic with a nodular surface. It was a
large mass without daughter nodules. However, the middle hepatic vein was impinged by a thrombus, which was
resected with complete removal of the hepatic venous
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thrombus.
Macropathology of the tumor showed that it was
grayish-white, grayish-red and soft, with hemorrhagic
necrosis (Figure 4A). The surrounding organizational
boundaries were unclear, with central gray, gelatinous tissue. The mass measured 8 cm × 7 cm × 6 cm with no
capsule. The diagnosis was carcinosarcoma containing
both hepatocellular and sarcomatous elements (Figure
4B-D). Furthermore, the thrombus in the middle hepatic
vein was metastasis.
The patient was discharged after 31 d of hospitalization. She then received chemotherapy. Seventeen days
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Table 1 Typical contrast-enhanced ultrasonography characteristics of various liver tumors
Tumor
FNH
Hemangiomas
HCC
Metastatic
tumor
Hepatic
carcinosarcoma

In the artery phase

In the portal phase

In the late phase

Spoked-wheel enhancement
Peripheral nodular enhancement and
centripetal fill-in
Hyperenhancing
Rim-like or variable intralesional
enhancement
Peripheral nodular or irregular rim
enhancement with large internal nonenhancing area

Hyperenhancing/or with scar
Partial/complete centripetal fill-in

Iso/hyperenhancing/or with scar
Partial/complete centripetal fill-in

Iso/hypoenhancement
Homogeneous or heterogeneous
hypoenhancement
Peripheral isoenhancing with large
internal non-enhancement area

Hypoenhancing
Hypoenhancement (often marked
hypoenhancement)
Peripheral hypoenhancing with large
internal non-enhancement area

FNH: Focal nodular hyperplasia; HCC: Hepatocellular carcinoma.

after discharge, she was re-admitted with hepatic decompensation due to hepatorenal syndrome, portal hypertension and ascites. Subsequently, peritoneal thickening and
enlarged abdominal lymph nodes were found. She died
of recurrence 50 d after surgery.

202 µg/L). After surgery, the tumor was diagnosed as
primary hepatic carcinosarcoma with necrotic and cystic
elements based on pathology.
Low mechanical index real-time CEUS is a new US
technique which improves the differential diagnosis of
focal liver lesions. Hepatic focal nodular hyperplasia
(FNH) appears spoke wheel-shaped with a centrifugal
filling contrast enhancement pattern in the early artery
phase on CEUS[9]. In the portal or later phase, some
FNHs may show central scars[10]. Hemangiomas show
peripheral enhancement that gradually fills in the arterial
phase[11]. However, the present case demonstrated peripheral nodular enhancement with two feeding artery vessels
in the arterial phase without gradual fill-in. Furthermore,
there was slight hypoenhancement of the peripheral
nodular area in the later phase with a large non-enhanced
center in the three phases, which is different from typical
hepatocellular carcinoma (HCC) and liver metastatic tumors. Typically, HCC appears with homogeneous hyperenhancement during the arterial phase and hypoenhancement during the portal or/and late phases[12]. Typically,
hepatic metastasis shows peripheral rim-like or variable
intralesional enhancement during the arterial phase, and
often marks hypoenhancement during the portal and late
phases[13]. The CEUS enhancement patterns of different
hepatic tumors are summarized in Table 1.
The imaging findings of hepatic carcinosarcoma presented in our case showed a large mass with a large necrotic portion. It is difficult to establish an accurate preoperative diagnosis. However, if a primary hepatic tumor
exhibits a large necrotic mass, carcinosarcoma should be
considered. Conventional sonography is usually the first
imaging technique used in patients with carcinosarcoma,
and CEUS plays an important role in demonstrating primary liver carcinosarcoma enhancement patterns.

DISCUSSION
Carcinosarcoma is a miscellaneous tumor[1]. The World
Health Organization (WHO) defined carcinosarcoma as a
tumor containing both carcinomatous (either hepatocellular or cholangiocellular) and sarcomatous elements. It
is a malignant mixed tumor. Including the present case,
less than 30 cases of carcinosarcoma fulfilling the WHO
criteria have been reported in PubMed. Hepatic carcinosarcoma generally has a highly aggressive and malignant
biological course with rapid growth and local infiltration[6].
Kwon et al[7] reported a case of carcinosarcoma of the
liver with cholangiocarcinomatous elements and osteosarcomatous and chondrosarcomatous elements. CT analysis
of this tumor revealed peripheral enhancing viable portions, large internal non-enhancing necrotic portions, and
a dense radiopaque lesion. On magnetic resonance imaging, this tumor was observed, on T2-weighted images,
to have slightly hyperintense peripheral viable portions,
moderately hyperintense internal necrotic portions, and
very hyperintense small central cystic portions. In addition, calcification and ossification had low or dark signal
intensity on T1- and T2-weighted images.
Sumiyoshi et al[6] observed one case of hepatic carcinosarcoma which was demonstrated to be embryonal
sarcoma in cholangiocarcinoma. This carcinosarcoma on
magnetic resonance imaging revealed hypointensity on
T1-weighted images and heterogeneous hyperintensity on
T2-weighted images. Shu et al[5] reported one case of liver
carcinosarcoma, and triple-phase contrast CT revealed a
mixed density mass with inhomogeneous enhancement,
multiple cystic nodules and irregular rim enhancement.
They demonstrated that the hepatic carcinosarcoma CT
presentation was unspecific and the pre-operative diagnosis was difficult.
Deng et al [8] described one case that was misdiagnosed as liver abscess by baseline sonography. Contrastenhanced CT revealed a hepatic malignant tumor (AFP,
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Case characteristics

The patient had high fever with cold symptoms for 1 mo.

Clinical diagnosis

The patient had primary hepatic tumor with cirrhosis and an alpha-fetoprotein
(AFP) level of 221.7 µg/L.

Differential diagnosis

Contrast-enhanced ultrasonography, computed tomographic scan and serum
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AFP determination helped in the differential diagnosis.

4

Laboratory diagnosis

Serum markers for hepatitis B and C were negative, but serum AFP level was
221.7 µg/L.

5

Imaging diagnosis

On contrast-enhanced ultrasonography (CEUS), the tumor showed peripheral
nodular hyperenhancement in the arterial phase with two feeding arterial vessels and a large internal non-enhancing portion in the center.

6

Treatment

The patient underwent surgical resection of the tumor and received chemotherapy.

7

Related reports

The tumor revealed a large internal non-enhancing portion in the center, easily
misdiagnosed as a liver abscess, however, peripheral nodular hyperenhancement in the arterial phase and AFP level helped in the diagnosis of malignancy.

8

Experiences and lessons

9

Peer review

10

The tumor showed a large internal non-enhancing portion in the center, easily misdiagnosed as a liver abscess in patients with high fever. Furthermore,
peripheral nodular hyperenhancement in the arterial phase may easily be
misdiagnosed as a hemangioma, but without gradual fill-in and the presence of
cirrhosis, and elevated AFP level helped in the diagnosis of malignancy.
The authors reported on the rare CEUS characteristics of a primary hepatic
carcinosarcoma, and the contrast enhanced-computed tomographic imaging,
pathologic and surgical specimen findings. The paper has interesting information about a rare disease with new technology for the diagnosis.
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Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
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Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg
Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Joerg Haier, Muenster
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen

III

Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Maria Gazouli, Athens
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
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Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland

Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Tryggvi Bjorn Stefánsson, Reykjavík
Israel
India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
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Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia

IV

Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Salvatore Gruttadauria, Palermo
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
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Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania

WJG|www.wjgnet.com

Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Alessandro Vitale, Padova
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Akio Inui, Kagoshima
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume



Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
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Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Morocco
Samir Ahboucha, Khouribga

Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Norway
Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania

Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Saudi Arabia
Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Antanas Mickevicius, Kaunas
Poland
Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México
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Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal

VI

Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
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Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Dong Wan Seo, Seoul
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
Jordi Camps, Reus
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Carlos Cervera Barcelona
Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada,
Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara
Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid
Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona
Carlos Taxonera, Madrid
M Isabel Torres, Jaén
Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid
Silvia Vidal, Barcelona

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
Konstantinos Tsimogiannis, Vasteras
Apostolos V Tsolakis, Uppsala

VII

Switzerland
Gieri Cathomas, Liestal
Jean Louis Frossard, Geneve
Christian Toso, Geneva
Stephan Robert Vavricka, Zurich
Dominique Velin, Lausanne

Thailand
Thawatchai Akaraviputh, Bangkok
P Yoysungnoen Chintana, Pathumthani
Veerapol Kukongviriyapan, Muang
Vijittra Leardkamolkarn, Bangkok
Varut Lohsiriwat, Bangkok
Somchai Pinlaor, Khaon Kaen
D Wattanasirichaigoon, Bangkok

Trinidad and Tobago
B Shivananda Nayak, Mount Hope

Tunisia
Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

Turkey
Sami Akbulut, Diyarbakir
Inci Alican, Istanbul
Mustafa Altindis, Sakarya
Mutay Aslan, Antalya
Oktar Asoglu, Istanbul
Yasemin Hatice Balaban, Istanbul
Metin Basaranoglu, Ankara
Yusuf Bayraktar, Ankara
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Core tip: Surgery remains the only curative therapy of
localized gastric cancer, while perioperative and adjuvant chemotherapy, as well as chemoradiation, can
improve outcome. Cisplatin and fluoropyrimidine-based
chemotherapy, with addition of trastuzumab in human
epidermal growth factor receptor 2 positive patients, is
the widely used treatment in stage Ⅳ patients. Secondline chemotherapy after progression in patients with
good performance status represents a good option.

Abstract
The authors focused on the current surgical treatment
of resectable gastric cancer, and significance of periand post-operative chemo or chemoradiation. Gastric
th
cancer is the 4 most commonly diagnosed cancer
and the second leading cause of cancer death worldwide. Surgery remains the only curative therapy, while
perioperative and adjuvant chemotherapy, as well as
chemoradiation, can improve outcome of resectable
gastric cancer with extended lymph node dissection.
More than half of radically resected gastric cancer
patients relapse locally or with distant metastases, or
receive the diagnosis of gastric cancer when tumor is
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INTRODUCTION
Gastric cancer is the 4th most commonly diagnosed cancer
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and the second leading cause of cancer death worldwide.
Gastric cancer generally remains asymptomatic for a long
time and is early detected more commonly in Japan and
South Korea, due, at least in part, to active screening programs. Despite increased incidence, Asian gastric cancer
patients have a better prognosis than Western patients,
probably due to an active screening program or to a more
aggressive therapeutic approach. Surgery remains the only
curative therapy, while perioperative and adjuvant chemotherapy, as well as chemoradiation, can improve outcome
of resectable gastric cancer with extended lymph node
dissection. No clear superiority of one strategy over
another has emerged, all contributing to a gain of 15%
in survival over surgery alone; thus, head-to-head comparisons would be required. Unfortunately, more than
half of radically resected gastric cancer patients relapse
locally or with distant metastases, or receive the diagnosis
of gastric cancer when tumor is disseminated; therefore,
median survival rarely exceeds 12 mo, and in metastatic
setting, 5-years survival is less than 10%. Cisplatin and
fluoropyrimidine-based chemotherapy, with addition of
trastuzumab in human epidermal growth factor receptor
2 (HER2) positive patients, is the widely used treatment
in stage Ⅳ patients fit for chemotherapy. Recent evidence
supports the use of second-line chemotherapy after progression in patients with good performance status. Biological therapies are among the new frontiers of research
in the treatment of gastric cancer; increased survival with
trastuzumab in patients with HER2-positive and with ramucirumab in second line has been indeed recorded.

negative horizontal margin, negative vertical margin, and
no lymphovascular infiltration [ly(-), v(-)][5]. The above
rules (so called standard criteria) were followed for many
years by endoscopists with excellent results[6]. However,
more recently, remarkable improvements in technical
management allowed to extend such indications to more
advanced forms of early gastric cancer (expanded criteria). Currently, ESD is also indicated in differentiated, ≤
3 cm, PT1a, UL(+) tumors, or undifferentiated, ≤ 2 cm,
PT1a, UL(-) tumors, or differentiated, ≤ 3 cm, PT1b (but
with submucosal invasion ≤ 500 μm from the muscularis mucosae)[5]. Although close follow-up surveillance
remains essential, within these criteria ESD has recently
been shown to be a feasible and effective method for
treating early gastric cancer[2,7,8].
Minimally invasive access, namely laparoscopic gastric
surgery, was initially devised for benign esophago-gastric
diseases and is currently standard option for hiatal hernia
repair and achalasia[9]. Due mainly to technical difficulties
and oncological concerns, the laparoscopic access was
initially confined to treatment of distal-sided early gastric cancer not requiring total gastrectomy and enlarged
lymphadenectomy[10,11]. Following reports of satisfactory
oncological adequacy for laparoscopic surgical treatment of colorectal cancer, the laparoscopic approach
has been gradually extended to also include advanced
gastric cancer requiring total gastrectomy with radical
lymphadenectomy. Although data are still controversial, a
number of studies have shown laparoscopic approach in
the treatment of advanced gastric cancer to be feasible,
safe, and oncologically adequate[3,12]. Recently, robotassisted gastrectomy has been shown to offer potential
advantages over conventional laparoscopy with regard to
lymphadenectomy and digestive restoration[13].
Whatever the approach (open or laparoscopic), there
is no doubt that surgery remains the only potentially
curative treatment for all T1b to T4 gastric cancers, and
after failure of endoscopic resection[14]. The most important and still debated issues are represented by extent of
resection and role and extension of lymphadenectomy.
In case of gastric cancer involving the fundus and/or
the body of the stomach, the vast majority of surgeons
perform total gastrectomy since proximal gastric resection is flawed with a significant rate of postoperative
complications[15]. On the contrary, controversy has long
been in place about extension of resection and importance of histologic subtype (namely, intestinal or diffuse
according to the Lauren’s classification)[16] in case of
cancer of the antrum. Several years ago total gastrectomy
was hypothesized to offer oncological advantages over
subtotal distal resection in terms of wider lymphadenectomy and effective removal of multicenter neoplastic
foci, particularly frequent in histologically proven undifferentiated or diffuse subtype carcinomas[17]. However, at
the end of the last century, two European trials showed
no differences in overall survival rates between total and
subtotal distal gastrectomy - provided extension of the
proximal margin of the resection into healthy tissue, thus

SURGERY
Ever since surgery has played a crucial role in the treatment of gastric cancer[1]. In the last decades, two new
technical advances have revolutionized treatment methodology, namely endoscopic resection and minimally
invasive access[2,3].
In Eastern countries, detection of early gastric cancer, i.e., tumors confined to mucosa (T1a) or submucosa
(T1b) with a low rate of nodal metastasis, has become
increasingly common due to extensive screening programs; thus, early gastric cancer currently represents a
large percentage of newly diagnosed tumors in Japan and
South Korea[4]. Several years ago early gastric cancer was
deemed to be radically treated with endoscopic resection, with no need for extensive abdominal manipulation.
However, horizontal and vertical margin invasion, and
particularly the risk of nodal involvement, had to be immediately considered to avoid true oncological disasters.
Initially, endoscopic mucosal resection, or, even better,
endoscopic submucosal dissection (ESD), were indicated
as standard treatment for differentiated-type adenocarcinoma without ulcerative findings UL(-) (depth of invasion clinically diagnosed as T1a and diameter ≤ 2 cm).
Accordingly, resection was judged as curative when all
of the following conditions were fulfilled: en-bloc resection, size ≤ 2 cm, differentiated-type on histology, PT1a,
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ensuring adequate clearance of the margins - and correctly performed lymphadenectomy (see below)[17,18] in
the latter procedure. Currently, there is general agreement
that subtotal distal resection should be considered the
standard of care for cancer of the antrum. The Japanese
Gastric Cancer Association (JGCA), formerly known as
the Japanese Research Society for Gastric Cancer, has
recently stated that “a proximal margin of at least 3 cm
is recommended for T2 or deeper tumors with an expansive growth pattern (Types 1 and 2) and 5 cm is recommended for those with infiltrative growth pattern (Types
3 and 4)”, thus finally ending a long-standing debate[5].
Controversy over the extent of lymphadenectomy in
the treatment of gastric adenocarcinoma has persisted
for decades. There has been very little disagreement that
at least a D1 lymphadenectomy (namely lymph node
stations from 1 to 7 according to the JGCA’s classification) should be performed[19]. However, in Japan, a D2
lymphadenectomy (namely D1 lymphadenectomy plus
node stations 8a, 9, 10, 11d, 11p, and 12a) has been
recommended as standard practice since the 1960s[20];
since Eastern surgeons strongly believe that a D2 lymphadenectomy significantly improves long-term results
and overall survival rates[5]. On the contrary, in Western
countries the majority of surgeons continue to perform a
D1 (or even a D0, i.e., a lymphadenectomy less than D1)
resection. This is mainly due to the results of two European randomized trials carried out in the 1990s which
failed to demonstrate a survival benefit for D2 over
D1 lymphadenectomy[21,22]. However, these two studies
have been strongly criticized for significant differences
between the two groups analyzed. Indeed, almost 50%
of patients in the D2 group did not undergo resection
of 12a node station. In addition, patients undergoing
splenectomy and/or pancreatectomy as part of a D2
resection had high rates of post-operative morbidity
and mortality, thus confounding the results and obscuring statistical differences between the two groups[14,23].
However, a large number of subsequent retrospective
studies has shown a correlation between better outcome
and lymphadenectomy extended beyond the boundaries
of a D1 resection, with dismal long-term survival rates
when positive nodes are found beyond the boundaries
of a D2 resection, thus suggesting progression of gastric
adenocarcinoma to a systemic disease when spreading
is beyond D2 nodes[24]. Furthermore, the Dutch D1D2
trial[25], after a median follow-up of 15 years, reported on
a significant benefit of D2 lymphadenectomy over D1
lymphadenectomy in terms of locoregional recurrence
and survival. D2 lymphadenectomy fulfills the AJCC
Cancer Staging Manual, which recommends a minimum
of 16 lymph nodes be examined, results in lower rates
of loco-regional recurrence[26], and, ultimately, improves
overall survival[23,27]. It is particularly evident when splenectomy and/or pancreatectomy are spared (so-called
D1+ lymphadenectomy) thus decreasing post-operative
complications rates[5]. A recent meta-analysis including
12 randomized controlled trials involving 3573 patients,
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with survival analyses from 1332 patients, has shown no
significant differences in overall survival between D1 and
D2. However, subgroup analysis of patients without splenectomy and/or pancreatectomy indicated a clear trend
for longer overall survival and a significant better diseasefree survival rate for D2 compared to D1 patients[14].
These data strongly suggested that D2 lymphadenectomy
with spleen and pancreas preservation should be recommended as the standard surgical approach to resectable
gastric cancer.
In Western countries a substantial percentage of gastric cancer patients presents with unresectable disease. In
such cases, the role of non-curative gastric resection, excluding the cases with signs of gastric outlet obstruction
or uncontrolled bleeding, remains controversial[28]. On the
one hand, resection allows reduction of tumor burden
and cancer-related complication rates, but it is associated
with significant perioperative mortality and morbidity
and may delay start of chemotherapy[29]. On the other
hand, simple operative exploration without resection may
expose patients to severe tumor complications[30]. Pending large, randomized, prospective studies, no definitive
evidence supporting either one strategy exists. However,
all single series provide evidence for chemotherapy to
improve survival rates and to decrease the incidence of
tumor-related complications[31].
Peritoneal carcinosis is the most common type of recurrence in advanced gastric cancer, particularly in undifferentiated or with infiltrating growth pattern tumors[32].
When possible, complete cytoreductive surgery and hyperthermic intraperitoneal chemotherapy (HIPEC) have
been shown to be the best option for a disease that is otherwise incurable[33]. Recently, in high risk gastric cancers,
that is, tumors suspected to have serosal invasion and/or
poor histologic differentiation, analysis of liquid from
peritoneal lavage has been suggested to be crucial to individuate free tumor cells in the abdominal cavity in order
to tailor more effective treatments[34]. This is a new fascinating frontier in the management of gastric cancer[35].
Preliminary results of potentially curative gastric resection
of the primary tumor and HIPEC in patients without
overt peritoneal carcinosis despite detection of free tumor
cells in the peritoneal lavage are encouraging[36,37].
The last challenge in the treatment of gastric cancer is represented by liver metastases. Until few years
ago their detection was considered synonymous with
generalized neoplastic disease, thus contraindicating
curative treatment[38,39]. There is no doubt that gastric
cancer shows a very aggressive biology with high and
early propensity to spread through lymphovascular vessels and peritoneal serosa, thus liver-only deposits are
an uncommon event[40]. However, even when this occurs, better survival rates have been demonstrated to be
achievable with aggressive treatment. Curative hepatic
resection of liver-limited metastases, particularly single
liver metastases less than 5 cm in size, has been associated with significantly superior 5-year overall survival
and median survival rates than those obtained with sys-
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Table 1 Meta-analyses of adjuvant chemotherapy for resectable gastric cancer
Ref.

Year

Trials (n )

Patients (n )

OR/HR for death (95%CI)

Hermans et al[71]
Earle et al[57]
Mari et al[56]
Panzini et al[58]
Janunger et al[61]
Zhao et al[72]
Liu et al[73]
GASTRIC group[62]

1993
1999
2000
2002
2002
2008
2008
2010

11
13
21
17
21
15
19
17

2096
1990
3658
3118
3962
3212
4599
3838

0.88 (0.78-1.08)
0.80 (0.66-0.97)
0.82 (0.75-0.89)
0.72 (0.62-0.84)
0.84 (0.74-0.96)
0.90 (0.84-0.96)
0.85 (0.80-0.90)
0.82 (0.76-0.90)

temic chemotherapy alone[41,42]. Radiofrequency ablation
may represent a valid alternative to surgical resection in
liver metastasis with Ø ≤ 3 cm or for patients unfit for
major hepatic surgery[43]. Finally, delivery of high doses
of cytotoxic agents to liver tumors through the hepatic
artery with minimal systemic side effects may be an effective strategy for control of multiple liver metastases
or in order to shrink liver deposits prior to subsequent
surgical resection or radiofrequency ablation[44].

alone (HR = 0.82; 95%CI: 0.76-0.90, P = 0.001). The
estimated median survival was 4.9 years (95%CI: 4.4-5.5)
in the surgery-only group vs 7.8 years (95%CI: 6.5-8.7) in
the group of treated patients. However, no standard CT
regimen has been defined in this setting.
Mono-chemotherapy with fluoropyrimidines has
been tested in the Asian ACTS-GC trial by Sakuramoto
et al [63] 1059 stage Ⅱ-Ⅲ gastric cancer patients were
randomized to receive S-1, an oral fluoropyrimidine containing tegafur, gimeracil and oteracil potassium, as postoperative therapy (two oral doses of 40 mg per square
meter per day for 4 wk followed by 2 wk of rest for 1
year), or surgery alone. A statistically significant advantage in terms of 3-year survival was observed in the chemotherapy arm (80.1%, 95%CI: 76.1-84.0) vs the surgery
arm (70.1%, 95%CI: 65.5-74.6), with a good tolerability
for S-1 and a low incidence of G3-4 toxicities (anorexia
6%, nausea 3.7%, diarrhea 3.1%). A similar advantage
was also recorded in the following 5-year survival analysis (72.6% vs 61.4%, HR = 0.65; 95%CI: 0.53-0.81).
However, these results were limited by patient selection,
thus needing to be confirmed in a more heterogeneous
population. Furthermore, the use of S-1 in Western
countries could be limited by pharmacokinetic factors.
Tegafur (5-fluorouracil pro-drug) pharmacokinetic is
indeed limited by polymorphisms in cytochrome P-450
2A6, and, consequently, 5-fluorouracil plasma concentrations are more likely to be elevated in patients from
Western countries[64].
Furthermore, in the CLASSIC phase Ⅲ trial led by
Bang et al[65], 1035 patients with stage Ⅱ-ⅢB gastric
cancer were randomly assigned to receive adjuvant chemotherapy with 8 cycles of capecitabine (1000 mg per
square meter twice daily for 2 wk in a cycle of 21 d) plus
oxaliplatin (130 mg per square meter every 21 d), so called
XELOX, or surgery alone. After a median follow-up of
about 34 mo, 3-year disease-free survival rates were 74%
and 59% in the surgery plus chemotherapy and surgery
only group, respectively (HR = 0.56; 95%CI: 0.44-0.72, P
< 0.0001). Grade 3 or 4 toxicities were recorded in 56%
of patients in the chemotherapy arm (nausea 65.7%,
neutropenia 60.5%, anorexia 59.3%). At the 15th ESMO
World Congress in Gastrointestinal Cancer (July 2013),
data from the 5-year follow-up of the CLASSIC trial
demonstrated a 34% reduction in the risk of death in the
XELOX arm, higher than the reduction previously reported after three years of follow-up[66].

ADJUVANT THERAPIES
Although complete resection of cancer (R0) and extended lymph node dissection (D2) are the only curative
treatments for gastric cancer, a high rate of locoregional
as well as distant recurrences has been reported. The site
of recurrence is locoregional in 19%-42% of cases, peritoneal in 21%-72%, and distant in 18%-49%. A survival
benefit has been observed from the addition of chemotherapy or chemoradiotherapy to surgery alone, while
no benefit has been obtained with adjuvant radiotherapy
alone[28,45-47].
Adjuvant chemotherapy
In the last decades, several phase Ⅲ trials have investigated the role of adjuvant chemotherapy vs surgery
alone, but conflicting results have been obtained. These
differences can be explained by the large heterogeneity
of patients enrolled, the small number of series, the different surgical accuracy, and the different chemotherapy
regimens used[48-54]. We also investigated in a randomized,
multicenter, phase Ⅲ trial the efficacy and safety of epirubicin, leucovorin, 5-fluorouracil and etoposide combination (ELFE regimen) as adjuvant therapy for radically
resected gastric cancer patients. After a 5-year followup, the ELFE regimen was not shown to improve overall
survival when compared to surgery alone[55].
In order to obtain more reliable results, several metaanalyses (Table 1) and two recent phase Ⅲ trials have
been carried out, conclusively establishing a statistically
significant benefit for chemotherapy in terms of overall
survival and recurrence rate[56-62].
A recent meta-analysis performed by the GASTRIC
group[62], including 3838 patients from 17 different trials
of adjuvant chemotherapy, concluded for a modest but
statistically significant benefit with the use of adjuvant
post-operative chemotherapy with respect to surgery
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Adjuvant XELOX might represent a valid strategy in
curable gastric cancer Asian patients. Currently, there is
no doubt on the survival benefit derived from adjuvant
chemotherapy in radically resected gastric cancer for
stage ≥ T2 or N+ according to United States, European,
and Italian guidelines[67-69], although further phase Ⅲ trials
are required to assess which regimen is optimal for both
Western and Eastern populations.
The utilization of HIPEC as adjuvant setting in patients at high risk for carcinomatosis is very interesting.
The results of various clinical studies indicated that
HIPEC could potentially allow for a better prognosis in
patients who underwent resection for advanced gastric
cancer playing a role in the prevention of peritoneal
local-regional recurrence despite R0 resection. However
because of small number of trials, further study about
this matter are warranted[70].

tro-intestinal (33%). Although this treatment approach is
considered to be standard therapy in the United States,
it has not gained wide acceptance in Europe because
of concerns about abdominal chemoradiation toxicity
and the quality of surgery performed; indeed, 54% of
enrolled patients received a sub-optimal lymph-node dissection (D0-D1). In order to clarify this issue, a subgroup
analysis published in 2002 revealed that the survival benefit of adjuvant chemo-radiotherapy remained similar in
the D0 and D1 lymph-node dissection groups, while survival benefits in the D2 dissection group were doubtful.
Therefore, radiation therapy can be useful to compensate
inadequate surgery, by improving local control of disease
and reducing local relapses (19% vs 29%)[77,78].
The results of the phase Ⅲ ARTIST trial have been
recently published[79]. 458 patients with D2 resected gastric cancer were randomly assigned to receive adjuvant
XP (capecitabine 2000 mg per square meter on days 1 to
14 and cisplatin 60 mg per square meter, repeated every
3 wk) or XP/XRT/XP (capecitabine 2000 mg per square
meter on d 1 to 14 and cisplatin 60 mg per square meter,
repeated every 3 wk followed by 45 Gy radiations plus
capecitabine 1650 mg per square meter for 5 wk followed
by 2 additional cycles of XP). With a median follow-up
of 53.2 mo, the adjuvant chemoradiotherapy arm did not
obtain a significant advantage over the chemotherapy
alone arm, with 3-year disease-free survival rates of
78.2% and 74.2% in the XP/XRT/XP arm and in the
XP arm (P = 0.0862), respectively. Of note, in a subgroup analysis of 396 patients with positive pathologic
lymph nodes, a statistically significant prolonged diseasefree survival was recorded in the chemoradiation arm
(estimated 3-year disease-free survival rate of 77.5%) as
opposed to the XP-alone arm (3-year disease-free survival: 72.3%, P = 0.0365). This improvement in disease-free
survival was mainly due to radiation-induced decreased
regional lymph node recurrence. Most common G3-G4
toxicities in chemo- and chemoradiation arms were respectively: neutropenia (40.7% and 48.4%), nausea (12.4%
and 12.3%), and vomiting (3.5% and 3.1%). In the ARTIST-2 trial this promising role of chemoradiotherapy vs
chemotherapy alone in patients with node positive gastric
cancer is still being evaluated.
Recently, Zhu et al[80] have published data from a trial
carried out in the Chinese population. Specifically, 380
patients with D2 resected gastric cancer were randomized to receive adjuvant chemotherapy alone vs adjuvant chemoradiation therapy with intensity-modulated
radiotherapy (IMRT). A significant difference in DFS
in patients with positive nodes and in the whole population as well was observed. The marked effect on diseasefree survival in this trial as opposed to the ARTIST trial
was probably due to inclusion of patients with more
advanced disease, especially in terms of lymph nodes involvement, and to the use of IMRT.
These results still need to be reproduced in the Western population and will be defined by the ongoing CRITICS trial (see below)[81].

Adjuvant chemoradiation
Considering the high rate of local recurrence in gastric cancer, combined treatment with radiation therapy and sensitizing 5-fluorouracil or capecitabine has been compared with
chemotherapy or surgery alone in several trials.

The addition of post-operative radiation to adjuvant
chemotherapy has been firstly studied in a prospective
randomized trials by Dent et al[74], Moertel et al[75], and the
British Stomach Cancer Group[45]. Data from this studies did not show a survival benefit for patients receiving
adjuvant therapy, however, because of their small accrual,
heterogeneous cohort, unstandardized surgery and radiotherapy, and 5-fluorouracil dosage, it is difficult to draw
conclusions from these studies.
An important role was played by the Gastrointestinal
Cancer Intergroup phase Ⅲ Trial (INT 0116)[26]: 566 patients were randomized to receive surgery alone or adjuvant chemoradiation consisting of 5-fluorouracil (425 mg
per square meter daily) plus leucovorin (20 mg per square
meter daily) for 5 d and radiation (4500 cGy of radiation,
180 cGy per day, given 5 d per week for 5 wk), followed
by 2 cycles of 5-fluorouracil (425 mg per square meter
daily for 5 d) plus leucovorin (20 mg per square meter
daily for 5 d) for one month. After a median follow-up of
5 years, the chemoradiation group achieved a significant
advantage in overall survival (36 mo vs 27 mo, P < 0.005)
and in progression-free survival (HR = 1.52; 95%CI:
1.23-1.86, P < 0.001). The advantage in the chemoradiotherapy-treated group has been recently confirmed at the
10-year follow up (disease free survival HR = 1.51; P <
0.001; overall survival HR = 1.32; P < 0.004)[76]. Local recurrence occurred in 29% of patients in the surgery alone
group and in 19% in the chemoradiation group; regional
relapse was reported in 72% of patients in the surgery
alone group and in 65% of the patients in the chemoradiation group; distant metastases were observed in 18%
of relapsing patients in the surgery alone group and in
33% of patients in the chemoradiation group. Of note,
treatment was burdened by high toxicity, with the most
common G3 toxicities being hematologic (54%) and gas-
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The employment of a triplet in a chemoradiation
regimen has also been recently investigated by the Intergroup Trial CALGB 80101 (presented as abstract at
the 2011 ASCO Annual Meeting)[82]. From April 2003 to
May 2009, 546 patients with resected gastric or gastroesophageal cancer patients were randomized to receive
1 cycle of 5-fluorouracil (425 mg per square meter
daily) plus leucovorin (20 mg per square meter daily)
for 5 d/mo, followed by 45 Gy (1.8 Gy/d) and concurrent 5-fluorouracil (200 mg per square meter daily CI
throughout radiotherapy), followed by 2 additional cycles
of 5-fluorouracil/leucovorin (arm A) or 1 additional
cycle of ECF (epirubicin 50 mg per square meter on day 1,
cisplatin 60 mg per square meter on day 1, and 5-FU 200
mg per square meter CI d 1-21) followed by 45 Gy (1.8
Gy/d) and concurrent 5-fluorouracil (200 mg per square
meter daly CI throughout radiation therapy), followed by
2 cycles of reduced dose of ECF (epirubicin 40 mg per
square meter on day 1, cisplatin 50 mg per square meter
on day 1, and 5-FU 200 mg per square meter daily C.I. d
1-21) (arm B). Median survival was 37 mo in arm A and
38 mo in arm B (HR = 1.03, 95%CI: 0.80-1.34, P = 0.80).
Three-year overall survival was 50% in arm A and 52%
in arm B, respectively. 3 year-DFS was 46% in arm A and
47% in arm B. Grade 4 toxicities were: 40% arm A vs
26% arm B (P < 0.001). Specifically, neutropenia (53% vs
48%), diarrhea (15% vs 7%), and mucositis (15% vs 7%)
for arms A and B, respectively, were the most frequent.
We also assessed, in a pilot study published three
years ago, the safety of adjuvant chemoradiotherapy in
patients with stage Ⅲ or Ⅳ radically resected gastric cancer. Treatment with FOLFOX regimen plus radiotherapy
was safe, and, after a 3-year follow-up, both disease-free
and overall survival rates were shown to be substantially
better than those observed in untreated patients[83].
Finally, European and Italian guidelines encourage
use of adjuvant chemoradiotherapy in patients with high
risk of local relapse (stage T2 with histopatological risk
factors, T3-4, N+) and in patients not receiving adequate
lymphadenectomy (< D2) or are R1 after surgery[68,69].
Necessarily, the planning of radiotherapy fields requires experience and a quality control system. Radiotherapy is influenced by its confirmation in 3D (3D-CRT)
or IMRT, and these technologies have been shown to
reduce toxicities. A total radiation dose of 45 Gy is set
to run in 25 fractions of 1.8 Gy. The delimitation of volumes must meet the guidelines established by RTOG and
EORTC and include tumor bed, celiac lymph nodes, and
para-aortic nodes.

This approach has been demonstrated to obtain
downstaging of gastric cancer, increase in curative resections, and improvement of disease-free and overall
survival in randomized clinical studies (MAGIC, FFCD
9703, and EORTC 40954). Currently, all guidelines recommend this approach for patients with locally advanced
gastric cancer.
The use of radiation alone or in combination with
chemotherapy in the preoperative setting is still controversial and more data from adequate powered randomized trial are needed.
Neoadjuvant chemotherapy
The role of neoadjuvant chemotherapy in gastric cancer, gastro-esophageal junction and lower esophageal
adenocarcinoma has evolved in the past decade from
disappointingly negative trials to a favorable one[61]. Indeed, in the first Dutch randomized controlled trial of
neoadjuvant chemotherapy, 56 patients with apparently
operable gastric cancer were randomized to receive preoperatively 4 cycles of 5-fluorouracil, doxorubicin and
methotrexate (FAMTX) followed by surgery or surgery
alone. The rate of curative resection favored the surgery
alone group, and in the latest update, the median survival
since randomization was 18 mo in the FAMTX group vs
30 mo in the surgery alone group (P = 0.17); moreover,
preoperative chemotherapy was associated with a negative effect[84].
In Europe, perioperative chemotherapy has been promoted on the basis of the MAGIC[85] and FFCD9703[86]
randomized trials. The former, performed in the United
Kingdom, enrolled 503 patients with resectable adenocarcinoma of the stomach, esophagogastric junction, or
lower esophagus cancer (25% had lower esophageal or
gastro-esophageal junction cancer) to either perioperative
chemotherapy and surgery (250 patients) or surgery alone
(253 patients).
Chemotherapy consisted of 3 preoperative and 3
postoperative cycles of ECF: intravenous epirubicin (50
mg/m2) and cisplatin (60 mg/m2) on day 1 and a continuous intravenous infusion of 5-fluorouracil (200 mg/m2
per day for 21 d). Curative resection rates were 69.3%
and 66.4% in the perioperative and in the surgery group,
respectively. There was a greater proportion of stage T1
and T2 tumors and less advanced nodal disease in the
perioperative group.
The perioperative chemotherapy group had a higher
likelihood of overall survival (HR for death = 0.75;
95%CI: 0.60-0.93, P = 0.009; 5-year survival rate: 36% vs
23%) and progression-free survival (HR for progression
= 0.66; 95%CI: 0.53-0.81, P < 0.001). Although 90.7%
of patients completed preoperative chemotherapy, only
103 of 208 (49.5%) who completed preoperative therapy
and surgery also received postoperative treatment.
A similar benefit emerged from the French FFCD
9703 trial, in which 224 patients were randomly assigned
to 2 or 3 cycles of preoperative chemotherapy with infusional 5-fluorouracil plus cisplatin (CF) followed by

NEOADJUVANT (PERIOPERATIVE)
TREATMENT
Neoadjuvant chemotherapy for gastric cancer aims at
downstaging disease, increasing the rate of curative resection, and eradicating undetectable micrometastases. In
addition, pre-surgical patients usually have better performance status and can tolerate treatments better.
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surgery and adjuvant CF chemotherapy, or surgery alone.
Of note, 75% of all patients had adenocarcinoma of the
distal esophagus or of the gastro-esophageal junction.
The R0 resection rate was significantly better in the perioperative arm compared to the surgical resection alone
arm (84% vs 73%, P = 0.04). Differences in the 5-year
disease-free survival and the 5-year overall survival rate
were 13% (34% vs 21%, P = 0.0033) and 14% (38% vs
24%, P = 0.021), respectively, in favor of neoadjuvant
therapy.
Recently, the European EORTC 40954 trial[87] assessed the efficacy of preoperative cisplatin, 5-fluorouracil, and leucovorin in gastric and gastro-esophageal
cancer patients. This study needed 282 events to detect
with 80% power an improvement in median survival
from 17 mo with surgery alone to 24 mo with neoadjuvant therapy. The trial was stopped early for poor accrual
after 144 patients randomly assigned (72:72). The total of
52.8% patients had tumors located in the proximal third
of the stomach, including AEG type Ⅱ and Ⅲ. The curative resection rate was 81.9% after neoadjuvant chemotherapy and 66.7% in the neoadjuvant and surgery alone
arm (P = 0.036). The surgery-only group had more metastatic lymph nodes than the neoadjuvant group (76.5%
vs 61.4%, P = 0.018). Postoperative complications were
more frequent in the neoadjuvant arm (27.1% vs 16.2%,
P = 0.09). After a median follow-up of 4.4 years and 67
deaths, a survival benefit could not be shown (HR = 0.84;
95%CI: 0.52-1.35, P = 0.466).
This trial showed a significantly increased R0 resection rate, but failed to demonstrate a survival benefit due
to a low statistical power; there was a high rate of proximal gastric cancer including AEG and/or a better outcome than expected after radical surgery alone due to the
high quality of surgery with resection of regional lymph
nodes outside the perigastric area (celiac trunc, hepatic
ligament, lymph node at a. lienalis; D2).

however, after 20 years, the study failed to demonstrate a
survival benefit for preoperative radiotherapy[89].
Of note, these two studies were started in the 1970s,
when radiation used to be delivered by telecobalt or 8-MV
photon, now rarely used.
Finally, in the meta-analysis of Fiorica et al[90], 9 randomized trials (4 preoperative and 5 postoperative trials)
were evaluated. Preoperative radiotherapy was associated
with a 3-year (HR = 0.57; 95%CI: 0.43-0.76, P = 0.0001)
and 5-year (HR = 0.62; 95%CI: 0.46-0.84, P = 0.002) survival advantage. Although a trend in postoperative mortality in the preoperative treatment group was observed,
this difference turned out not to be statistically significant
(HR = 0.61; 95%CI: 0.24-1.57, P = 0.31). A recent metaanalysis confirmed a statistically significant benefit for
resectable gastric cancer patients treated with radiation
therapy, however, subgroup analyses for pre- and postoperative settings were not available[91].
Perioperative chemoradiation
Recently, a phase Ⅲ trial was carried out to investigate a
possible survival benefit for preoperative chemoradiotherapy compared to chemotherapy alone in locally advanced gastroesophageal and gastric cancer patients.
In the German study PreOperative Chemotherapy
or Radiochemotherapy in Esophagogastric Adenocarcinoma Trial[92], 119 patients were randomized to receive
5-fluorouracil, leucovorin, and cisplatin (PLF) followed
by surgery or PLF followed by chemoradiation with
cisplatin and etoposide and then surgery. Unfortunately,
the trial was stopped prematurely due to poor accrual,
thus limiting result interpretation. Nevertheless, response
rate and tumor-free lymph node status were higher in
the chemoradiation arm (cPR = 15.6% vs 2%, P = 0.03;
ypN0 = 64.4% vs 36.7%, P = 0.01), although the 3-year
survival benefit for the two groups did not reach statistical significance (47.4% vs 27.7%, P = 0.07).
Finally, the ongoing CRITICS trial (NCT00407186),
in which patients with resectable gastric cancer are being
treated with 3 cycles of preoperative epirubicin, cisplatin,
and capecitabine (ECC) followed by surgery and then
either another 3 cycles of ECC or concurrent chemoradiation (45 Gy, cisplatin and capecitabine) will help clarify
the role of postoperative chemoradiotherapy[81].

Radiation in perioperative therapy
The use of radiation alone as preoperative treatment
remains unclear, due to limited numbers of randomized
clinical trials evaluating the efficacy of radiotherapy alone.
Zhang et al[88] randomized a large sample size (370
patients) of gastric adenocarcinomas of cardia to surgery alone or radiotherapy for a total dose of 40 Gy and
surgery. Tumor resectability and T2 cancer were more
frequently observed in the radiation arm with a 11.0%
decrease in T4 tumors. Five- and 10-year survival rates
for radiation plus surgery and surgery alone groups were
30.1%, 19.7%, and 20.2%, 13.3%, respectively, while no
significant differences were observed between the two
groups in terms of surgical complications.
In another randomized trial with a longer follow-up
(20 years), 51 patients per arm were randomly assigned to
20 Gy in 5 daily fractions followed by surgery or surgery
alone. The 5-year and 10-year survival rates were 39.0%
and 32.0%, and 30.0% and 18.0%, for preoperative radiotherapy and surgery alone groups, respectively (P > 0.05);
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METASTATIC DISEASE
In Western countries about two thirds of gastric cancer
patients are diagnosed with locally advanced or metastatic
disease. Median survival for these patients is around 10
mo, and less than 10% survive at 5 years. Furthermore,
even after curative resection, about 50%-60% of patients
relapse locally or with distant metastases. A PS > 2, liver
metastases, peritoneal metastases, and alkaline phosphatase > 100 are considered unfavorable prognostic factors[93].
A meta-analysis by Wagener et al[94] demonstrated efficacy of chemotherapy compared with best supportive
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care. Specifically, data from three randomized clinical
trials favored chemotherapy in terms of quality of life
and survival of patients with a good performance status
(HR = 0.39; 95%CI: 0.28-0.52). Several trials and a metaanalysis also confirmed an advantage with regard to quality of life and survival when advanced gastric cancer patients were treated with combination chemotherapy with
respect to single agent[95,96].
In the late 80’s the FAM regimen (5-fluorouracil 600
mg/m2 on days 1, 8, 29 and 36, adriamycin 30 mg/m2
on days 1 and 29, and mitomycin C 10 mg/m2 on day
1) became a widely used treatment[97,98], only to be later
replaced by FAMTX (methotrexate 1500 mg/m2, followed after 1 h by 5-fluorouracil 1500 mg/m2 on day 1.
Leucovorin rescue at 15 mg/m2 after 24 h, orally, every
6 h for 48 h, and adriamycin 30 mg/m2), according to
the results of a randomized phase Ⅲ trial including 213
patients. The response rate of FAMTX was 41% vs 9%
(P < 0.0001); survival with FAMTX was also superior (42
wk vs 29 wk, P = 0.004). There were no major differences
in toxicity[99,100].
In Asian countries, cisplatin plus infusional 5-fluorouracil or capecitabine or S-1 is currently standard practice
on the basis of a favorable Japanese trial[101]. The combination of cisplatin plus S-1 was also tested in metastatic
gastric cancer in Caucasian patients[102,103] against cisplatin
plus infusional 5-fluoruracil. Despite a slight better median survival for cisplatin/S-1, no statistical differences
were found (8.6 mo vs 7.9 mo, HR = 0.92; 95%CI:
0.8-1.05, P = 0.20). Safety was significantly better in the
cisplatin/S-1 group, however, the dose of cisplatin was
lower (75 and 100 mg/m2 in experimental and standard
group, respectively).
The REAL Ⅱ trial by Cunningham et al[104] confirmed
non-inferiority of capecitabine to infusional 5-fluorouracil (HR = 0.86; 95%CI: 0.80-0.99) and established noninferiority of oxaliplatin to cisplatin (HR = 0.92; 95%CI:
0.80-1.10) in two-by-two comparisons. On day 1 of every
3-wk cycle, patients in all study groups received an intravenous bolus of epirubicin (50 mg/m2) and cisplatin
(60 mg/m2) in both the ECF and ECX groups, while
oxaliplatin (130 mg/m2) was administered intravenously
in the EOF and EOX groups. 5-fluorouracil (daily dose
of 200 mg/m2) and capecitabine (twice daily doses of 625
mg/m2) were given throughout treatment in the appropriate groups. Median survival times in the ECF, ECX, EOF,
and EOX groups were 9.9, 9.9, 9.3 and 11.2 mo, respectively; 1 year-survival rates were 37.7%, 40.8%, 40.4%,
and 46.8%, respectively. In a secondary analysis, overall
survival was longer with EOX than with ECF, with a HR
of 0.80 for death in the EOX group (95%CI: 0.66-0.97,
P = 0.02). Progression-free survival and response rates
did not differ significantly among the regimens. The EOX
regimen was associated with the highest median survival.
Response rates were 47.9% for EOX, 46.4% for EOF,
42.4% for ECX, and 40.7% for ECF (no significant differences among the four treatment arms). Oxaliplatinbased regimens were generally well tolerated, with inferior
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incidence of severe neutropenia, alopecia, and nephrotoxicity, and higher incidence of severe peripheral neuropathy
and diarrhea.
Furthermore, in a meta-analysis including the REAL
and
MLI17032 trials, a longer survival and a higher
Ⅱ
response rate was observed with capecitabine (HR =
0.87) compared with infusional 5-fluorouracil-containing
chemotherapy[105].
In United States docetaxel is the drug of choice to
add to cisplatin and 5-fluorouracil, based on V325 phase
[106]
Ⅲ trial results , in which 445 advanced gastric cancer
patients were randomized to receive docetaxel 75 mg/m2
(day 1) plus cisplatin 75 mg/m2 (day 1) and 5-fluorouracil 750 mg/m2 per day continuous infusion (days 1 to 5;
DCF), or once every 4 wk cisplatin 100 mg/m2 (day 1)
and 5-fluorouracil 1000 mg/m2 per day continuous infusion (days 1 to 5; CF). The addition of docetaxel to CF
significantly improved time to progression (5.6 mo vs 3.9
mo), survival (9.2 mo vs 8.6 mo), and overall response
rate (37% vs 25%), despite the poor prognosis of the
selected population, when compared with the CF-treated
population. However, an increased rate of neutropenia
(29% incidence of febrile neutropenia) was recorded. For
this reason, the DCF regimen could be recommended for
patients with good performance status[107].
Conversely, epirubicin, cisplatin, 5-fluorouracil (ECF)
is the favorite three-drug regimen in Europe on the basis
of two randomized studies[108,109] and a meta-analysis[96].
ECF showed a higher overall response rate (45% vs 21%,
P = 0.0002), a longer median time of survival (8.9 mo
vs 5.7 mo, P = 0.0009) and a better median failure-free
survival duration (7.4 mo vs 3.4 mo, P = 0.00006) when
compared with FAMTX. A better quality of life with the
ECF regimen was also recorded.
HER2 is overexpressed in 10%-25% of gastric cancer. Recently, the international phase Ⅲ ToGA trial[110]
randomized 594 HER-2 positive metastatic gastric cancer
to receive capecitabine (1000 mg/m2 orally twice a day
for 14 d followed by a 1-wk rest), or 5-fluorouracil (800
mg/m2 per day by continuous intravenous infusion on
d 1-5 of each cycle) plus cisplatin (80 mg/m2 on day 1
by intravenous infusion) with or without trastuzumab (8
mg/kg intravenously on day 1 of the first cycle, followed
by 6 mg/kg every 3 wk). The addition of trastuzumab
to chemotherapy improved significantly overall survival
compared with chemotherapy alone (13.8 mo vs 11.1
mo, HR = 0.74, P = 0.0046) as well as progression free
survival (6.7 mo vs 5.5 mo, HR = 0.74, P = 0.0002). A
greater survival benefit was detected in an exploratory
subgroup analysis of patients HER2 2+ and FISH positive, and HER2 3+ and FISH positive (16.0 mo vs 11.8
mo, HR = 0.65). Also, response rate and time to progression were significantly improved by the addition of
trastuzumab.
Thus, trastuzumab, in association with platinum and
5-fluorouracil or capecitabine, is now widely considered
the standard of care for first line therapy of patients diagnosed with HER 2 positive gastro-esophageal junction
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Table 2 Milestone phase Ⅲ trials in metastatic gastric cancer
Ref.

Regimen

n

Response rate

Overall survival

DSF/PFS/TTP

G3-G4 toxicity

Cullinan et al[122], 1985

FAM
5-FU
FAMTX
FAM

350

-

-

-

-

213

41%
9%

FAM
PF
5-FU

117

51%
26%

256

Vanhoefer[124], 2000

FAMTX
ECF
ELF
PF
FAMTX

21%
45%
9%
20%
12%

Van Cutsem et al[106]
V325 trial, 2006
Cunnigham et al[104]

CF
DCF
ECX

224
221
250

37%
25%
42.4%

9.2
8.6
11.2

REAL II, 2008

EOX
ECF
EOF

244
263
245

47.9%
40.7%
46.4%

9.9

S-1
CDDP + S-1

150
149

CDDP+
5-FU
CDDP + S-1
CDDP + 5-FU/Cap
CDDP + 5-FU/Cap +
Trastuzumab

508
521

Wils et al[100], 1991

Kim et al[123], 1993

Webb et al[108], 1997

Koizumi et al[101]
Spirit trial, 2008

Ajani et al[102]
FLAGS, 2010
Bang et al[110]
ToGA, 2010

42 wk
29 wk
No difference

5.7
8.9
7.2
7.2
6.7

11
13

32%
29%

7.9
8.6

290

11.1

294

13.8

4%
3%
Median TTP: 12
21.8
9.1

-

PFS
3.4
7.4

No toxicity G 3- 4

TTP:
3.9
69%
5.6
59%
ECF: 40.7 and
Neutropenia most frequent in
similar in all groups ECX and ECF regimen 51.5%
and 41.7% vs 29.9% and 27.6%
PFS:
4.0
6.0

Neutropenia:
59% vs 16%
Anemia: 38% vs 6%
Anorexia 45% vs 9%

TTP
5.5
4.8

Neutropenia
88%
79%

FAM: 5-fluorouracil, adriamycin, mitomycin; 5-FU: 5-fluorouracil; FAMTX: 5-fluorouracil, adriamycin, metrotexate; PF: Cisplatin, 5-fluorouracil; ECF:
Epirubicin, cisplatin, 5-fluorouracil; ELF: Etoposide, leucovorin, 5-fluorouracil; CF: Cisplatin, 5-fluorouracil; DCF: Docetaxel, cisplatin, 5-fluorouracil; ECX:
Epirubicin, cisplatin, capecitabine; EOX: Epirubicin, oxaliplatin, capecitabine; EOF: Epirubicin, oxaliplatin, 5-fluorouracil.

and gastric cancer. Table 2 summarizes the results of the
main phase Ⅲ trials of chemotherapy for advanced gastric cancer.
Despite the promising results obtained in phase Ⅱ
trials, addition of HER 1 inhibitors cetuximab and panitunumab to chemotherapy failed to increase overall and
progression free survival of metastatic gastric cancer patients in the phase Ⅲ randomized trials EXPAND[111] and
REAL Ⅲ[112]. Disappointing results were also obtained
with the anti-angiogenetic antibody bevacizumab used in
combination with platinum-based chemotherapy[113,114].
Recently a phase Ⅲ LoGic trial [115] of first line
capecitabine and oxaliplatin did not reach its primary
endpoint, with a hazard ratio (HR) for OS of CapeOx +
L compared to CapeOx + P of 0.91 (95%CI: 0.73-1.12,
P = 0.35); median 12.2 mo vs 10.5 mo, respectively. Prespecified subgroup analyses showed significant improvements in OS in Asian pts (HR = 0.68) and those under
60 years (HR = 0.69). There was no association between
IHC and OS. though certain subgroups showed improvement. Further clinical and molecular analyses will be
presented. The results of the phase Ⅲ TYTAN[116] trial
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conducted in Asia indicate that HER2-targeted therapy,
Lapatinib, has the potential to prolong patient survival
when used in the second-line setting in HER2-positive
advanced gastric cancer, but only in individuals who test
HER2 positive by immunohistochemistry (IHC 3+).
The role of a second line has been recently clarified.
Randomized clinical trials[117-119] and a meta-analysis[120]
demonstrated improved overall survival and quality of
life with irinotecan or docetaxel chemotherapy vs best
supportive care.
Finally, at the latest ASCO Meeting, ramucirumab,
a fully human immunoglobulin G1 monoclonal antibody highly specific for the extracellular VEGF-binding
domain of VEGFR-2, was demonstrated to have a significant antitumor activity in a range of malignancies,
according to results in clinical trials. The REGARD trial
for gastro-esophageal and gastric adenocarcinoma demonstrated ramucirumab to significantly improve overall
survival and progression-free survival vs BSC, with a
median overall survival increasing from 3.8 to 5.2 mo (P
= 0.0473)[121]. This translated into a 22% reduction in the
risk of death with ramucirumab.
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Ramucirumab has also been evaluated in combination with paclitaxel in the phase Ⅲ RAINBOW trial, but
results are still pending.

7

CONCLUSION

8

Depending on the site and extent of cancer, surgery is
the only potentially curative treatment for all T1b-T4 gastric cancers, and extended lymphadenectomy (D2) should
be recommended as standard of care in resectable gastric
cancer, while endoscopic submucosal resection followed
by close surveillance is the preferred option for early
stage cancer. Surgical treatment of liver-limited metastases and hyperthermic intraperitoneal chemotherapy for
peritoneal carcinosis are fascinating frontiers.
Furthermore, a survival benefit for postoperative
chemotherapy, chemoradiotherapy, and perioperative
chemotherapy in case of pathologic T > 2 and/or nodepositive gastric cancer patients has been established, and
chemotherapy should contain 5-fluorouracil and cisplatin
or their analogs capecitabine and oxaliplatin. Neoadjuvant
chemoradiation should be implemented with caution.
Finally, in select metastatic gastric cancer patients, chemotherapy is better than best supportive care only, with
cisplatin-5-fluorouracil or capecitabine as the most widely
used drugs. Addition of anti-HER2 antibody trastuzumab to first-line chemotherapy for patients overexpressing HER2 receptor and addition of the anti VEGFR-2
antibody ramucirumab in second line improves overall
survival and progression-free survival when compared to
chemotherapy alone.
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performing early response assessment with use of Ffluoro-2-deoxy-D-glucose positron-emission tomography demonstrate controversial results. The usefulness
of other molecular imaging modalities, among which
diffusion-weighted-magnetic resonance imaging, remains to be investigated.

Abstract

INTRODUCTION

Kwee RM, Kwee TC. Role of imaging in predicting response to
neoadjuvant chemotherapy in gastric cancer. World J Gastroenterol 2014; 20(7): 1650-1656 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i7/1650.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i7.1650

Gastric cancer is the fourth most common cancer[1]. In
2008, 988602 new cases were diagnosed and 737419
people died of the disease worldwide[1]. In Japan and
South Korea, gastric cancer is usually detected at an
early stage owing to mass screening programmes[2]. In
Western countries, however, gastric cancer is mostly detected at a more advanced stage, which incurs a poorer
prognosis. Clinical trials have shown that neoadjuvant
chemotherapy improves overall and disease-free survival
of patients with advanced gastric cancer[3]. Perioperative
chemotherapy based on the medical research council
adjuvant gastric infusional chemotherapy-trial approach
is currently an acceptable standard of care[4]. This approach consists of continuous intravenous infusion of
epirubicin, cisplatin, and 5-fluorouracil in three 21-d
cycles preoperatively and three 21-d cycles postoperatively[5]. However, not all patients benefit. The results of a
meta-analysis indicated that the numbers needed to treat
(NNT) with neoadjuvant chemotherapy to prevent one
death in three years was as high as 84, whereas for a 3-year
disease-free survival, the NNT was 8[3]. Chemotherapy-

With the proven overall benefit of neoadjuvant chemotherapy in patients with locally advanced gastric cancer, there has come a need to discriminate responders
from non-responders. In this article, the current role
of anatomical and molecular imaging in the prediction
of response to neoadjuvant therapy in gastric cancer is
outlined and future prospects are discussed.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Studies have shown that there is an association between tumor response at anatomical imaging
evaluation and histopathological response and survival
in patients with gastric cancer who are treated with
neoadjuvant chemotherapy. However, as it takes time
for gross tumor changes to become apparent, anatomical imaging may be of limited value in the early assessment of neoadjuvant chemotherapy efficacy. Studies
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induced adverse effects, among which gastrointestinal
problems and leukopenia, have been reported to occur
in 8.8% and 18.1% of patients, respectively[3]. In patients
who will not respond sufficiently, costly but ineffective
neoadjuvant chemotherapy should not be continued or,
preferably, even not be started. There is therefore a need
for a method to discriminate patients who will benefit
from those who will not. In this article, the current role
of imaging in the early prediction of response to neoadjuvant therapy in gastric cancer is outlined and future
prospects are discussed.

of responders to non-responders using RECIST and
JCGC criteria and were found to be nonsignificant (HR
= 0.67, P = 0.35; and HR = 0.54, P = 0.06, respectively).
In contrast, histological response was found to be a significant predictor of overall survival (HRs = 0.40, P =
0.005).
Liu et al[7] investigated 48 patients with gastric cancer
who were treated with 3 cycles of oxaliplatin and 5-fluorouracil-based neoadjuvant chemotherapy. All patients
underwent radical resection performed within 2 wk after
ending chemotherapy. Pre- and post-chemotherapy shortaxis diameter and volumetric mean tumor attenuation
of target lymph nodes on contrast-enhanced CT images
were measured. Tumor response was assessed by using
both RECIST[19] and adapted Choi criteria[21]. According to the adapted Choi criteria[21], tumor response was
defined as at least a 10% decrease in the sum of short diameters or at least a 15% decrease in mean volumetric attenuation of target lymph nodes. The investigators found
that both the RECIST and adapted Choi criteria had a
significant predictive value for progression-free survival (P
= 0.037 and P < 0.001, respectively) and overall survival (P
= 0.012 and P < 0.001, respectively). However, the investigators found that RECIST might underestimate tumor
response; post-therapy decreased tumor attenuation correlated with improved clinical outcome. They concluded
that the adapted Choi criteria could be valuable to predict
survival of these patients[7].
Lee et al[8] used their own CT criteria to evaluate tumor
response in 33 patients with advanced gastric cancer who
were prospectively enrolled. All these patients underwent
CT before and after four cycles (8 wk) of neoadjuvant
chemotherapy, including oxaliplatin, 5-fluorouracil, and
leucovorin. Patients underwent radical resection within 2
wk after the completion of neoadjuvant chemotherapy.
The percentage diameter or volume reduction rate of the
primary tumor and the largest lymph node at CT were
compared to histopathological response. Histopathological tumor response was assessed using the histopathologic criteria by Mandard et al[22]. Patients with tumor
regression grade 1-3 were defined as responders, whereas
patients with tumor regression grade 4-5 were defined as
non-responders. Lee et al[8] found that only the volume
reduction rate of the primary gastric cancer at CT was
found to be significantly correlated to histopathological
tumor response. When the optimal cutoff level of the
percentage volume reduction rate of the primary gastric
tumor was determined to be 35.6%, a sensitivity of 100%
and a specificity of 58.8% were achieved. When the optimal cutoff level of the percentage volume reduction rate
was determined to be 64.5%, a sensitivity of 56.3% and a
specificity of 88.2% were obtained[8].
Guo et al[9] assessed the value of endoscopic ultrasonography (EUS), in 48 patients with advanced gastric
cancer who underwent neoadjuvant chemotherapy for
three cycles. The chemotherapy regimen consisted of
leucovorin, 5-fluorouracil and oxaliplatin simultaneously.
Radical gastric resection was performed 3 to 4 wk after

SEARCH STRATEGY AND SELECTION
CRITERIA
Original publications concerning the value of imaging in
predicting histopathological response, survival, and/or
improvement in quality of life to neoadjuvant therapy
in patients with resectable gastric cancer were retrieved.
Data for this review were identified by a computer-aided
search in the PubMed/MEDLINE database. The terms
(gastric cancer or stomach cancer) and (neoadjuvant or
chemotherapy) and [magnetic resonance (MR), MR imaging (MRI), NMR, fluorodeoxyglucose, or 2-fluoro-2deoxy-D-glucose (FDG), positron emission tomography
or positron-emission tomography (PET), computed
tomography (CT) or ultrasound or ultrasonography
(US)] were used. Bibliographies of relevant articles were
screened for other relevant articles. Abstracts and reports
from meetings were excluded. Only papers published up
to September 2013 were included. The literature search
resulted in 9 original articles on anatomical imaging[6-14]
and 5 original articles on molecular imaging[8,15-18] in the
assessment of response to neoadjuvant chemotherapy in
patients with gastric cancer.

ANATOMICAL IMAGING
At present, the majority of clinical trials evaluating cancer treatments for objective response in solid tumors
are using the response evaluation criteria in solid tumors
(RECIST)[19]. Using these criteria, an assessment is made
whether cancer patients improve (“respond”), stay the
same (“stable”) or worsen (“progression”) during treatments[19]. However, RECIST requires the presence of a
measurable lesion, which is often not the case in gastric
cancer[6]. The Japanese classification of gastric carcinoma
(JCGC) evaluation criteria were developed to evaluate
response even for tumors without measurable lesions[20].
Kurokawa et al[6] assessed the value of both the RECIST
and JCGC criteria in patients who were enrolled in two
phase Ⅱ trials. In both trials, the safety and efficacy of S-1
plus cisplatin were evaluated. After completion of neoadjuvant chemotherapy, response evaluation using RECIST
in the JCOG0405 trial was based only on CT findings,
whereas tumor response evaluated with JCGC criteria
was based on CT, barium X-ray, and endoscopic findings
in the JCOG0210 trial. The hazard ratios (HRs) for death
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the third cycle of chemotherapy. EUS was performed before neoadjuvant chemotherapy and before R0 resection.
T and/or N downstaging at EUS was used as criterion
for tumor response. Using a cut-off point of more than
two-thirds affected regressive and necrotic tumor cells
within the tumor bed at histopathological analysis, EUS
yielded a sensitivity of 72.2% and specificity of 90.0%.
In the study of Guo et al[9], no correlation to survival was
performed.
Ang et al[10] assessed the value of contrast-enhanced
ultrasonography (CE-US) in 43 patients with advanced
gastric cancer. US contrast agents are gas-filled microbubbles which behave as pure intravascular tracers, enabling assessment of the dynamic features of tumor vascularity. In Ang et al[10] study, patients randomly received
either 5-fluorouracil plus oxaliplatin, or S-1 plus oxaliplatin as neoadjuvant chemotherapy regimen. Surgery was
performed 3 to 5 wk after completion of neoadjuvant
chemotherapy. All patients underwent CE-US before and
after two courses of pre-operative neoadjuvant chemotherapy. The investigators stated that they assessed tumor
response at CE-US according to the static change of ultrasonic echo, and the dynamic assessment of tumor vascularity and lymph nodes. Histopathological response was
evaluated according to the criteria of Mandard’s tumor
regression grade[22] and served as standard of reference.
Patients with tumor regression grade 1-2 were defined as
responders, whereas patients with tumor regression grade
3-5 were defined as non-responders. Ang et al[10] found a
moderate sensitivity of 62.9% and specificity of 56.3%.
Furthermore, they found that the overall accuracy of
CE-US was not significantly better than that of CT using
RECIST criteria (P = 0.663)[10].
Other included studies used a combination of anatomical imaging modalities to assess tumor response[11-14].
Park et al[11] prospectively investigated 40 patients with
locally advanced gastric cancer who underwent neoadjuvant chemotherapy, consisting of 3 cycles of intravenous
docetaxel and cisplatin on days 1 and 8 of a 3-wk cycle.
Surgery was performed within 6 wk after the start of the
third cycle. TNM-staging[23] using EUS and CT was performed before and after neoadjuvant chemotherapy. The
investigators found that the 3-year overall survival rate
for patients downstaged with EUS for T and/or N-stage
was greater than that for nondownstaged patients (69% vs
41%; P = 0.05). The 2-year recurrence-free survival rate
was also better for the EUS-downstaged patients (77%
vs 47%; P = 0.04). However, the differences in overall
survival and recurrence-free survival between the patients
downstaged with CT and those not downstaged were not
found to be statistically significant. Park et al[11] did not
give an explanation for the different prognostic values of
EUS and CT.
D’Ugo et al[12] investigated 30 patients with resectable
locally advanced gastric cancer who were treated with
neoadjuvant polychemotherapy consisting of either a
combination of etoposide, epirubicin, plus cisplatin, or
of epirubicin, cisplatin, plus 5-fluorouracil. All patients
underwent restaging with use of chest X-ray, CT, abdom-
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inal ultrasonography after completion of preoperative
chemotherapy. The investigators found that T-downstaging was significantly associated with survival.
In two studies a combination of endoscopic and CT
findings was used to evaluate response[13,14]. Lorenzen et al[13]
retrospectively evaluated a cohort of 410 patients with
locally advanced gastric cancer who were treated with
neoadjuvant chemotherapy. Neoadjuvant chemotherapy
consisted of at least 6 wk of oxaliplatin or cisplatin, plus
5-fluorouracil. Patients aged 60 years or younger and
those with a good health status were additionally treated
with paclitaxel. A minority of patients (15%) received
chemotherapy with doxorubicin, etoposide, and cisplatin.
EUS and CT were performed before treatment and in
the last 3 d of every cycle of chemotherapy. Assessment
of response to neoadjuvant therapy was based on reduction of primary tumor size, as measured by upper endoscopy and CT scan. Clinical response was predefined as
a reduction in bidimensional tumor diameter of > 50%
compared to the pretherapeutic findings. The researchers
found an association between clinical response and overall survival: patients who had a response had an estimated
2- and 5-year survival rate of 86.4% and 72.5%, respectively, whereas patients who did not clinically respond to
therapy had an estimated 2- and 5-year survival rate of
56.3% and 34.3%, respectively[13]. Heger et al[14] retrospectively investigated 47 patients, of which most received
two cycles of platinum, 5-fluorouracil, and leucovorinbased chemotherapy with or without the addition of paclitaxel lasting 36 d each with a 2-wk interval between the
two cycles. All patients received baseline endoscopy and
CT scans, and after 50% (6 wk) of their chemotherapy.
Clinical response was defined as a reduction of > 75%
of the tumor mass at endoscopy and > 50% in tumor
wall diameter at CT. Patients with less than 10% residual
tumor were classified as histopathological responders[24].
Endoscopic and CT response were found to be significantly associated with histopathological response and
overall survival[14].

MOLECULAR IMAGING
Metabolic PET imaging using the glucose analog 18FDG
is widely used in clinical oncology. The prospective study
by Ott et al[15], published in 2003, was one of the first to
show its potential value in early response monitoring to
neoadjuvant chemotherapy in gastric cancer. The investigators performed FDG PET at baseline and 14 d after
initiation of polychemotherapy consisting of cisplatin,
leucovorin, and 5-fluorouracil, in 44 patients with locally
advanced gastric cancer. A reduction of tumor FDG
standardized uptake value (SUV) by more than 35% between the two scans was used as a predefined criterion for
response. Response at PET was correlated to histopathologic response after completion of therapy (defined as <
10% viable tumor cells in the resected specimen[24]) and
patient survival. In 20% of patients, the primary tumor
was visualized with insufficient contrast for quantitative
analysis. In the remaining patients, the authors found that
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response at PET predicted histopathologic response in
77% of responders and 86% of nonresponders. Median
overall survival for patients with response at PET had
not been reached (2-year survival rate, 90%), whereas
for patients without a response at PET, median survival
was only 18.9 mo (2-year survival rate, 25%; P = 0.002).
Aforementioned study by Ott et al[15] was expanded with
another 27 patients (total: 71 patients) with longer followup[16]. Again, responders at PET showed a high histopathologic response rate (69%) and a favorable prognosis
(median survival not reached), whereas metabolic nonresponders showed a histopathologic response in only 17%
and had a poor prognosis (median survival of 24.1 mo).
However, later studies by researchers from other institutions[8,17] could not confirm Ott et al[15,16] findings: Lee et al[8]
investigated the value of FDG PET in 33 patients with
advanced gastric cancer. FDG PET was performed before and after four cycles (8 wk) of neoadjuvant chemotherapy, including oxaliplatin, 5-fluorouracil, and leucovorin. Using FDG PET, the reduction rate of the maximum
SUV of the primary gastric tumor was assessed. Histopathological tumor response was defined as dominant
fibrotic changes with a few tumor cells or groups or more
regression. The percentage change in maximum SUV did
not significantly correlate to the histopathologic grade
of tumor regression[8]. Vallböhmer et al[17] investigated
42 patients with advanced gastric cancer who received
two cycles of neoadjuvant chemotherapy consisting of a
combination of cisplatin, leucovorin, and 5-fluorouracil.
They found no significant correlation between pretreatment maximum tumor SUV, maximum SUV 2 wk after
completion of neoadjuvant chemotherapy, and change in
maximum SUV between the two scans, and histopathological tumor response (defined as less than 10% vital
residual tumor cells). Moreover, they did not find any
significant correlation either between the aforementioned
FDG PET parameters and overall survival. Thus, the
results concerning the use of FDG PET in predicting
response to neoadjuvant chemotherapy in gastric cancer
seem controversial. Moreover, not all tumors show FDG
uptake, which may limit its utility in many patients. Especially diffusely growing and mucus containing tumors
may exhibit low FDG uptake[25]. PET imaging with the
proliferation marker 18F-fluorothymidine (FLT) may be
an attractive alternative. In the study by Herrmann et al[26],
all primary tumors showed focal FLT uptake, whereas as
much as 31% did not show FDG uptake. Another study
by Ott et al[18] tested the predictive value of FLT and compared it to that of FDG. They prospectively included 45
patients who underwent PET imaging before and 2 wk
after initiation of preoperative chemotherapy, consisting
of a combination cisplatin, leucovorin, and 5-fluorouracil.
Tumor FLT and FDG uptake were assessed at both time
points. Imaging findings were compared to histopathological response (patients with less than 10% residual tumor
cells were classified as responders[24]) and survival. FLT
uptake value 2 wk after start of chemotherapy was the
only imaging parameter with significant prognostic impact
on overall survival. FDG uptake was found to be a surro-
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gate parameter for neither histopathological response nor
overall survival prognosis[18].

DISCUSSION
In this review, results of anatomical and molecular imaging modalities to predict tumor response to neoadjuvant
chemotherapy in gastric cancer are outlined. Most of the
included studies using anatomical imaging performed
CT and/or EUS. Overall, these studies demonstrated
that there is an association between anatomical tumor
response and histopathological response and/or survival.
Two studies evaluated the established RECIST criteria:
one study found no association to survival[6], whereas
the study did find a significant association[7]. Two studies demonstrated the usefulness of a combination of
CT and endoscopic response evaluation[13,14]. One of the
included studies performed CE-US to evaluate tumor
response[10], but the sensitivity and specificity values they
found seem too low to be used for response assessment
in clinical practice. A clear disadvantage of anatomical
imaging is that it takes time before gross tumor changes
become apparent. Accordingly, the studies included in
the review usually performed anatomical imaging late in
the course of neoadjuvant treatment. Metabolic changes
precede anatomical changes. Therefore, molecular imaging may predict tumor response to neoadjuvant chemotherapy much earlier in the course of treatment. Almost
all of the included studies used FDG PET imaging.
These studies[8,15-18] yielded controversial results. These interstudy differences may be explained by different methods to evaluate tumor FDG uptake and by differences in
patient populations and tumor heterogeneity. Instead of
measuring FDG PET SUVmax, future studies may aim
at assessing the value of (partial volume corrected) total
lesion glycolysis (also known as metabolic tumor volume)
as a new quantitative FDG PET/CT approach to provide
both better pretreatment risk stratification and early therapy response assessment in gastric cancer[27]. Only one
of the studies assessed the value of FLT PET and found
that FLT uptake value 2 wk after start of chemotherapy
was an independent significant predictor of overall survival. Whether FLT PET is clinically useful to determine
response to neoadjuvant chemotherapy in gastric cancer
still remains to be further investigated.
The included studies used different study endpoints.
Almost half of the included studies correlated imaging
response to disease-free survival and/or overall survival,
which are accepted study endpoints[28,29]. Other studies
(also) used histopathological tumor regression as surrogate marker for survival, which has the advantage that no
patient follow-up is needed. Histopathologic tumor regression to cytotoxic therapy is considered to be a prognostic marker for long-term survival in gastric carcinoma,
as has been shown by several studies[24,30]. However, the
included studies in this review used different criteria and
cut-off points to define histopathologic tumor regression. In addition, the results of a recent study indicated
that a multifactorial histopathological score, including the
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UICC/AJCC ypT-category, ypN-category, and the degree
of histopathological tumor regression, results in the most
accurate prediction of survival for patients with gastric
carcinoma after neoadjuvant chemotherapy followed by
surgery[31]. Future studies using histopathological analysis
as study endpoint may adhere to this multifactorial scoring system[31].
No studies using MRI to evaluate tumor response to
neoadjuvant chemotherapy in gastric cancer were identified. Diffusion-weighted (DW)-MRI, in particular, is
a promising MRI method[32]. DW-MRI is based on the
principle that treatment with chemotherapy causes necrosis or cellular lysis which will lead to increases in tissue
water diffusivity, thus lowering signal intensity on high-b
value images with corresponding increases in apparent
diffusion coefficient values. Since cell death in response
to treatment precedes changes in lesion size, changes in
DW-MRI may be an effective early marker of response
to therapies that induce apoptosis[32]. DW-MRI for monitoring neoadjuvant therapy has already been applied in
a wide variety of cancer types and organ sites, including
the liver, breast, bone, soft tissue tumors, cervical tumors, head and neck tumors, as well as rectal cancer[32].
DW-MRI of gastric cancer is feasible[33], but technically
challenging due movement related to respiration, peristalsis and cardiac motion, and the presence of local field
inhomogeneities. Other molecular imaging techniques
are currently still under investigation. For instance, it has
been shown that 89Zr-trastuzumab PET can be used
to delineate human epidermal growth factor receptor 2
(HER2)-positive gastric cancer and to monitor the pharmacodynamic effects of the epidermal growth factor receptor/HER2 tyrosine kinase inhibitor afatinib in mice[34].
Future studies using molecular imaging techniques should
investigate the optimal timing of imaging; if imaging is
performed too early, no significant effect of neoadjuvant
treatment may be demonstrated. On the other hand, imaging should also not be performed too late, in order to
allow for a timely modification of therapy.
Several studies have investigated the value of clinicopathologic features to predict outcome in gastric
cancer patients who are preoperatively treated with chemotherapy[13,35,36]. One of the largest of these studies, by
Lorenzen et al[13], retrospectively evaluated a cohort of 410
patients. Multivariate analysis showed that age, gender,
body mass index, hemoglobin level, clinical staging and
tumor location did not predict histopathological tumor
response (defined as < 10% residual tumor cells[24]) and
overall survival. Yet, tumor location in the middle third
of the stomach, well-differentiated tumors, and intestinal
tumor type according to the Lauren classification were
significantly and independently associated with both histopathologic response and better survival. These findings
need confirmation by future independent studies.
The molecular genetic basis of carcinogenesis, cancer
progression and drug resistance is complex. Like antibiotic-resistant bacteria, tumors often show resistance to anticancer drugs, leading to inefficient chemotherapy. Several
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studies have shown promising results of predictive value
of tumor biomarkers which can be obtained by biopsy. A
possible advantage of this approach is that no “test period” of neoadjuvant chemotherapy may be needed before
an assessment can be made whether the patient will benefit or not. For instance, it has been shown that expressions of certain chemotherapy-related genes are related
to worse survival in gastric cancer patients who are treated with neoadjuvant chemotherapy[37,38]. However, there
is still a lack of an established (set of) biomarker(s) for
chemotherapeutic response prediction of gastric cancer.
Many other biomarkers are still under investigation[39,40],
but it is beyond the scope of this review to discuss these
in full detail. For more information, the reader may refer
to the excellent review article by Fareed et al[41].
In conclusion, studies have shown that there is an association between tumor response at anatomical imaging
evaluation and histopathological response and survival in
patients with gastric cancer who are treated with neoadjuvant chemotherapy. However, as it takes time for gross
tumor changes to become apparent, anatomical imaging
may be of limited value in the early assessment of neoadjuvant chemotherapy efficacy. Studies performing early
response assessment with use of FDG PET demonstrate
controversial results. The usefulness of other molecular
imaging modalities, among which DW-MRI, remains to
be investigated.

REFERENCES
1
2

3

4

5

6

7

1654

World Health Organization. GLOBOCAN 2008. Available
from: URL: http://globocan.iarc.fr/factsheets/populations/
factsheet.asp?uno=900
Leung WK, Wu MS, Kakugawa Y, Kim JJ, Yeoh KG, Goh
KL, Wu KC, Wu DC, Sollano J, Kachintorn U, Gotoda T,
Lin JT, You WC, Ng EK, Sung JJ. Screening for gastric
cancer in Asia: current evidence and practice. Lancet Oncol 2008; 9: 279-287 [PMID: 18308253 DOI: 10.1016/S14702045(08)70072-X]
Li W, Qin J, Sun YH, Liu TS. Neoadjuvant chemotherapy for
advanced gastric cancer: a meta-analysis. World J Gastroenterol 2010; 16: 5621-5628 [PMID: 21105197 DOI: 10.3748/wjg.
v17.i40.4542]
Knight G, Earle CC, Cosby R, Coburn N, Youssef Y, Malthaner R, Wong RK. Neoadjuvant or adjuvant therapy for
resectable gastric cancer: a systematic review and practice
guideline for North America. Gastric Cancer 2013; 16: 28-40
[PMID: 22467061 DOI: 10.1007/s10120-012-0148-3]
Cunningham D, Allum WH, Stenning SP, Thompson JN,
Van de Velde CJ, Nicolson M, Scarffe JH, Lofts FJ, Falk SJ,
Iveson TJ, Smith DB, Langley RE, Verma M, Weeden S, Chua
YJ. Perioperative chemotherapy versus surgery alone for
resectable gastroesophageal cancer. N Engl J Med 2006; 355:
11-20 [PMID: 16822992 DOI: 10.1056/NEJMoa055531]
Kurokawa Y, Shibata T, Sasako M, Sano T, Tsuburaya A,
Iwasaki Y, Fukuda H. Validity of response assessment
criteria in neoadjuvant chemotherapy for gastric cancer
(JCOG0507-A). Gastric Cancer 2013 Sep 3; Epub ahead of
print [PMID: 23999869 DOI: 10.1007/s10120-013-0294-2]
Liu K, Li G, Fan C, Zhou C, Li J. Adapted Choi response
criteria for prediction of clinical outcome in locally advanced
gastric cancer patients following preoperative chemotherapy. Acta Radiol 2012; 53: 127-134 [PMID: 22156007 DOI:
10.1258/ar.2011.110273]

February 21, 2014|Volume 20|Issue 7|

Kwee RM et al . Assessment of response to neoadjuvant chemotherapy
8

9

10

11

12

13

14

15

16

17

18

19

Lee SM, Kim SH, Lee JM, Im SA, Bang YJ, Kim WH, Kim
MA, Yang HK, Lee HJ, Kang WJ, Han JK, Choi BI. Usefulness of CT volumetry for primary gastric lesions in predicting pathologic response to neoadjuvant chemotherapy in
advanced gastric cancer. Abdom Imaging 2009; 34: 430-440
[PMID: 18546037 DOI: 10.1007/s00261-008-9420-8]
Guo T, Yao F, Yang AM, Li XY, Zhong DR, Wu DS, Wu X,
Lu XH. Endoscopic ultrasound in restaging and predicting
pathological response for advanced gastric cancer patients
after neoadjuvant chemotherapy. Asia Pac J Clin Oncol 2012
Dec 21; Epub ahead of print [PMID: 23279745 DOI: 10.1111/
ajco.12045]
Ang J, Hu L, Huang PT, Wu JX, Huang LN, Cao CH, Zheng
YX, Chen L. Contrast-enhanced ultrasonography assessment
of gastric cancer response to neoadjuvant chemotherapy.
World J Gastroenterol 2012; 18: 7026-7032 [PMID: 23323004
DOI: 10.3748/wjg.v18.i47.7026]
Park SR, Lee JS, Kim CG, Kim HK, Kook MC, Kim YW, Ryu
KW, Lee JH, Bae JM, Choi IJ. Endoscopic ultrasound and
computed tomography in restaging and predicting prognosis after neoadjuvant chemotherapy in patients with locally
advanced gastric cancer. Cancer 2008; 112: 2368-2376 [PMID:
18404697 DOI: 10.1002/cncr.23483]
D’Ugo D, Persiani R, Rausei S, Biondi A, Vigorita V, Boccia S, Ricci R. Response to neoadjuvant chemotherapy and
effects of tumor regression in gastric cancer. Eur J Surg
Oncol 2006; 32: 1105-1109 [PMID: 16930932 DOI: 10.1016/
j.ejso.2006.07.009]
Lorenzen S, Blank S, Lordick F, Siewert JR, Ott K. Prediction of response and prognosis by a score including only
pretherapeutic parameters in 410 neoadjuvant treated gastric
cancer patients. Ann Surg Oncol 2012; 19: 2119-2127 [PMID:
22395980 DOI: 10.1245/s10434-012-2254-1]
Heger U, Bader F, Lordick F, Burian M, Langer R, Dobritz M,
Blank S, Bruckner T, Becker K, Herrmann K, Siewert JR, Ott
K. Interim endoscopy results during neoadjuvant therapy
for gastric cancer correlate with histopathological response
and prognosis. Gastric Cancer 2013 Sep 1; Epub ahead of
print [PMID: 23996162 DOI: 10.1007/s10120-013-0296-0]
Ott K, Fink U, Becker K, Stahl A, Dittler HJ, Busch R, Stein
H, Lordick F, Link T, Schwaiger M, Siewert JR, Weber WA.
Prediction of response to preoperative chemotherapy in gastric carcinoma by metabolic imaging: results of a prospective
trial. J Clin Oncol 2003; 21: 4604-4610 [PMID: 14673049 DOI:
10.1200/JCO.2003.06.574]
Ott K, Herrmann K, Lordick F, Wieder H, Weber WA,
Becker K, Buck AK, Dobritz M, Fink U, Ulm K, Schuster
T, Schwaiger M, Siewert JR, Krause BJ. Early metabolic
response evaluation by fluorine-18 fluorodeoxyglucose
positron emission tomography allows in vivo testing of
chemosensitivity in gastric cancer: long-term results of a
prospective study. Clin Cancer Res 2008; 14: 2012-2018 [PMID:
18381939 DOI: 10.1158/1078-0432.CCR-07-0934]
Vallböhmer D, Hölscher AH, Schneider PM, Schmidt M,
Dietlein M, Bollschweiler E, Baldus S, Alakus H, Brabender
J, Metzger R, Mönig SP. [18F]-fluorodeoxyglucose-positron
emission tomography for the assessment of histopathologic
response and prognosis after completion of neoadjuvant chemotherapy in gastric cancer. J Surg Oncol 2010; 102: 135-140
[PMID: 20648583 DOI: 10.1002/jso.21592]
Ott K, Herrmann K, Schuster T, Langer R, Becker K, Wieder
HA, Wester HJ, Siewert JR, zum Büschenfelde CM, Buck
AK, Wilhelm D, Ebert MP, Peschel C, Schwaiger M, Lordick
F, Krause BJ. Molecular imaging of proliferation and glucose
utilization: utility for monitoring response and prognosis
after neoadjuvant therapy in locally advanced gastric cancer.
Ann Surg Oncol 2011; 18: 3316-3323 [PMID: 21537865 DOI:
10.1245/s10434-011-1743-y]
Response evaluation criteria in solid tumors. Available from:
URL: http://www.recist.com/

WJG|www.wjgnet.com

20

21

22

23
24

25

26

27

28
29

30

31

32

33

34

1655

Japanese Gastric Cancer Association. Japanese classification of gastric carcinoma--2nd English edition--response
assessment of chemotherapy and radiotherapy for gastric
carcinoma: clinical criteria. Gastric Cancer 2001; 4: 1-8 [PMID:
11706621 DOI: 10.1007/s101200100009]
Stacchiotti S, Verderio P, Messina A, Morosi C, Collini P,
Llombart-Bosch A, Martin J, Comandone A, Cruz J, Ferraro
A, Grignani G, Pizzamiglio S, Quagliuolo V, Picci P, Frustaci
S, Dei Tos AP, Casali PG, Gronchi A. Tumor response assessment by modified Choi criteria in localized high-risk soft
tissue sarcoma treated with chemotherapy. Cancer 2012; 118:
5857-5866 [PMID: 22605504 DOI: 10.1002/cncr.27624]
Mandard AM, Dalibard F, Mandard JC, Marnay J, HenryAmar M, Petiot JF, Roussel A, Jacob JH, Segol P, Samama G.
Pathologic assessment of tumor regression after preoperative
chemoradiotherapy of esophageal carcinoma. Clinicopathologic correlations. Cancer 1994; 73: 2680-2686 [PMID: 8194005
DOI: 10.1002/1097-0142]
American Joint Committee on Cancer. Greene FL, Page DL,
Fleming ID, editors. Stomach. AJCC Cancer Staging Manual.
6th edition. New York: Springer, 2002: 99-103
Becker K, Mueller JD, Schulmacher C, Ott K, Fink U, Busch
R, Böttcher K, Siewert JR, Höfler H. Histomorphology and
grading of regression in gastric carcinoma treated with neoadjuvant chemotherapy. Cancer 2003; 98: 1521-1530 [PMID:
14508841 DOI: 10.1002/cncr.11660]
Stahl A, Ott K, Weber WA, Becker K, Link T, Siewert JR,
Schwaiger M, Fink U. FDG PET imaging of locally advanced
gastric carcinomas: correlation with endoscopic and histopathological findings. Eur J Nucl Med Mol Imaging 2003; 30:
288-295 [PMID: 12552348 DOI: 10.1007/s00259-002-1029-5]
Herrmann K, Ott K, Buck AK, Lordick F, Wilhelm D, Souvatzoglou M, Becker K, Schuster T, Wester HJ, Siewert JR,
Schwaiger M, Krause BJ. Imaging gastric cancer with PET
and the radiotracers 18F-FLT and 18F-FDG: a comparative
analysis. J Nucl Med 2007; 48: 1945-1950 [PMID: 18006614
DOI: 10.2967/jnumed.107.044867]
Van de Wiele C, Kruse V, Smeets P, Sathekge M, Maes A.
Predictive and prognostic value of metabolic tumour volume and total lesion glycolysis in solid tumours. Eur J Nucl
Med Mol Imaging 2013; 40: 290-301 [PMID: 23151913 DOI:
10.1007/s00259-012-2280-z]
Pazdur R. Endpoints for assessing drug activity in clinical
trials. Oncologist 2008; 13 Suppl 2: 19-21 [PMID: 18434634
DOI: 10.1634/theoncologist.13-S2-19]
Zhuang SH, Xiu L, Elsayed YA. Overall survival: a gold
standard in search of a surrogate: the value of progressionfree survival and time to progression as end points of drug
efficacy. Cancer J 2009; 15: 395-400 [PMID: 19826359 DOI:
10.1097/PPO.0b013e3181be231d]
Lowy AM, Mansfield PF, Leach SD, Pazdur R, Dumas P,
Ajani JA. Response to neoadjuvant chemotherapy best predicts survival after curative resection of gastric cancer. Ann
Surg 1999; 229: 303-308 [PMID: 10077040]
Becker K, Reim D, Novotny A, Zum Büschenfelde CM,
Engel J, Friess H, Höfler H, Langer R. Proposal for a multifactorial prognostic score that accurately classifies 3
groups of gastric carcinoma patients with different outcomes after neoadjuvant chemotherapy and surgery. Ann
Surg 2012; 256: 1002-1007 [PMID: 22968067 DOI: 10.1097/
SLA.0b013e318262a591]
Thoeny HC, Ross BD. Predicting and monitoring cancer
treatment response with diffusion-weighted MRI. J Magn
Reson Imaging 2010; 32: 2-16 [PMID: 20575076 DOI: 10.1002/
jmri.22167]
Shinya S, Sasaki T, Nakagawa Y, Guiquing Z, Yamamoto F,
Yamashita Y. The usefulness of diffusion-weighted imaging
(DWI) for the detection of gastric cancer. Hepatogastroenterology 2007; 54: 1378-1381 [PMID: 17708258]
Janjigian YY, Viola-Villegas N, Holland JP, Divilov V,

February 21, 2014|Volume 20|Issue 7|

Kwee RM et al . Assessment of response to neoadjuvant chemotherapy

35

36

37

38

Carlin SD, Gomes-DaGama EM, Chiosis G, Carbonetti G,
de Stanchina E, Lewis JS. Monitoring afatinib treatment in
HER2-positive gastric cancer with 18F-FDG and 89Zr-trastuzumab PET. J Nucl Med 2013; 54: 936-943 [PMID: 23578997
DOI: 10.2967/jnumed.112.110239]
An JY, Kim HI, Cheong JH, Hyung WJ, Kim CB, Noh SH.
Pathologic and oncologic outcomes in locally advanced
gastric cancer with neoadjuvant chemotherapy or chemoradiotherapy. Yonsei Med J 2013; 54: 888-894 [PMID: 23709422
DOI: 10.3349/ymj.2013.54.4.888]
Wang LB, Teng RY, Jiang ZN, Hu WX, Dong MJ, Yuan
XM, Chen WJ, Jin M, Shen JG. Clinicopathologic variables
predicting tumor response to neoadjuvant chemotherapy in
patients with locally advanced gastric cancer. J Surg Oncol
2012; 105: 293-296 [PMID: 21882201 DOI: 10.1002/jso.22085]
Napieralski R, Ott K, Kremer M, Specht K, Vogelsang H,
Becker K, Müller M, Lordick F, Fink U, Rüdiger Siewert J,
Höfler H, Keller G. Combined GADD45A and thymidine
phosphorylase expression levels predict response and
survival of neoadjuvant-treated gastric cancer patients.
Clin Cancer Res 2005; 11: 3025-3031 [PMID: 15837757 DOI:
10.1158/1078-0432.CCR-04-1605]
Liu K, Qian T, Tang L, Wang J, Yang H, Ren J. Decreased ex-

39

40

41

pression of microRNA let-7i and its association with chemotherapeutic response in human gastric cancer. World J Surg
Oncol 2012; 10: 225 [PMID: 23107361 DOI: 10.1186/1477-7819
-10-225]
Tan IB, Ivanova T, Lim KH, Ong CW, Deng N, Lee J, Tan
SH, Wu J, Lee MH, Ooi CH, Rha SY, Wong WK, Boussioutas A, Yeoh KG, So J, Yong WP, Tsuburaya A, Grabsch H,
Toh HC, Rozen S, Cheong JH, Noh SH, Wan WK, Ajani
JA, Lee JS, Tellez MS, Tan P. Intrinsic subtypes of gastric
cancer, based on gene expression pattern, predict survival
and respond differently to chemotherapy. Gastroenterology
2011; 141: 476-85, 485.e1-11 [PMID: 21684283 DOI: 10.1053/
j.gastro.2011.04.042]
Han Y, Cai H, Ma L, Ding Y, Tan X, Chang W, Guan W, Liu Y,
Shen Q, Yu Y, Zhang H, Cao G. Expression of orphan nuclear receptor NR4A2 in gastric cancer cells confers chemoresistance and predicts an unfavorable postoperative survival of
gastric cancer patients with chemotherapy. Cancer 2013; 119:
3436-3445 [PMID: 23821160 DOI: 10.1002/cncr.28228]
Fareed KR, Kaye P, Soomro IN, Ilyas M, Martin S, Parsons
SL, Madhusudan S. Biomarkers of response to therapy in
oesophago-gastric cancer. Gut 2009; 58: 127-143 [PMID:
19091831 DOI: 10.1111/j.1365-2559.2009.03404.x]
P- Reviewers: Fang WL, Nunobe S S- Editor: Cui XM
L- Editor: A E- Editor: Wu HL

WJG|www.wjgnet.com

1656

February 21, 2014|Volume 20|Issue 7|

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748/wjg.v20.i7.1657

World J Gastroenterol 2014 February 21; 20(7): 1657-1666
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

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

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (8): Gastric cancer

Immunotherapy in gastric cancer
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to grow despite the presence of a measurable immune
response. Here, we discuss the identification of targets
for immunotherapy and the role of biomarkers in prospectively identifying appropriate subjects or immunotherapy. We also discuss the molecular mechanisms by
which tumor cells escape host immunosurveillance and
produce an immunosuppressive tumor microenvironment. We show how advances have provided tools for
overcoming the mechanisms of immunosuppression including the use of monoclonal antibodies to block negative regulators normally expressed on the surface of T
cells which limit activation and proliferation of cytotoxic
T cells. Immunotherapy has greatly improved and is
becoming an important factor in such fields as medical
care and welfare for human being. Progress has been
rapid ensuring that the future of immunotherapy for
gastric cancer is bright.
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Abstract
Gastric cancer is the second most common of cancerrelated deaths worldwide. In the majority of cases
gastric cancer is advanced at diagnosis and although
medical and surgical treatments have improved, survival rates remain poor. Cancer immunotherapy has
emerged as a powerful and promising clinical approach
for treatment of cancer and has shown major success
in breast cancer, prostate cancer and melanoma. Here,
we provide an overview of concepts of modern cancer
immunotherapy including the theory, current approaches, remaining hurdles to be overcome, and the future
prospect of cancer immunotherapy in the treatment of
gastric cancer. Adaptive cell therapies, cancer vaccines,
gene therapies, monoclonal antibody therapies have all
been used with some initial successes in gastric cancer.
However, to date the results in gastric cancer have
been disappointing as current approaches often do not
stimulate immunity efficiently allowing tumors continue
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Core tip: In the majority of cases gastric cancer is advanced at diagnosis and although medical and surgical
treatments have improved, survival rates remain poor.
Cancer immunotherapy has emerged as a powerful tool
for cancer therapy and has recently shown major success in breast cancer, prostate cancer and melanoma.
The field of cancer immunotherapy is in the midst of a
huge transition due to the discovery of immunological
networks and better understanding of the molecular
mechanisms of immunosuppression in the cancer microenvironment. We discuss how immunotherapy will
most likely play a major role in the cure of cancer.
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phases: elimination, equilibrium and escape. Tumors are
recognized by innate and adaptive immune cells which
recognize the local tissue damaged caused when the
growing tumors begins to remodel the stromal. Innate
and adaptive immune cell, natural killer (NK) cells, NK
T cells, CD8+ T cells, CD4+ T cells, secret interferon
(IFN)-γ which inhibits angiogenesis and proliferation of
tumor cells. Macrophages and dendritic cells are also recruited and secret cytokines to activate immune cells to
phagocytize and remove dead tumor cells. If successful
progression to clinical cancer is prevented (Figure 1A).
Tumor cells killed in the process are digested by dendritic cells for presentation to T cells. If some tumor cells
survive the elimination phase, immunoediting enters the
equilibrium phase during which the residual tumor cells
remain in equilibrium under pressure from the immune
system. This phase it typically the longest of the three
phases of cancer immunoediting. CD8+ T cells and dendritic cells which secret IFN-γ and interleukin (IL)-12,
respectively maintain the tumor cells in a state of functional dormancy. During this time, because the tumor
cells are highly heterogenetic and genetically instable,
they may change their characteristics/populations in
response to immune system editing and escape suppression (Figure 1B). In an immunosuppressed state within
the tumor microenvironment allowing the tumor cells to
escape from the immune system and begin to grow. The
proliferation of immune cells is also reduced and tumorspecific effector cells experience apoptosis such that
regulatory T cells (Tregs) associated immunosuppression
occurs (Figure 1C). Cancer immunotherapy is designed
to prevent the immunoediting process by enhancing the
ability of the immune system to destroy the tumor.
The ultimate goal of immunotherapy is to achieve
cancer cures by inducing an effective immune response
against the tumor cells. Immune therapy of cancer is
based on using the normal immune system to eliminate
or control a malignancy. The presence of a tumor means
the tumor cells are either not recognized as non-self or
possess mechanisms to evade or overcome immunosurveillance. Research in cancer immunology is currently
focused how overcome these blocks and to train the
immune system to identify and target cancers for elimination. Further advances are predicated on better understanding of how to overcome the ability of tumor cells
to evade being eliminated.
Theoretically, if specific antigens can be identified
in the precursor lesions leading to cancer, the immune
responses could also be utilized eliminate them which
would prevent tumors from ever developing. Gastric
cancer is potentially an ideal target for such preventive
immunotherapy as it has a long latent period and clearly
recognizable premalignant lesions which if successfully
targeted could prevent progression to frank cancer.

DOI: http://dx.doi.org/10.3748/wjg.v20.i7.1657

INTRODUCTION
Gastric cancer an inflammation-associated cancer etiologically related to infection with the human gastric bacterial
pathogen, Helicobacter pylori (H. pylori)[1]; gastric cancer is
also the second leading cause of cancer-related deaths
worldwide. H. pylori infection is typically acquired in
childhood and can then be life-long. The infection is associated with infiltration of the gastric mucosa with both
acute and chronic inflammatory cells. This inflammatory
process results in progressive damage to the gastric mucosa and to transformation of the normal acid secreting
mucosa into metaplastic epithelia consisting of combinations of pyloric (spasmolytic polypeptide-expressing)
and intestinal metaplasia and ultimately to gastric cancer.
Chronic atrophic gastritis is thus the soil from which gastric cancer arises.
Ultimately worldwide eradiation of H. pylori, the fundamental cause of gastric cancer, will prevent the entire
process and gastric cancer will become a rare disease.
Until then, we must deal with the innumerable people
now living with active H. pylori infection who will develop
gastric cancer. Treatment choices for gastric cancer depend on tumor type and stage. Currently, the only hope
for cure rests on removal of the malignant tissue either
endoscopically or by surgical resection. For advanced disease, treatment is largely palliative and consists of a combination of surgery, chemotherapy, and radiation. Overall, the results of current therapy for advanced disease are
poor with low 5 years survivals. Immunotherapy provides
another dimension to the prevention and management of
gastric cancer and offers hope of breaking through current constraints.

HUMAN IMMUNE SYSTEM AGAINST
TUMORS
The immune system is designed to discriminate “self ”
from “non-self ” such that when something is recognizes
as non-self, the immune system attempts to eliminate
it. The immune system can be thought of as patrolling
the body to recognize and destroy pathogens as well as
nascent transformed cells. Cancers are caused by the
progressive growth and spread of the progeny of single
transformed cell. It is likely that tumor cells appear
daily in healthy individuals but in the vast majority of
instances they are removed by the immune system and
do not develop into clinical malignancies. This ability
of the immune system to detect tumor cells as non-self
and destroy them is called “immunosurveillance”[2]. It
is currently thought that immunosurveillance primarily
functions by immunoediting. “Cancer immunoediting”
has been described as both the host protective and as
promoting the ability of the tumor to resist the immune
response. Immunoediting goes through three main
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Traditionally, immunotherapy considered to have begun
in 1798 when Edward Jenner showed that inoculation
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with cowpox could prevent smallpox in humans. Since
that time, a variety of different immunotherapies have
been utilized to control diseases. Initially the focus was
on vaccination and serum therapies. The history of cancer immunotherapy began in 1891 when William B Coley
injected streptococcal organisms into a patient with inoperable cancer[3] resulting in shrinkage of the malignant
tumor. That experiment suggested that it might also be
possible to utilize natural defense mechanisms to rid the
body of a malignancy. Success with tumor immunotherapy has been slow as the immune system is exquisitely
regulated with multiple checkpoints and feedbacks to
prevent damage to the host. Further success requires a
detailed understanding of the immune system which is
only now beginning to be achieved.
Current immunotherapies are often based on use of
monoclonal antibodies, cytotoxic immunocytes, or gene
transferred vaccines. Monoclonal antibodies can also
be used as alternatives to the traditional approach of
administering small molecules (i.e., drugs) to inhibit factors critical for tumor growth and survival. The human
monoclonal antibody SC-1 was isolated from a patent
with ring cell carcinoma and SC-1 antibody inhibited tumor cell growth by inducing apoptosis of tumor cells[4].
Solid tumors require growth of blood vessels to survive
and grow. Vascular endothelial growth factor (VEGF)
plays an important role in this process by stimulating
new blood vessel formation (i.e., angiogenesis) and antiVEGF antibody has been used as immunotherapy to
bind the growth factor thus inhibit angiogenesis. While,
the search for targets that when inhibited by monoclonal antibodies reduce tumor growth is a major effort
in cancer research, this review focuses on cellular immunotherapy. Monoclonal antibodies may still play a
role because antibodies directed against tumor-specific
antigens can be used to target the cellular immune system to destroy tumors. For example, the receptor human epidermal growth factor receptor 2 (HER-2/neu)
is often overexpressed in breast cancer. Administration
of anti-HER-2/neu monoclonal antibodies results in
the antibodies binding to tumor cells which is followed
by the attraction and activation of effector cells, such as
NK cells and monocytes (via their Fc receptors) and ultimately, lysis of the tumor cells.

cific T cells response. The actual strategy requires both
choice of the target peptide and the immunocytes for
therapy (i.e., success requires both identifying a target and
a strategy to attack that target). Because tumors primarily
consist of self the possibility remains that any attempt at
immunotherapy against a tumor would also attack normal
non-tumor tissues. Clinically successful immunotherapy
must therefore be able to tread the delicate line between
attacking the tumor while doing minimal damage to normal tissues.

STRATEGIES AND CURRENT
APPROACHES FOR IMMUNOTHERAPY IN
GASTRIC CANCER
Current cellular immune strategies rely on the use of
immunocytes designed to either activate tumor specific
cytotoxic T cells to lyse tumor cells, or to specifically bind
to target molecules or proteins expressed on the malignant tumor cells. A number of tumor rejection antigens
have been identified. Experimental vaccination strategies
have included use of whole protein and peptide vaccines
and are based on identification of peptides recognized
by cytotoxic T lymphocytes and helper T lymphocytes.
Tumor rejection antigens melanoma-associated antigen
3 (MAGE-3) and HER-2/neu are examples of antigens
selectively expressed in human tumors including gastric
cancer which can be recognized by cytotoxic T cells.

ADOPTIVE CELL THERAPY
The transfusion of tumor-specific T cells into a cancer
patient is called “adoptive cell therapy”. A number of different cell types can be used such as killer cells, lymphokine-activated killer cells[5], tumor infiltration lymphocytes
(TILs)[6], anti-CD3 monoclonal antibody-induced killer
cells[7], and cytokine induced killer cells[8] (Figure 2). The
first trial of adoptive cell therapy in humans utilized lymphokine-activated killer cells. In that study patients with
metastatic melanoma were treated with the combination
of lymphokine-activated killer cells plus IL-2[9]. IL-2 was
used to ensure the survival and sustained activation of
the infused lymphokine-activated killer cells. IL-2 is a cytokine produced by human T lymphocytes that is necessary for the growth, proliferation, and differentiation of
T cells to become effector T cells and was approved for
the treatment of metastatic melanoma in 1998[10]. This
approach has resulted in marked tumor regression in up
to or approximately 30% of the patients with renal-cell,
melanoma, colorectal, non-Hodgkin’s lymphoma, and
lung cancer showing proof of principle[11].
TILs are lymphocytes isolated from the patient’s tumor. TILs have been used for immunotherapy of gastric
cancer[12]. TILs are potentially especially useful because
they already recognize some tumor-specific antigens in
that tumor. Adoptive immunotherapy with TILs has provided promising results in preclinical studies in sarcoma

CELLULAR IMMUNOTHERAPY
The cellular immune response and can employ the innate
(e.g., NK cells, macrophages, and eosinophils) or adaptive (CD8+ and CD4+ cells) immune response, or both.
The response is mounted when specialized cytotoxic
cells are induced to recognize and directly attack tumor
cells based on expression of antigens on the tumor cell
surface called tumor rejection antigens. Tumor rejection
antigens are peptides of tumor cell proteins that are recognized by the immune system when presented to T cells
by major histocompatibility complex (MHC) molecules.
These peptides then become the targets of a tumor-spe-

WJG|www.wjgnet.com

1660

February 21, 2014|Volume 20|Issue 7|

Matsueda S et al . Immunotherapy in gastric cancer
Cancer immunotherapy
Cancer vaccine

Adoptive cell therapy

Tumor antigen
loaded dendritic cell

Antibody therapy

Peptide derived from
tumor-associated antigen

+

CD8 T cell
PD-1

Cytokine induced
killer cell

Tumor specific
T cell

Tumor infiltration
lymphocyte

Tumor rejection

Tumor rejection

Monoclonal
antibody
Blockade of immune inhibition
Monoclonal antibody

PD-L1

Monoclonal antibody

Tumor

Angiogenesis

Anti-angiogenesis

Figure 2 Cancer immunotherapy. Immunological approaches to cancer therapy are based on use of cytotoxic immunocytes (cytokine induced killer cells, tumor infiltration cells, tumor antigen loaded dendritic cells), cancer vaccines, monoclonal antibodies. Therapeutic vaccines enhance pre-existing immunity and lead to a more
robust antitumor immune response whereas monoclonal antibodies are used to inhibit critical molecules for tumor growth and survival. PD: Programmed death.

and colonic adenocarcinoma[13]. A clinical study of adoptive immunotherapy with tumor-associated lymphocytes
in combination with chemotherapy in gastric cancer resulted in a longer 50% survival with the combination of
adoptive immunotherapy and chemotherapy than with
chemotherapy alone[14].
Cytokine induced killer cells are rapidly proliferating lymphocytes with strong anti-tumor activity. These
cells are generated by the in vitro expansion of peripheral
blood lymphocytes using the combination of anti-CD3
antibodies and IL-2. The antigen receptor molecules on
T cells are non-covalently associated on the cell surface
with the CD3 molecular complex and perturbation of
the complex with anti-CD3 monoclonal antibodies induces T cell activation[15]. Clinical studies have confirmed
a survival benefit in gastric cancer patients treated with
chemotherapy combined with cytokine induced killer
cells compared to chemotherapy alone[16,17].

activate naïve and memory T cells[18]. Immature dendritic
cells with high phagocytic capacity are localized to sites
where tumor cells grow. They take up antigens which
are digested into small oligopeptides which are then
loaded onto the MHC class Ⅰ molecule for presentation
to CD8+ cytotoxic T cells or to MHC class Ⅱ molecules
for presentation to CD4+ helper T cells. The process can
also be done in vitro. For this, monocytes are obtained by
apheresis and are induced to form immature dendritic
cells with cytokines (GM-CSF, IL-4). The immature dendritic cells are then cultured in vitro with tumor lysates or
peptides derived from tumor-associated antigens and the
cytokine tumor necrosis factor (TNF)-α, IL-1 or IFN-γ.
The mature dendritic cells that develop are then injected
to patients by the intradermal or intravenous routes
where they present antigens to T cells to induce a robust
anti-humor immune response.
Tumor-associated antigens are defined as antigens
expressed on tumor cells that can elicit an immune response in the host. Thousands of potential tumor associated antigens have been identified and many studies
have confirmed that cytotoxic T cells activated by immunogenic peptides derived from tumor-associated antigens presented on the surface of tumor cells with MHC[19-22]
. Both protein and
Ⅰ are capable of lysing tumor cells
peptide targets have been used to attempt to stimulate a
specific immune response in gastric cancer. Those experiments have been based on peptides derived from the tumor associated antigen HER2/neu-derived peptide[19] and
MAGE[23-27] which are restricted to MHC class Ⅰ have

CANCER VACCINES
Cancer vaccines are designed to activate and expand
tumor-specific T cells as effector T cells. Therapeutic
vaccines can enhance pre-existing immunity, induce novel
immunity, or lead to a more robust anti-tumor immune
response (Figure 2). In order to induce tumor-specific T
cells, peptides derived from tumor-associated antigens
must be presented to T cells by professional antigen-presenting cells, such as dendritic cells, which are the most
powerful and efficient antigen-presenting cells able to
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been shown to induce cytotoxic T cells against tumors.
Gastric cancers typically overexpress HER-2/neu and
vaccination using dendritic cells pulsed with HER-2/neu
peptide has resulted in tumor regression. MAGE-3 peptide/chitosan-deoxycholic acid vaccine-loaded nanoparticles have also been used to simulate an antitumor immune response and successfully produced regression of
tumor growth in a mouse model of gastric cancer[28].
Peptides derived from human vascular endothelial
growth factor (VEGF) receptor 1 and vascular endothelial growth factor receptor 2 combined with chemotherapy
(S-1 plus cisplatin) have been shown to induce a VEGFspecific cytotoxic lymphocyte response in patients with
advanced gastric cancer resulting in a partial response in
55% of patients as well as prolonged overall survival[29]
suggesting that cancer vaccines combined with standard
chemotherapy may be a promising strategy for the treatment of advanced cancer.

expression of HLA class Ⅰ antigens has not been shown
to correlate with any important clinical or pathologic
parameters of gastric cancers[47]. Other mechanisms are
downregulation of antigen expression on tumor cells and
production of immunosuppressive cytokines [transforming growth factor (TGF)-β1, IL-10, IL-6, VEGF, prostaglandin] by the tumor.
There is considerable current interest in Tregs and
MSCsas major components of the immune suppressive
tumor microenvironment. Tregs cells inhibit cytotoxic
lymphocytes and/or helper T activity as well as NK cells.
Tregs are characterized by the CD4+CD25 +FOXP3 +
phenotype and normally play an indispensable role in
maintaining immunological tolerance to self-antigens and
in suppressing excessive immune responses that would be
deleterious to the host. Regulatory immune cells, mostly
Tregs, have been identified as the major regulatory component of the adaptive immune response and are also
involved in H. pylori-related inflammation and bacterial
persistence[48]. For example, H. pylori-induced gastritis is
regulated by Tregs. Tregs play an important role in the
equilibrium between H. pylori and immune system and a
better understanding of the role of these cells in immunosuppression in the tumor environment should lead to
approaches to blunt or eliminate Treg-associated immunosuppression.
Recently, the role of mesenchymal- or bone marrowderived stem cells (BM-MSCs) for the malignant transformation has been studied[49,50] and are known to migrate to
tumor issues[51]. BM-MSCs into a chronic H. pylori-infected
mouse model showed the generation of an immunosuppressive environment. The local and systemic immunosuppression mediated by BM-MSCs likely contributed to
an environment that is compatible with the development
of H. pylori-induced gastric cancer[52]. It has been demonstrated that this cell population can serve as a “seeding
point” for gastric carcinogenesis in animal models but
the relevance with respect to human disease still remains
unclear[50]. Development of immunotherapies targeted to
Tregs and BM-MSCs is an attractive new strategy to activate antitumor immunity in patients with cancer.
Eliminating both tumor and lymphocyte-mediated
immune suppressive mechanisms without damaging normal cells also holds promise. Specifically, the blockade of
secreted immunosuppressive molecules, (e.g., TGF-β1,
IL-10 or prostaglandins) may be required in addition to
eliminating Tregs.

RNA-BASED VACCINES
Dendritic cells incubated with mRNA are capable of
presenting the encoded antigen[30] making mRNA-based
gene transfer vaccine an attractive possibility for immunotherapy[31,32] (Figure 2). Dendritic cells transfected with
mRNA coding for a tumor-associated antigen or whole
tumor RNA have been able to induce potent antigenand tumor-specific T cell responses. The generation of
immune responses with naked but stabilized mRNA has
also been accomplished in mouse models[33-37] and clinical
trials have been encouraging in melanoma[38,39] and renal
cell carcinoma[40].
There are a number of potential advantages of RNAbased vaccines. For example, naturally transient and
cytosolic active mRNA molecules are considered to be
a possibly safer pharmaceutical because of expression is
transient and the absence of genomic integration. The
mRNA application also allows targeting multiple tumorassociated antigens simultaneously[39]. RNA vaccination
does not cause severe side effects such as the generation
of autoimmune disease or anti-DNA antibodies and finally, unlike peptide-based vaccinations it is not MHCrestricted.

HOW CANCERS EVADE THE IMMUNE
RESPONSE
Immune escape and immunosuppressive tumor network
The key cells of the immune system for tumor surveillance are T cells and NK cells. However, despite the
theoretical advantages of immunotherapy, current approaches often do not stimulate immunity efficiently and
the tumors continue to grow despite the presence of an
immune response[41-43]. Multiple mechanisms have been
identiﬁed allowing tumors to escape rejection by the immune system[44-46]. Theoretically, downregulation or loss
of HLA class Ⅰ antigen in cancers would be an important evasion mechanism and has been reported. However,
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Immune checkpoint
Immune checkpoints are inhibitory pathways hardwired
into the immune system that are crucial for maintaining
self-tolerance and modulating the duration and amplitude
of physiological immune responses in order to minimize
collateral tissue damage. Thus, immune checkpoints play
critical roles for physiological homeostasis especially in
protection of tissues from damage when the immune
system responds to infections. These checkpoints may
also allow immune escape in cancer.
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Checkpoint pathways are regulated by ligand/receptor interactions. For example, programmed death-1 receptor (PD-1) and CTL-associated antigen 4 (CTLA-4)
are inhibitory molecules whose presence on lymphocytes
signifies a blunted immune response. PD-1 negatively
regulates T cell responses and downregulation and eventually apoptosis is initiated following binding of a PD-1
ligand with PD-1. PD-1 ligands, PD-L1 or PD-L2, are
frequently expressed on tumor cells and can thus thwart
the immune response. One approach to overcome this
inhibition of the immune response has been to target
immune checkpoints with blocking monoclonal antibodies (mAb) (Figure 2). For example, PD-1 mAb binds to
the PD-1 receptors on T cells and inhibits their binding to the ligands on tumor cells thus preventing the
tumors from down regulating the cytotoxic lymphocyte
response. This approach has been successful clinically.
For example, anti-CTLA-4 mAb is the basis for immunotherapy producing a survival benefit in advanced melanoma[53,54]. Phase Ⅰ clinical trials of anti-PD-L1 mAb are
under investigation for gastric cancer. Other mechanisms
focus on the T-cell immunoglobulin domain and mucin
domain 3 for promoting inflammation or to restrain a T
helper 1 cell response. Inducible T-cell co-stimulator is a
CD28-superfamily co-stimulatory molecule expressed on
activated T cells and considered important for Th2 cell,
B and T lymphocyte attenuator whose activation inhibits
the function of tumor-specific cytotoxic T cells[55]. These
co-stimulatory and co-inhibitory receptors modulate the
function of both antigen-presenting cells and T cells. The
available immunostimulatory monoclonal antibodies have
not proved sufficient suggesting that there must be other
target molecules that are extracellularly accessible and are
candidates for manipulation with monoclonal antibodies
in cancer therapy. We expect more will be discovered and
developed in the future.

in cancer in general and in gastric cancer in particular.
Recently, DNA microarray technology have been developed and extensively used to search for new biomarkers for individualized therapies[58-62]. Gene expression
profiles in tumor tissues, TILs and peripheral blood have
been reported to clearly reflect clinical outcomes and/or
responses to treatments in cancer patients. Furthermore,
expression array data of peripheral blood and TILs have
also shown an association with survival and immune response[60,62]. Gene expression profiling is developing into
a mainstream tool for the assessment of immune system
and monitoring immune responses to drugs or therapies.
Engineered cellular immunotherapy
Rapid advances in understanding of the details of the
molecular events and regulatory pathways involved in effective use of cytotoxic cells as anti-tumor therapy have
prompted work on developing customized or engineered
cells. The ideal regimen would be one that targeted
antigens that are specific to a particular type of malignancy and then engineer cells programmed to evade
the tumors repertory of anti-immune defenses and to
respond to those antigens. Challenges include (1) identification of one or preferably several antigens specific to
the tumor; (2) programming the appropriate cytotoxic
cells to respond to only those antigens; (3) ensuring that
the cytotoxic cells were capable of avoiding the tumor’s
defenses; and (4) engineering signals to initiate the process as well as signals to end the attack if or when this
becomes desirable.
Genetic tools have been developed to engineer T-cell
specificity and enhance T cell function. Chimeric antigen
receptors are receiving increasing attention and becoming
a promising new therapeutic method. Chimeric antigen
receptors lead to enhanced proliferation, cytotoxicity, and
persistence in vivo. Apheresed T cells from a patient are
stimulated with CD3 antibody and IL-2. Activated cells
are then transduced with the chimeric antigen receptors
using a retro- or lentiviral platform. Because the chimeric
antigen receptor is integrated into the T-cell genome, all
daughter cells that are generated during this expansion
also express the chimeric antigen receptor. Chimeric antigen receptor-transduced T cells are then infused into
patients[63]. Early clinical studies have revealed a very
encouraging therapeutic efficacy of chimeric antigen
receptor-mediated immunotherapy in a variety of cancers including lymphoma, chronic lymphocytic leukemia,
melanoma, and neuroblastoma[64]. Despite the promising
results obtained from clinical trials with infusion of chimeric antigen receptor-modified T cells, some severe adverse events have been reported[65-67]. Recent reports have
highlighted key issues and future directions to avoid these
adverse events[68]. Selection of candidate target antigens is
essential for improved efficacy and safety of the chimeric
antigen receptor-based therapy.
Although one can also theoretically strip the effector cells of all checkpoints, it is important that such cells
have as much tumor specific ability as possible to pre-

FUTURE PROSPECTS FOR
IMMUNOTHERAPY
Biomarkers are needed to predict good candidates for
immunotherapy
The use of immunotherapy would be enhanced if one
could identify biomarkers predictive of response and
thus allow matching of treatments with suitable patients.
HER2 has proven to be an excellent biomarker in breast
cancer. Trastuzumab (herceptin), a humanized anti-HER2
receptor monoclonal antibody, has been shown to improve the outcome in patients with HER2-positive metastatic breast cancer[56]. The combination of pertuzumab
(HER2-targeted humanized monoclonal antibody) plus
trastuzumab plus docetaxel has been compared with placebo plus trastuzumab plus docetaxel as first-line treatment for HER2-positive metastatic breast cancer and significantly prolonged progression-free survival[57]. HER2
is also expressed in gastric cancer suggesting that this
approach may show therapeutic efficacy. There is significant current interest in identifying predictive biomarkers
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vent the cells from becoming indiscriminate killers. The
fundamental problem is to unleash an attack capable of
elimination of the target but one that is restrained and
does not do irreversible harm to the host. Ideally, one
would like to be able to control all of the elements of
the process from choosing the most tumor specific antigens and then be able to engineer the cells to respond
only to those antigens and at the same time be able to
control when and where the attach is focused. Thus, the
cells might be engineered with a safety switch that can be
switched to on and initiate the process and then switched
off if the cells move out of the area or the process is
completed. The “off ” switch might consist of implementation of a suicide program that completely eliminated
the cells.

4

5
6

7
8

Identification of one or preferably several antigens
specific to the tumor
Because the primary tumor or metastasis may be difficult
to sample, the challenges to identification of the appropriate antigens include obtaining access to the tumor or
tumor cells to identify critical antigens specific that tumor
(e.g., cancer testis antigens) or identification of antigens
that are expressed on the majority of similar tumors
(e.g., universal antigens). Advances in obtaining circulating tumor cells and analyzing them would help not
only monitoring efficacy of therapies, but also useful to
identify appropriate, effective and specific tumor antigen
or molecules for metastasis. It also expected to provide
selection of appropriate therapy for individual patients by
characterization of circulation tumor cells.

9

10
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12

CONCLUSION
The practice and theory of cancer immunotherapy has
seen major advancements during the past 20 years. However, many hurdles to remain to be overcome before
cancer immunotherapy becomes the first line and most
reliable and effect cancer treatment. In view of the complexity and diversity of tumors and immune cell repertoires, it would be of critical importance to identify new
target molecules or develop new ways to utilize already
know targets, and expand knowledge of the effectiveness
of combinations of immunotherapies with conventional
therapies. In addition, it essential to identify reliable biomarkers to identify candidates that would most benefit
from immunotherapy, and/or early diagnosis to prevent
cancer progression as a vital part of that therapy.
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Core tip: The intensive interplay that exists between
tumor cells and the tumor microenvironment can
play an important role in tumor initiation, growth and
metastasis. A better understanding of the molecular
pathogenesis of the tumor microenvironment of Gastric carcinoma would be crucial for the design of novel
molecular targets. In this review, we have provided an
overview of the currently available knowledge of the
role of the TME in gastric cancer and have highlighted
the potential prognostic and therapeutic implications.
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th

Gastric carcinoma (GC) is the 4 most prevalent cancer
nd
and has the 2 highest cancer-related mortality rate
worldwide. Despite the incidence of GC has decreased
over the past few decades, it is still a serious health
problem. Chronic inflammatory status of the stomach,
caused by the infection of Helicobacter pylori (H. pylori ) and through the production of inflammatory mediators within the parenchyma is suspected to play an
important role in the initiation and progression of GC.
In this review, the correlation between chronic inflammation and H. pylori infection as an important factor
for the development of GC will be discussed. Major
components, including tumor-associated macrophages,
lymphocytes, cancer-associated fibroblasts, angiogenic
factors, cytokines, and chemokines of GC microenvironment and their mechanism of action on signaling
pathways will also be discussed. Increasing our understanding of how the components of the tumor microenviroment interact with GC cells and the signaling
pathways involved could help identify new therapeutic
and chemopreventive targets.
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INTRODUCTION
Gastric carcinoma (GC) is the 4th most prevalent cancer and has the 2nd highest cancer-related mortality rate
worldwide. The risk of developing GC is 1 in 115, with
a 5-year survival rate of only 20%-30%[1]. Despite that
the incidence of GC has decreased over the past few decades, it is still a serious health problem[2]. The prognosis
of advanced GC (AGC) with extensive node invasion
and metastasis remains poor, while early GC is associated
with excellent long-term survival[3].
Ever since Rudolf Virchow, the founder of modern
pathology, observed the connection between tumor cells
and their surrounding tumor microenvironment (TME),
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brane proteins. H. pylori cagPAI encodes approximately,
30 genes, including type four secretion system genes,
which are essential for pathogenesis and are responsible
for the delivery of CagA protein and peptidoglycan into
host cells[17,18]. It has recently reported that CagA binds
an Src homology 2-containing tyrosinee phosphatase
(SHP-2) in a tyrosinee phosphorylation- dependent manner and activates the phosphatase activity of SHP-2[19].
Deregulation of SHP-2 by CagA is an important mechanism by which CagA-positive H. pylori promotes gastric
carcinogenesis. H. pylori is a potent activator of nuclear
factor-κB (NF-κB) in gastric epithelial cells[20,21] causing the production of tumor necrosis factor-α, TNFinducing protein (Tip), which in turn activates NF-κB
in gastric epithelial cells using an independent pathway
involving virulence factors such as CagA[18].
Activation of NF-κB by H. pylori infection induces
the expression of a variety of genes, including those
encoding the cytokines interleukin (IL)-1, IL-6. IL-8,
TNF-α, vascular endothelial growth factor (VEGF),
cyclooxygenase-2 (COX-2), inducible nitric oxide synthase (iNOS), cell-cycle regulators, the matrix metalloproteinases (MMP)-2, MMP-7, MMP-9 and adhesion
molecules[22,23]. High level of COX2 mRNA and protein
expression and enzymatic activity are detected in GC
cells[24], and COX-2 activity is induced by a variety of
mediators including inflammatory cytokines such as
TNF-α, interferon (IFN)-γ and IL-1[25]. COX-2 facilitates tumor growth by inhibiting apoptosis, promoting
cell proliferation and stimulating angiogenesis within
cancer cells [26]. H. pylori infection produces reactive
oxygen and nitrogen species that cause DNA damage,
followed by chronic gastritis and intestinal metaplasia.
Nitric oxide generated by iNOS is converted to reactive
nitrogen species that bring about direct DNA mutation
such as those in p53, causing protein damage, inhibition
of apoptosis, and promotion of angiogenesis[27,28]. CagA
also activates the nuclear factor of activated T-cells signaling pathway, and interacts with E-cadherin to deregulate β-catenin signaling, which induces the expression
of genes downstream of β-catenin, such as Caudal type
homeobox gene-1 and promotes the transdifferentiation
of intestinal cells[29].

TME has long been suspected to play an important role
in the initiation and progression of tumors[4,5]. TME is
thought to determine the behavior of cancers not only
through genetic or epigenetic makeups of the tumor
cells, but also through the surrounding milieu that the tumor cells interact with for survival, growth, proliferation
and metastasis. The TME is composed of many different
kinds of cells such as endothelial cells, fibroblasts, lymphocytes and macrophages. It also consists of numerous
soluble molecules such as growth factors, cytokines, chemokines, antibodies, proteases, various types of enzymes,
and metabolites as well as a extracellular matrix. As the
tumor progresses, states of hypoxia and acidosis develop
in the TME[6-8], and the intensive relationship that exists
between tumor cells and the TME plays a major role in
tumor initiation, growth and metastasis.
Among the numerous factors in the TME, inflammatory mediators have received attention recently, and
an estimated 15%-20% of cancer deaths are associated
with chronic infection and inflammation. Populationbased studies have shown that individuals who are prone
to chronic inflammatory disorders have an increased risk
of cancer development[9]. Accordingly, treatment with
non-steroidal anti-inflammatory agents decreases the
incidence and mortality of several tumor types[10,11]. In
the case of GC, the chronic inflammatory state of the
stomach, caused by Helicobacter pylori (H. pylori) infection,
as well as the production of inflammatory mediators,
such as cytokines and chemokines within gastric tissues,
is suspected to play an important role in the initiation and
progression of GC.
Better understanding of the special interplay between
GC cells and the surrounding microenvironment may be
useful for recognizing the mechanism underlying tumor
development and progression as well as the discovery of
novel molecular therapeutic targets[12,13]. In this review, we
have provided an overview of the currently available knowledge of the role of the TME in GC and have highlighted
the potential prognostic and therapeutic implications.

CHRONIC INFLAMMATION AND
H. PYLORI IN GC
H. pylori, a microaerophilic, spiral gram-negative bacterium, colonizes the human stomach and, is a major cause
of chronic gastritis, peptic ulcers, and gastric malignancies,
including gastric non-cardia adenocarcinoma and mucosalassociated lymphoid tissue lymphoma[14]. H. pylori infects
over 50% of the world’s population, with 1% of those
infected going on to develop GC. An estimated 75% of
all GC cases are associated with H. pylori infection[15].
The carcinogenic potential of H. pylori is driven by the
interplay between bacterial virulence factors and the host’
s immune responses resulting in chronic inflammation,
which in turn leads to tumorigenesis[16]. Four major virulence factors have been identified from H. pylori, that is
cytotoxin-associated antigen A (CagA), cag-pathogenicity
island (cagPAI), vacuolating cytotoxin, and outer mem-
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SIGNALING PATHWAY OF GC-RELATED
INFLAMMATION
Multiple steps and multiple factors are involved in the
development of GC. More than 90% of GCs are adenocarcinomas, which are divided into two histological
types, intestinal and diffuse, based on the Lauren’s classification[30]. H. pylori infection and chronic inflammation
are important factors, particularly in the intestinal type
of GC. The Correa’s hypothesis postulates that there is
a progression from chronic gastritis to gastric atrophy,
intestinal metaplasia, dysplasia, and finally to cancer
(“gastritis-dysplasia-carcinoma” sequence)[31]. In each step
of GC progression, many cytokines and intracellular sig-
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nalling pathways[47]. In approximately 50% of human GC,
STAT3 is overactivated[48,49], and its high activation and⁄or
expression status has been shown to correlate with a lower survival rate for GC patients[50]. This transcription factor supports oncogenesis through different mechanisms,
ranging from the activation of genes crucial for proliferation and survival to the enhancement of angiogenesis
and metastasis. In GC, IL-11 produced from tumor cells
and TME activate the common signal-transducing gp130
β-receptor subunit to activate the JAK/STAT-3, Ras/
Mitogen-activated protein kinase and phosphoinositide3-kinase (PI3K)/Akt signaling pathways[51-53]. Activated
STAT-3 signaling pathway directly induces the transcription of the Tlr2 gene in the gastric epithelium, which
upon overexpression promotes proliferation and inhibits
apoptosis of gastric epithelial cells[48]. The activation of
STAT-3 in tumor cells also has been shown to increase
the capacity of tumors to evade the immune system by
inhibiting the maturation of dendritic cells (DCs)[54],
thereby suppressing the immune response[55]. A recent
study showed that STAT-3 plays a divergent role in the
modulation of IL-23 and IL-12, two related cytokines,
which play opposite roles in tumour development. In
particular, STAT-3 inhibits anti-tumor IL-12p35 expression in DCs while promoting the expression of the procarcinogenic IL-23 cytokine in TAMs[56].
Epidemiological studies have highlighted that treatment with non-steroidal anti-inflammatory agents, such
as COX-2 inhibitors, decrease the risk of developing
certain cancers, such as colon cancer, breast cancer, and
GC[10,11,57,58]. The frequency of COX-2 expression did
not differ between gastric adenomas and early intestinal
carcinomas, indicating that COX-2 expression might act
as one of the factors related to early tumorigenesis in the
stomach. Interestingly, the frequency of COX-2 expression was significantly higher in advanced carcinomas
than in early carcinomas and was higher in intestinal-type
carcinomas than in diffuse-type carcinomas. COX-2 expression may be more important for the progression of
intestinal-type carcinomas than that of diffuse-type carcinoma[59].
Transforming growth factor (TGF)-β1 mRNA and
protein are highly expressed in GC cells[60-62]. TGF-β1 is
closely related to invasion and metastasis and the TME; it
alters the biologic behavior of malignant gastric lesion[63].
TGF-β1 produced by carcinoma cells stimulates collagen
synthesis in both fibroblasts and cancer cells, which leads
to diffuse fibrosis in the case scirrhous GC[63].
The receptor tyrosinee-protein kinase (HER) family
consists of four members: HER-1 [epidermal growth factor receptor (EGFR)], HER-2, HER-3 and HER-4. Activation of these receptors leads to homo- or hetero-dimerization that in turn initiates phosphorylation cascades and
subsequent activation of the PI3K-Akt-mammalian target
of rapamycin (mTOR) and Ras-Raf-mitogenactivated mitogenactivated protein kinase/extracellular signal-related
kinase (ERK) kinase (MEK)-ERK pathways, which are
important in cancer cell proliferation and survival[64,65].
EGFR overexpression, observed in 27%-44% of gas-

naling pathways are involved.
GC-related inflammation activate transcription factors, mainly NF-κB, hypoxia-inducible factor (HIF)1α, and signal transducer and activator of transcription
(STAT)-3, which are the key inducers of inflammatory
mediators such as cytokines , chemokines, prostaglandins,
nitric oxide[32].
The transcription factor NF-κB is a key orchestrator
of innate immunity and inflammation and recent evidence suggests that it play an important role in development and maintenance of cancer-related inflammation[33].
In cancer and epithelial cells exposed to carcinogens, NFκB promotes cell survival and proliferation through the
activation of genes encoding proteins that are important
for cell cycle progression such as cyclin D1, and c-Myc
and the anti- apoptotic pathway (cIAPs, A1/BFL1,
BCL-2, c-FLIP)[34,35]. In GC, NF-κB potentiates inflammation in response to H. pylori infection. Some studies
reported that H. pylori induces expression of the proinflammatory cytokine IL-8 through activation of NF[20,36]
. Moreover, NF-κB amplifies the inflammatory
κB
signals of other cytokines, such as tumor necrosis factor
and interferon[37]. A previous study reported that the
positive rate of NF-κB/RelA is 42.6% in South Korea
and NF-κB/RelA expression in tumor tissues was also
related to serum levels of IL-6 (P = 0.044) and C-reactive
protein (P = 0.010)[38]. Interestingly, several microRNAs
(miRNA) which target NF-κB have been shown to be involved in development and progression of GC. miR-146a
expression is up-regulated in a majority of gastric cancers
where it targets Caspase recruitment domain-containing
protein 10 and COP9 signalosome complex subunit, inhibiting G protein coupled receptor-mediated activation
of NF-κB, thus reducing expression of NF-B-regulated
tumor-promoting cytokines and growth factors[39].
HIF-1α is centrally involved in multiple aspects of
tumorigenesis including tumor angiogenesis, proliferation, metabolism, metastasis, differentiation, as well as
responses to radiation and chemotherapy[40]. HIF-1α is
up-regulated in inflammatory conditions and there is
accumulating evidence indicating the presence of interconnections and compensatory pathways between the
NF-κB and HIF-1α systems[41]. The expression of HIF1 α commonly increases in a variety of human solid
tumors and elevated HIF-1α expression is associated
with poor patient outcome in pancreatic cancer, glioblastoma, GC and other cancers[40,42]. Furthermore, the
contribution of HIF-1α to chemoresistance has been
observed in several solid tumors, including GC[43,44]. Interestingly, inhibition of HIF-1α via RNA interference
or pharmacological compounds has improved their
anti-tumor efficacy in murine cancer models[45] through
modulation of the p53 and NF-κB signaling pathway.
In this regards, a recent study has demonstrated that
HIF-1α expression correlates with the metastatic phenotype of human GC[46].
STAT-3 is constitutively activated in several human
cancer cells and tumor associated leukocytes and it represents a point of convergence for several oncogenic sig-
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tric cancer cases, is generally reported to be a poor prognostic factor, despite contradictory evidence[66]. HER-2
overexpression is observed in 10%-38% of gastric cancer
tumor samples[67,68], with a higher prevalence in intestinaltype and gastroesophageal junction tumors than that
in diffuse-type and gastric tumors[68,69]. The prognostic
value of HER-2 overexpression in gastric cancer remains
controversial; it is generally associated with a poorer outcome[70,71], although contradictory evidence exists[72,73].
In fact, PIK3CA activating mutation was reported in
4%-36% of gastric cancer cases[74,75] and phosphatase
and tensin homolog loss was reported in 20%-36% of
cases[74,76]. For gastric cancer, the KRAS mutation was observed in 2%-20% of cases[77,78], and the BRAF mutation
was observed in 0%-2.7% of cases[77,79].
The overexpression/activation of c-Met, a receptor
for hepatocyte growth factor, leads to proliferation and
antiapoptotic signals[80]. It was found to be activated both
in vitro in human gastric cancer cell lines and in vivo in
human gastric cancer tissue[81], and this may result from
the infection of gastric cells by H. pylori[82].
The Hedgehogs (Hh) protein family includes Sonic
(Shh), Indian (Ihh) and Desert (Dhh). In gastric cancer,
the aberrant activation of Shh, through binding Patched
1 receptor and subsequent disinhibition of Smoothened
in turn activates the transcription factor Gli-1[83].

draining regional lymph nodes, and peripheral blood lymphocytes is higher in GC and esophageal cancer patients
than their normal counterparts[93,94]. In addition, patients
with a higher proportion of Tregs showed poorer survival rates than those with a lower proportion. Interestingly,
after patients underwent curative resection for GC, the
proportion of Tregs decreased and was restored to levels
comparable to those for normal healthy donors[95]. These
results strongly suggest that tumor-related factors induce
the expansion and the accumulation of Tregs in GC.
Furthermore, the frequencies of CCL17+ cells and of
CCL22+ cells, both of which induce in vitro migration of
Tregs, within tumors were significantly higher than those
in normal gastric mucosa, Increased levels of TGF-1 in
GC patients have been correlated with the frequency of
Tregs, and, conversely, numerous studies have reported a
correlation between an increased frequency of circulating
Treg and increased levels of TGF-1 during during GC
progression[96-98]. On the other hand, some reports have
indicated that activated effector T cells are converted
into Treg cells, capable of suppressing autologous effector T cells[99-101]. Thus, it is likely that naturally occurring
Foxp3+ Tregs in peripheral sites faintly perceive tumorrelated signals such as CCL17 or CCL22, migrate to the
tumor site, and create a favorable environment for tumor
growth.
Recently, a subset of IL-17 producing T cells that are
distinct from Th1 and Th2 cells have been described as
key players in inflammation and autoimmune diseases
as well as cancer development. Interestingly, IL-17 also
has been reported to be up-regulated in H. pylori infected
gastric mucosa. IL-17 positively regulates the synthesis
of IL-8 by gastric mononuclear cells and epithelial cells,
which thus emphasizes the role of IL-17 in H. pylori-driven inflammation[102]. When the ratio of Th17⁄Treg cells
of TILs was evaluated in GC patients, it was found to be
markedly higher in early disease than in advanced disease.
The accumulation of Th17 cells as well as of Tregs in the
TME of GC occurrs in early disease following which the
infiltration of Th17 cells gradually decrease as the disease
progresses, in contrast to the increased accumulation of
Tregs.

COMPONENT OF MICROENVIRONMENT
OF GC TAM
Macrophages recruited to the tumor stroma are called
TAMs. The role of TAMs in tumor progression is
complicated and wide ranging. Although activated
macrophages may have anti-tumor activity, tumor cells
have been reported to evade the anti-tumor activity of
TAMs[84,85]. Indeed, removal of macrophages by genetic
mutation reduces tumor progression and metastasis[86].
TAMs are recruited from circulating monocytes into tissues in response to chemoattractants, and interact with
tumor cells to make up the cancer stroma. Macrophage
infiltration into tumor tissue correlates significantly
with tumor vascularity in human esophageal cancer and
GC[87,88]. There is a direct association between the degree
of TAM infiltration and depth of tumor invasion, nodal
status, and clinical stage of GC[88]. Macrophage recruitment is mediated by a variety of chemoattractants, including the following; monocyte chemoattractant protein-1
(MCP-1/CCL2), macrophage inflammatory protein-1α
(MIP-1α/CCL3); and regulated upon activation, normal
T cell expressed and secreted (RANTES/CCL5)[87,88].

Cancer associated fibroblasts
Cancer associated fibroblasts (CFAs) are a central elements of TME. They are the most prominent cell type
within the tumor stroma of many cancers and play a critical role in tumor-stromal interactions[103,104]. CAFs demonstrate differential gene expression profiles compared to
normal fibroblasts[105], and they acquire a modified phenotype, similar to fibroblasts associated with wound healing. Although the mechanisms that regulate activation of
fibroblasts and their accumulation in tumors are not fully
understood, platelet-derived growth factor, TGF-β1, and
fibroblast growth factor-2 (FGF-2) are known to be partly involved in this process[106]. There are some candidates
for the origins of CAFs, such as following; fibroblasts
residing in local tissues[105], periadventitial cells including

Lymphocytes
Regulatory T cells (Tregs) are functionally immunesuppressive subsets of T cells that are reported to play
important roles in immunological self-tolerance [89-92].
Tregs are defined more strictly as CD4+CD25+Foxp3+
cells. The frequency of Tregs among tumor infiltrating
lymphocytes (TILs), lymphocytes derived from tumor-
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pericytes and vascular smooth muscle cells[107], endothelial
cells[108], and bone marrow-derived cells including various stem cells[109]. Worthley et al[110] recently reported that
bone marrow-derived cells can differentiate into CAFs in
human GC that developed in female recipients of male
allogeneic stem cell transplantation. A previous study
showed that direct interaction between scirrhous-type
GC cells and gastric fibroblasts could promote fibrosis
of the gastric wall and increasing the malignant behavior
of cancer cells through vascular cell adhesion molecule-1
and induced Snail expression, and through the resultant E-cadherin suppression and vimentin induction in
HSC-39 cells[111].

intrinsic and extrinsic factors, it is very complicated to
identify the specific role of a signaling factor in regulating
their differentiation and migration. It has been noted that
NF-κB, IL-6, VEGF, HIF-1α, angiogenesis, reactive oxygen species and tissue factors are all involved in the maintenance of stem cell and cancer stem cells[127] and that H.
pylori infection can alter most of their expression. This
suggests that H. pylori might impact the local microenvironment and affect stem/progenitor cell differentiation,
and also cause genetic or epigenetic damages in these
cells, leading to carcinogenesis. However, further studies
addressing these pathways and mediators of gastric stem
cells and progenitors during infection are awaited.

Angiogenetic factors
Angiogenesis which is necessary for tumor progression, is
also influenced by the tumor microenvironment. Stromal
reaction (desmoplasia) is observed in GC, but not in noninvasive neoplasms[112]. The generation of tumor stroma
is triggered by tumor cells and induces the ingrowth of
new blood vessels and mesenchymal cells from the adjacent normal tissue[113]. However, recent studies have
shown that bone marrow-derived stem cells are integrated into the tumor stroma and differentiate into myofibroblasts and vascular endothelial cells[109,114]. A recent
study reported that the density of blood vessels directly
correlates with the incidence of metastasis in GC[114-117].
Angiogenesis of tumor is mediated by various molecules
released by tumor cells and TME[118,119] and GC cells
produce various angiogenic factors, including VEGF[120],
IL-8[121], FGF-2[122], and platelet-derived endothelial cell
growth factor (PD-ECGF)[123]. VEGF-A promotes the
angiogenesis and progression of human GC, especially
those of the intestinal type. A significant correlation between lymph node metastasis and VEGF-C expression
has been reported in human GC[124,125]. However, no association was found between VEGF-D immunoreactivity
and clinicopathologic features in submucosally invasive
GC[126]. These results suggest that VEGF-C is a dominant
regulator of lymphangiogenesis in early-stage human GC.

CYTOKINES/CHEMOKINES
Infection by H. pylori also disrupts gastric homeostasis
and induces the production of multiple inflammatory
cytokine within the local mucosa. Expression of IL-1β,
TNF-α, and IL-10 is associated with an increased risk for
developing GC[132,133].
IL-1β is a proinflammatory cytokine involved in inflammation and immunity. IL-1β polymorphisms are associated with enhanced IL-1β production and increased
risk of GC[133], IL-1β also inhibits gastric acid secretion.
In transgenic mice, stomach specific overexpression of
IL-1β induces stepwise spontaneous gastric inflammation, metaplasia, dysplasia, and carcinoma.
Overexpression of IL-1β also mobilizes myeloidderived suppressor cells and induces NF-κB activation
as well as the expression of downstream genes such as
IL-6 and TNF-α in these cells. In addition, IL-1β alone
is sufficient to induce gastric preneoplasia. However, the
mechanisms by which IL-1β overexpression itself finally
results in oncogenic transformation is unclear. Interestingly, other inflammatory mediators can exert opposite
effects. One example is IFN-γ, which is produced primarily by activated T cells, and natural killer cells and is
a key mediator of innate and adaptive immunity. IFN-γ
mediates responses to bacterial infection and autoimmune disease, and acts as a tumor suppressor[134]. In mice,
stomach specific overexpression of IFN-γ alone has
minimal effects on the gastric mucosa, but inhibits IL1β- and Helicobacter felis-induced gastritis and neoplasia.
The mechanism has been attributed to IFN-γ induced
inhibition of gastric epithelial cell proliferation, acceleration of apoptosis of gastric T lymphocytes and decrease
in the production of pro-inflammatory Th1 and Th17
cytokines. These effects may balance epithelial cell proliferation, restrain inflammation, and ultimately inhibit
tumor formation[134]. Therefore, disruption of host cell
inflammatory cytokine production is involved in gastric
oncogenesis.
Chemokines are involved in the chemoattraction of
leukocytes to inflammatory sites and can be produced by
many kinds of cells in the TME including leukocytes, endothelial cells, fibroblasts and epithelial cells[135,136]. Recent
reports described that chemokines not only play a role in

Stem cells
The stem cell niche or microenvironment is composed
of different populations of cells, including not only stem
cells, but also differentiated cells, soluble factors, and
extracellular matrix, all of which are critical for stem cell
fate and differentiation[127]. Important signaling pathways
such as the Wnt, Notch, Hedgehog, PI3K, NF-κB, endothelial growth factor (EGF), TGF-β and STAT-3 pathways have been shown to regulate stem cell renewal and
maintenance, and their effects overlap in both normal
and cancer stem cells[128]. The Interactions of stem cells
with their surroundings are currently under intensive investigation. The inflammatory mediators and oncogenic
pathways also regulate stem cell differentiation either
directly or indirectly and are frequently deregulated in tumors[129-131]. Given the fact that gastric stem cells are such
a rare population of cells and can be affected by so many
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of CXCR4-positive tumor cells to the peritoneum[157].
H. pylori increased CXCR4 expression in gastric cancer
through increased secretion of TNF-α. CXCR4 has also
been found in leukocytes and microvascular blood vessels, confirming that SDF-1 binds to endothelial cells[158].
In addition to cancer cells, stromal cells such as endothelial cells, tumor-infiltrating lymphocytes and cancer-associated fibroblasts have been demonstrated to produce
elevated levels of SDF-1[158,159].

the immune system, but also promote tumorigenesis and
metastasis of cancer. CXC chemokines and their receptors (CXCR) modulate tumor behavior by three important mechanisms: regulation of angiogenesis, activation of a
tumor-specific immune response and stimulation of tumor
cell proliferation in an autocrine or paracrine fashion[137].
CXC chemokines containing the ELR (Glu-Leu-Arg)motif such as IL-8/CXCL8 have been described to promote tumor growth by stimulation of angiogenesis and
chemoattraction of neutrophilic granulocytes[138-140]. Previous studies have shown that IL-1, TNF-α and infection
with H. pylori induce or enhance the secretion of IL-8 by
several gastric adenocarcinoma cell lines in vitro[141,142]. In
addition, CXCR1 and CXCR2 expression increased in
gastric carcinoma cells after infection by H. pylori[143,144].
In GC, expression of IL-8 in gastric adenocarcinoma is
associated with increased tumor vascularization, aggressiveness, invasion, and metastasis. In addition, IL-8 may
act as a diagnostic marker as it was demonstrated to be
significantly elevated in serum samples of patients with
gastric cancer[145,146]. IL-8 also enhances the expression
of the EGFR, MMP-9, VEGF and IL-8 itself[122,147,148].
Furthermore, the polymorphism of IL-8 promoter gene
is associated with higher IL-8 protein expression, more
severe neutrophil infiltration, enhanced angiogenesis,
especially with secretion of MMP-9 and angiopoietin-1,
and increased risk of poorly differentiated gastric cancer,
lymph node, and liver metastasis[149-151].
In contrast, CXC chemokines lacking the ELRmotif such as interferon-γ, inducible protein-10 (IP-10)/
CXCL10, possess angiostatic activities and chemoattract anti-tumoral lymphocytes through binding to
CXCR3[139,140]. It has been described that Mig, IP-10 and
I-TAC were constitutively express in GC cell lines, and
the production can be enhanced by IFN-γ in synergy
with TNF-α. In contrast, in vitro infection with H. pylori inhibited the IFN-γ/TNF-α induced Mig and IP-10
production by GC cells. Increased expression of CXCR3
ligands by endothelial cells and mononuclear cells, especially antigen-presenting cells within GC, results in the
chemoattraction and activation of cytotoxic T lymphocytes that favor tumor regression.
Stromal cell-derived factor-1 (SDF-1)/CXCL12 is an
exception on this rule as this chemokine lacks the ELRmotif, has angiogenic properties and mediates the dissemination of CXCR4- positive tumor cells to distant
organs[140]. SDF-1 modulates the angiogenic process directly by binding to its receptors CXCR4 and/or CXCR7
expressed on endothelial cells or indirectly by the induced
secretion of matrix-metalloproteases or angiogenic factors such as IL-8, VEGF, respectively[152,153]. Many studies
have demonstrated that both CXCL12 and CXCR4 are
differentially expressed in GC[154,155], and overexpression
of CXCR4 in gastric cancer cells is associated with aggressive tumor behavior, such as tumor invasion, lymph
node metastasis, liver metastasis, and poor differentiation
as well as peritoneal carcinomatosis[156]. In addition, peritoneal mesothelial cells contained high concentrations
of SDF-1 indicating that SDF-1 induces the migration
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Matrix metalloproteinases
MMPs lead to tissue remodeling, inflammation, tumor
cell growth, migration, invasion and metastasis in many
cancers. They are major modulators of the tumor microenvironment, playing key roles in tumorigenesis[160]. Different stromal and cancer cells produce various types of
MMPs whose main subtypes are collagenases (MMP-1,
MMp-8, MMp-13), gelatinases (MMP-2, MMP-9), matrylisins (MMP-7, MMP-26), membrane type MMPs (MMP-14,
MMP-15, MMP-16, MMP-17, MMP-24, MMP-25) and
stromelysins (MMP-3, MMP-10, MMP-11).
Previous studies reported that MMP-1[161], MMP-7[162-164]
and MMP-9[165,166] are important in development of gastritis
during infection by H. pylori and these molecules are utilized
as molecular markers. It has been suggested that overexpression of MMP-1[167] and MMP-7[162,168] is dependent upon
the pathogenicity island of H. pylori and, interestingly, it
is known that MMP-7 participates in the epithelial mesenchymal transition[169] and is also overexpressed in GC[170].
Moreover, the activity of MMP-9 is increased in macrophages resident in the gastric mucosa of subjects infected
with H. pylori[171] and its activity is known to be reduced by
the eradication of H. pylori[172].
MMPs are noncovalently inhibited by the tissue inhibitors known as TIMP, a family comprising four members (TIMP-1, TIMP-2, TIMP-3, TIMP-4). TIMP-3 in
the only inhibitor associated with the extra cellular matrix
(ECM) and the rest of the TIMP are soluble proteins[173].
The disintegrins and metalloproteinase (ADAM) family are proteases related to the MMP and comprise more
than 20 proteins that are anchored to the cell membrane
and present various functions which are cell adhesion,
cell fusion, activation of signaling pathways and release
of substrates such as cytokines and growth factors from
the cell membrane or the ECM[174]. In patients with gastritis and H. pylori infection, levels of ADAM-10 and
ADAM-17 are elevated[175], and these play key roles in
cell signaling[174]. E-cadherin is a substrate of ADAM-10
and the Notch signaling pathway, in which ADAM-17
participates, and these pathways are also involved in the
development of GC. ADAM-17 has been associated with
the generation of transient hypochlorhydria in patients
infected with H. pylori[176] and interestingly, high levels of
hypochlorhydria are founded in GC patients.

NEW THERAPEUTIC APPROACHES
According to our understanding of the molecular basis
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of TME of GC, targeted agents have led to a modest
improvement in the outcome of advanced gastric cancer
(AGC) patients.
Previous studies showed that EGFR, HER-2, tyrosine
kinase inhibitors (TKIs) as well as VEGF were most attractive target for molecular therapy. The ToGA trial targeted HER-2 and AVAGAST trial targeted VEGF have
marked the beginning of a new era in AGC treatment. A
number of other phase Ⅲ clinical trials that target different target molecules are ongoing.
Notably, the ToGA trial, which is a large, phase Ⅲ,
randomized controlled multicenter trial[177], showed that
trastuzumab in combination with chemotherapy led to
a significantly higher overall response rate (ORR 47% vs
35%, P = 0.0017), significantly longer progression free
survival interval (PFS; 6.7 mo vs 5.5 mo, P = 0.0002), and
significantly longer overall survival duration (OS; 13.8 mo
vs 11.1 mo, P = 0.0046) than that of the controls. Moreover, the trastuzumab-containing regimen was generally
well tolerated and did not affect quality of life. To date,
trastuzumab is the first and only targeted agent for gastric
cancer approved by both the United States[178] and European[179] authorities.
Although the phase Ⅲ Avastin® in Gastric Cancer
(AVAGAST) trial did not meet its primary endpoint of
OS and was thus a negative trial for this endpoint, the
ORR was significantly better in the bevacizumab arm
(46% vs 37%, P = 0.0315) and the PFS interval was significantly longer (6.7 mo vs 5.3 mo, HR = 0.8; P = 0.0037)
than that of the controls[180].
In first-line phase Ⅱ trials, cetuximab, a recombinant
human-mouse chimeric monoclonal antibody targeting EGFR, showed that the ORR was in the range of
40%-60%, the time to progression (T0P) was 5.5-8.0
mo, and the OS time was 9.5-16.0 mo[181,182]. Other study
reported that cetuximab showed no clinically significant
benefit in combination with docetaxel plus oxaliplatin[183].
Other EGFR targeted therapy including Erbitux®, panitumumab, matuzumab, and nimotuzumab are under
evaluation in phase Ⅱ/Ⅲ trials in combination with
chemotherapy. The EGFR TKIs such as gefitinib and
erlotinib were evaluated in phase Ⅱ trials but produced
disappointing results as monotherapy for AGC.
Lapatinib (Tykerb), a dual TKI inhibiting both HER-2
and EGFR are under investigation in two phase Ⅲ trials.
One is the LoGIC trial that is the lapatinib Optimization
Study in ErbB2 (HER-2)+ GC patient[184], and the other is
TYTAN trial that is investigating the lapatinib with paclitaxel (Taxol) in Asian ErbB2+ (HER2+) GC patients[185].
A few signaling pathways have attracted a lot of enthusiasm. The ubiquitin-proteasome pathway that is involved in cell cycle control is one good target.
Bortezomib, a proteasome inhibitor, was shown to
induce apoptosis and suppress tumor growth in GC
cell lines[186]. The overexpression/activation of c-Met, a
receptor for hepatocyte growth factor, leads to proliferation and antiapoptotic signals[80]. A phase Ⅱ study of
GSK1363089 (GSK089, formerly XL880), a c-Met TKI,
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showed minimal activity in a cohort of metastatic GS patients unselected for c-Met[187]. The Hedgehog (Hh) pathway further complicates the complex signaling in gastric
cancer cells[83]. Clinical use of Hh inhibitors is currently
only in the early phases of development[183].
Inhibition of other biological pathways in AGC is in
preclinical or early clinical evaluation. Insulin like growth
factor-1 receptor antibody, figitumumab, in combination
with docetaxel was well tolerated in a phase I trial of patients with advanced solid tumors[188]. FGFR inhibitors,
HSP90 inhibitors, histone deacetylase and IL-6 antibody
also may play a role in AGC treatment[189-193].

CONCLUSION
Although recent phase Ⅲ clinical trials with conventional
chemotherapeutic agents have shown encouraging results
in advanced GC, overall survival rates continue to be
suboptimal. This highlights the need for new therapeutic
strategy using targeted therapy to improve the result of
GC treatment.
The association between chronic gastritis and tumors
is well documented in the step-wise histopathologic (Correa) model of GC. A better understanding of the molecular pathogenesis of GC would help for improving the
knowledge on this relationship and would be crucial for
the design of novel molecular targets.
Previous studies reported that a synergistic interplay
among the components of TME of GC, including H.
pylori infection, immune cells and mediators, and several
proteins along with matrix metalloproteinases, is essential for the initiation, progression and metastasis of GC.
The understanding of how these mechanisms regulate
the relationship among those components of TME of
GC would contribute strongly to identifying key signaling
pathways that serve as both novel biomarkers for early detection and molecular targets for new therapeutic strategies.
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CXC chemokines and chemokine receptors in gastric cancer:
From basic findings towards therapeutic targeting
Hyo Jin Lee, Ik-Chan Song, Hwan-Jung Yun, Deog-Yeon Jo, Samyong Kim
Chemokines are a group of small proteins associated
with cytoskeletal rearrangements, the directional migration of several cell types during development and
physiology, and the host immune response via interactions with G-protein coupled receptors. There is also
growing evidence to suggest that chemokines not only
play a role in the immune system, but are also involved
in the development and progression of tumors. In gastric cancer, CXC chemokines and chemokine receptors
regulate the trafficking of cells in and out of the tumor
microenvironment. CXC chemokines and their receptors
can also directly influence tumorigenesis by modulating
tumor transformation, survival, growth, invasion and
metastasis, as well as indirectly by regulating angiogenesis, and tumor-leukocyte interactions. In this review,
we will focus on the roles of CXC chemokines and their
receptors in the development, progression, and metastasis of gastric tumors, and discuss their therapeutic
potential for gastric cancer.
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Core tip: Chemokines were traditionally believed to
regulate the directional migration of leukocytes to inflammatory sites. However, it is now clear that chemokines and chemokine receptors also regulate the processes underlying the development and progression of
malignant disease. In gastric cancer, CXC chemokines
and their receptors directly influence tumorigenesis by
modulating tumor transformation, survival, growth, invasion, and metastasis, as well as indirectly by regulating angiogenesis and interactions between tumor and
microenvironment. Aim of this review is to discuss the
involvement of CXC chemokines and their receptors in
the development, progression, and metastasis of gastric cancer and their therapeutic potential.

Abstract
Gastric cancer is the fourth most common cancer, and
the second-highest cause of cancer-related deaths
worldwide. Despite extensive research to identify novel
diagnostic and therapeutic agents, patients with advanced gastric cancer suffer from a poor quality of life
and poor prognosis, and treatment is dependent mainly
on conventional cytotoxic chemotherapy. To improve
the quality of life and survival of gastric cancer patients,
a better understanding of the underlying molecular
pathologies, and their application towards the development of novel targeted therapies, is urgently needed.
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rized into four major groups (CXC, CC, CX3C or C),
depending on the position of their cysteine residues near
the N-terminus, in which X represents any amino acid.
Most chemokines are in the CXC and CC groups[30-32].
With the exception of the “C” subgroup, all chemokines
include a common four-cysteine residue motif linked by
disulfide bonds at conserved sites: one between the first
and the third Cys, and one between the second and the
fourth Cys, leading to the formation of a triple-stranded
β-sheet structure. CXC chemokines can be further subclassified based on the presence or absence of a glutamic
acid-leucine-arginine (ELR) motif situated before the
first conserved cysteine residue (ELR+ or ELR-)[32-35].
Chemokines are produced by many cell types, including leukocytes, endothelial cells, fibroblasts, epithelial
cells, and tumor cells[32,36]. Recent evidence has revealed
that, in addition to their role in the immune system, chemokines and their receptors are also involved in tumor
initiation and progression[37,38]. Chemokines bind to the
extracellular domain of chemokine receptors, which
comprises the N-terminus and extracellular loops. Following activation, the intracellular domains (consisting of
three loops and the C-terminus) dissociate from G-proteins, which are composed of three distinct subunits (α,
β and γ heterotrimers). This results in the formation of
the second messengers inositol triphosphate (IP3) and
diacylglycerol (DAG), leading to cytoplasmic calcium
mobilization, and the activation of multiple downstream
signaling cascades, including the phosphatidylinositol
3-kinase (PI3K)/Akt, Ras/mitogen-activated protein
kinase (MAPK), and Janus kinase/signal transducer and
activator of transcription (JAK/STAT) pathways[23,25].
In cancer, chemokines and their receptors play a
crucial role in the trafficking of cells in and out of the
tumor microenvironment, modulating the behavior of
the tumor. Chemokines induce directional cell migration, particularly of leukocytes, during inflammation.
Prolonged inflammation can facilitate carcinogenesis
by providing a favorable microenvironment around the
tumor for its growth and development[30,37]. Chemokines
can influence tumorigenesis indirectly by regulating angiogenesis and tumor-leukocyte interactions, and directly
by modulating tumor transformation, survival, growth,
invasion, and metastasis. However, the roles of chemokines and their receptors in tumorigenesis are complex,
since some family members promote conditions favorable for tumor growth and progression, while others
demonstrate anti-tumor activity[30]. For example, ELR+
CXC chemokines such as CXCL8 can enhance tumor
growth by inducing angiogenesis and the chemoattraction of neutrophilic granulocytes. Neutrophils then
further facilitate angiogenesis, tumor growth, and metastasis by releasing matrix-degrading enzymes [such as
matrix-metalloprotease (MMP)-9] and angiogenic tumorpromoting factors such as vascular endothelial growth
factor (VEGF)[30,39-41]. In contrast, ELR- CXC chemokines
such as interferon-γ inducible protein-10 (IP-10; also
known as CXCL10) are angiostatic factors, and attract
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INTRODUCTION
Gastric cancer is the fourth most common cancer and
the second-highest cause of cancer-related deaths worldwide although the incidence is decreasing in many developed countries. Approximately 8% of newly diagnosed
malignant tumors are gastric cancer, and over 700000
people die from gastric cancer annually[1-3]. Despite intensive research into novel diagnostic and therapeutic
interventions, the prognosis of patients with advanced
gastric cancer remains poor, and little improvement
in survival has been achieved[4]. In recent years, many
new advances have enhanced our understanding of
the molecular mechanisms and alterations that lead to
initiation and progression of gastric cancer, including
multiple genetic and molecular alterations and mutations[4-8]. Molecular alterations in gastric carcinogenesis
have been identified in Her-2/neu (c-erbB2)[9-11], c-Myc[12,13],
semaphorin-5A[14], BCL2-like-12 (BCL2L12)[15], c-MET[16],
and K-sam[17], while mutations have been reported in
TP53[18], adenomatous polyposis coli (APC)[19], K-ras[20],
and E-cadherin[21]. Importantly, the ToGA (Trastuzumab
for Gastric Cancer) trial recently demonstrated that the
addition of trastuzumab, a monoclonal antibody against
Her-2/neu, to conventional chemotherapy significantly
improved the survival of patients with advanced gastric
or gastro-esophageal junction cancer compared with chemotherapy alone[22]. In spite of these advances, the successful treatment of advanced or metastatic gastric cancer depends predominantly on the response of the tumor
to conventional cytotoxic chemotherapy. Understanding
the distinct molecular pathways behind the progression
and treatment resistance of gastric cancer may therefore
lead to novel therapeutic opportunities, and improve the
quality of life and overall survival of patients.
Chemokines are a group of small (8-14 kDa) proteins that interact with their cell-surface receptors during development, the host immune response, and other
physiological processes, to direct cells to specific sites
throughout the body[23,24]. The term chemokines was
originally introduced in 1992 as an abbreviated form of
chemotactic cytokines, shortly after the characterization
of the first chemokine, interleukin-8 (IL-8; also known as
CXCL8)[25,26]. Subsequently, chemokines were characterized as a large family of heparin-binding proteins that
modulate cell trafficking and the targeting of immune
cells[25,27,28]. The chemokine system evolved with vertebrates, and approximately 50 human genes encode chemokine ligands, together with more than 20 chemokine
receptor genes, which encode seven-transmembrane G
protein-coupled receptors[23,29]. Chemokines are catego-
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anti-tumoral lymphocytes by binding to CXCR3. Stromal
cell-derived factor-1 (SDF-1; also known as CXCL12) is
an exception to this characterization, since it is an ELRchemokine that can mediate angiogenesis via its cognate
receptor CXCR4[30,37,40,42]. Furthermore, in contrast to the
anti-tumoral activities of the CXCR3-binding ELR- CXC
chemokines, these chemokines also promote the metastasis of CXCR3-positive tumor cells to lymph nodes and
distant sites[37,43,44]. The balance of chemokines and chemokine receptors within the tumor environment is highly
complex, and organ-dependent. In this review we will
focus on the involvement of CXC chemokines and their
receptors in the development, progression, and metastasis of gastric cancer, and their therapeutic potential.

of CXCL12 and its receptor CXCR4 in tumor cells can
lead to the autocrine/paracrine stimulation of cancer
cells, resulting in aggressive tumor behavior [5,73,82,83].
Subsequently, autocrine/paracrine mitogenic effects of
CXCL12 were reported in glioblastoma multiforme, gall
bladder cancer, and pituitary tumors[83-86]. Furthermore,
immunohistochemical analysis demonstrated that the
staining of CXCR4 and CXCL12 in gastric cancer was
more prominent and intense in tumor cells at the invasion
front and in lymphatic vessels, respectively. Patients with
elevated expression of CXCR4 and CXCL12 therefore
exhibit significantly poorer surgical outcomes[5,37,45,66,72].
Another possible mechanism by which CXCL12 contributes to tumor progression is by inducing a favorable
tumor microenvironment by attracting endothelial cells
or recruiting immune suppressive cells to the tumor site,
resulting in angiogenesis and immune evasion, respectively[75,86]. Zhuang et al[87] recently demonstrated that CD8+
T cells secrete IL-17, which induces gastric cancer cells
to produce CXCL12. CXCL12 then recruits myeloidderived suppressor cells (MDSCs) into the tumor microenvironment in a CXCR4-dependent manner, where
MDSCs promote the progression of gastric cancer. In
addition, Ingold et al[51] reported that the expression of
CXCL12 in tumor cells and CXCR4 in the microvessels
surrounding the tumor is associated with increased local
tumor growth and a more advanced tumor stage, suggesting an important role of the CXCL12-CXCR4 axis in
tumor neo-angiogenesis in gastric cancer.
Lastly Shibata et al[88] used CXCL12 transgenic mouse
models to demonstrate that overexpression of CXCL12
contributed to the early stages of gastric carcinogenesis
by recruiting CXCR4-positive mesenchymal stem cells
and stimulating the expansion of myofibroblasts in the
gastric stem cell niche, leading to increased numbers of
epithelial progenitors.
CXCR4 mediates several biological processes in
cancer cells such as directional migration, invasion and
adhesion, all of which are associated with the aggressive
behavior of tumors. The ligation of CXCL12 to CXCR4
activates actin polymerization to induce cell motility[5,89].
In gastric cancer cells, CXCL12 stimulation induced the
formation of lamellipodia and filopodia. Within lamellipodia, the condensation of F-actin at the leading edge
suggested that stimulation of the cells with CXCL12
resulted in the reorganization of F-actin. In addition,
compounds targeting the PI3K/mammalian target of
rapamycin (mTOR) pathway inhibited CXCL12/CXCR4mediated cell migration by preventing F-actin reorganization and lamellipodia formation, and by reducing the expression of GTPases, particularly RhoA[74]. CXCR4 also
activates members of the Src family of protein tyrosine
kinases, thereby inducing the activation of focal adhesion
complexes such as related adhesion focal tyrosine kinase/
Pyk2, focal adhesion kinase, Crk and paxillin. CXCR4
also facilitates the adhesion of tumor cells to components
of the extracellular matrix via integrins[5,90-92]. CXCL12-activated CXCR4 progressively upregulated the expression

CXC CHEMOKINES AND THEIR
RECEPTORS IN GASTRIC CANCER
CXCL12-CXCR4/CXCR7
CXCR4 is differentially expressed in gastric adenocarcinoma at the transcriptional and protein levels, and in
the cell membrane[5,45-59]. The differential expression of
CXCR4 in gastric cancer is also identified by gene expression profiling[57,60,61]. In addition, pre-operative circulating
CXCR4 mRNA levels in the plasma of patients with gastric cancer are elevated compared with normal controls,
but then decrease after surgery[62]. Increased CXCR4 expression in gastric cancer cells is associated with peritoneal carcinomatosis, which occurs frequently and is a major
cause of mortality in patients with gastric cancer[47,63-65].
In addition, elevated expression of CXCL12 was detected
in peritoneal mesothelial cells, suggesting that CXCR4positive gastric cancer cells are preferentially attracted to
the peritoneum, where high levels of its ligand CXCL12
are produced[47,53]. CXCR4 expression is also associated
with aggressive tumor behavior, such as poor differentiation, tumor invasion and metastasis[45,50,54,55,58,66-70], and it
could therefore be an independent prognostic marker
for the overall survival of patients with gastric cancer[71].
Several studies have revealed that gastric cancer cells also
show altered expression of CXCL12. However, the data
are controversial, since increased expression of CXCL12
was associated with tumor size, invasion, lymph node
metastasis, and poor prognosis[51,68,72-75], but the opposite
data have also been reported[76]. Up-regulation of the
CXCL12 gene was demonstrated by cDNA microarrays, while the secretion of CXCL12 was also reported
in gastric cancer cells[77-79]. In addition, Schimanski et al[80]
reported that a CXCL12 (SNP rs1801157) polymorphism
of GA/AA was correlated with distant metastasis. The
circulating levels of CXCL12 in gastric cancer patients
are elevated pre-treatment, and higher in metastatic than
non-metastatic patients, suggesting that secretion correlates with the presence of distant metastases[81]. However,
the precise mechanism by which tumor-derived CXCL12
contributes to tumor progression is unclear.
CXCL12 may regulate tumorigenesis in an autocrine
and/or paracrine manner. The concomitant expression
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of MMP-2 and MMP-7 in gastric cancer cells[5,64], while
CXCR4 expression was also correlated with the expression of MMP-7 and MMP-9 in gastric cancer tissue[58].
MMP-7 activates MMP-2 and MMP-9, and plays a central
role in the degradation of the extracellular matrix, including type Ⅳ collagen. In addition, MMP-7 expression is
related to the transformation of cancer cells, suggesting
a possible mechanism by which CXCL12 stimulates the
invasion, metastasis, and aggressive behavior of gastric
cancer[5,58,93,94].
The binding of CXCL12 to CXCR4 activates a number
of intracellular signaling cascades and effector molecules
that regulate the proliferation, migration, invasion, and
metastasis of cancer cells. The large number of downstream effectors modulated by CXCR4 likely account for
the varying effects of the CXCL12-CXCR4 axis in the
biology of gastric cancer. However, the roles of the various effectors induced by CXCR4 on the individual gastric
cancer processes-such as cell proliferation and adhesionremains unclear. Nevertheless, identifying downstream
effectors of CXCR4 in vivo is important to clarify the
molecular mechanisms by which CXCR4 promotes
gastric cancer[5,92]. CXCL12 interacts with and activates
CXCR4, which in turn activates the p110 β isoform
PI3K, leading to the generation of phosphatidylinositol
(3,4,5)-triphosphate, and the phosphorylation of the
protein kinase B/Akt and mTOR pathways. Activated
mTOR subsequently induces the activation of p70S6K
(S6K), and eukaryotic initiation factor 4E binding protein
1 (4E-BP1)[5,47,64,74,95,96]. The treatment of gastric cancer
cells with CXCL12 stimulates Akt kinase activity, which
leads to the activation of its downstream targets S6K and
4E-BP1. In addition, CXCL12-induced activation of S6K
and 4E-BP can be inhibited selectively using the mTOR
inhibitor rapamycin[5,47,64,74]. Activated Akt/mTOR signaling leads to the phosphorylation of a variety of intracellular targets (including S6K1 and 4E-BP) that are
involved in increased survival and decreased apoptosis in
a variety of cancer cells. Akt and mTOR have also been
implicated in the effects of CXCR4 on cell proliferation and chemotactic migration, which play a role in cell
growth and metastasis[5,47,64]. Accordingly, inhibiting the
Akt/mTOR pathway blocked migration and reduced the
proliferation of gastric cancer cells. Interestingly, gastric
cancer cells expressing high levels of CXCL12 were more
sensitive to rapamycin-mediated inhibition of migration
and proliferation compared with cells expressing low levels of CXCL12. The correlation between CXCL12 gene
expression profiles and the anti-proliferative activities of
rapamycin were confirmed in NCI-60 cells[74].
The MAPK pathway is also modulated by CXCR4.
In response to CXCL12, CXCR4 activates mitogenactivated protein kinase kinase, the upstream activator of
the p42/44 MAPK [also known as extracellular receptor
kinase (ERK)-1/2][5,92]. In gastric cancer cells, treatment
with CXCL12 rapidly induced the phosphorylation of
MAPK, which could be blocked by AMD3100, a small
molecule that specifically inhibits the CXCR4 recep-
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tor[5,45,47,95]. Collectively, these data suggest that the activation of MAPK is another mechanism by which CXCR4
may promote the progression of gastric cancer.
The JAK/STAT pathway is involved in the migration
and invasion of cancer cells[5,97], and is a third potential
pathway by which CXCR4 regulates the growth and progression of gastric cancer. After treatment with CXCL12,
JAK kinases associate with CXCR4, leading to the activation of members of the STAT family of transcription
factors. In a study using a single gastric cancer cell line, it
was reported that CXCR4 signaling is independent of the
JAK/STAT pathway. However, the role of this pathway
in the biological actions of CXCR4 in gastric cancer remains unclear due to insufficient data[5,45].
Recently, CXCR7 was identified as a novel receptor
for CXCL12, which has complicated our understanding
of the role of the CXCL12-CXCR4 axis in regulating
cancer development and progression[86]. CXCR7 is highly
expressed on the surface of malignant cells compared
with cells in normal adult tissues. It binds CXCL12 with a
high affinity, and exerts various biological effects depending on cell type, either by activating intracellular signaling
pathways, or via its role as a scavenger-type receptor. Importantly, CXCR7 was implicated in cancer cell growth,
survival, and metastasis in various cancers, including
breast and lung cancer[98-100]. In gastric cancer, Lee et al[101]
demonstrated that CXCR7 was differentially expressed
in gastric cancer tissues, and that elevated expression
of both CXCR7 and CXCL12 in tumor cells correlated
with aggressive tumor behavior and poor prognosis. This
suggests that additional studies should be carried out to
elucidate the role of the CXCL12-CXCR7 axis in gastric
carcinogenesis.
CXCL8-CXCR1/CXCR2
Several reports have suggested that gastric cancer cells
produce CXCL8 both in vitro and in vivo[102-107]. The gastric
cancer cell lines AGS and KATO Ⅲ secreted CXCL8 following infection with H. pylori, which is associated with
gastric carcinogenesis[103,108]. The up regulation of CXCL8
was demonstrated in gastric cancer cell lines by gene
expression profiling, and in gastric cancer tissue by immunostaining[78,104,109,110]. In addition, the serum levels of
circulating CXCL8 were higher in gastric cancer patients
than healthy controls[111]. The expression of CXCL8 was
associated with increased venous and lymphatic invasion,
and increased depth of invasion in gastric cancer[106]. Elevated mRNA and protein expression of CXCL8 is also
significantly correlated with tumor vascularization, suggesting that it may play a role in gastric cancer[104,109]. Consistent with these observations, CXCL8 was identified as
a strong angiogenic factor in lung, ovarian, and prostate
cancer[112-114]. Direct evidence for the role of CXCL8 in
the angiogenesis and tumorigenesis of gastric cancer was
first provided by Kitadai et al[115] who used CXCL8-stably
transfected gastric cancer cells to demonstrate angiogenic
activity in vitro. In addition, the orthotopic implantation
of CXCL8-transfected gastric cancer cells into nude mice
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CXCR1[109]. This is consistent with previous observations
that the over-expression of CXCL8 by tumor cells attracts a large number of CXCL8 receptor-expressing leukocytes to the tumor site by chemotaxis, and that these
leukocytes then secrete growth factors to further facilitate
the growth and progression of tumors[128,129].

in vivo led to the development of rapidly growing and
highly vascularized tumors.
CXCL8 also plays a role in the migration, invasion,
and adhesion of gastric cancer[116,117]. Ju et al[116] treated
the human gastric cancer cell line SCG-7901 with recombinant CXCL8, and observed enhanced adhesion to endothelial cells and extracellular matrix components, and
increased migration and invasion, possibly by regulating
the expression of MMP-9, intracellular adhesion molecule (ICAM)-1, and E-cadherin. Similarly, Kuai et al[117]
demonstrated that constitutive expression of CXCL8
in MKN45 cells facilitated cell adhesion, migration, and
invasion, all of which were inhibited by silencing CXCL8
expression in KATO Ⅲ cells. In addition, they demonstrated that overexpression of CXCL8 increased the
expression of the adhesion molecules ICAM-1, vascular
cell adhesion molecule-1 and CD44, as well as the activities of activated nuclear factor (NF)-kB and Akt. Finally,
CXCL8 decreased the sensitivity of gastric cancer cells
to the cytotoxic effects of the chemotherapy agent oxaliplatin.
Polymorphisms of the CXCL8 251 allele have also
been linked to gastric cancer risk[118-124]. Wang et al[122]
demonstrated that the AA genotype at the CXCL8 251
allele was a risk factor for gastric cancer, particularly in
Asian populations. Consistent with this, Song et al[124]
reported an increased incidence of this allele in H.
pylori-infected Korean populations. The gastric mucosal
concentration of MMP-9 and angiopoietin (Ang)-1 were
correlated with disease progression in patients with the
CXCL8 251 AA allele, suggesting that this genotype may
be associated with angiogenesis in gastric carcinogenesis.
Finally, Vinagre et al[123] revealed an interaction between
CXCL8 251 polymorphism, particularly with carriers of
the A allele, and s1m1 cagA positive H. pylori infection.
Taken together, these data suggest that polymorphisms
of CXCL8 251 allele play an important role in the development of gastric cancer.
CXCR1 and CXCR2 are the receptors for CXCL8,
and both are expressed on the surface of gastric cancer
cells[107,109,125-127], suggesting that tumor-derived CXCL8
exerts biological effects on the tumor cells in an autocrine or paracrine manner. Wang et al[125] reported that increased CXCR1 expression was associated with advanced
stage, and was an independent risk factor for a higher
nodal stage. They also demonstrated that CXCR1/2 expression was higher in gastric cancer compared with corresponding non-neoplastic tissue, and was correlated with
increased invasion, metastasis, and microvessel density, as
well as increased levels of phospho-Akt, phospho-ERK,
cyclin D1, epidermal growth factor receptor (EGFR),
Bcl-2, MMP-9 and MMP-2. This suggests that CXCR1/2
signaling plays a crucial role in the progression of gastric
cancer, possibly via the phosphorylation of ERK and
Akt[126]. Elevated expression of CXCR1 was also detected
in most, and CXCR2 in only a few, tumor-infiltrating
neutrophils, suggesting that tumor-secreted CXCL8 recruits neutrophils to the tumor microenvironment via
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CXCL1-CXCR2
CXCL1 and its receptor CXCR2 are differentially expressed in gastric cancer[109,130-132]. Gastric cancer cells
produce CXCL1, and its gene expression was detected
both in vitro and in gastric cancer mouse models in
vivo[103,105,133-135]. In addition, the expression of CXCL1
mRNA and protein was higher in gastric cancer tissue
compared with non-cancerous gastric tissues[130,131,136].
Further studies analyzed gene expression profiles, and
revealed the upregulation of circulating CXCL1 levels in
patients with gastric cancer compared with healthy controls[78,130,131,137]. In addition, the expression of CXCR2,
the CXCL1 receptor, was increased significantly in
tumor tissue compared with non-cancerous adjacent
tissue. The immunostaining of consecutive sections
revealed that CXCL1 and CXCR2 were predominantly
co-expressed in tumor epithelial cells, with a significant
correlation between the staining scores of CXCL1 and
CXCR2 in gastric cancer tissue[131]. Increased expression
of both proteins was also associated with tumor progression, and more advanced stages of gastric cancer[131,132],
while elevated CXCL1 expression was an independent
prognostic factor for patient survival[131]. However, the
role of CXCL1 in gastric cancer remains controversial.
Some studies revealed that increased circulating levels of
CXCL1 correlated with aggressive tumor behavior, such
as lymph node metastasis and higher tumor stage[131,137].
In contrast, Junnila et al[130] reported that increased levels
of CXCL1 mRNA transcripts in gastric cancer tissue
were associated with increased survival, although protein
levels of CXCL1 were not measured.
CXCL1 and CXCR2 play important regulatory roles in
the migration, invasion and metastasis of tumor cells, in
a variety of cancers, such as melanoma, colon and breast
cancer[138-140]. In gastric cancer, CXCL1-overexpressing
cells showed increased migratory and invasive potential,
whereas depletion of CXCL1 or CXCR2 significantly decreased the migration and invasion of the same cells[131].
CXCL1-overexpressing cells also expressed significantly
higher levels of MMP-2 and MMP-9 activity than control
cells, and upregulation of Ras and STAT3[131], suggesting
a potential mechanism by which CXCL1-CXCR2 contributes to the progression of gastric cancer.
Additional CXC chemokines and chemokine receptors
CXCL5 is expressed in gastric cancer, and is correlated
with nodal and overall stage [141,142]. Elevated serum
CXCL5 expression is also observed in late-stage gastric
cancer patients compared with those with benign tumors,
suggesting that CXCL5 may play a role in the progression of gastric cancer[142]. In addition, CXCL5 gene ex-

1685

February 21, 2014|Volume 20|Issue 7|

Lee HJ et al . CXC chemokines in gastric cancer

pression was up regulated in the gastric mucosa of the
A4gnt-/- gastric cancer mouse model compared with wildtype mice, which was confirmed by quantitative reverse
transcription-polymerase chain reaction[134]. However, the
role of the chemokine CXCL5 in gastric carcinogenesis
is still unclear, and additional in vitro and in vivo studies are
needed to characterize its effects.
Recently Yanagi et al [78] used a cDNA microarray
to carry out a comparative analysis on the differential
expression of chemokines and chemokine receptors in
gastric cancer cell lines. They showed that CXCL7 and
CXCL14 were upregulated (along with CXCL1, CXCL8
and CXCL12), suggesting that these chemokines play a
role in the progression of gastric cancer.
CXCL9, CXCL10 and CXCL11 have also been
linked to gastric cancer, and are constitutively expressed
in gastric cancer cell lines such as AGS, KATO Ⅲ and
NCI. In addition, their secretion was strongly induced
by treatment with a combination of interferon-γ and tumor necrosis factor-α[143]. Jung et al[137] used genome-wide
gene expression databases to show that the CXCL9 and
CXCL10 genes were overexpressed more than twofold
in gastric cancer compared to normal tissues. Consistent
with this, Rajkumar et al[144] demonstrated that the plasma
levels of CXCL9 and CXCL10 were decreased significantly in gastric cancer patients after surgery. Additional
studies revealed that a small portion of gastric cancer
cells expressed both CXCL9 and CXCL10, and that their
expression co-localized with cytokeratin[145]. In the same
study, cells in lymphocyte-rich gastric cancers were more
frequently positive for CXCL9 and CXCL10 than were
conventional gastric cancer cells.
The chemokine CXCL16 and its receptor CXCR6 are
up regulated in multiple cancer tissues and cell lines compared with normal samples and cells. In addition, both
CXCL16 and CXCR6 levels increase as tumor malignancy increases. The CXCL16 exists both in a soluble form
and a transmembrane form. Soluble CXCL16 promotes
cell proliferation and migration while transmembranous CXCL16 suppresses proliferation[146]. For example,
Darash-Yahana et al[147] showed that CXCL16-CXCR6 expression level was closely related to high malignant degree
in prostate cancer. Soluble CXCL16 facilitated the migration of CXCR6-expressing cancer cells and promoted
the proliferation in vitro. Hojo et al[148] demonstrated that
CXCL16 expression was up regulated in colorectal tumor
tissue compared with normal mucosa, and suggested that
the transmembranous expression of CXCL16 by tumor
cells enhanced the recruitment of tumor-infiltrating
lymphocytes, thereby improving prognosis. In gastric
cancer, Xing et al[149] recently reported that eight gastric
cancer cell lines and the gastric epithelial cell line GES-1
differentially expressed CXCL16 and CXCR6 mRNA.
They demonstrated that CXCL16 mRNA expression was
elevated in cancer tissue compared with adjacent mucosa,
while CXCR6 was expressed in the opposite manner.
Nuclear CXCL16 expression inversely correlated with
the invasion depth of the tumor, lymphatic invasion, and
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stage, suggesting that CXCL16 and its receptor CXCR6
may play a role in gastric tumorigenesis.

THERAPEUTIC TARGETING OF
CHEMOKINES AND THEIR RECEPTORS IN
GASTRIC CANCER
CXCL12-CXCR4/CXCR7 axis
The CXCL12-CXCR4/CXCR7 axis is a potential novel
therapeutic target for the treatment of cancer, and so
multiple agents that modulate this pathway are being
developed for use in malignant tumors. Examples include the anti-CXCR4 drug AMD3100 (also known as
plerixafor, or Mozobil), the CXCL12 analog CTCE-9908
(Chemokine Therapeutics), the anti-CXCL12 aptamer
Nox-A12 (Noxxon), and the CXCR7-specific inhibitor CCX2066 (ChemoCentryx). Additional strategies to
inhibit CXCL12 signaling, including chalcone 4 (C7870)
or RNA interference, could also be assessed for the treatment of solid tumors[150].
In gastric cancer, several preclinical studies have demonstrated that blocking the CXCL12-CXCR4 axis showed
anti-tumor activity in vitro and in vivo. CXCL12-induced
migration, cell proliferation, and cell survival were significantly blocked by treatment with a neutralizing antiCXCR4 antibody or AMD3100, a specific CXCR4
antagonist[45,47,50,63]. AMD3100 also significantly reduced
tumor growth, inhibited the formation of malignant ascitic fluid, and increased survival in nude mice inoculated
with NUGC-4 cells compared with control. Importantly,
none of the mice showed signs of drug-associated toxicity[47,151,152]. In addition, Xie et al[153] demonstrated that
elevated CXCR4 mRNA levels in gastric cancer tissues
were significantly correlated with docetaxel sensitivity, and that AMD3100 enhanced docetaxel cytotoxicity in vitro. Additional studies reported that plumbagin
(5-hydroxy-2-methyl-1,4-naphthoquinone), an analogue
of vitamin K3, inhibited CXCL12-induced migration and
invasion of gastric cancer cells by down-regulating the
expression of functional CXCR4 at the transcriptional
level[154]. Plumbagin suppressed the binding of NF-κB to
the CXCR4 promoter, suggesting that it inhibits CXCR4
expression by suppressing NF- κ B-mediated CXCR4
transcription. Taken together, these data suggest CXCR4
antagonists to be attractive therapeutic candidates, necessitating a better understanding of the CXCL12-CXCR4
axis in gastric tumorigenesis.
Recent studies suggested that fluorescent magnetic
nanoparticle-labeled mesenchymal stem cells (MSCs)
could target in vivo mouse gastric cancer cells via the
CXCL12-CXCR4 axis to inhibit tumor growth during
hyperthermic therapy[79]. In this study, gastric cancer cells
produced CXCL12, which attracted CXCR4-expressing
MSCs to gastric tumor sites. These data suggest that gastric tumor-expressed CXCL12 could be targeted during
treatments, such as hyperthermia combined with fluorescent magnetic nanoparticle-labeled MSCs, to attract
CXCR4-expressing MSCs.
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CXCL8-CXCR1/CXCR2 axis
The chemokine CXCL8 and its receptors CXCR1/2 are
potential therapeutic targets in a variety of solid tumors
such as malignant melanoma, colon, breast, and bladder cancer. As such, several antagonists of CXCL8CXCR1/CXCR2-mediated signaling are in development,
including neutralizing antibodies and small-molecule
antagonists[140,155-158]. In melanoma, neutralizing antibodies to CXCR1 and CXCR2 inhibited cell proliferation and
invasive potential, while knock down of CXCR1 or CXCR2
using small interfering RNA inhibited melanoma tumor
growth and invasion in vitro and in vivo[156,159]. Varney et al[160]
reported that orally active small molecular antagonists
against CXCR2 and CXCR1 (such as SCH-527123 and
SCH-479833) inhibited liver metastasis by decreasing
neovascularization and enhancing malignant cell apoptosis in colon cancer. Consistent with this, Ning et al[155]
demonstrated that treatment with SCH-527123 alone or
in combination with oxaliplatin synergistically inhibited
proliferation and angiogenesis, and enhanced chemosensitivity in colorectal cancer cells and xenograft models. However, little data in gastric cancer have explored
the potential of the CXCL8-CXCR1/CXCR2 axis as
therapeutic targets until recently. Ju et al[107] reported that
Xiaotan Sanjie Decoction, a traditional Chinese herbal
medicine, inhibited tumor growth by decreasing the expression of CXCL8, CXCR1, and CXCR2 in gastric cancer xenograft models, suggesting that inhibiting this axis
may be one of mechanisms by which the herb inhibits
tumor growth and prevents recurrence. However, with
the recent advances in understanding the role of CXCL8
and its receptors in the development and progression of
gastric cancer, additional studies are needed to maximize
the therapeutic potential of this axis for the treatment of
gastric cancer.

evidence to suggest that modulating CXCL12-CXCR4
signaling could be an important therapeutic strategy, either alone or in combination with conventional treatment
modalities. CXCL8-CXCR1/2 and CXCL1-CXCR2 are
differentially expressed in gastric cancer, and are involved
in its progression. This suggests that they may also be
future therapeutic candidates. About CXCL16-CXCR6,
both CXCL16 and its receptor CXCR6 are aberrantly expressed in gastric cancer suggesting their involvement in
gastric carcinogenesis. However, the role and significance
of CXCL16-CXCR6 in gastric cancer remain uncertain
due to insufficient data. Overall, the role of the various
chemokines and chemokine receptors in the development
and progression of gastric cancer is complex. In addition,
little is known of the roles of other CXC chemokines
and chemokine receptors in gastric cancer. More extensive studies are therefore needed to elucidate the roles of
the complex chemokine and chemokine receptor network
in gastric tumorigenesis, which may result in therapeutic
applications for patients with gastric cancer.
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Core tip: Cyr61/CTGF/Nov (CCN) proteins are matricellular proteins responsible for many physiological and
pathological processes, including carcinogenesis. The
prototypical CCN family protein is composed of an
N-terminal secretory signal peptide and four structural
modules. Several truncated variants participate in the
carcinogenesis of gastrointestinal tract cancers. The
role of CCNs in carcinogenesis is tumor-type and context-dependent. The evidence suggests that CCN family proteins play important roles in gastric cancer (GC)
carcinogenic processes. Recent CCN targeting agents,
including monoclonal antibodies, antisense oligonucleotides and RNA interference compounds, may be helpful in future GC therapeutics.

Abstract

Cheng TY, Wu MS, Hua KT, Kuo ML, Lin MT. Cyr61/CTGF/
Nov family proteins in gastric carcinogenesis. World J Gastroenterol 2014; 20(7): 1694-1700 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i7/1694.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i7.1694

Gastric cancer (GC) is the second leading cause of cancer-related death. The poor survival rate may reflect the
relatively aggressive tumor biology of GC. Recently, the
importance of the tumor microenvironment in carcinogenesis has emerged. In the tumor microenvironment,
tumor cells and the surrounding stromal cells aberrantly
secrete matricellular proteins capable of modulating
carcinogenesis and regulating metastasis. The Cyr61/
CTGF/Nov (CCN) proteins are a family of matricellular
proteins with variable roles in many physiological and
pathological processes. The evidence suggests that
CCN family proteins contribute to GC carcinogenic processes. Here, we briefly review recent research on the
effects of CCN family proteins in GC carcinogenesis and
the development of new targeted agents in this field.

INTRODUCTION
Gastric cancer (GC) is the second leading cause of cancer-related death, accounting for approximately 10% of
total cancer deaths worldwide[1]. Despite significant advances in cancer treatment modalities, the prognosis for
GC has only modestly improved. The five-year relative
survival rate for all stages combined was 28% between
2002 and 2008, compared to 20% between 1987 and
1989[2]. The poor survival rate may reflect the relatively
aggressive tumor biology of GC.
The interplay between the tumor and its microenvironment is crucial for both tumor development and
progression. In the tumor microenvironment, tumor
cells and the surrounding stromal cells aberrantly secrete
matricellular proteins, a group of proteins that function
as regulators of cell-cell and cell-matrix interactions that
modulate carcinogenesis and the regulatory networks of

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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INDIVIDUAL CCN FAMILY PROTEINS
WITH GC DEVELOPMENT AND
PROGRESSION

Table 1 Nomenclature and characterization of the Cyr61/
CTGF/Nov family proteins
CCN proteins (synonyms)

Chromosomal Molecular mass,
location
kDa (number of
amino acids)

CCN1 (Cyr61; CTGF-2; IGFBP-10/
IBP-10; IGFBP-rP4; Cef-10)
CCN2 (CTGF; IGFBP-8/IBP-8; IGFBPrP2; hypertrophic chondrocyte-specific
protein 24)
CCN3 (Nov; IGFBP-9/IBP-9; IGFBP-rP3)
CCN4 (WISP-1; Elm-1)
CCN5 (WISP-2; CTGF-3; CTGF-L;
Cop-1)
CCN6 (WISP-3; LIBC)

1p22.3

42.0 (381)

6q23.1

38.1 (349)

8q24.1
8q24.22
20q13.12

39.2 (357)
40.3 (367)
26.8 (250)

6q21

39.3 (354)

CCN1
CCN1 was the first cloned member of the CCN family
proteins[12] and has been reported to regulate diverse cellular functions through binding to distinct integrins[13].
CCN1 supports cell adhesion, stimulates cell migration, augments growth factor-induced DNA synthesis,
promotes cell survival, inhibits apoptosis, and enhances
angiogenesis[14]. Although much more data have been
reported from cancer cell lines, CCN1 expression is upregulated in patients with breast cancer, gliomas, hepatocellular carcinoma, prostate cancer, and oral squamous
cell carcinoma[15-20] but is down-regulated in leiomyoma
and non-small cell lung cancer[21,22]. The role of CCN1 in
carcinogenesis may be cell type- and context-dependent.
CCN1 mediates its activities primarily through interaction with cell adhesion receptor integrins and co-receptor
heparan sulfate proteoglycans (HSPGs). CCN1 as a ligand
of integrins was first demonstrated by the direct binding
of CCN1 to integrin αvβ3 to mediate endothelial cell
adhesion[23]. Several other integrins, such as α2β1, α6β1,
αvβ5, αⅡbβ3, αMβ2, and αDβ2, have also been identified as signaling receptors mediating CCN1 functions[5].
In patients with GC, high expression levels of CCN1
correlate with more lymph node metastases, more advanced tumor stage, a histologic diffuse type, and early
recurrence[24]. Forced expression of CCN1 can induce
angiogenesis, a process essential for nourishing the growing tumor. CCN1 promotes angiogenesis either directly
by effects on endothelial cells or indirectly by regulating
the angiogenic factors vascular endothelial growth factor (VEGF)-A and VEGF-C[25,26]. However, there are no
data illustrating the relationship among CCN1, VEGF-A
and VFGF-C in GC. CCN1 promotes tumor growth and
increases tumor vascularization upon over-expression
in GC cells in the severe combined immunodeficiency
mouse model[27]. In addition, in vitro studies have shown
that more invasive GC cell lines contain higher levels
of CCN1. The forced expression of CCN1 or treatment with recombinant CCN1 in GC cells significantly
increases invasive ability. CCN1 regulates GC cell motility/invasion through integrin αvβ3 and induces nuclear
factor-κB (NF-κB) activation as well as the subsequent
cyclooxygenase-2 (COX-2) up-regulation to promote
cell invasion[24]. The importance of COX-2 expression in
GC is well established, with its correlation with depth of
invasion, lymph node metastasis and advanced stage[28-30].
In addition to the NF- κ B-dependent pathway,
CCN1 regulates GC cell invasiveness by the hypoxiainducing factor-1α (HIF-1α)-dependent up-regulation
of plasminogen activator inhibitor-1 (PAI-1). Both
phosphatidylinositol 3-kinase/Akt/mammalian target
of rapamycin and extracellular signal-regulated kinase
1/2 signaling pathways are essential for HIF-1α accumulation[31]. CCN1 may also contribute to the peritoneal

CCN: Cyr61/CTGF/Nov; Cyr61: Cysteine-rich angiogenic inducer 61;
CTGF: Connective tissue growth factor; IGFBP: Insulin-like growth factorbinding protein; IGFBP-rP: IGFBP-related protein; Cef: Chicken embryo
fibroblasts; Nov: Nephroblastoma over-expressed; WISP: Wnt1-inducible
signaling pathway protein; Elm: Expressed in low-metastatic cells; Cop-1:
Card-only protein 1; LIBC: Lost in inflammatory breast cancer.

metastasis[3]. The Cyr61/CTGF/Nov (CCN) proteins are
a family of matricellular proteins that play pivotal roles
in many physiological and pathological processes, including carcinogenesis[4]. The CCN family proteins include
six members, as summarized in Table 1. The expression
of CCN family proteins is dependent on cell type and
context. CCN family proteins can act both positively and
negatively in carcinogenesis for different tumor types.
The positive or negative effect depends on whether angiogenic factors are limiting and whether conditions that
favor apoptosis or senescence prevail[5,6]. The prototypical CCN family protein is composed of an N-terminal
secretory signal peptide and four structural modules: an
insulin-like growth factor binding protein-like module,
a von Willebrand factor type C repeat (VWC) module, a
thrombospondin-homology type 1 repeat (TSP1) module,
and a C-terminal cysteine-knot-containing (CT) module[7].
Except for CCN5, which lacks the CT module, all CCN
proteins contain the four complete structural modules.
However, there are biologically active CCN variants with
less than four modules after translational processing or
alternative splicing. Some of these truncated variants may
participate in the carcinogenesis of gastrointestinal tract
cancers[7-10], including GC. More recent evidence suggests
that CCN family proteins contribute to GC carcinogenesis (Figure 1). Of the CCN family proteins, only CCN2
has been reported to be involved in Helicobacter pyloriassociated chronic gastritis. There is a positive correlation
between the density of CCN2-producing mononuclear
cells and the severity of chronic gastritis. The actual role
of CCN family proteins in the initiation stage of GC carcinogenesis will be clarified with future studies[11]. In this
brief review, we focus on the roles that the CCN family
proteins play in the promotion and progression of GC,
the cell signaling pathways involved in the GC regulatory
processes, and the development of new agents in targeted
therapy.
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Figure 1 An overview of the roles of individual
cysteine-rich angiogenic inducer Cyr61/CTGF/
Nov proteins in gastric cancer carcinogenesis
based on current evidence. CCN: Cyr61/CTGF/
Nov; Cyr61: Cysteine-rich angiogenic inducer
61; CTGF: Connective tissue growth factor; Nov:
Nephroblastoma over-expressed.
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dissemination of GC by promoting tumor-cell adhesion
ability. High CCN1 expression levels correlate with peritoneal dissemination in advanced stage GC patients. GC
cells over-expressing CCN1 up-regulate integrin α2β1
via an activator protein-1 (AP-1)-dependent pathway
(Figure 2)[32].

can bind to low-density lipoprotein receptor-related proteins (LRPs), such as LRP-1 and LRP-6, to mediate cell
adhesion in some cell types. CCN2 can also interact with
neurotrophic tyrosine kinase receptor type 1 (NTRK1/
TRKA) in human mesangial cells to enhance the transforming growth factor-β (TGF-β)/Smad signaling pathway and in glioma cells to facilitate NF-κB activation[5,6].
In patients with GC, high CCN2 expression correlates
with more lymph node metastases, more peritoneal dissemination, and a shorter five-year survival[39-41]. Downregulation of CCN2 in GC cells reduces peritoneal
dissemination in the nude mouse model. In vitro studies
have shown that down-regulation of CCN2 decreases
GC cell proliferation and colony formation with a concurrent decrease in cyclin D1 expression[42]. After CCN2
down-regulation, GC cells also show attenuated migration/invasion abilities with decreased protein expression
and proteolytic activity of both matrix metalloproteinase
(MMP)-2 and MMP-9 (Figure 2)[41].
In GC specimens, CCN2 expression is in agreement
with the expression of vascular endothelial growth factor VEGF-C and VEGF-D, as shown by immunohistochemical staining[39]. CCN2 can induce angiogenesis, and
it can also regulate VEGF-induced angiogenesis through
the TSP1 and CT modules[43]. In addition, CCN2 is transcriptionally induced under hypoxia[44], a condition favoring blood vessel growth by the induction of angiogenic
factors such as VEGF. Further studies are necessary to
elucidate the complex interaction between CCN2 and the
VEGF family proteins in GC.

CCN2
CCN2 was first recognized as the major platelet-derived
growth factor (PDGF)-related mitogen secreted by human vascular endothelial cells[33]. CCN2 is involved in a
wide variety of regulatory processes, such as angiogenesis, chondrogenesis, osteogenesis, fibrosis formation,
diabetic nephropathy, and tumor development[5]. CCN2
expression is up-regulated in patients with breast cancer,
gliomas, esophageal adenocarcinoma, pancreatic cancer,
and melanoma[15,17,34-36] but is down-regulated in lung adenocarcinoma and colon cancer[22,37,38]. Similar to CCN1,
CCN2 achieves functional versatility through its interaction with different integrins, including αvβ3, α5β1,
α6β1, αⅡbβ3, and αMβ2. In addition to HSPGs, CCN2

CCN3
CCN3 was first discovered as an over-expressed gene in
a myeloblastosis-associated virus type-1-induced nephroblastoma in chickens[45]. CCN3 is implicated in many
diverse biological processes, such as proliferation, differentiation, and angiogenesis, as well as some pathological
conditions, including fibrosis and cancer[46]. CCN3 is upregulated in patients with Wilms’ tumor with predominantly
stromal elements and metastatic Ewing’s sarcoma[47,48] but
is down-regulated in malignant adrenocortical tumors and
poorly differentiated prostate cancer [49,50]. CCN3 can
mediate its various activities through interacting with integrins, such as αvβ3, αvβ5, α5β1 and α6β1[5,6]. CCN3
expression has not been reported in GC samples.

CCN2

CCN1

α2β1
ERK

c-JUN/
AP-1

?

MMP-2
MMP-9

Peritoneal dissemination

Figure 2 Summary of the impacts of Cyr61/CTGF/Nov 1 and Cyr61/CTGF/
Nov 2 on the peritoneal dissemination of gastric cancer. CCN: Cyr61/
CTGF/Nov; Cyr61: Cysteine-rich angiogenic inducer 61; CTGF: Connective tissue growth factor; Nov: Nephroblastoma over-expressed; MMP: Matrix metalloproteinase.
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Normal gastric mucosa
CCN2
Initiation

Non-atrophic gastritis

Figure 3 An overview of individual Cyr61/CTGF/
Nov proteins in the different stages of gastric cancer carcinogenesis based on current evidence.
CCN: Cyr61/CTGF/Nov; Cyr61: Cysteine-rich angiogenic inducer 61; CTGF: Connective tissue growth
factor; Nov: Nephroblastoma over-expressed.

Multifocal atrophic gastritis

Intestinal metaplasia
CCN1
Dysplasia

Promotion

CCN2
CCN4-V1
CCN6-V1

Progression

Gastric cancer
CCN1
CCN2

Cancer invasion/metastasis

CCN4
CCN4 was first identified in low-metastatic cells by
comparing mRNA differential display data from highand low-metastatic murine melanoma cells[51]. CCN4 is
involved in regulating morphological transformation, cell
growth, and tumor growth[52,53]. Although CCN4 overexpression suppresses the growth of melanoma tumors
in a mouse model, CCN4 is up-regulated in patients with
breast cancer, non-small cell lung cancer, colorectal cancer, esophageal squamous cell carcinoma, endometrial endometrioid adenocarcinoma, and prostate cancer[15,22,54-59].
In patients with GC, a truncated variant of CCN4-V1
completely lacking the VWC module is up-regulated
in scirrhous GC. In vitro experiments have shown that
forced expression of CCN4-V1 in fibroblast cells induces
cellular transformation and a rapid growth characterized
by cell piling. CCN4-V1 transfectants can enhance the
invasive abilities of co-cultured GC cells[8].

breast cancer[65].
In patients with GC, the truncated variant CCN6-V1
lacking TSP1 and CT modules is noted in 11%-20% of
microsatellite unstable GCs. A frameshift mutation in
the (A)9 repeat in exon 4 of CCN6 leads to a premature
stop codon in exon 4 and consequently to truncated
CCN6-V1. Forced expression of CCN6 in GC cells can
inhibit cell invasive abilities, but CCN6-V1 transfectants
lose the inhibitory effect[9,66].

CCN-TARGETED THERAPY
With the greater understanding of the molecular biology of carcinogenesis, more targeted agents have been
developed and are associated with improved outcomes in
some advanced cancers. Trastuzumab, the first and only
targeted agent approved for the treatment of GC, has
shown clinical benefits in response rates and survival in
combination treatment with chemotherapy for HER-2
positive advanced GC[67]. Because CCN family proteins
are implicated in many processes of carcinogenesis, it is
reasonable to develop treatment strategies for these potential targets. For this family of secreted proteins, monoclonal antibodies are good therapeutic candidates. Among
the six family members, CCN2 has received the most
attention because of previous detailed studies and its
strong clinical association with fibrosis. Blocking CCN2
with FG-3019, a CCN2 monoclonal antibody, inhibits
pancreatic tumor growth and metastases in both xenograft and orthotopic mouse models[68,69]. A phase Ⅰ study
that assessed the safety and tolerance of FG-3019 has
been performed in patients with idiopathic pulmonary
fibrosis, and FG-3019 was shown to be safe and welltolerated[70]. Further phase Ⅱ clinical trials for evaluating
its efficacy are underway. For cancer therapy, there is only
one ongoing phase Ⅰ study evaluating FG‑3019 therapy
in combination with gemcitabine and erlotinib for patients with locally advanced or metastatic pancreatic can-

CCN5
The rat homologue of CCN5 was first reported to be
down-regulated in rat embryo fibroblasts transformed
by the cooperation of the activated H-ras oncogene and
the inactivated p53 tumor suppressor gene[60]. CCN5 is
involved in regulating cell growth, morphological transformation, and attenuating cell migration[61,62]. CCN5 is
down-regulated in patients with colon cancer, pancreatic
cancer, and invasive breast cancer[53,61,62]. CCN5 expression has not been reported in cases of GC.
CCN6
CCN6 was first identified as an expressed sequence tag
after database screening for differentially expressed cDNAs after Wnt1-induction in mouse mammary epithelial
cells[54]. CCN6 is involved in regulating morphological
transformation, inhibiting cell growth, attenuating cell migration, and inhibiting tumor-induced angiogenesis[63,64].
CCN6 is down-regulated in patients with inflammatory
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cer (ClinicalTrials.gov identifier: NCT01181245). There
are currently no clinical trials of CCN-targeted therapy
in GC.
In addition to monoclonal antibodies, antisense
oligonucleotides (EXC 001) and RNA interference
compounds (RXI-109) have been recently developed to
reduce scar formation by inhibiting CCN2 expression[6].
Further application of these targeting agents as cancer
therapeutics may be helpful for patients with GC.

12
13
14
15

CONCLUSION

16

In summary, CCN family proteins play important roles
in mediating GC carcinogenesis (Figure 3), including
their involvement in cell signaling pathways, angiogenesis,
tumor formation, tumor invasion and metastasis. The
recognition of the matricellular protein nature of CCNs
with a corresponding biological niche in GC carcinogenesis, as illustrated in this review, may allow oncologic
issues to be considered in a new way that will have a positive impact on the future management of GC.

17

18

19

REFERENCES
1
2
3
4
5
6

7
8

9

10

11

Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman
D. Global cancer statistics. CA Cancer J Clin 2011; 61: 69-90
[PMID: 21296855 DOI: 10.3322/caac.20107]
Siegel R, Naishadham D, Jemal A. Cancer statistics, 2013.
CA Cancer J Clin 2013; 63: 11-30 [PMID: 23335087 DOI:
10.3322/caac.21166]
Chong HC, Tan CK, Huang RL, Tan NS. Matricellular proteins: a sticky affair with cancers. J Oncol 2012; 2012: 351089
[PMID: 22481923 DOI: 10.1155/2012/351089]
Perbal B. CCN proteins: A centralized communication network. J Cell Commun Signal 2013; 7: 169-177 [PMID: 23420091
DOI: 10.1007/s12079-013-0193-7]
Chen CC, Lau LF. Functions and mechanisms of action of
CCN matricellular proteins. Int J Biochem Cell Biol 2009; 41:
771-783 [PMID: 18775791 DOI: 10.1016/j.biocel.2008.07.025]
Jun JI, Lau LF. Taking aim at the extracellular matrix: CCN
proteins as emerging therapeutic targets. Nat Rev Drug
Discov 2011; 10: 945-963 [PMID: 22129992 DOI: 10.1038/
nrd3599]
Bork P. The modular architecture of a new family of growth
regulators related to connective tissue growth factor. FEBS
Lett 1993; 327: 125-130 [PMID: 7687569]
Tanaka S, Sugimachi K, Saeki H, Kinoshita J, Ohga T, Shimada M, Maehara Y, Sugimachi K. A novel variant of WISP1
lacking a Von Willebrand type C module overexpressed in
scirrhous gastric carcinoma. Oncogene 2001; 20: 5525-5532
[PMID: 11571650 DOI: 10.1038/sj.onc.1204723]
Thorstensen L, Diep CB, Meling GI, Aagesen TH, Ahrens
CH, Rognum TO, Lothe RA. WNT1 inducible signaling
pathway protein 3, WISP-3, a novel target gene in colorectal
carcinomas with microsatellite instability. Gastroenterology 2001; 121: 1275-1280 [PMID: 11729105 DOI: 10.1053/
gast.2001.29570]
Tanaka S, Sugimachi K, Shimada M, Maehara Y, Sugimachi
K. Variant WISPs as targets for gastrointestinal carcinomas.
Gastroenterology 2002; 123: 392-393 [PMID: 12105881 DOI:
10.1053/gast.2002.34589]
Li Z, Li J. Local expressions of TGF-beta1, TGF-beta1RI,
CTGF, and Smad-7 in Helicobacter pylori-associated gastritis. Scand J Gastroenterol 2006; 41: 1007-1012 [PMID: 16938712
DOI: 10.1080/00365520600554477]

WJG|www.wjgnet.com

20

21

22

23

24

25

26

27

1698

Lau LF, Nathans D. Identification of a set of genes expressed
during the G0/G1 transition of cultured mouse cells. EMBO
J 1985; 4: 3145-3151 [PMID: 3841511]
Hynes RO. Integrins: bidirectional, allosteric signaling
machines. Cell 2002; 110: 673-687 [PMID: 12297042 DOI:
10.1016/S0092-8674(02)00971-6]
Lau LF. CCN1/CYR61: the very model of a modern matricellular protein. Cell Mol Life Sci 2011; 68: 3149-3163 [PMID:
21805345 DOI: 10.1007/s00018-011-0778-3]
Xie D, Nakachi K, Wang H, Elashoff R, Koeffler HP. Elevated levels of connective tissue growth factor, WISP-1,
and CYR61 in primary breast cancers associated with more
advanced features. Cancer Res 2001; 61: 8917-8923 [PMID:
11751417]
Tsai MS, Hornby AE, Lakins J, Lupu R. Expression and
function of CYR61, an angiogenic factor, in breast cancer
cell lines and tumor biopsies. Cancer Res 2000; 60: 5603-5607
[PMID: 11059746]
Xie D, Yin D, Wang HJ, Liu GT, Elashoff R, Black K, Koeffler
HP. Levels of expression of CYR61 and CTGF are prognostic
for tumor progression and survival of individuals with gliomas. Clin Cancer Res 2004; 10: 2072-2081 [PMID: 15041728]
Zeng ZJ, Yang LY, Ding X, Wang W. Expressions of cysteine-rich61, connective tissue growth factor and Nov genes
in hepatocellular carcinoma and their clinical significance.
World J Gastroenterol 2004; 10: 3414-3418 [PMID: 15526358]
D’Antonio KB, Toubaji A, Albadine R, Mondul AM, Platz
EA, Netto GJ, Getzenberg RH. Extracellular matrix associated protein CYR61 is linked to prostate cancer development.
J Urol 2010; 183: 1604-1610 [PMID: 20172544 DOI: 10.1016/
j.juro.2009.12.006]
Kok SH, Chang HH, Tsai JY, Hung HC, Lin CY, Chiang
CP, Liu CM, Kuo MY. Expression of Cyr61 (CCN1) in human oral squamous cell carcinoma: An independent marker
for poor prognosis. Head Neck 2010; 32: 1665-1673 [PMID:
20848406 DOI: 10.1002/hed.21381]
Sampath D, Zhu Y, Winneker RC, Zhang Z. Aberrant expression of Cyr61, a member of the CCN (CTGF/Cyr61/
Cef10/NOVH) family, and dysregulation by 17 beta-estradiol and basic fibroblast growth factor in human uterine leiomyomas. J Clin Endocrinol Metab 2001; 86: 1707-1715 [PMID:
11297607 DOI: 10.1210/jc.86.4.1707]
Chen PP, Li WJ, Wang Y, Zhao S, Li DY, Feng LY, Shi XL,
Koeffler HP, Tong XJ, Xie D. Expression of Cyr61, CTGF, and
WISP-1 correlates with clinical features of lung cancer. PLoS
One 2007; 2: e534 [PMID: 17579708 DOI: 10.1371/journal.
pone.0000534]
Kireeva ML, Lam SC, Lau LF. Adhesion of human umbilical vein endothelial cells to the immediate-early gene product Cyr61 is mediated through integrin alphavbeta3. J Biol
Chem 1998; 273: 3090-3096 [PMID: 9446626 DOI: 10.1074/
jbc.273.5.3090]
Lin MT, Zuon CY, Chang CC, Chen ST, Chen CP, Lin BR,
Wang MY, Jeng YM, Chang KJ, Lee PH, Chen WJ, Kuo ML.
Cyr61 induces gastric cancer cell motility/invasion via activation of the integrin/nuclear factor-kappaB/cyclooxygenase-2 signaling pathway. Clin Cancer Res 2005; 11: 5809-5820
[PMID: 16115920]
Chen CC, Mo FE, Lau LF. The angiogenic factor Cyr61
activates a genetic program for wound healing in human
skin fibroblasts. J Biol Chem 2001; 276: 47329-47337 [PMID:
11584015 DOI: 10.1074/jbc.M107666200]
Mo FE, Muntean AG, Chen CC, Stolz DB, Watkins SC, Lau
LF. CYR61 (CCN1) is essential for placental development
and vascular integrity. Mol Cell Biol 2002; 22: 8709-8720
[PMID: 12446788 DOI: 10.1128/MCB.22.24.8709-8720.2002]
Babic AM, Kireeva ML, Kolesnikova TV, Lau LF. CYR61, a
product of a growth factor-inducible immediate early gene,
promotes angiogenesis and tumor growth. Proc Natl Acad Sci
USA 1998; 95: 6355-6360 [PMID: 9600969]

February 21, 2014|Volume 20|Issue 7|

Cheng TY et al . CCNs in gastric carcinogenesis
28

29

30

31

32

33

34

35

36

37

38

39

40

41

Ohno R, Yoshinaga K, Fujita T, Hasegawa K, Iseki H, Tsunozaki H, Ichikawa W, Nihei Z, Sugihara K. Depth of invasion parallels increased cyclooxygenase-2 levels in patients
with gastric carcinoma. Cancer 2001; 91: 1876-1881 [PMID:
11346869 DOI: 10.1002/1097-0142(20010515)91]
Murata H, Kawano S, Tsuji S, Tsuji M, Sawaoka H, Kimura
Y, Shiozaki H, Hori M. Cyclooxygenase-2 overexpression
enhances lymphatic invasion and metastasis in human gastric carcinoma. Am J Gastroenterol 1999; 94: 451-455 [PMID:
10022645 DOI: 10.1111/j.1572-0241.1999.876_e.x]
Yu HG, Li JY, Yang YN, Luo HS, Yu JP, Meier JJ, Schrader
H, Bastian A, Schmidt WE, Schmitz F. Increased abundance
of cyclooxygenase-2 correlates with vascular endothelial
growth factor-A abundance and tumor angiogenesis in gastric cancer. Cancer Lett 2003; 195: 43-51 [PMID: 12767510]
Lin MT, Kuo IH, Chang CC, Chu CY, Chen HY, Lin BR,
Sureshbabu M, Shih HJ, Kuo ML. Involvement of hypoxiainducing factor-1alpha-dependent plasminogen activator inhibitor-1 up-regulation in Cyr61/CCN1-induced gastric cancer cell invasion. J Biol Chem 2008; 283: 15807-15815 [PMID:
18381294 DOI: 10.1074/jbc.M708933200]
Lin MT, Chang CC, Lin BR, Yang HY, Chu CY, Wu MH,
Kuo ML. Elevated expression of Cyr61 enhances peritoneal
dissemination of gastric cancer cells through integrin alpha2beta1. J Biol Chem 2007; 282: 34594-34604 [PMID: 17905740
DOI: 10.1074/jbc.M706600200]
Bradham DM, Igarashi A, Potter RL, Grotendorst GR. Connective tissue growth factor: a cysteine-rich mitogen secreted
by human vascular endothelial cells is related to the SRCinduced immediate early gene product CEF-10. J Cell Biol
1991; 114: 1285-1294 [PMID: 1654338]
Koliopanos A, Friess H, di Mola FF, Tang WH, Kubulus D,
Brigstock D, Zimmermann A, Büchler MW. Connective tissue growth factor gene expression alters tumor progression
in esophageal cancer. World J Surg 2002; 26: 420-427 [PMID:
11910473 DOI: 10.1007/s00268-001-0242-x]
Hartel M, Di Mola FF, Gardini A, Zimmermann A, Di Sebastiano P, Guweidhi A, Innocenti P, Giese T, Giese N, Büchler
MW, Friess H. Desmoplastic reaction influences pancreatic
cancer growth behavior. World J Surg 2004; 28: 818-825
[PMID: 15457365]
Braig S, Wallner S, Junglas B, Fuchshofer R, Bosserhoff
AK. CTGF is overexpressed in malignant melanoma and
promotes cell invasion and migration. Br J Cancer 2011; 105:
231-238 [PMID: 21673687 DOI: 10.1038/bjc.2011.226]
Chang CC, Shih JY, Jeng YM, Su JL, Lin BZ, Chen ST, Chau
YP, Yang PC, Kuo ML. Connective tissue growth factor and
its role in lung adenocarcinoma invasion and metastasis.
J Natl Cancer Inst 2004; 96: 364-375 [PMID: 14996858 DOI:
10.1093/jnci/djh059]
Lin BR, Chang CC, Che TF, Chen ST, Chen RJ, Yang CY,
Jeng YM, Liang JT, Lee PH, Chang KJ, Chau YP, Kuo ML.
Connective tissue growth factor inhibits metastasis and
acts as an independent prognostic marker in colorectal cancer. Gastroenterology 2005; 128: 9-23 [PMID: 15633118 DOI:
10.1053/j.gastro.2004.10.007]
Liu L, Li Z, Feng G, You W, Li J. Expression of connective
tissue growth factor is in agreement with the expression of
VEGF, VEGF-C, -D and associated with shorter survival in
gastric cancer. Pathol Int 2007; 57: 712-718 [PMID: 17922682
DOI: 10.1111/j.1440-1827.2007.02162.x]
Liu LY, Han YC, Wu SH, Lv ZH. Expression of connective
tissue growth factor in tumor tissues is an independent
predictor of poor prognosis in patients with gastric cancer.
World J Gastroenterol 2008; 14: 2110-2114 [PMID: 18395916]
Jiang CG, Lv L, Liu FR, Wang ZN, Liu FN, Li YS, Wang CY,
Zhang HY, Sun Z, Xu HM. Downregulation of connective
tissue growth factor inhibits the growth and invasion of gastric cancer cells and attenuates peritoneal dissemination. Mol
Cancer 2011; 10: 122 [PMID: 21955589 DOI: 10.1186/1476-459

WJG|www.wjgnet.com

42

43

44

45

46

47

48

49

50

51

52

53

54

55

1699

8-10-122]
Walker JL, Assoian RK. Integrin-dependent signal transduction regulating cyclin D1 expression and G1 phase cell cycle
progression. Cancer Metastasis Rev 2005; 24: 383-393 [PMID:
16258726 DOI: 10.1007/s10555-005-5130-7]
Inoki I, Shiomi T, Hashimoto G, Enomoto H, Nakamura
H, Makino K, Ikeda E, Takata S, Kobayashi K, Okada Y.
Connective tissue growth factor binds vascular endothelial
growth factor (VEGF) and inhibits VEGF-induced angiogenesis. FASEB J 2002; 16: 219-221 [PMID: 11744618 DOI:
10.1096/fj.01-0332fje]
Higgins DF, Biju MP, Akai Y, Wutz A, Johnson RS, Haase
VH. Hypoxic induction of Ctgf is directly mediated by Hif-1.
Am J Physiol Renal Physiol 2004; 287: F1223-F1232 [PMID:
15315937 DOI: 10.1152/ajprenal.00245.2004]
Joliot V, Martinerie C, Dambrine G, Plassiart G, Brisac M,
Crochet J, Perbal B. Proviral rearrangements and overexpression of a new cellular gene (nov) in myeloblastosis-associated virus type 1-induced nephroblastomas. Mol Cell Biol 1992;
12: 10-21 [PMID: 1309586]
Ouellet V, Siegel PM. CCN3 modulates bone turnover
and is a novel regulator of skeletal metastasis. J Cell Commun Signal 2012; 6: 73-85 [PMID: 22427255 DOI: 10.1007/
s12079-012-0161-7]
Martinerie C, Huff V, Joubert I, Badzioch M, Saunders G,
Strong L, Perbal B. Structural analysis of the human nov
proto-oncogene and expression in Wilms tumor. Oncogene
1994; 9: 2729-2732 [PMID: 7520150]
Manara MC, Perbal B, Benini S, Strammiello R, Cerisano V,
Perdichizzi S, Serra M, Astolfi A, Bertoni F, Alami J, Yeger
H, Picci P, Scotlandi K. The expression of ccn3(nov) gene
in musculoskeletal tumors. Am J Pathol 2002; 160: 849-859
[PMID: 11891184 DOI: 10.1016/S0002-9440(10)64908-5]
Martinerie C, Gicquel C, Louvel A, Laurent M, Schofield
PN, Le Bouc Y. Altered expression of novH is associated
with human adrenocortical tumorigenesis. J Clin Endocrinol
Metab 2001; 86: 3929-3940 [PMID: 11502835 DOI: 10.1210/
jc.86.8.3929]
Wu L, Runkle C, Jin HJ, Yu J, Li J, Yang X, Kuzel T, Lee C,
Yu J. CCN3/NOV gene expression in human prostate cancer
is directly suppressed by the androgen receptor. Oncogene
2013 Jan 14; Epub ahead of print [PMID: 23318417 DOI:
10.1038/onc.2012.602]
Hashimoto Y, Shindo-Okada N, Tani M, Takeuchi K, Toma
H, Yokota J. Identification of genes differentially expressed
in association with metastatic potential of K-1735 murine
melanoma by messenger RNA differential display. Cancer
Res 1996; 56: 5266-5271 [PMID: 8912867]
Xu L, Corcoran RB, Welsh JW, Pennica D, Levine AJ.
WISP-1 is a Wnt-1- and beta-catenin-responsive oncogene.
Genes Dev 2000; 14: 585-595 [PMID: 10716946 DOI: 10.1101/
gad.14.5.585]
Hashimoto Y, Shindo-Okada N, Tani M, Nagamachi Y,
Takeuchi K, Shiroishi T, Toma H, Yokota J. Expression of
the Elm1 gene, a novel gene of the CCN (connective tissue
growth factor, Cyr61/Cef10, and neuroblastoma overexpressed gene) family, suppresses In vivo tumor growth and
metastasis of K-1735 murine melanoma cells. J Exp Med 1998;
187: 289-296 [PMID: 9449709]
Pennica D, Swanson TA, Welsh JW, Roy MA, Lawrence DA,
Lee J, Brush J, Taneyhill LA, Deuel B, Lew M, Watanabe C,
Cohen RL, Melhem MF, Finley GG, Quirke P, Goddard AD,
Hillan KJ, Gurney AL, Botstein D, Levine AJ. WISP genes are
members of the connective tissue growth factor family that
are up-regulated in wnt-1-transformed cells and aberrantly
expressed in human colon tumors. Proc Natl Acad Sci USA
1998; 95: 14717-14722 [PMID: 9843955]
Tian C, Zhou ZG, Meng WJ, Sun XF, Yu YY, Li L, Luo HZ,
Yang L, Zhou B, Gu J. Overexpression of connective tissue growth factor WISP-1 in Chinese primary rectal cancer

February 21, 2014|Volume 20|Issue 7|

Cheng TY et al . CCNs in gastric carcinogenesis

56

57

58

59

60

61

62

63

patients. World J Gastroenterol 2007; 13: 3878-3882 [PMID:
17657846]
Davies SR, Davies ML, Sanders A, Parr C, Torkington J, Jiang WG. Differential expression of the CCN family member
WISP-1, WISP-2 and WISP-3 in human colorectal cancer and
the prognostic implications. Int J Oncol 2010; 36: 1129-1136
[PMID: 20372786 DOI: 10.3892/ijo_00000595]
Nagai Y, Watanabe M, Ishikawa S, Karashima R, Kurashige
J, Iwagami S, Iwatsuki M, Baba Y, Imamura Y, Hayashi N,
Baba H. Clinical significance of Wnt-induced secreted protein-1 (WISP-1/CCN4) in esophageal squamous cell carcinoma. Anticancer Res 2011; 31: 991-997 [PMID: 21498727]
Tang Q, Jiang X, Li H, Lin Z, Zhou X, Luo X, Liu L, Chen G.
Expression and prognostic value of WISP-1 in patients with
endometrial endometrioid adenocarcinoma. J Obstet Gynaecol Res 2011; 37: 606-612 [PMID: 21564416 DOI: 10.1111/
j.1447-0756.2011.01631.x]
Ono M, Inkson CA, Sonn R, Kilts TM, de Castro LF, Maeda
A, Fisher LW, Robey PG, Berendsen AD, Li L, McCartneyFrancis N, Brown AC, Crawford NP, Molinolo A, Jain A,
Fedarko NS, Young MF. WISP1/CCN4: a potential target for
inhibiting prostate cancer growth and spread to bone. PLoS
One 2013; 8: e71709 [PMID: 23977121 DOI: 10.1371/journal.
pone.0071709]
Zhang R, Averboukh L, Zhu W, Zhang H, Jo H, Dempsey
PJ, Coffey RJ, Pardee AB, Liang P. Identification of rCop-1, a
new member of the CCN protein family, as a negative regulator for cell transformation. Mol Cell Biol 1998; 18: 6131-6141
[PMID: 9742130]
Dhar G, Mehta S, Banerjee S, Gardner A, McCarty BM,
Mathur SC, Campbell DR, Kambhampati S, Banerjee SK.
Loss of WISP-2/CCN5 signaling in human pancreatic cancer: a potential mechanism for epithelial-mesenchymaltransition. Cancer Lett 2007; 254: 63-70 [PMID: 17383817]
Banerjee S, Dhar G, Haque I, Kambhampati S, Mehta S, Sengupta K, Tawfik O, Phillips TA, Banerjee SK. CCN5/WISP-2
expression in breast adenocarcinoma is associated with less
frequent progression of the disease and suppresses the invasive phenotypes of tumor cells. Cancer Res 2008; 68: 7606-7612
[PMID: 18794149 DOI: 10.1158/0008-5472.CAN-08-1461]
Kleer CG, Zhang Y, Pan Q, van Golen KL, Wu ZF, Livant
D, Merajver SD. WISP3 is a novel tumor suppressor gene
of inflammatory breast cancer. Oncogene 2002; 21: 3172-3180
[PMID: 12082632 DOI: 10.1038/sj.onc.1205462]

64

65

66

67

68

69

70

Huang W, Zhang Y, Varambally S, Chinnaiyan AM, Banerjee M, Merajver SD, Kleer CG. Inhibition of CCN6 (Wnt-1-induced signaling protein 3) down-regulates E-cadherin in the
breast epithelium through induction of snail and ZEB1. Am
J Pathol 2008; 172: 893-904 [PMID: 18321996 DOI: 10.2353/ajpath.2008.070899]
van Golen KL, Davies S, Wu ZF, Wang Y, Bucana CD, Root
H, Chandrasekharappa S, Strawderman M, Ethier SP, Merajver SD. A novel putative low-affinity insulin-like growth
factor-binding protein, LIBC (lost in inflammatory breast
cancer), and RhoC GTPase correlate with the inflammatory
breast cancer phenotype. Clin Cancer Res 1999; 5: 2511-2519
[PMID: 10499627]
Tanaka S, Sugimachi K, Maehara S, Shimada M, Maehara
Y. A loss of function mutation in WISP3 derived from
microsatellite unstable gastric carcinoma. Gastroenterology 2003; 125: 1563-1564 [PMID: 14628823 DOI: 10.1053/
S0016-5085(03)01467-7]
Bang YJ, Van Cutsem E, Feyereislova A, Chung HC, Shen L,
Sawaki A, Lordick F, Ohtsu A, Omuro Y, Satoh T, Aprile G,
Kulikov E, Hill J, Lehle M, Rüschoff J, Kang YK. Trastuzumab in combination with chemotherapy versus chemotherapy
alone for treatment of HER2-positive advanced gastric or
gastro-oesophageal junction cancer (ToGA): a phase 3, openlabel, randomised controlled trial. Lancet 2010; 376: 687-697
[PMID: 20728210 DOI: 10.1016/S0140-6736(10)61121-X]
Mageto Y, Flaherty K, Brown K, Fong A, Raghu G. Safety
and tolerability of human monoclonal antibody FG-3019, anti-connective tissue growth factor, in patients with idiopathic
pulmonary fibrosis. Chest 2004; 126: 773S [DOI: 10.1378/ches
t.126.4_MeetingAbstracts.773S-a]
Dornhöfer N, Spong S, Bennewith K, Salim A, Klaus S,
Kambham N, Wong C, Kaper F, Sutphin P, Nacamuli R,
Höckel M, Le Q, Longaker M, Yang G, Koong A, Giaccia A.
Connective tissue growth factor-specific monoclonal antibody therapy inhibits pancreatic tumor growth and metastasis. Cancer Res 2006; 66: 5816-5827 [PMID: 16740721 DOI:
10.1158/0008-5472.CAN-06-0081]
Aikawa T, Gunn J, Spong SM, Klaus SJ, Korc M. Connective tissue growth factor-specific antibody attenuates tumor growth, metastasis, and angiogenesis in an orthotopic
mouse model of pancreatic cancer. Mol Cancer Ther 2006;
5: 1108-1116 [PMID: 16731742 DOI: 10.1158/1535-7163.
MCT-05-0516]

P- Reviewers: Aoyagi K, Ding SZ, Higgins PJ, Lee HC, Stanojevic GZ
S- Editor: Qi Y L- Editor: A E- Editor: Wu HL

WJG|www.wjgnet.com

1700

February 21, 2014|Volume 20|Issue 7|

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748/wjg.v20.i7.1701

World J Gastroenterol 2014 February 21; 20(7): 1701-1711
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

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

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (8): Gastric cancer

Diabetes and gastric cancer: the potential links
Chin-Hsiao Tseng, Farn-Hsuan Tseng
rate and higher reinfection rate of H. pylori . High salt
intake can act synergistically with H. pylori infection
in the induction of gastric cancer. Whether a higher
risk of gastric cancer in patients with diabetes may be
ascribed to a higher intake of salt due to the loss of
taste sensation awaits further investigation. The use of
medications such as insulin, metformin, sulfonylureas,
aspirin, statins and antibiotics may also influence the
risk of gastric cancer, but most of them have not been
extensively studied. Comorbidities may affect the development of gastric cancer through the use of medications and changes in lifestyle, dietary intake, and the
metabolism of drugs. Finally, a potential detection bias
related to gastrointestinal symptoms more commonly
seen in patients with diabetes and with multiple comorbidities should be pointed out. Taking into account
the inconsistent findings and the potential confounders
and detection bias in previous epidemiological studies,
it is expected that there are still more to be explored
for the clarification of the association between diabetes
and gastric cancer.
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Abstract

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

This article reviews the epidemiological evidence linking diabetes and gastric cancer and discusses some of
the potential mechanisms, confounders and biases in
the evaluation of such an association. Findings from
four meta-analyses published from 2011 to 2013 suggest a positive link, which may be more remarkable in
females and in the Asian populations. Putative mechanisms may involve shared risk factors, hyperglycemia,
Helicobacter pylori (H. pylori ) infection, high salt intake, medications and comorbidities. Diabetes may
increase the risk of gastric cancer through shared risk
factors including obesity, insulin resistance, hyperinsulinemia and smoking. Hyperglycemia, even before
the clinical diagnosis of diabetes, may predict gastric
cancer in some epidemiological studies, which is supported by in vitro , and in vivo studies. Patients with
diabetes may also have a higher risk of gastric cancer
through the higher infection rate, lower eradication
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Core tip: Epidemiological studies suggested a possible
higher risk of gastric cancer in patients with diabetes.
This article summarizes the findings in four meta-analyses and proposes some mechanisms explaining the
association. Findings in the meta-analyses suggested
that the association between diabetes and gastric
cancer is more remarkable in females and in the Asian
populations. Although the mechanisms for such a link
remain to be explored, these may involve shared risk
factors between diabetes and gastric cancer (such as
obesity, insulin resistance, hyperinsulinemia and smoking), hyperglycemia, Helicobacter pylori infection, high
salt intake, medications and comorbidities.
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cluded 21 (4 case-control and 17 cohort) studies evaluating either incidence or mortality of gastric cancer,
patients with diabetes did not show an overall higher risk
of gastric cancer when sex was not analyzed separately.
The summary relative risk (SRR) was 1.09, 95%CI:
0.98-1.22. However, when men and women were analyzed separately, diabetes was associated with a significantly increased risk of gastric cancer in women (SRR
= 1.18, 95%CI: 1.01-1.39) but not in men (SRR = 1.04,
95%CI: 0.94-1.15)[33]. In other subgroup analyses including both sexes, studies with a follow-up duration < 10
years showed a null association, but those with a followup duration ≥ 10 years showed a significant SRR (1.14,
95%CI: 1.01-1.29)[33].
The second meta-analysis by Marimuthu et al[34] included 20 population-based cohort studies evaluating
gastric cancer incidence and mortality separately. The
overall SRR for gastric cancer incidence was 1.01 (95%CI:
0.90-1.11). The null association was similarly observed in
studies conducted in Europe, Asia and United States. It
is interesting that the link with gastric cancer incidence
was more remarkable, though not significant, in patients
with type 1 diabetes (< 30 years of age at diagnosis),
with SRR of 1.60 (95%CI: 0.56-2.64) derived from two
studies[34]. When gastric cancer mortality was evaluated,
patients with diabetes had a significantly higher risk in
overall analysis (SRR = 1.62, 95%CI: 1.36-1.89) and in
studies from Asian populations (SRR = 1.98, 95%CI:
1.57-2.39), but not in studies from Europe or the United
States[34].
The third meta-analysis by Tian et al[35] included 25 (7
case-control and 18 cohort) studies involving incidence
and mortality of gastric cancer. The overall analysis
showed a significant link between diabetes and gastric
cancer incidence and mortality with respective SRR of
1.11 (95%CI: 1.00-1.24) (P = 0.045) and 1.29 (95%CI:
1.04-1.59)[35]. Subgroup analyses from various numbers
of studies with a mixture of incidence and mortality of
gastric cancer showed a positive association in studies
conducted in Asian countries, in cohort study design, in
patients with type 2 diabetes and in studies adjusted for
more confounders, with respective SRR of 1.19 (95%CI:
1.07-1.32), 1.14 (95%CI: 1.01-1.30), 1.16 (95%CI:
1.01-1.33) and 1.16 (95%CI: 1.03-1.30)[35].
The latest meta-analysis by Yoon et al[36] included 17
(6 case-control and 11 cohort) studies comparing gastric cancer incidence between patients with diabetes and
control subjects. This meta-analysis excluded studies
investigating only mortality but not incidence or studies
reporting only standardized incidence ratios without control groups. The overall SRR was 1.19 (95%CI: 1.08-1.31),
and was consistently significant in subgroup analyses conducted in cohort studies, in studies done in populations
of either Western or Eastern countries, in females, and in
studies with high quality[36]. The significantly higher risk
was also demonstrated in analyses confined to studies
controlling well-known risk factors such as smoking or
H. pylori infection, with respective SRR of 1.17 (95%CI:

Tseng CH, Tseng FH. Diabetes and gastric cancer: the potential
links. World J Gastroenterol 2014; 20(7): 1701-1711 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/
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INTRODUCTION
Diabetes mellitus may increase the risk of several cancers involving the breast[1,2], liver[3,4], pancreas[5-7], colorectum[8-10], endometrium[11,12], kidney[13], non-Hodgkin
lymphoma[14,15] and urinary bladder[16-20]. The underlying
mechanisms for a higher risk of cancer in patients with
diabetes may be due to insulin resistance, poor glycemic
control, oxidative stress and pro-inflammatory status[21,22].
In addition, the use of anti-diabetic drugs, diabetes duration and the severity of diabetes status accompanied by
various comorbidities may play some roles[22-24].
Gastric cancer is more common in men and in people
aged 50 years or older[25-27]. Obesity, smoking, salt intake
and Helicobacter pylori (H. pylori) infection are important risk
factors[28,29]. Gastric cancer is very common in developing
countries in East Asia, East Europe and South America;
while the incidence is low in North America and most
parts of Africa[26]. The prognosis of gastric cancer is very
poor, with a 5-year survival < 20% for advanced disease[27]. The incidence of gastric cancer has decreased in
most parts of the world in recent years, probably due to
the increasing use of refrigerators and less dependence on
salt for food preservation, increasing availability of fresh
fruits and vegetables, and the control of chronic infection
with H. pylori. However, it remains as a major cancer affecting human health, and in 2008 it may account for 8%
of the total cancer incidence and 10% of the total cancer
death worldwide[26].
Recent observational studies suggested that diabetes
or hyperglycemia may increase the risk of gastric cancer
incidence or mortality[30-36]. In this article, we review the
current evidence, and discuss the potential mechanisms,
confounders and biases in the evaluation of such an association.

EPIDEMIOLOGICAL EVIDENCE FOR A
LINK BETWEEN DIABETES AND GASTRIC
CANCER
Whether diabetes may increase the risk of gastric cancer
has become a focus of attention in recent years. On October 1, 2013, we used the keywords of “diabetes, gastric
cancer, meta-analysis” to search the Pubmed, eight papers were available. After further scrutiny, four of them
were excluded because they are not related to the topic
under review. Finally, there are four meta-analyses[33-36]
published within a 3-year period from 2011 to 2013. The
main findings of these four meta-analyses are summarized in Table 1 and briefly described below.
In the first meta-analysis by Ge et al[33], which in-
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Table 1 Main findings in four meta-analyses on the association between diabetes and incidence or mortality of gastric cancer
Ref.

Studies
included

Ge et al[33], 2011

4 case-control
and 17 cohort

Summary RR (95%CI)
Overall

Subgroup analysis

1.09 (0.98-1.22)

Women: 1.18 (1.01-1.39)
Men: 1.04 (0.94-1.15)
Duration of follow-up < 10 yr:
0.95 (0.72-1.26)
Duration of follow-up ≥ 10 yr:
1.14 (1.01-1.29)

Marimuthu et al[34], 2011 20 population- Incidence: 1.01 (0.90-1.11)
based cohort Mortality: 1.62 (1.36-1.89)

Tian et al[35], 2012

7 case-control Incidence: 1.11 (1.00-1.24)
and 18 cohort Mortality: 1.29 (1.04-1.59)

Yoon et al[36], 2013

6 case-control
and 11 cohort

1.19 (1.08-1.31)

Notes and comments
for specific studies

Evaluating incidence
and mortality together
A mixture of incidence and mortality
studies may not be
appropriate
Ethnicity differences
not considered
Type 1 diabetes (incidence): 1.60
Evaluating inci(0.56-2.64)
dence and mortality
Asians (mortality): 1.98
separately in overall
(1.57-2.39)
analysis
Considering type 1
diabetes and ethnicity differences in
subgroup analyses
Asians: 1.19 (1.07-1.32)
Evaluating inciCohort design: 1.14 (1.01-1.30)
dence and mortality
Type 2 diabetes: 1.16 (1.01-1.33) separately in overall
Studies adjusted for more conanalysis
founders: 1.16 (1.03-1.30)
Subgroup analysis
was conducted with a
mixture of incidence
and mortality
Cohort design: 1.20 (1.08-1.34) Evaluating only inciCase-control design: 1.12
dence
(0.87-1.45)
Strengths include
East Asian countries: 1.19
considering subgroup
(1.02-1.38)
analyses in studies
Western countries: 1.18
with adjustment for
(1.03-1.36)
smoking and H. pylori
Men: 1.10 (0.97-1.24)
infection
Women: 1.24 (1.01-1.52)
Subgroup analyses on
Studies adjusted for smoking: cardia and noncardia
1.17 (1.01-1.34)
cancer are available,
Studies adjusted for infection of but only 2 studies are
H. pylori: 2.35 (1.24-4.46)
included
Cardia cancer: 1.39 (0.72-2.69)
Noncardia cancer: 1.19 (0.80-1.77)

Limitations common to
the meta-analysis studies
Heterogeneity in terms of
study design, population
demographics, diabetes
ascertainment, duration of
follow-up, and confounders
Type 1 and type 2 diabetes
not distinguished in most
studies
Cardia and non-cardia
gastric cancer not discerned in most studies
Confounding effects of H.
pylori, smoking and diet
are not considered in most
studies
Numbers of studies in
subgroup analyses varied
and may be too small for
some analyses
Most studies included
in meta-analyses were
conducted in developed
western countries and not
primarily designed for
evaluating the association between diabetes and
gastric cancer
Publication bias is possible

H. pylori: Helicobacter pylori.

ers (e.g., age, sex, obesity, smoking, salt intake and H.
pylori infection), follow-up duration, and population
demography.
Second, most studies did not differentiate type 1
and type 2 diabetes, and did not discern between different histopathology (adenocarcinoma, lymphoma or
other types) or anatomical sites (cardia or noncardia)
of gastric cancer. It is worth to point out that patients
with diabetes may increase the risk of adenocarcinoma
located specifically at the gastric cardia by 89% in one
United States population-based study[37]. On the other
hand, H. pylori infection-related gastric cancer may be
primarily located at the noncardiac portion[38].
Third, because most studies were conducted in the
developed western countries where gastric cancer is less
common, and these studies were mainly designed to
evaluate the risk of all or multiple cancer sites and not
specifically of gastric cancer, they might not have suf-

1.01-1.34) and 2.35 (95%CI: 1.24-4.46). Another strength
is the subgroup analysis for cardia and noncardia gastric
cancer, with respective SRR of 1.39 (95%CI: 0.72-2.69)
and 1.19 (95%CI: 0.80-1.77). But only two studies are
available for these site-specific analyses.

Some comments on the
observational studies
Because the findings are inconsistent from observational
studies[30-36], a consensus report does not support diabetes as a risk factor for gastric cancer[22]. However, some
common limitations in the above meta-analysis studies
should be pointed out (Table 1).
First, heterogeneity exists in study design, diabetes diagnosis, cancer ascertainment, use of incidence,
prevalence or mortality, consideration of confound-
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Shared risk factors: obesity, insulin
resistance, hyperinsulinemia,
smoking

Helicobacter pylori infection

Diabetes/
hyperglycemia

Salt intake:
increased⊕/decreasedΘ

⊕
Θ

Gastric cancer

⊕
Θ

Comorbidities: obesity, hypertension,
dyslipidemia, vascular complications,
heart failure, renal failure
⊕

Θ

Medications: insulin,
sulfonylurea⊕/metformin,
aspirin, statin, antibioticsΘ

Figure 1 Putative mechanisms linking diabetes and gastric cancer (“⊕” denotes a positive effect and “Θ“ denotes a negative effect). A direct effect of
hyperglycemia and a synergistic effect between salt intake and Helicobacter pylori infection are both possible but not shown in the dendrogram. Comorbidities may affect the development of gastric cancer, either positively or negatively, through the use of medications and changes in lifestyle, salt intake, dietary components, and the
metabolism of drugs. A summary of the explanations on the links can be seen in Table 2.

ficient power for investigating the association between
diabetes and gastric cancer. If the effect of diabetes
on gastric cancer is smaller than its effect on the other
types of cancer, then a much larger sample size will be
required.
Fourth, dietary factors may also modify the development of gastric cancer induced by carcinogens[27], but
most of these factors have not been considered in previous studies.
As described in the above meta-analyses, there are
signals indicating a positive link between diabetes and
gastric cancer, especially in females[33,36] and in Asian
populations[34,35]. Estrogen has been shown to interact
with insulin/insulin-like growth factor 1 (IGF-1) in the
development of breast cancer[39], and gastrointestinal
tissues may express estrogen receptor[40,41]. Therefore, estrogen may play a role in the differential effect between
men and women on the link between diabetes and gastric cancer. The stronger link found in studies conducted
in the Asian populations may either indicate a higher H.
pylori infection rate in the patients with diabetes in these
populations, or it may suggest an effect of different
ethnic/genetic backgrounds, dietary habits, lifestyle, or
disease prevalence.

cancer are shown in Figure 1. Table 2 summarizes the
explanations for such links and discusses some limitations for each possible link. These potential links will be
discussed below under the subtitles of: (1) shared risk
factors; (2) hyperglycemia; (3) H. pylori infection; (4) salt
intake; (5) medications; and (6) comorbidities.

Shared risk factors
Diabetes and gastric cancer may share common risk factors such as obesity, insulin resistance, hyperinsulinemia
and smoking.
Obesity is associated with inflammation, oxidative
stress, insulin resistance and hyperinsulinemia. All of
these may contribute to a higher risk of gastric cancer[42].
Because some patients with diabetes may be obese[43-46], it
is possible that this shared risk factor may partly explain
the higher risk of gastric cancer in patients with diabetes.
Insulin has both metabolic and mitogenic properties[47,48]. Hyperinsulinemia, especially in the presence of
insulin resistance, may promote cancer cell growth either
through the mitogenic pathways triggered by insulin
receptor or IGF-1 receptor, or via increased bioavailability of free IGF-1 by inhibiting the expression of IGF
binding proteins[47-49]. These effects have also been well
demonstrated in gastric cancer cell lines and in in vivo
studies[50-54].
Smoking is another common risk factor for diabetes[55] and gastric cancer[27]. Therefore, smoking may also
confound the association between diabetes and gastric
cancer. However, because the higher risk of gastric can-

Putative mechanisms explaining
the link between diabetes and
gastric cancer
The putative mechanisms linking diabetes and gastric
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Table 2 Explanations on the putative mechanisms linking diabetes and gastric cancer and the limitations of current studies
Factors

Explanations/limitations

Shared risk factors

Hyperglycemia

H. pylori infection

Salt intake

Medications

Comorbidities

Explanations: Diabetes and gastric cancer may share common risk factors such as obesity, insulin resistance, hyperinsulinemia
and smoking
Limitations: These shared risk factors are known to cause cancer. Therefore, if these shared risk factors are in play, they may
also increase the risk of other types of cancer, like colorectal cancer and lung cancer. As demonstrated in some studies, the link
between diabetes and gastric cancer may be independent of smoking. Evidence for such an effect in humans needs to be fortified by further studies
Explanations: Hyperglycemia is associated with pro-inflammatory status, oxidative stress, impaired immune function and increased insulin secretion. All of these may contribute to the development of gastric cancer. Epidemiological studies conducted
in Japan support hyperglycemia as a risk factor for gastric cancer, and an interaction between hyperglycemia and H. pylori
infection. Such a link may also be supported by findings from in vitro studies
Limitations: Confirmation of such a link in other ethnicities is necessary
Explanations: Diabetes and H. pylori infection may be mutually causative. Patients with diabetes may have a higher infection rate, a lower eradication rate, and/or a higher reinfection rate of H. pylori. On the other hand, the inflammatory process
induced by H. pylori infection may also increase the risk of diabetes
Limitations: Findings in epidemiological studies are controversial with regards to the higher infection rate of H. pylori in patients with diabetes. Detection bias can not be excluded because patients with diabetes may suffer from more gastrointestinal
symptoms leading to the diagnosis of H. pylori infection and gastric cancer
Explanations: A synergistic effect between H. pylori infection and salt intake on gastric cancer is supported by recent human
studies and by in vivo and in vitro studies. Patients with diabetes may consume more salt because of loss of sensitivity to taste
Limitations: Patients with diabetes may also be advised to take less salt especially in those with hypertension, kidney disease
or congestive heart failure. Epidemiological studies evaluating the link between salt intake and gastric cancer in patients with
diabetes are lacking
Explanations: Insulin and sulfonylureas may increase the risk of cancer. On the other hand, metformin, aspirin and statin may
potentially reduce the risk of gastric cancer. Patients who repeatedly use antibiotics may have a lower risk of infection with H.
pylori
Limitations: Research of well quality on the use of medications and gastric cancer risk is lacking
Explanations: Patients with diabetes may have multiple comorbidities including obesity, hypertension, dyslipidemia, vascular complications and heart failure. All of these may affect the development of gastric cancer, either positively or negatively,
through the use of medications and changes in lifestyle, salt intake, dietary components, and the metabolism of drugs
Limitations: A detection bias on H. pylori infection or gastric cancer is possible in patients with multiple comorbidities. Studies
clarifying such links are still lacking

H. pylori: Helicobacter pylori.

cer associated with diabetes remains significant after adjustment for multiple risk factors including smoking[35,36],
the link between diabetes and gastric cancer can also be
independent of smoking.
It should also be pointed out that if shared risk factors are in play, their effects may not be site-specific and
the risk of other types of cancer like colorectal cancer
and lung cancer may also be increased. Furthermore, evidence for such a link through shared risk factors is not
sufficient in humans and needs to be fortified by further
studies.

such a link with hyperglycemia needs to be confirmed in
other ethnicities.
It is worth mentioning that a higher risk of gastric
cancer in patients with type 1 diabetes may not completely exclude a mechanism involving insulin resistance
or hyperinsulinemia because of the following facts: (1)
recent studies strongly support the presence of insulin
resistance in patients with type 1 diabetes[59]; (2) insulin
injected subcutaneously bypasses the first-pass clearance
by the liver; and (3) therapeutic insulin dose can not always be adjusted exactly to the physiological demands
and hyperinsulinemia should be the usual phenomenon
if glycemic control is aimed close to the normal range.
Some in vitro and in vivo studies may support a link
between hyperglycemia and gastric cancer. An in vitro
study indicated that glucose per se may affect the development of cancer via β-catenin acetylation with increased
Wnt signaling[60], which is also a characteristic of gastric
cancer[61]. Patients with diabetes may have an increased
expression of pro-inflammatory cytokines such as interleukin-1, interleukin-6 and tumor necrosis factor-α[62].
It is also shown that these factors may upregulate and
activate the Wnt/β-catenin pathway[63]. An animal study
supported that gastric cancer induced by N-methyl-Nnitrosourea is enhanced in diabetic (db/db) mice through
the effects of hyperglycemia and/or hyperinsulinemia[64].

Hyperglycemia
Patients with diabetes are characterized by an increased
serum level of glucose. Similar observation of an increased risk of gastric cancer in patients with type 1 diabetes[34,56,57] and type 2 diabetes[35,36] may imply a mechanism involving hypgerglycemia, which is independent
of insulin effect because type 1 diabetes is characterized
by insulin deficiency. This is supported by human studies conducted in Japan showing an association between
hyperglycemia even before the diagnosis of diabetes
with a higher risk of gastric cancer[31,58]. Furthermore an
interaction between hyperglycemia and H. pylori infection
was reported to markedly increase the risk[31,58]. However,
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Hyperglycemia may also promote carcinogenesis
via increasing reactive oxygen species resulting in DNA
damage[65] or increasing the expression of vascular endothelial growth factor, which is correlated with tumor
vascularity and metastasis[66]. Furthermore, hyperglycemia may impair immune function rendering susceptibility to H. pylori infection and delaying wound healing in
gastric ulcer following H. pylori infection. Hyperglycemia
may also trigger insulin secretion, leading to hyperinsulinemia, especially in the presence of insulin resistance,
which may increase the risk of cancer through insulin
signaling. Because cancer cells are less efficient in using
glucose for energy expenditure and they may consume
more glucose than normal cells (the Warburg effect)[67],
hyperglycemia provides a more suitable condition for
tumor cells to grow.

fect the normal secretion and function of insulin leading
to glucose dysregulation[89-91]. For example, in a human
study measuring the HOMA-IR (homeostasis model
assessment of insulin resistance) levels in patients with
and without H. pylori infection, insulin resistance is well
demonstrated in those having H. pylori infection[89]. H.
pylori infection may also affect the secretion of gastrointestinal hormones, such that basal and stimulated levels
of serum gastrin are elevated but somatostatin level
is decreased[92,93]. Gastrin increases food- or glucosestimulated insulin secretion; but somatostatin inhibits the
release of insulin. As a result, hyperinsulinemia may be
seen following H. pylori infection. Whether H. pylori infection may directly affect insulin secretion from pancreas
is not known. If the inflammatory process and oxidative stress induced by H. pylori infection[91] could also be
demonstrated in the pancreas, it is expected that insulin
secretion may be impaired. Insulin resistance, as induced
by H. pylori infection, may also accelerate β-cell loss and
leads finally to the clinical onset of diabetes[94]. Therefore,
insulin deficiency as well as insulin resistance might be
seen in chronic H. pylori infection.

H. pylori infection
H. pylori infection is well known as a risk factor for gastric ulcer and cancer[27,68,69], possibly through DNA damage induced by reactive oxygen species in the infected
gastric epithelial cells[70]. A research conducted in Taiwan
suggested that early H. pylori eradication decreases the
risk of gastric cancer in patients with peptic ulcer disease[71]. However, the role of diabetes on the relation between H. pylori infection and gastric cancer is still under
investigation.
The relation between H. pylori infection and diabetes
can be mutually causative. The increased risk of gastric
cancer in patients with diabetes may be explained by either one of the following conditions related to H. pylori
infection[72-76]: (1) higher infection rate; (2) lower eradication rate; or (3) higher reinfection rate. Patients with
diabetes may be more susceptible to H. pylori infection
because of impaired immune function associated with
hyperglycemia[77]. However, whether patients with diabetes may really have a higher rate of H. pylori infection is
controversial in epidemiological studies. Although studies from Qatar[78] and Egypt[79] suggested an increased
infection rate in the patients with diabetes, this could not
be similarly observed in studies conducted in Turkey[80]
and Japan[81]. Because diabetes or poor glycemic control
may be associated with an increased prevalence of gastrointestinal symptoms[82,83], it is not known whether the
higher rate of H. pylori infection in some of the studies
may be due to detection bias related to the symptoms[84].
Furthermore, it should be pointed out that an evaluation
of the prevalence rate of H. pylori infection may not necessarily indicate an increased risk in terms of incidence.
Patients with diabetes may have a lower eradication
rate[72,76,85-88] and a higher reinfection rate after H. pylori
infection[73,75,76]. Therefore, even in the condition that the
incidence of H. pylori infection may not be increased in
patients with diabetes, the prevalence rate may be significantly higher.
On the other hand, H. pylori infection can lead to
diabetes because the active chronic inflammation may af-
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Salt intake
High salt intake has long been recognized as an important risk factor for gastric cancer [95-101], which can be
independent of H. pylori infection[101]. However, some recent human studies showed a synergistic effect between
salt intake and H. pylori infection[96,100]. Evidence from
an in vivo study using Mongolian gerbils confirmed that
high salt intake may exacerbate the risk of gastric cancer
induced by H. pylori infection[102], which could probably
be due to the upregulation of CagA synthesis in the bacteria in response to increased concentration of salt. The
CagA protein is a bacterial oncoprotein related to the H.
pylori-induced gastric cancer[102].
Whether high salt intake could be responsible for the
increased risk of gastric cancer in patients with diabetes remains to be answered. It has been speculated that
people with easy access to sugary, salty and fatty foods,
which are calorie-rich but micronutrient-poor, may
cause diseases such as obesity and diabetes[103]. On the
other hand, patients with diabetes may consume more
salt than people without diabetes because of the loss of
sensitivity to taste, especially in those with a late stage of
the disease complicated with neuropathy[104,105]. However,
it is also possible that patients with diabetes may be advised to consume less salt than people without diabetes
by their physicians, especially when the patients also suffer from hypertension, renal disease or congestive heart
failure.

Medications
Exogenous insulin use has also been shown to increase
the risk of several cancer types[106,107]. Whether this could
also be applied to gastric cancer has not been extensively
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comorbidities observed in patients with diabetes[43-46,123].
All of these may be associated with insulin resistance.
Patients with ischemic heart disease, other vascular complications, congestive heart failure or chronic kidney
disease/end-stage renal disease may have changed their
lifestyle, daily activity, salt intake and dietary components
or may have taken some other medications, supplements
or alternative treatment. Hepatic or renal insufficiency
may also affect the metabolism of medications. The
confounding effects of comorbidities in the association
between diabetes and gastric cancer have rarely been addressed in previous studies.
A detection bias related to multiple comorbidities is
also possible. Patients with more comorbidities may have
a higher probability of receiving laboratory examinations
leading to the diagnosis of gastric cancer. This detection bias should be seriously taken into account in future
studies.

studied. In studies conducted in Taiwan, patients with
diabetes who used insulin had a significantly higher risk
of H. pylori eradication, but none of the other anti-diabetic drugs including sulfonylurea, metformin, acarbose,
pioglitazone or rosiglitazone was associated with H. pylori
eradication[84]. However, insulin use was not associated
with an increased risk of gastric cancer[108]. It has been
explained that the use of insulin might indicate poor glycemic control with more severe disease conditions in the
H. pylori eradication study[84], suggesting a deteriorating
metabolic control following H. pylori infection.
Insulin glargine, a long-acting insulin analog, may
increase the risk of certain cancers involving colon, pancreas and breast[107,109,110]. This has always been ascribed
to the very high affinity of insulin glargine to the IGF-1
receptor in in vitro studies[111]. However, this may not be
the case when insulin glargine is injected subcutaneously
because it is converted at the injection site to less mitogenic metabolites[112]. It remains unknown whether clinical use of exogenous human insulin or insulin analogs
may affect the risk of gastric cancer.
Metformin may protect against a number of cancers[10,107,113], but sulfonylureas may be associated with an
increased risk[106,114]. Whether these medications may affect the risk of gastric cancer in humans has rarely been
studied. An inhibitory effect of metformin on gastric
cancer cell proliferation can be demonstrated in in vitro
and in vivo studies[115]. Similarly, an early in vitro study
suggested that glibenclamide (a sulfonylurea) may exert
antitumor activity in a human gastric cancer cell line[116].
However, a preliminary human study conducted in Taiwan showed a slightly higher but not significant risk ratio
while comparing users of sulfonylureas only to users of
metformin only in patients with type 2 diabetes (age-sexadjusted OR = 1.855, 95%CI: 0.779-4.419)[106]. Thiazolidinediones may also demonstrate some antitumor effects
on gastric cancer cells in in vitro and in vivo studies[117,118].
However, whether this can be translated into a preventive effect on gastric cancer growth in humans remains
unknown.
From meta-analyses, use of statins is associated with
a significantly 32% lower risk of gastric cancer[119], and
aspirin may significantly reduce the risk with a SRR of
0.71 (95%CI: 0.60-0.82)[120]. Although without evidence,
patients who repeatedly use antibiotics may happen to
have a reduced risk of H. pylori infection. The confounding effects of these commonly used medications have
rarely been controlled in previous studies investigating
the association between diabetes and gastric cancer.
Some studies suggested a sex difference in the use of
insulin (more common in women)[121] and statins (more
common in men)[122] in patients with type 2 diabetes.
Whether this may contribute to a sex difference in the
association between diabetes and gastric cancer awaits
further investigation.

CONCLUSION
Epidemiological evidence signals a higher risk of gastric
cancer in patients with diabetes, which is more remarkable in females and in the Asian populations. Potential
mechanisms may include shared risk factors, hyperglycemia, H. pylori infection, high salt intake, medications and
comorbidities. It should be recognized that epidemiological findings are inconsistent, the estimated relative risk
is moderate, and most studies have inherent limitations
related to study design, sample size, confounders and
biases. Therefore, more well-designed epidemiological
studies are required to confirm the association between
diabetes and gastric cancer in humans, and in-depth
mechanistic studies are necessary to explain the possible
links.
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Core tip: Non-alcoholic fatty liver disease (NAFLD) is associated with the metabolic syndrome and patients who
present with nonalcoholic steatohepatitis can progress
to cirrhosis and liver failure requiring transplantation.
NAFLD is becoming a public health issue due to its
increased prevalence. It is important to recognize the
disease early to prevent its progression. Proper management is required in order to reduce associated with
it. This review discusses what current practices are and
provides suggestions for future research.

Abstract
Non-alcoholic fatty liver disease (NAFLD) ranges from
simple steatosis to nonalcoholic steatohepatitis (NASH),
leading to fibrosis and potentially cirrhosis, and it is one
of the most common causes of liver disease worldwide.
NAFLD is associated with other medical conditions such
as metabolic syndrome, obesity, cardiovascular disease
and diabetes. NASH can only be diagnosed through
liver biopsy, but noninvasive techniques have been developed to identify patients who are most likely to have
NASH or fibrosis, reducing the need for liver biopsy and
risk to patients. Disease progression varies between
individuals and is linked to a number of risk factors.
Mechanisms involved in the pathogenesis are associated with diet and lifestyle, influx of free fatty acids to
the liver from adipose tissue due to insulin resistance,
hepatic oxidative stress, cytokines production, reduced
very low-density lipoprotein secretion and intestinal
microbiome. Weight loss through improved diet and
increased physical activity has been the cornerstone
therapy of NAFLD. Recent therapies such as pioglitazone and vitamin E have been shown to be beneficial.
Omega 3 polyunsaturated fatty acids and statins may
offer additional benefits. Bariatric surgery should be
considered in morbidly obese patients. More research is
needed to assess the impact of these treatments on a
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is the most
common cause of liver disease worldwide, with a prevalence of 15%-30% in Western populations[1-4]. The prevalence increases to 58% in overweight individuals and can
be as high as 98% in non-diabetic obese individuals[5].
NAFLD ranges from simple steatosis to nonalcoholic
steatohepatitis (NASH) and potentially cirrhosis[6]. NASH
is the picture of hepatocellular injury and inflammation
of the liver[7]. Cirrhosis, which occurs in 25% of patients
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with NASH, can result in liver failure, portal hypertension, and hepatocellular carcinoma and patients with
cirrhosis are at a high risk for developing cardiovascular
disease[8]. Not only the presence of excess weight and
obesity, but also the location of fat storage plays a role in
NAFLD pathogenesis. Visceral fat stores increase the risk
for NAFLD in both obese and non-obese individuals[9].
NAFLD is associated with metabolic syndrome and obesity[10]. The diagnosis of NAFLD is made when there is
evidence of liver steatosis on imaging modalities and this
is associated with features of the metabolic syndrome in
the context of a patient who does not have other causes
of liver disease[11] and where alcohol consumption is less
than 21 drinks and 14 drinks per week for men and women, respectively[12]. Diagnosis for NASH is confirmed
when a liver biopsy shows the presence of perilobular
inflammation, or the presence of hepatocyte ballooning,
Mallory hyaline and acidophil bodies with or without
fibrosis. Non-invasive tests such as liver enzymes, medical imaging, Fatty Liver Index, NAFLD fibrosis score,
FibroMeter and Fibroscan[13] may suggest the presence
of NASH by detecting fibrosis and research is on-going
to assess surrogate markers for NASH such as CK18,
but this remains experimental[14]. Therefore, for a definite
diagnosis of NASH, patients still need a liver biopsy.

and IL-6 are also associated with IR by interfering with
insulin signaling[7,22]. On the other hand, adiponectin[7,22]
is produced by the adipose tissue and is an anti-inflammatory adipokine that can increase insulin sensitivity[23].
In NAFLD adiponectin is reduced which decreases fatty
acid oxidation and hepatic gluconeogenesis[24]. The role
of other adipokines, like visfatin, leptin and resistin are
still controversial[25-27]. Potential pathways are promotion
of IR, oxidative stress and inflammation as well as fibrogenesis[28].
Diet is an important contributor to NAFLD, mainly
because excessive energy intake leads to obesity, which
in turn increases the risk for NAFLD. However, not
only the amount of energy but also the quality of the
diet could play an important role for the development
and progression of NAFLD. Diets rich in saturated fat,
cholesterol, and low in polyunsaturated fat, fiber and
antioxidant vitamins C and E[29] have been associated
with NASH. High saturated fat diets are associated with
IR and hepatic inflammation[29]. Other research has also
demonstrated a relationship between increased dietary
fat consumption and NAFLD[30,31]. Conversely, a study
investigating pre-surgical bariatric patients in the United
States reported that increased carbohydrate intake was
associated with hepatic inflammation[32]. Among carbohydrates, specifically fructose might contribute to NAFLD
progression. Fructose intake has been linked to increasing hepatic fat, inflammation and possibly fibrosis[33].
Fructose has also been associated with both an increase
in visceral adipose tissue[34] and plasma triglycerides[35].
Recently, new evidence has linked intestinal microbiota to NALFD pathogenesis. Intestinal microbiota (IM)
may play a role in the development of NAFLD, however
very few human studies have been conducted and most
were cross-sectional[36-39]. One study suggested an association between low percentage of fecal bacteroidetes and
the presence of NASH, independent of diet and body
mass index (BMI)[36]. Other studies showed an increased
abundance of E. coli associated with higher blood alcohol levels[39] or differences in IM associated with differences in volatile organic compounds[38]. Development of
fatty liver on a choline deficient diet was also associated
with IM at baseline and single nucleotide polymorphism
in the phosphatidylethanolamine methyl transferase gene
region[37]. IM can be altered by the type of diet consumed and may contribute to NAFLD through several
mechanisms. These include salvaging energy from food,
contributing to inflammation via cytokines by increasing
intestinal permeability leading to endotoxemia, modulating the innate immune system such as activation of Tolllike receptors and inflammasomes, regulating bile acid,
metabolizing dietary choline and increasing endogenous
ethanol by bacteria[37,40].

PATHOGENESIS
In NAFLD, the accumulation of fat in the liver [15] is
a result of increased delivery of free fatty acid (FFA)
to the liver, increased synthesis, decreased triglyceride
export through very-low density lipoprotein (VLDL)
and reduced beta-oxidation[16]. Universally, patients with
NAFLD have insulin resistance (IR) which increases
lipolysis from the adipose tissue[17]. The resulting FFA
will be taken up by the liver and can cause lipid peroxidation[17]. Lipid peroxidation can increase the production of
pro-inflammatory cytokines[17]. The increase in FFA can
also exceed mitochondrial beta-oxidation further increasing the oxidative stress[18] and inflammation[18].
Liver de novo lipogenesis (DNL)[19] also contributes
to the steatosis. De novo lipogenesis is due to the hyperinsulinemia associated with IR, which stimulates the
enzymes in the DNL pathway, increasing the production
and storage of triglycerides. In NAFLD, DNL contributes to 26% of hepatic triglyceride accumulation where
it accounts for < 5% in healthy individuals[19]. Hyperinsulinemia can also cause a reduction in VLDL secretion[20],
leading to triglyceride accumulation in the liver.
The presence of inflammation or steatohepatitis depends on a number of factors such as the presence of
free fatty acids (FFA), inflammatory cytokines and adipokines, oxidative stress and mitochondrial dysfunction[16].
Proinflammatory cytokines such as tumor necrosis
factor alpha (TNF-α) and interleukin-6 (IL-6) are elevated and generally produced by the liver and adipose tissue,
from NF-κB activation[21] (e.g., from lipid peroxidation
or activation of Toll-like receptors). Increased TNF-α
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DIAGNOSIS NAFLD
NAFLD should be suspected in individuals who are
either obese, diabetic or have metabolic syndrome[40].
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Diagnosis

Consider screening
(1) Obese patients
(2) Diabetic patients
(3) Metabolic syndrome patients

Steps for diagnosis
(1) Screen for 2° causes of NAFLD
(2) Liver function test
ALT, AST, ALT/AST ratio
(3) Ultrasonography or fatty liver index

Staging

Normal liver

NAFLD

Noninvasive
(1) NAFLD Fibrosis Score - excludes
advanced fibrosis
(2) FibroMeter - confirms advanced
fibrosis
(3) FibroScan - determines stage of
fibrosis
Invasive
(1) Liver biopsy - gold standard for
determining stage of liver disease

NASH

Figure 1 Diagnosis and staging of non-alcoholic fatty liver disease. NAFLD: Non-alcoholic fatty liver disease; NASH: Non-alcoholic steatohepatitis; ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase.

atosis[51]. The formula for the Fatty Liver Index is [e0.953 ×
loge(triglycerides) + 0.139 × BMI + 0.718 × loge(GGT)
+ 0.053 × waist circumference - 15.745]/[1 + e0.953 ×
loge(triglycerides) + 0.139 × BMI + 0.718 × loge(GGT)
+ 0.053 × waist circumference - 15.745] × 100[51].
Liver biopsy is currently the gold standard for diagnosing NASH[41], as it also establishes the stage of
NASH[52]. This invasive procedure is used to analyze the
degree of hepatocyte injury and level of fibrosis and
inflammation[46]. However, it is used after imaging techniques, laboratory abnormalities and/or non-invasive
methods suggest the presence and severity of NASH[46,52].

However, the majority of patients with NAFLD are asymptomatic and the disease may be detected via routine
blood tests showing elevated liver enzymes or when an
ultrasound is performed for various reasons and detects
liver steatosis (Figure 1). However, secondary causes of
hepatic steatosis or elevated liver enzymes, such as excess
alcohol consumption, medications, toxins, lipodystrophy,
autoimmune and inflammatory diseases, nutrition (malnutrition, total parenteral nutrition, severe weight loss,
and refeeding syndrome), viral hepatitis and metabolic
liver disease should be excluded by reviewing patient’s
history and proper investigation[40,41].
Although it is still not possible to diagnose NAFLD
based solely on blood work, elevated transaminases can
be used as a first step[42]. Elevated alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) levels in the
absence of other liver diseases may support NAFLD[41,43],
and have been found in up to approximately 50% of simple steatosis patients and 80% of NASH patients[42]. An
AST:ALT ratio less than 1 is also seen in NAFLD[44] and
supports NASH. However, it is important to note that
patients with normal transaminases and liver steatosis on
imaging may also have NASH[45].
Ultrasonography is a non-invasive tool that is used in
the detection of liver steatosis[40,46]. Other imaging techniques such as computed tomography and nuclear magnetic resonance imaging can also detect liver steatosis,
but neither of these more expensive techniques provide
more information then ultrasonography[46,47] except for
fat quantification[48]. A review conducted by Festi et al[46]
concluded that ultrasonography should be used as a firstline diagnostic tool because of its evaluation of liver steatosis and other abdominal organs.
The Fatty Liver Index is an algorithm based on four
markers; BMI, waist circumference, triglyceride and
[26]
γ-glutamyltransferase (GGT) , which is confirmed to
[49,50]
accurately identify NAFLD
. This index has been
used in population studies[40] and has achieved an accuracy of 0.84 in detecting fatty liver[51]. The Fatty Liver
Index provides a score out of 100, indicating that a score
< 30 can rule out and a score ≥ 60 to rule in hepatic ste-
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STAGING OF NAFLD
Recent advances have allowed for non-invasive techniques to be used to diagnose the level of inflammation/
fibrosis (Figure 1)[40].
The NAFLD fibrosis score (NFS) evaluates six variables; age, hyperglycemia, BMI, platelet count, albumin
and AST/ALT ratio[40,53]. The NAFLD fibrosis score
formula is = -1.675 + 0.037 × age (year) + 0.094 × BMI
(kg/m2) + 1.13 × IFG/diabetes (yes = 1; no = 0) + 0.99
× AST/ALT ratio - 0.013 × platelets (× 109/L) - 0.66 ×
albumin (g/dL)[53]. This equation is used to classify the
probability of fibrosis as < -1.5 for low probability and >
-1.5 to < 0.67 for intermediate probability and > 0.67 for
high probability[54]. Angulo et al[53] validated NFS to a liver
biopsy and found that this accurately classifies NAFLD
patients with and without advanced fibrosis. Furthermore, a study investigating NAFLD in a morbidly obese
population undergoing bariatric surgery found that the
NFS is accurate at excluding advanced fibrosis within this
population[55]. Overall, this tool is widely used in practice
to exclude advanced fibrosis.
Another tool used in clinical practice is the FibroMeter. This tool uses age, weight, fasting glucose, AST,
ALT, ferritin and platelet count to diagnose significant
fibrosis[46,56,57]. The formula for the FibroMeter is -0.007
× platelets (× 109/L) -0.049 × prothrombin time (%) +
0.012 × AST (U/L) + 0.005 × α2 macroglobulin (g/L)
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Table 1 Summary of lifestyle intervention studies: diet and/or physical activity
Ref.

Population, Study Design

[71]

n = 96, 12-mo intervention on
adults with hepatic steatosis and
type 2 diabetes
n = 50, longitudinal study with
lifestyle intervention in NAFLD
adults
n = 28, randomized control trial
adults with elevated ALT or AST,
BMI of 25-40
n = 152, randomized intervention of adults with elevated liver
enzymes, central obesity and metabolic risk factors
n = 19, 8 wk exercise intervention
in NAFLD adults

[72]

[68]

[73]

[74]

Intervention

Results

Combination of moderate caloric restriction
Significant decreases in BMI, weight, waist circumfer(1200-1800 kcal/d) and increased moderate physical
ence, percent body fat and A1C
activity (175 min per week)
10 concealing sessions with a dietitian, and moderate
Significantly decreased body fat and liver fat and
intensity activity 3 h/wk
increased fitness. NAFLD at baseline resolved in 20
participants
Combination of diet (1000-1500/d), exercise (10000
Weight in intervention group decreased by 9.3%,
steps per day and 200 min/wk of moderate physical significant improvement of NASH. > 7% weight loss
activity) and behavior modification
significantly improved steatosis
Randomized to moderate (6 sessions/10 wk) or low- Moderate intensity – improvement in all risk factors,
intensity (3 sessions/4 wk) or control. Physical activ- greater reduction in liver enzymes and weight loss
ity 150 min/wk and low saturated fat and process
than low-intensity
food diet (1700-2400 kcal/d)
8 wk (3 × wk) of resistance exercise (n = 11) vs con- 13% reduction in liver lipid. Lipid oxidation, glucose
trol (n = 8)
and IR improved. No effect on weight or body fat

BMI: Body mass index; NAFLD: Non-alcoholic fatty liver disease; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; NASH: Nonalcoholic
steatohepatitis; IR: Insulin resistance.

+ 0.021 × hyaluronate (ng/mL) -0.270 × urea (mmol/L)
+ 0.270 × age (year) + 3.718[58]. The FibroMeter provides
the probability of significant fibrosis and the percentage
of hepatic fibrosis[58]. Calès et al[56] compared the FibroMeter to NFS and found that the FibroMeter provides a
more reliable diagnosis for significant fibrosis then the
NFS. This tool can be used to confirm or disconfirm advanced fibrosis in NAFLD patients[57].
FibroScan, also known as transient elastography, is another noninvasive method to assess liver fibrosis[59]. This
method measures liver stiffness, which was originally designed for the hepatitis C population[60], but is now being
used in the NAFLD population[61]. The FibroScan sends
a pulse through the skin, which is circulated through the
liver. The velocity of the wave, which is correlated with
liver stiffness, is measured by ultrasound. The stiffer the
liver the greater the degree of fibrosis[62]. The liver stiffness measurement (LSM) is used to assess the current
stage of liver fibrosis. The cutoffs are 4.85, 7.38, 9.28,
13.33 and 25.34 kPa which represent stages, 0 (no steatosis), 1 (perivenular and/or perisinusoidal fibrosis), 2
(combined pericellular portal fibrosis), 3 (septal fibrosis)
and 4 (cirrhosis)[59]. Yoneda et al[59] investigated the usefulness of the transient elastography in NAFLD patients.
They found that there is a significant correlation between
liver stiffness and fibrosis stage, which was confirmed
by liver biopsy[59]. Therefore, this measurement can be
used in the NAFLD population to determine the stage
of fibrosis. However, special consideration is needed for
overweight and obese patients. Studies have shown that
obesity, (BMI > 30 kg/m2) provides inaccurate LSMs.
The use of a FibroScan XL probe has been shown to
provide reliable LSM[63,64].
Overall, these noninvasive measurements to assess
NAFLD/NASH should be used prior to a liver biopsy as
they pose minimal risk to the patient. However, liver biopsy should be considered in patients when these noninvasive tests suggesting fibrosis are inconclusive[40], or the
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patients have risk factors associated with advanced fibrosis, such as age > 50 years, presence of diabetes, morbid
obesity or metabolic syndrome[65].

MANAGEMENT OF NAFLD
The goal of managing NAFLD is to improve steatosis
and prevent fibrosis. No standard treatment currently
exists, however, treating risk factors such as obesity and
IR, remains the focus of managing NAFLD. Currently,
lifestyle interventions, medical treatments, alternative
therapies and surgery are being used to treat risk factors
associated with NAFLD.
Lifestyle interventions
As previously mentioned IR and obesity increase the risk
of developing NAFLD and are instrumental in NAFLD
progression. In today’s society obesity and IR have been
linked to poor diet choices, as well as sedentary lifestyles.
Weight management through improvements in diet and
increased physical activity can help to improve liver histology as well as delay disease progression (Table 1)[66].
NAFLD patients have been found to have an increased energy intake when compared to healthy individuals[67]. Several studies have shown that weight loss is
successful in improving liver enzymes, insulin sensitivity,
reducing inflammation and liver histology[68-72]. Recent
studies use diet, physical activity and behavior modification to help promote weight loss in NAFLD patients[69].
A randomized controlled trial conducted by Promrat
et al[68] used a combination of diet, physical activity and
behavior modification to trigger 7%-10% weight loss in
obese NASH patients. Those who achieved a minimum
of 7% weight loss had improvements in their liver histology[68]. A similar study used NAFLD patients with
elevated liver enzymes and central obesity to assess the
effectiveness of lifestyle interventions. Patients were randomly assigned to either low (3 sessions/4 wk) or moder-
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Table 2 Summary of medication intervention studies
Ref.
[79]

[80]

[85]

[86]

[87]

[89]

[90]

Population, Study Design

Intervention

Results

n = 15, open label study with
All patients received 20 mg/kg per day of
In the initial 3 mo there was improvement in ALT
histologically confirmed NAFLD
metformin for 48 wk
and AST levels and insulin sensitivity, after 3 mo no
adults
further improvement noted
n = 57 24-mo observational study Metformin was progressively titrated from 250-500 ALT significantly improved with decreasing body
with NAFLD or NASH overweight mg tid at weekly intervals and patients were given
weight. NAS score decreased in both groups, no
and obese children
a hypocaloric or isocaloric diet and recommended
significant changes in fibrosis
to engage in 45 min/d of physical activity (n = 57)
compared to control group (n = 30) with the same
diet and physical activity recommendations
n = 63, randomized, double-blind 32 patients were given rosiglitazone (4 mg/d for 1 Improved steatosis and normalized transaminase,
placebo – controlled in NASH adults mo then 8 mg/d for 11 mo) vs placebo (n = 31)
only ½ responded. Improvement of insulin
sensitivity
n = 47, randomized control study
6 mo of hypocaloric diet and 45 mg (n = 26) of
Diet and pioglitazone improved glucose tolerance
in adults with impaired glucose
pioglitazone vs 6 mo of hypocaloric diet (n = 21) and normalized ALT. Histologic features of NASH
tolerance or type 2 diabetes with
improved, no significant reduction in fibrosis
NASH
n = 13 patient cohort with NASH
All were treated with 30 mg/d of pioglitazone
Stopping pioglitazone increased ALT, decreased
adults
for 48 wk, than followed up 48 wk after stopping
adiponectin, worsened insulin sensitivity and
pioglitazone.
increased hepatic fat, no change in fibrosis
n = 247, randomization of adults
96 wk of either 30 mg pioglitazone (n = 80),
Vitamin E significantly improved NASH. AST
with NASH without diabetes
vitamin E (800 IU/d) (n = 84) or placebo (n = 83)
and ALT significantly improved in vitamin E and
pioglitazone groups, and reduction in hepatic
steatosis with no improvement in fibrosis score.
n = 45 prospective, double-blind
Received vitamin E and C (1000 IU and 1000 mg)
Vitamin treatment significantly improved fibrosis
randomized, placebo controlled trial (n = 23) or placebo for 6 mo (n = 22) additionally
score
in NASH adults
patients received weight loss counselling and
encouraged to follow a low fat diet

NAFLD: Non-alcoholic fatty liver disease; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; tid: Three times a day; NASH: Nonalcoholic
steatohepatitis.

Medical treatment
Lifestyle interventions may not be effective in certain
cases and thus other approaches must be considered in
the management of NAFLD (Table 2). Pharmacological
treatment has been studied in this population, specifically
insulin-sensitizing agents. Two insulin-sensitizing agents,
metformin and thiazolidinediones (TZD), have been investigated in this population, however there are conflicting results. In addition, vitamin E therapy has been used
in the treatment of NAFLD, as it inhibits oxidative stress
and reduces the promotion of hepatic fibrosis[75].
Metformin is used in the treatment for type 2 diabetes, as it lowers blood glucose by decreasing gluconeogenesis in the liver as well as decreasing intestinal glucose absorption which stimulates glucose uptake in muscle, and
increases fatty acid oxidation[76,77], resulting in improved
insulin sensitivity[78]. Clinical studies have investigated the
use of metformin in the treatment of NAFLD, specifically looking at liver histology and aminotransferases. Nair et
al[79] conducted a pilot study to investigate the efficiency
and safety of metformin in NAFLD patients. Patients
were prescribed 20 mg/kg per day of metformin for one
year, comparing liver histology pre and post treatment
regimen[79]. Three months into the treatment, aminotransferase decreased, which was related to an improvement
in insulin sensitivity[79]. However, this improvement was
not sustained for the duration of the treatment; therefore

ate (6 sessions/10 wk) physical activity intensity groups
and were compared to a control group. The lifestyle
interventions included physical activity and dietary guidance as well as behavior modification[73]. St George et al[73]
found that there was a reduction in liver enzymes, which
was greater in the moderate-intensity lifestyle intervention group in comparison to the control.
Physical activity alone has been found to reduce
hepatic steatosis, independent of weight loss. A study
on sedentary NAFLD patients examined the effects of
resistant exercises on liver lipid levels[74]. Hallsworth et
al[74] found that after 8 wk (3 times per week lasting 45-60
min) of resistance based exercise resulted in a reduction
of liver lipids, and improvements of lipid oxidation, glucose control and insulin resistance. A review conducted
by Thoma et al[69] analyzed 23 studies using diet modification, physical activity, or a combination of both. Thoma
et al[69] found that lifestyle modifications that led to weight
reduction and/or increased physical activity greatly reduced liver fat and improved insulin sensitivity.
Overall, lifestyle modification (diet and exercise) resulting in weight loss or increased physical activity can
reduce liver enzymes and inflammation and improve liver
histology, glucose control, and insulin sensitivity and lipid
oxidation. Therefore, when developing a treatment plan
for NAFLD patients, lifestyle modification should be
used as a first step in clinical settings.
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Nair et al[79] concluded that metformin should not be used
for the treatment of NAFLD. More recently, a study conducted on children with NAFLD used lifestyle interventions and metformin (1.5 g/d for 24 mo) to determine
the effect on liver enzymes[80]. Nobili et al[80] found that
metformin was no more effective than lifestyle interventions in improving liver enzymes or histology. Additionally, other studies have also failed to prove benefits of
using metformin to improve liver histology[4,81]. In conclusion, metformin should not be used in the treatment
of NAFLD, as research has shown that it is ineffective in
the management of NAFLD.
TZD are peroxisomal proliferator activated receptor-γ
(PPAR-γ) agonists that are used primarily in the type
2 diabetes population to help improve insulin sensitivity within the liver, muscle and adipose tissue, promote
hepatic fatty acid oxidation and decrease hepatic lipogenesis[82,83]. TZD use in NAFLD patients, specifically
the effects of pioglitazone and rosiglitazone, have shown
to decrease hepatic fat and decrease cellular injury, however these medications have also shown to cause weight
gain[84]. Ratziu et al[85] studied the treatment and safety of
rosiglitazone in NASH patients. The treatment group received 4 mg/d for the first month, and then 8 mg/d for
11 mo[85]. They found that rosiglitazone only improved
steatosis and transaminase levels, and resulted in weight
gain (mean gain of 1.5 kg)[85]. Belfort et al[86] studied the
effects of a hypocaloric diet (500 kcal reduction) and 45
mg of pioglitazone per day on 55 NASH patients with
impaired glucose tolerance or type 2 diabetes. The results
indicated that the diet and pioglitazone improved glycemic control, glucose tolerance, improved liver enzymes
and increased hepatic sensitivity[86]. Conversely, Lutchman
et al[87] found that discontinuing TZD therapy resulted in
NASH recurrence, indicating that long-term use is necessary for successful treatment. In addition, long-term use
of TZDs can result in medical complications such as
edema, congestive heart failure, osteoporosis and weight
gain[87,88]. Overall, pioglitazone is used in the medical
community as a treatment for NASH, however, careful
consideration is needed when prescribing this pharmacological treatment to patients.
Vitamin E is an antioxidant used to treat NAFLD,
due to its ability to inhibit oxidative stress. Several studies
have been conducted to further analyze the benefits of
administering high doses of vitamin E to NASH patients.
One notable study is the PIVENS clinical trial, which
administered high doses of vitamin E (800 IU/d for 96 d)
in non-diabetic patients[89]. Sanyal et al[89] found a reduction in hepatocellular inflammation, hepatic steatosis and
improvements in liver function tests were noted. They
concluded that vitamin E is an effective treatment for
NASH patients without diabetes[89]. Harrison et al[90] also
investigated the effects of a combination of vitamin E
(1000 IU/d) and vitamin C (1000 mg/d) on liver histology in 45 diagnosed NASH patients over a 6-mo period.
Their findings were that vitamins E and C were effective
in improving fibrosis scores, though no improvements in
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inflammation or liver function tests were noted[90]. Caution needs to be taken when prescribing vitamin E as
studies have shown that there is a potential harm for patients. A meta-analysis of 135967 people taking 400 IU/d
of vitamin E found that there is an increase of all-cause
mortality and therefore its use should be avoided[91]. In
addition, a study conducted by Klein et al[92] studied the
long-term effects of vitamin E (400 IU/d)[92]. The study
found that vitamin E supplementation significantly increases the risk of developing prostate cancer in healthy
men[92]. Overall, caution needs to be taken when prescribing vitamin E, especially to diabetic NASH patients, as
there is no research to support vitamin E at this time for
this population.
TZDs and vitamin E medical treatment need to be
carefully considered when developing a treatment plan
for NAFLD/NASH patients.
Other therapies
Due to the rise in NAFLD cases, as well as other compounding diseases, additional therapies have been investigated and used in clinical practice, such as ursodeoxycholic acid (UDCA), omega-3 polyunsaturated fatty acids (N-3
PUFA), statins and pre and probiotics. These therapies
target risk factors of NAFLD, such as obesity, dyslipidemia, cardiovascular disease, insulin resistance and IM.
UDCA has been studied in clinical trials to determine
its effectiveness on the NAFLD population. UDCA is a
naturally occurring secondary bile acid that has been used
in clinical trials to determine its effectiveness for treatment of patients with NAFLD/NASH[93]. A randomized
double blind study investigated using UDCA (10 mg/kg
per day) in obese NAFLD patients over a 3 mo period[94].
The results showed that UDCA was able to reduce
liver enzymes, though there was no effect on liver fat
content[94]. Lindor et al[93] conducted a large randomized
trial using UDCA (receiving between 13-15 mg/kg per
day) on NASH diagnosed patients and found that there
was no significant differences between the placebo and
UDCA groups. Therefore, UDCA is not recommend for
the treatment of NAFLD.
N-3 PUFAs have been used in the treatment of
hyperlipidemia and cardiovascular disease, and more
recently in the treatment of NAFLD[95]. Studies have
highlighted the correlation between insulin resistance
and changes in fatty acids, specifically a deficiency in n-3
PUFA[96]. As a result Capanni et al[96] investigated the effects of N-3 PUFA supplementation (1 g/d for 12 mo)
in 56 NAFLD patients. Their results indicated that n-3
PUFA improves biochemical aspects of NAFLD as
well as liver steatosis[96]. Similarly, a literature review conducted by Masterton et al[95], found that in animal studies
N-3 PUFA reduced hepatic steatosis, improved insulin
sensitivity and biochemical markers of inflammation; human studies yielded similar results. Masterton et al[95] and
Capanni et al[96] concluded that N-3 PUFA is a promising
therapeutic approach to the treatment of NAFLD.
Statins are used in the medical field to manage dyslip-
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idemia; and are typically used in patients with cardiovascular disease. NAFLD patients often have dyslipidemia
along with other features of metabolic syndrome[97].
Several studies have shown that statin use in NAFLD
patients with dyslipidemia can improve liver function
tests[97-99] as well as steatosis[100]. In addition, these studies have determined that the use of statins producing
liver injury is rare[97], and that statins are safe to use in
NAFLD/NASH patients with dyslipidemia[98,101]. However, there is a lack of evidence to use statins to treat
NASH patients without dyslipidemia[12]. Therefore statin
use should be considered for NAFLD/NASH patients
with dyslipidemia, but at this time, should not be used for
the specific treatment of NAFLD/NASH.
IM has been shown to be beneficial to human health.
Research has found that IM regulates energy homeostasis
and ectopic fat deposition[102], which has been related to
metabolic diseases. NAFLD is associated with metabolic
syndrome, and therefore has been the focus of recent
pre-probiotic research.
Prebiotics are non-digestible carbohydrates that stimulate growth and activity on bacteria in the colon[103]. The
majority of research has been conducted using micemodels; however there have been a limited number of
human clinical trials. The majority of studies have investigated risk factors associated with NAFLD. Parnell et al[103]
conducted a randomized double-blind, placebo-controlled
trial to examine the effects of oligofructose (21 g/d for 12
wk) in 48 overweight and obese adults. The results found
that oligofructose promoted weight loss and improved
glucose regulation[103]. Daubioul et al[104] also used oligofructose (16 g/d for 8 wk) in a randomized double-blind
crossover study and investigated the effects of oligofructose on glucose and lipid metabolism in 7 NASH patients.
Compared to the placebo, AST and ALT decreased after
8 wk and insulin levels after 4 wk, supporting the use of
prebiotics in management of liver disease[104]. There is a
need for studies to specifically evaluate the use of prebiotics in NAFLD patients with histological end points.
Probiotics (live microorganisms) have been found
to improve liver enzymes and liver histology in NAFLD
patients[105]. An open pilot study conducted by Loguercio
et al[106] used probiotic VSL#3 (containing 450 billion
bacteria in different strains) for 3 mo. This study had
78 participants, 22 that were biopsy proven NAFLD. In
the NAFLD group, plasma levels and lipid peroxidation
markers (malondialdehyde and 4-hydroxynonenal) improved[106]. Another study using the same probiotic found
that VSL#3 had no beneficial effect on liver disease[107].
Solga et al[107] studied the effect of VSL#3 on 4 NAFLD
adult subjects in an open pilot study over a 4-mo period. All 4 subjects had a significant increase in liver fat,
and no significant differences in biochemical or clinical
parameters[107]. As the researchers highlighted, the small
sample size is an important limitation to consider[107].
Another study using a randomized double blind clinical
trial evaluated the effects of a different probiotic[108]. This
study evaluated the effects of Lactobacillus bulgarius and
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Streptococcus thermophilus (1 tablet/d) in 28 NAFLD
patients over a 3-mo period[108]. The results were that
ALT, AST and gamma-glutamyl transferase levels decreased[108].
Pre and probiotics have been proven to be useful in
the NAFLD population. However, there is a need for
larger longitudinal clinical trials to be able to determine
the optimal dose and pre and probiotic composition.
Bariatric surgery
Obesity is on the rise in today’s society, which is taking
a toll on today’s healthcare system. Obesity is associated
with metabolic syndrome, cardiovascular disease, insulin
resistance and type 2 diabetes resulting in an increased
risk of individuals developing NAFLD. NAFLD is very
common in the morbidly obese population; in fact the
prevalence of NAFLD in this population is between
75%-100%[109]. Bariatric surgery induces weight loss by
reducing the size of a patient’s stomach by either removing a portion of the stomach, using a gastric band, or by
gastric bypass[110], and is considered in patients who have
a BMI greater than 40 kg/m2 or with a BMI of 35 kg/m2
who have obesity related comorbidities[111]. Prospective
and retrospective studies have found that bariatric surgery improved insulin resistance, steatosis and inflammation[112]. Moschen et al[113] prospectively found that weight
loss after bariatric surgery improved insulin resistance,
liver function tests and histology in 18 NAFLD patients.
Similarly, the prospective study by Furuya et al[114] found
that significant weight loss two years post-bariatric surgery significantly improved steatosis and fibrosis in 18
patients with NAFLD. However, a recent Cochrane
review concluded that there is insufficient data due to a
lack of well-designed randomized control study trials to
determine if bariatric surgery is an effective treatment for
NAFLD[115]. Overall, the usefulness of bariatric surgery
as a treatment for NAFLD, particularly for inflammation
and fibrosis, is not clear and future well designed studies
need to be conducted.

CONCLUSION
The increase in NAFLD has and will continue to burden the health care system, especially because of its ties
to obesity, IR and metabolic syndrome. Currently, the
understanding of its epidemiology and pathogenesis are
well understood, guidelines for proper care are constantly
changing as new information emerges, but still NAFLD
remains a complex multifaceted issue (Figure 2). The
development of non-invasive measures to assess inflammation and fibrosis are commonly used in practice, with
liver biopsy being used only in specific cases or within
research protocol. Addressing the risk factors associated
with NAFLD, such as IR, weight loss and lipid levels
remain the primary way to improve NAFLD. However,
bariatric surgery, insulin sensitizing agents, antioxidants
and fish oil, may also be considered although further research is necessary to clearly document the effect.
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Liver biopsy
Presence of metabolic syndrome, NAFLD
fibrosis score > 0.67 or laboratory
abnormalities and non-invasive methods
suggest NASH

NAFLD/NASH

Diet and exercise
Achieve a > 7% weight loss by following a
1500 kcal diet and moderate physical activity
3 times a week (175 min/wk)

Insulin resistance

Oxidative stress

Morbid obesity

TZDS: Potential use of 30
mg/d of pioglitazone

Vitamin E: 800 IU/d (caution
for diabetic patients)

Bariatric surgery

Figure 2 Suggested diagnosing and treatment of non-alcoholic fatty liver disease. NAFLD: Non-alcoholic fatty liver disease; NASH: Nonalcoholic steatohepatitis.

Currently, weight loss and lifestyle modification
should be used as first line therapy. In addition, cardiovascular disease needs to be investigated and treated as
this increases in NAFLD. Future studies need to have
larger high-quality clinical trials with rigorous methodology in order to establish standards of care.
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Risk of cardiovascular, cardiac and arrhythmic complications
in patients with non-alcoholic fatty liver disease
Stefano Ballestri, Amedeo Lonardo, Stefano Bonapace, Christopher D Byrne, Paola Loria, Giovanni Targher
ventricular dysfunction and hypertrophy, and heart failure), valvular heart disease (e.g. , aortic valve sclerosis)
and arrhythmias (e.g. , atrial fibrillation). Experimental
evidence suggests that NAFLD itself, especially in its
more severe forms, exacerbates systemic/hepatic insulin resistance, causes atherogenic dyslipidemia, and
releases a variety of pro-inflammatory, pro-coagulant
and pro-fibrogenic mediators that may play important
roles in the pathophysiology of cardiac and arrhythmic
complications. Collectively, these findings suggest that
patients with NAFLD may benefit from more intensive
surveillance and early treatment interventions to decrease the risk for CHD and other cardiac/arrhythmic
complications. The purpose of this clinical review is
to summarize the rapidly expanding body of evidence
that supports a strong association between NAFLD and
cardiovascular, cardiac and arrhythmic complications,
to briefly examine the putative biological mechanisms
underlying this association, and to discuss some of the
current treatment options that may influence both NAFLD
and its related cardiac and arrhythmic complications.
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Core tip: The purpose of this clinical review is to summarize the rapidly expanding body of evidence that
supports a strong association between Nonalcoholic
fatty liver disease (NAFLD) and cardiovascular, cardiac
and arrhythmic complications, to briefly examine the
putative biological mechanisms underlying this association, and to discuss some of the current treatment
options that may influence both NAFLD and its related
cardiac and arrhythmogenic complications.

Abstract
Non-alcoholic fatty liver disease (NAFLD) has emerged
as a public health problem of epidemic proportions
worldwide. Accumulating clinical and epidemiological
evidence indicates that NAFLD is not only associated
with liver-related morbidity and mortality but also with
an increased risk of coronary heart disease (CHD), abnormalities of cardiac function and structure (e.g ., left
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between 1990 and 2013. Articles published in languages
other than English were excluded from the analysis.

INTRODUCTION

NAFLD and risk of CHD
Over the last decade, the prognostic value of NAFLD
as a risk factor for the development and progression of
CHD has attracted considerable scientific interest. To
date, there is a large body of clinical and epidemiological
evidence supporting the assertion that NAFLD is strongly associated with an increased prevalence and incidence
of CHD[11-16].

CLINICAL EVIDENCE LINKING
NAFLD TO RISK OF structural
AND ARRHYTHMogenic cardiac
complications

Non-alcoholic fatty liver disease (NAFLD) is a complex
health condition with implications far beyond the liver.
Over the last decade, it has been shown that the clinical
burden of NAFLD is not only confined to liver-related
morbidity or mortality, and the majority of deaths among
these patients are due to malignancy, coronary heart disease (CHD) and other cardiovascular (CVD) complications.
Although the anecdotal concurrence of peripheral
atherosclerosis and atrial fibrillation (AF) in a patient with
diabetes and hepatic steatosis dates back to the early 50’
s[1], the traditional paradigm of liver disease protecting
against the development of CVD has only been recently
challenged. The experimental observations that an atherogenic diet causes hepatic steatosis and gallstones in
mice[2], and the pioneering clinical studies showing that
NAFLD is a possible contributor to accelerated atherogenesis[3-6] suggested that either the relationship between
NAFLD and CVD is bidirectional or both diseases result from a common pathogenic ancestor. More recent
work has identified NAFLD as a risk factor not only for
premature CHD and CVD events, but also for early abnormalities in myocardial structure and function[7,8]. The
finding that NAFLD is associated with an increased risk
of AF in people without evidence of co-existing valvular
heart disease[9,10] supports the assertion that NAFLD may
also be an emerging risk factor for cardiac arrhythmias.
In this clinical review, we will discuss the clinical evidence linking NAFLD to an increased risk of structural
and arrhythmogenic cardiac complications. We will also
briefly review the putative biological mechanisms linking
NAFLD to the development and progression of such
complications, and discuss some of the current treatment
options that may influence both NAFLD and its related
structural and arrhythmogenic cardiac complications. The
potential adverse impact of NAFLD on these complications deserves particular attention, especially with respect
to screening and surveillance strategies for the growing
number of patients with NAFLD.
Review criteria and evidence acquisition: this is a
clinical, narrative review and not a systematic review and
meta-analysis. PubMed was extensively searched for articles using the keywords “non-alcoholic fatty liver disease”
or “fatty liver” combined with “cardiovascular disease”,
“cardiovascular risk”, “cardiovascular mortality”, “cardiac
complications”, “coronary heart disease”, “congestive
heart failure”, “myocardial dysfunction”, “valvular heart
disease”, “atrial fibrillation” or “cardiac arrhythmias”
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Subclinical and clinical CHD
Subclinical CHD: Abundant epidemiological data link
NAFLD with markers of subclinical atherosclerosis (i.e.,
endothelial dysfunction, increased arterial stiffness, increased carotid intima-media thickness, elevated coronary
calcium score) both in adults and in adolescents[12-14].
Some investigators have reported that NAFLD is
associated with circulatory endothelial dysfunction, independently of obesity, hypertension and other established
CVD risk factors[17-19]. A systematic review and metaanalysis of seven cross-sectional studies (involving a
total of 3497 subjects) showed that NAFLD diagnosed
on ultrasonography is strongly associated with increased
carotid-artery intimal medial thickness and an increased
prevalence of carotid atherosclerotic plaques[5]. Interestingly, two studies also found a positive, graded relationship between carotid-artery intimal medial thickness and
the severity of NAFLD histology, independently of multiple cardiometabolic risk factors[20,21].
Accumulating evidence also suggests that NAFLD is
associated with increased coronary artery calcium (CAC)
score on cardiac computed tomography (CT), which is
another marker of early coronary atherosclerosis[22]. A
retrospective study showed that NAFLD, assessed by
either CT or ultrasonography, was significantly associated
with increased CAC score (i.e., CAC score > 100), independently of traditional CVD risk factors[23]. Another
community-based study found that the presence of ultrasound-diagnosed NAFLD with increased serum ALT
levels, but not hepatic steatosis alone, independently predicted a high CAC score[24]. In 2012, Sung et al[25] reported
that in a South Korean occupational cohort of 10153
people, NAFLD on ultrasonography was associated
with increased CAC score (i.e., CAC > 0), independently
of conventional CVD risk factors, metabolic syndrome
features, insulin resistance and pre-existing CVD. In the
same year, another large community-based study of Korean people confirmed that increasing CAC scores were
associated with NAFLD, independently of classical CVD
risk factors, including visceral adiposity[26]. Almost identi-
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cal results were reported by some investigators in other
ethnic groups[27].
Notably, some studies reported an abnormal coronary flow reserve (CFR), an index of impaired coronary
microcirculation, in patients with NAFLD. For example,
Lautamäki et al[28] reported a strong association between
higher intra-hepatic fat content and decreased CFR, as
assessed by positron emission tomography, in patients
with type 2 diabetes and known CHD, independently of
whole-body insulin sensitivity, visceral adiposity and other common CVD risk factors. Other studies confirmed
a significantly reduced CFR, assessed by either transthoracic doppler echocardiography or cardiac magnetic
resonance imaging, in patients with NAFLD, independently of conventional CVD risk factors and metabolic
syndrome features [29,30]. Collectively, the presence of
reduced CFR among NAFLD patients suggests that decreased CFR might represent an additional pathogenic
mechanism involved in CHD mortality and morbidity in
this group of patients.

CHD, defined as the presence of ≥ 50% stenosis in at
least one coronary artery, independently of multiple risk
factors for CVD.
As also shown in Table 1, a number of other studies
have documented a positive and independent association between NAFLD and the angiographic severity of
CHD among patients with acute coronary syndromes
or suspected CHD[33,35,37,40,43-45]. Finally, NAFLD was associated with poor coronary collateral development in
nondiabetic patients with severe CHD, independently
of insulin resistance and other features of the metabolic
syndrome[46].
Fatal and non-fatal CHD events
As summarized in Table 2, several retrospective and
prospective studies have investigated the relationship
between NAFLD and the incidence of CHD or CVD
events[47-71]. These studies have used either biochemical
markers, such as elevated serum liver enzymes and fatty
liver index (FLI), or radiological imaging or liver biopsy
for diagnosing NAFLD.
With regard to biochemistry-diagnosed NAFLD, a
systematic review and meta-analysis of 10 populationbased cohort studies has shown a strong association
between mildly elevated serum levels of gamma glutamyltransferase (GGT), a surrogate marker for NAFLD, and
increased incidence of fatal and non-fatal CVD events, independently of alcohol consumption and classical CVD risk
factors[47]. Conversely, although Schindhelm et al[48] found
a significant and independent association between mildly
increased serum alanine aminotransferase (ALT) levels
and risk of incident CHD events among the Hoorn
study participants, other large population-based cohort
studies that have examined the association of serum ALT
levels with adverse CVD outcomes have provided more
conflicting results[47-50,53]. A recent large population-based
cohort study of 2074 Italian subjects with a follow-up
period of 15 years showed a significant, positive association between NAFLD as estimated by FLI (i.e., a proxy
of fatty liver based on body mass index, waist circumference, serum triglyceride and GGT levels[72]) and increased
CVD mortality that was mainly attributed to insulin
resistance[54]. Again, Lerchbaum et al[55] confirmed that
high FLI was independently associated with an increased
risk of all-cause, CVD and non-CVD related mortality
in a large cohort of consecutive patients with suspected
CHD, who were routinely referred to coronary angiography. In contrast, a recent study, involving 713 consecutive
Chinese patients with suspected CHD, did not find any
significant association between FLI and angiographically
detected CHD[73].
With regard to imaging-diagnosed NAFLD, several
prospective studies reported an increased risk of fatal and
non-fatal CVD events, independently of several cardiometabolic risk factors, among NAFLD patients with and
without type 2 diabetes (as shown in Table 2)[56-58,61,63,65].
In the only study having CHD as a pre-specified study
outcome, Treeprasertsuk et al[65] confirmed that patients

Clinical CHD: Table 1 shows the main cross-sectional
studies relating NAFLD to clinically manifest CHD in
both nondiabetic and diabetic individuals[31-45].
Recent data from the Valpolicella Heart Diabetes
Study of 2839 unselected Italian patients with type 2
diabetes have shown that those with NAFLD had a
remarkably greater prevalence of clinical CVD (CHD,
cerebrovascular and peripheral vascular disease) than
their counterparts without NAFLD, independently of
classical CVD risk factors, use of medications, glycemic control and features of the metabolic syndrome[32].
Similar findings were also reported in adults with type 1
diabetes mellitus[39]. In a large community-based cohort
of 2088 Taiwanese male workers, NAFLD was significantly associated with an increased prevalence of CHD,
independently of obesity and other established CVD risk
factors[31].
Mirbagheri et al[34] reported that NAFLD was the
strongest, positive predictor of angiographically detected
CHD in patients who underwent elective coronary angiography, ranking even before sex and diabetes at multivariate analysis; interestingly, the adjustment for traditional
CVD risk factors did not attenuate the strong association between NAFLD and CHD. Similarly, Assy et al[38]
reported that patients with NAFLD had a much greater
prevalence of both calcified and non-calcified coronary
plaques than control subjects without hepatic steatosis,
and that NAFLD predicted coronary atherosclerosis, independently of metabolic syndrome features and plasma
C-reactive protein levels. Akabame et al[36] found that
NAFLD was significantly associated with lower remodeling lesions or lipid core plaques of coronary arteries, thus
suggesting NAFLD is a novel risk factor for vulnerable
coronary plaques. Interestingly, in a large hospital-based
sample of 612 Chinese patients with suspected CHD,
Wong et al[41] confirmed that NAFLD on ultrasonography
was associated with a greater angiographic severity of
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Table 1 Main cross-sectional study examining the association of non-alcoholic fatty liver disease with the presence and severity of
clinical coronary heart disease, ordered by year
Ref.

Study characteristics

NAFLD
diagnosis

CHD diagnosis

Main findings

Lin et al[31], 2005

2088 male workers undergoing
an annual health examination
screening; NAFLD in 29.5%

US

Patient history, ECG

Targher et al[32], 2007

2839 type 2 diabetic outpatients;
NAFLD in 69.5%

US

92 consecutive Turkish patients
admitted with ACS; NAFLD in
70%
Mirbagheri et al[34], 2007 317 Iranian patients admitted
for either ACS, angina or
suspected CHD; NAFLD in 54%

US

Patient history, review
of patient records, ECG,
doppler ultrasound of
carotid and lower limb
arteries
CAG (elective)

US

CAG (elective)

Alper et al[35], 2008

US

CAG (acute and elective)

CT

CT (elective)

US

CAG (acute and elective)

CT

CT (elective)

NAFLD associated with higher prevalence of CHD,
independently of obesity and other traditional CVD risk
factors. The odds for CHD increased progressively with
ultrasonographic severity of NAFLD
NAFLD associated with higher prevalence of coronary,
cerebrovascular and peripheral vascular disease than
their counterparts without NAFLD, independently of
traditional CVD risk factors, hemoglobin A1c, medication
use and MetS features
NAFLD was an independent predictor of CHD (> 50%
stenosis of ≥ 1 major coronary artery) after adjustment
for traditional CVD risk factors and MetS features
NAFLD was an independent predictor of "clinically
relevant" CHD (> 30% stenosis of ≥ 1 major coronary
artery) after adjustment for CVD risk factors and MetS
features
NAFLD was the only independent predictor of severe
CHD (> 70% stenosis of ≥ 1 major coronary artery) after
adjustment for established CVD risk factors and MetS
features
NAFLD was independently associated with remodeling
lesions or lipid core of coronary plaques but not with
calcified coronary plaques or stenosis
NAFLD was an independent predictor of CHD (> 50%
stenosis of ≥ 1 major coronary artery) after adjustment
for conventional CVD risk factors
NAFLD was associated with greater prevalence
of calcified and non-calcified coronary plaques,
independently of the MetS and plasma C-reactive protein

Arslan et al[33], 2007

80 Turkish patients with MS
(stable or unstable angina,
prognostic reasons); NAFLD in
54%
Akabame et al[36], 2008
298 consecutive Japanese
patients with suspected CHD;
NAFLD in 20%
Açikel et al[37], 2009
355 consecutive Turkish
patients admitted for ACS or
CHD suspicion; NAFLD in 60%
Assy et al[38], 2010
29 Israeli patients with low or
intermediate risk of CHD and
NAFLD and 32 healthy controls
matched for age and sex
Targher et al[39], 2010
250 type 1 diabetic patients;
NAFLD in 44.4%

US

Sun et al[40], 2011

542 hospitalized Chinese
CT
patients with high suspicion of
CHD; NAFLD in 46%
Wong et al[41] 2011
612 Chinese patients with
US
suspicion of CHD; NAFLD in
58%
Domanski et al[42], 2012
377 patients with NAFLD
Biopsy
(retrospective chart review); 219
of these patients had NASH

Agaç et al[43], 2013
Boddi et al[44], 2013

Inci et al[45], 2013

80 Turkish patients with ACS;
NAFLD in 81%
95 consecutive non-diabetic
Italian patients admitted for
ACS; NAFLD in 87%
136 consecutive Turkish patients
with CHD (stable angina or
positive stress test results)

Patient history, chart review,
NAFLD was associated with higher prevalence of
ECG, doppler ultrasound
coronary, cerebrovascular and peripheral vascular
of carotid and lower limb
disease than their counterparts without NAFLD,
arteries
independently of traditional CVD risk factors, medication
use, hemoglobin A1c, and albuminuria
CAG (elective)
NAFLD was associated with greater severity of CHD,
independently of traditional CVD risk factors
CAG (elective)

NAFLD was associated with CHD, independently of
established CVD risk factors and MetS features
No increased prevalence of CVD in NASH patients
compared with those with non-NASH fatty liver

US

History of CVD (stroke,
unstable angina, myocardial
infarction, congestive heart
failure, or need for coronary
revascularization)
CAG (acute)

US

CAG (acute)

US

CAG (elective)

NAFLD was independently associated with a greater
severity of CHD (by Syntax score)
Presence and severity of NAFLD was independently
associated with a three-fold higher risk of multi-vessel
CHD
NAFLD was associated with greater severity of CHD,
independently of traditional CVD risk factors

ACS: Acute coronary syndrome; NAFLD: Non-alcoholic fatty liver disease; CAG: Coronary angiography; CT: Computed tomography; CVD: Cardiovascular disease; ECG: Electrocardiogram; MetS: Metabolic syndrome; NASH: Non-alcoholic steatohepatitis; US: Ultrasonography.

with NAFLD had a significantly higher 10-year risk for
CHD as calculated by the Framingham risk score (FRS)
than the matched control population, and proved the
clinical utility of the FRS among these patients, given that

WJG|www.wjgnet.com

an almost identical number of FRS-predicted and actual
new CHD events was registered during the follow-up period of the study. A recent meta-analysis by Musso et al[11]
also confirmed that the presence of NAFLD, as detected
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Table 2 Main prospective studies relating non-alcoholic fatty liver disease to increased risk of incident coronary heart disease or
cardiovascular events, ordered by methodology used for the diagnosis of non-alcoholic fatty liver disease
Ref.

Study characteristics

Fraser et al[47],
2007

Years of
follow-up

NAFLD
diagnosis

Study outcomes

Fatal and nonElevated serum GGT level was associated with
fatal CVD
increased incidence of CVD events, independently
events
of alcohol intake and traditional CVD risk factors
Fatal and non- Elevated serum ALT level was associated with CHD
fatal CHD
events, independently of the MetS and traditional
events
CVD risk factors
Fatal and non- Elevated serum ALT level was not associated with
fatal CVD
CVD events at multivariate analyses
events
All-cause and
Increased all-cause and CVD mortality rates
in NAFLD but only in 45-54 year age group,
cause- speciﬁc
mortality
independently of conventional CVD risk factors and
C-reactive protein
All-cause and
Increased rates of all-cause, CVD and liver-related
mortality in NAFLD. Liver disease was the third
cause- speciﬁc
mortality
leading cause of death among persons with NAFLD
after CVD and cancer-related mortality
All-cause and
Elevated serum GGT level was associated with
cause- speciﬁc mortality from all causes, liver disease but not from
mortality
CVD causes. Serum ALT level was associated only
with liver disease mortality
CVD or
Elevated serum ALT level was independently
diabetes-related associated with increased CVD or diabetes-related
mortality
mortality
All-cause and
FLI was independently associated with all-cause,
cause- speciﬁc hepatic, cancer and CVD mortality. When HOMAmortality
insulin resistance was included in multivariate
analyses, FLI retained its statistical association with
hepatic-related mortality but not with all-cause,
CVD and cancer-related mortality
All-cause and
High FLI was independently associated with
cause- speciﬁc increased all-cause, CVD, non-cardiovascular and
mortality
cancer mortality
All-cause and
Increased rates of all-cause, CVD and liver-related
cause- speciﬁc mortality in NAFLD, independently of sex, diabetes,
mortality
and cirrhosis at baseline

Meta-analysis of 10 populationbased cohort studies

7.3

Liver
enzymes

Schindhelm et al[48],
2007

Population-based cohort, n = 1439
subjects (Hoorn Study)

10.0

Liver
enzymes

Goessling et al[49],
2008

Community-based cohort, n =
2812 (Framingham Offspring
Heart Study)
Population-based cohort, n = 7574
(NHANES-Ⅲ)

20.0

Liver
enzymes

8.7

Liver
enzymes

Ong et al[51],
2008

Population-based cohort, n =
11285 subjects (NHANES-Ⅲ)

8.7

Liver
enzymes

Ruhl et al[52],
2009

Population-based cohort, n =
14950 (NHANES-Ⅲ)

8.8

Liver
enzymes

Yun et al[53],
2009

Community-based cohort, n =
37085 (Health Promotion Center)

5.0

Liver
enzymes

Community based-cohort, n =
2074 (Cremona study)

15.0

FLI index

Consecutive sample of patients, n
= 3270 subjects routinely referred
to coronary angiography
Population-based cohort, n =
1804 with hospital diagnosis of
NAFLD (Danish national registry
of patients)
Outpatient cohort, n = 2103 type
2 diabetic subjects (Valpolicella
Heart Diabetes Study)

7.7

FLI index

16.0

US

6.5

US

Dunn et al[50],
2008

Calori et al[54],
2011

Lerchbaum et al[55],
2013
Jepsen et al[56],
2003

Targher et al[57],
2007

Soler Rodriguez et al[58],
2007

Community-based cohort, n =
1637 healthy Japanese

5.0

Lazo et al[59],
2011

Population-based cohort, n =
11371 (NHANES-Ⅲ)

14.5

Stepanova et al[60],
2012

Population-based cohort, n =
11613 (NHANES-Ⅲ)

14.2

Zhou et al[61], 2012

Community-based cohort study,
n = 3543 adult men and women
Population-based cohort, n = 1448
with NAFLD (NHANES-Ⅲ)

4.0

Younossi et al[62],
2013
Haring et al[63],
2009
Kim et al[64],
2013

Population-based cohort, n = 4160
German subjects (Study of Health
in Pomerania)
Population-based cohort, n = 1154
(NHANES-Ⅲ)
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14.2

7.2

14.5

Main findings

Increased rates of fatal and non-fatal CVD events
in NAFLD, independently of age, sex, body mass
index, smoking, diabetes duration, hemoglobin A1c,
LDL-cholesterol, MetS features, medication use
US
Non-fatal CVD Increased rates of non-fatal CVD events in NAFLD,
events
independently of age, sex, body mass index, alcohol
intake, smoking, LDL-cholesterol, MetS features
US
All-cause and NAFLD was not associated with increased all-cause
cause-specific and cause-specific (CVD, cancer and liver) mortality
mortality
US
All-cause and
NAFLD was associated with increased prevalence
cause-specific
of CVD, after adjusting for established CVD risk
mortality
factors, but not with increased CVD mortality
US
All-cause and
Increased rates of all-cause and CVD mortality in
CVD mortality
NAFLD
US
All-cause and
NAFLD was independently associated with
cause- specific increased all-cause, CVD and liver-related mortality
mortality
only among NAFLD patients with the MetS
US and liver All-cause and
Elevated serum GGT level was independently
enzymes
CVD mortality
associated with increased all-cause and CVD
mortality in men
US and
All-cause and NAFLD was not associated with increased all-cause
advanced
cause- specific mortality. However, NAFLD with advanced hepatic
fibrosis score
mortality
fibrosis (defined by NAFLD fibrosis score, APRI
systems
index or Fib-4) was independently associated with
risk of all-cause mortality, of which the majority of
deaths were due to CVD
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Treeprasertsuk et al[65], Community-based cohort, n = 309
2012
patients with NAFLD

11.5

US and CT

Matteoni et al[66],
1999

Patient-based cohort, n = 132
NAFLD

18.0

Histology

Patient-based cohort (Danish
national registry of patients), n =
109 subjects with non-alcoholic SS
Community-based cohort, n = 420
patients with NAFLD

16.7

Histology

7.6

US/CT and
histology

Patient-based cohort, n = 129
consecutive patients with NAFLD
and elevated serum liver enzymes
(55% NASH)
Patient-based cohort, n = 173
patients with NAFLD (41.6%
NASH)

13.7

Histology

13.0

Histology

All-cause and
cause-specific
mortality

Patient-based cohort, n = 118
patients with NAFLD and
elevated serum liver enzymes
(43% NASH)

24.0

Histology

All-cause and
cause-specific
mortality

Dam-Larsen et al[67],
2004
Adams et al[68],
2005
Ekstedt et al[69],
2006

Rafiq et al[70],
2009

Söderberg et al[71],
2010

Fatal and non- NAFLD patients had a higher 10-year CHD risk by
fatal CHD
FRS than the general population of the same age and
sex. Almost identical number of FRS-predicted and
actual new CHD events
All-cause and Increasing liver-related mortality with the severity
cause-specific
of NAFLD histology (according to four different
mortality
histological subtypes). All-cause mortality and other
causes of mortality were not significantly different
across histological subtypes
All-cause and
All-cause and cause-specific mortality did not
cause-specific
significantly differ between patients with nonmortality
alcoholic SS and the general population
All-cause and
Increased rate of age- and sex-adjusted all-cause
cause-specific mortality in NAFLD than in the general population
mortality
with CHD being the second cause of death
All-cause and
Increased rates of CVD and liver-related mortality
cause-specific
in patients with NASH, but not in those with SS,
mortality
compared with in the reference population
CHD was the first cause of death in NAFLD cohort
with no difference between NASH and non-NASH.
Liver-related mortality, but not all-cause mortality,
was higher in NASH vs non-NASH. No comparison
was provided with the general population
Increased mortality rates of CVD, malignancy and
liver disease in patients with NASH, but not in
those with SS, compared with the matched general
population

AST: Alanine aminotransferase; CHD; Coronary heart disease; CT: Computed tomography; US: Ultrasonography; FLI: Fatty liver index; FRS: Framingham
risk score; GGT: Gamma-glutamyltransferase; HOMA: Homeostasis model assessment; MetS: Metabolic syndrome; NASH: Non-alcoholic steatohepatitis;
SS: Simple steatosis; CVD: Cardiovascular.

by either serum liver enzyme levels or ultrasonography,
was strongly associated with an increased risk of fatal
and non-fatal CVD events. In contrast, and surprisingly,
two recent studies, using the data from the National
Health and Examination Survey (NHANES)-Ⅲ database
of over 11000 United Stated adults, have reported that
NAFLD on ultrasonography did not significantly predict
the risk of all-cause and cause-specific (CVD, cancer or
liver) mortality over 14 years of follow-up period[59,60].
These two studies, however, were limited by the inclusion
of individuals with mild hepatic steatosis within the control arm. Interestingly, the lastest analyses of the same
NHANES-Ⅲ cohort found that patients with NAFLD and
advanced hepatic fibrosis (as defined by either the NAFLD
fibrosis score or Fib-4 score) were indeed at increased risk
of CVD mortality after adjustment for established CVD
risk factors[64]. In addition, Younossi et al[62] found that
NAFLD was independently associated with increased allcause, liver-specific and CVD mortality among patients
with NAFLD who had the metabolic syndrome but
not among those without this syndrome. With regard
to biopsy-diagnosed NAFLD (as also shown in Table
2), some retrospective studies with a relatively small
sample size but a reasonably long duration of follow-up,
that have examined the natural history of patients with
biopsy-confirmed NAFLD have consistently shown that
the presence and severity of hepatic fibrosis on histology
dictates all-cause and liver-related mortality in NAFLD,
and that CVD is a common cause of death among such
patients[66-71]. However, only two studies reported spe-
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cific data about CHD outcomes rather than dealing with
general CVD outcomes. Adams et al[68] found higher allcause mortality in patients with NAFLD (as detected by
radiological imaging or histology) than in the matched
control population with CHD being the second cause of
death in both populations. Again, Rafiq et al[70] reported
that CHD was the first cause of death among patients
with NAFLD but did not provide any comparison with
the general population. Interestingly, two retrospective
studies with a reasonably long duration of follow-up
showed that patients with NASH, but not those with
simple steatosis, were at substantially higher risk of CVD
mortality compared with the reference population[69,71].
However, it should be noted that a complete adjustment
for potentially confounding cardiometabolic factors was
not performed in these retrospective studies. In addition, a recent meta-analysis concluded that patients with
NAFLD (as detected by histology or ultrasonography)
had a significantly greater risk of developing CVD events
than the matched control population but that the histological severity of NAFLD did not increase CVD mortality[70]. However, further larger and longer prospective
studies in patients with biopsy-confirmed NAFLD are
needed to improve understanding of this issue.
Collectively, the current evidence from the published
prospective studies supports that NAFLD, irrespective
of the methodology used for diagnosing it, is significantly associated with an increased risk of fatal and nonfatal CHD/CVD events in both nondiabetic and type 2
diabetic individuals. However, uncertainty remains as to
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Table 3 Cardiac imaging studies relating -non-alcoholic fatty liver disease to structural and arrhythmogenic cardiac complications
Ref.
Abnormalities Lautamaki et al[28],
in myocardial
2006
metabolism

Study characteristics
55 consecutive type 2 diabetic
adults with known CHD

Perseghin et al[7],
2008

Case-control: 21 nondiabetic,
nonobese, normotensive, young
men with NAFLD and 21 age- and
BMI-matched male controls
Rijzewijk et al[74], Case-control: 38 uncomplicated
2008
type 2 diabetic men without CHD
and 28 age, sex- and BMI-matched
healthy controls

Cardiac
structure and
function in
adults

Rijzewijk et al[75],
2010

61 uncomplicated type 2 diabetic
men without CHD (32 of whom
with high intra-hepatic triglyceride
content)

Goland et al[76],
2006

Case-control: 38 non-diabetic,
normotensive NAFLD patients and
25 age- and sex-matched healthy
controls
Case-control: newly-diagnosed
untreated hypertensive patients
(non-obese, non-diabetic): 48
NAFLD vs 38 controls

Fallo et al[77],
2009

Fotbolcu et al[78],
Case-control: 35 nondiabetic,
2010
normotensive NAFLD patients and
30 age- and sex-matched healthy
controls
Mantovani et al[79], 116 consecutive older patients with
2011
hypertension and type 2 diabetes
(53% of whom had NAFLD)
without history of CHD and
hepatic diseases
Bonapace et al[8],
50 consecutive type 2 diabetic
2012
patients without CHD and hepatic
diseases (32 patients had NAFLD)

Hallsworth et al[80],
2013

Cardiac
structure
and function
in children or
adolescents

Alp et al[81],
2013

Singh et al[82],
2013

NAFLD
diagnosis
H-MRS

Cardiac PET using
Decreased coronary functional capacity and
[15O]-water and
myocardial glucose uptake in NAFLD. These
[18F]-2-fluoro-2abnormalities were worse in those with higher
deoxy-D-glucose
intra-hepatic fat content
1
H-MRS Cardiac 31P-MRS and
Impaired LV energy metabolism in NAFLD,
MRI
independently of age, BMI, blood pressure, lipids,
fasting glucose. LV mass and function were not
different between the groups
1
H-MRS Cardiac 1H-MRS and
Myocardial fat content, which was much
MRI
higher in diabetics than in control subjects,
was positively associated with intra-hepatic fat
content in both groups. Myocardial steatosis was
a strong predictor of LV diastolic dysfunction
1
H-MRS Cardiac MRI, 31P-MRS Decreased myocardial perfusion, glucose uptake
and cardiac PET
and impaired LV energy metabolism in NAFLD.
using [15O]-water,
Cardiac fatty acid metabolism, LV mass and
[11C]-palmitate, and
function were not different between the two
[18F]-2-fluoro-2groups
deoxy-D-glucose
US and
Echocardiography
Increased LV mass and increased prevalence
biopsy
with TDI
of diastolic dysfunction in NAFLD. Reduced E’
(29% of
wave only independent parameter associated
cases)
with NAFLD on multivariate analysis
US
Echocardiography
Increased prevalence of diastolic dysfunction in
NAFLD (according to its severity on ultrasound).
LV mass was not different between the groups.
Diastolic dysfunction and insulin resistance were
independently associated with NAFLD
US
Echocardiography
Increased LV mass and early impairment in
with TDI
systolic and diastolic function in NAFLD (no
adjustment for potential confounders was made)

US

Echocardiography
with TDI (speckle
tracking analyses)

H-MRS

Cardiac MRI and
31
P-MRS

US

Echocardiography
with TDI

H-MRS

Echocardiography
with TDI (speckle
tracking analyses)

US

Echocardiography
with TDI (speckle
tracking analyses)

1

Echocardiography

Case-control: 14 lean adolescents,
15 obese adolescents without
NAFLD and 15 obese adolescents
with NAFLD

US

1
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Main findings

1

Case-control: 19 non-diabetic,
overweight adults with NAFLD
and 19 age-, sex- and BMI-matched
healthy controls
Case-control: 400 obese children
(93 with NAFLD) and 150 age- and
sex-matched healthy controls

Sert et al[83], 2013 Case-control: 108 obese adolescents
and 68 healthy controls

Study measures
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Increased prevalence of LV hypertrophy in
NAFLD. NAFLD was associated with LV
hypertrophy independently of age, sex, BMI,
systolic blood pressure, kidney function
parameters and other diabetes-related variables
Impairment in LV diastolic function (including
global longitudinal diastolic strain) in NAFLD,
independently of age, sex, BMI, hypertension
and other diabetes-related variables. These
abnormalities were worse in those with severe
NAFLD on ultrasonography. No differences
in LV mass and systolic function between the
groups
Early impairment in systolic and diastolic
function in NAFLD. Myocardial energy
metabolism and LV mass were not altered in
NAFLD
Increased LV mass and early impairment in
systolic and diastolic function in obese children
with NAFLD independently of traditional cardiac
risk factors. These abnormalities were worse in
those with severe NAFLD on ultrasonography
Decreased rates of LV global longitudinal
systolic strain and early diastolic strain in obese
adolescents with NAFLD independently of
traditional cardiac risk factors. LV mass was not
different between the groups
Increased LV mass and impaired diastolic
function and altered global systolic and diastolic
myocardial performance in obese adolescents
with NAFLD
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Risk of atrial
fibrillation

Pacifico et al[84], Case-control: 108 obese children (54 MRI and Echocardiography Early impairment in systolic and diastolic function
2013
with NAFLD) and 18 lean healthy biopsy (in
with TDI
in obese children with NAFLD independently of
controls
41 obese
traditional cardiac risk factors. These abnormalities
children)
were more severe in those with NASH
Sinner et al[87],
Community-based cohort of 3744
Liver
Incidence of AF over
Mildly elevated serum transaminases were
2013
adult individuals free of clinical HF enzymes up 10 yr of follow-up
associated with increased incidence of AF,
(from the Framingham Heart Study
independently of age, sex, BMI, systolic blood
original and Offspring cohorts)
pressure, electrocardiographic PR interval, antihypertensive treatment, smoking, diabetes,
valvular heart disease, alcohol consumption
Targher et al[9],
Hospital-based sample of 702
US
Prevalence of
Increased prevalence of AF in those with NAFLD,
2013
patients with type 2 diabetes
persistent or
independently of age, sex, systolic blood pressure,
without a history of hepatic
permanent AF
hemoglobin A1c, estimated glomerular filtration
diseases, or excessive alcohol
rate, total cholesterol, electrocardiographic left
intake (73% of them had NAFLD)
ventricular hypertrophy, chronic obstructive
pulmonary disease, and prior history of heart
failure, valvular heart disease or hyperthyroidism
Targher et al[10],
Random sample of 400 type 2
US
Incidence of AF over Increased incidence of AF in those with NAFLD,
2013
diabetic outpatients free from AF,
10 yr of follow-up
independently of age, sex, prior history of HF,
moderate-to-severe heart valve
BMI, systolic blood pressure, anti-hypertensive
disease and known causes of
treatment, electrocardiographic LV hypertrophy,
chronic liver diseases at baseline
PR interval
(70% of them had NAFLD)

BMI: Body mass index; CHD: Coronary heart disease; LV: Left ventricular; MRI: Magnetic resonance imaging; MRS: Magnetic resonance spectroscopy;
TDI: Tissue doppler imaging; US: Ultrasonography; E’: Mitral annular tissue doppler early diastolic velocity; NAFLD: Non-alcoholic fatty liver disease; AF:
Atrial fibrillation; HF: Heart failure.

whether NAFLD poses an independent risk above and
beyond known CVD risk factors. There is a suggestion in
that direction, but studies are too few and methodologically not rigorous. Additional large-scale prospective studies of a more extensive panel of known risk factors are
needed to draw a firm conclusion about any independent
hepatic contribution to the increased risk of CHD/CVD
events observed among patients with NAFLD.

had significantly decreased myocardial perfusion, glucose
uptake and high-energy phosphate metabolism (i.e., decreased PCr/ATP ratio) but similar values of myocardial
fatty acid metabolism, LV mass and function.
Similar findings were also reported by Lautamäki et al[28]
in patients with type 2 diabetes and known CHD. Interestingly, these investigators found that myocardial insulin resistance was more severe among those with higher
intra-hepatic fat content on 1H-MRS.
Again, Rijzewijk et al[75] found that the frequency of
myocardial steatosis as diagnosed by cardiac 1H-MRS was
much higher in type 2 diabetic patients than in healthy
controls matched for age and BMI, and that higher
myocardial fat content was associated with higher intrahepatic fat content. Notably, although the two groups of
subjects did not significantly differ in terms of LV mass
and ejection fraction, multivariable regression analyses
revealed that myocardial steatosis was associated with
LV diastolic dysfunction, independently of diabetic state,
age, BMI, visceral adipose tissue, heart rate and blood
pressure[75].

NAFLD and abnormalities in cardiac structure and
function
Table 3 show the relevant data from the principal cardiac
imaging studies that have evaluated the relationship between NAFLD and abnormalities in myocardial metabolism[7,28,74,75] and cardiac structure and function, both in
adults[8,76-80] and in children or adolescents[81-84].
Abnormalities in cardiac metabolism: As reported in
Table 3, Perseghin et al[7] showed that nondiabetic, nonobese, normotensive, young men with newly diagnosed
NAFLD, as detected by proton magnetic resonance spectroscopy (1H-MRS), had excessive fat accumulation in the
epicardial area and impaired left ventricular (LV) energy
metabolism [as measured by the phosphocreatine/adenosine triphosphate (PCr/ATP) ratio] compared with
age-, sex- and body mass index (BMI)-matched control
subjects without NAFLD. These myocardial metabolic
alterations were detected despite normal LV morphological features and systolic and diastolic functions[7].
Similarly, in a study of uncomplicated type 2 diabetic
men without CHD, Rijzewijk et al[74]. found that compared with those with lower intra-hepatic fat content,
patients with higher intra-hepatic fat content on 1H-MRS
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Abnormalities in cardiac structure and function in
adults: As reported in Table 3, there is to date an increasing number of case-control studies that have evaluated
the effect of NAFLD on cardiac structure and function
in adults with or without co-existing established CVD
risk factors (e.g., obesity, hypertension or diabetes)[8,76-80].
Goland et al[76] and Fotbolcu et al[78] have shown a
marked LV diastolic dysfunction and mild alterations in
LV structure in patients with NAFLD, in the absence
of hypertension, diabetes and severe obesity. Again, in
a recent study examining cardiac status by high resolu-
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tion MRI and 31P-MRS in a small group of NAFLD patients (defined as > 5% intra-hepatic lipid on 1H-MRS),
Hallsworth et al[80] have demonstrated significant changes
in cardiac structure and evidence of early LV diastolic
dysfunction compared with age-, sex- and BMI-matched
controls, in the absence of cardiac metabolic changes or
overt cardiac disease.
In a study of 86 never-treated hypertensive patients,
who were subdivided in two subgroups according to the
presence or absence of NAFLD on ultrasonography,
Fallo et al[77] reported that patients with NAFLD had a
three-fold greater prevalence of LV diastolic dysfunction
than their counterparts without NAFLD.
In a study of older hypertensive patients with type
2 diabetes, who did not have a pre-existing history of
CHD and hepatic diseases, Mantovani et al[79] found that
the prevalence of LV hypertrophy on conventional echocardiography was four-fold greater among patients with
NAFLD than among those without this disease.
In a recent study, involving 50 consecutive type 2 diabetic adults without history of CHD, excessive alcohol
consumption or other known hepatic diseases, we found
that early features of LV diastolic dysfunction could be
detected by tissue doppler imaging in those with ultrasound-diagnosed NAFLD, even if the LV morphology
and systolic function were preserved[8]. Measurements of
LV global longitudinal strain and strain rate by speckle
tracking analyses further confirmed these findings. Notably, there was a positive, graded relationship between the
ultrasonographic severity of NAFLD and LV diastolic
dysfunction, independently of hypertension and other
co-existing cardio-metabolic risk factors[8].

histologically confirmed non-alcoholic steatohepatitis
(NASH) had more severe abnormalities in LV systolic
and diastolic functions compared with those without NASH,
independently of underlying cardio-metabolic abnormalities.
Risk of congestive heart failure: From the data of the
available literature, it is plausible to assume that patients
with NAFLD have changes in cardiac substrate metabolism (e.g., myocardial insulin resistance, impaired high-energy phosphate metabolism, and reduced mitochondrial
ATP production), producing myocardial functional and
structural consequences (e.g., LV dysfunction and hypertrophy) that are potentially linked to an increased rate of
congestive heart failure (HF) in this patient population.
As regards to this, two recent large population-based
cohort studies that used elevated serum liver enzyme levels, as proxy markers of NAFLD (and should therefore
be interpreted cautiously) have shown that this disease is
associated with an increased risk of incident congestive
HF, independently of alcohol consumption and several
established CVD risk factors[85,86].
In the original cohort of the 3544 Framingham Study
participants, who were free of HF and myocardial infarction, Dhingra et al[85] reported that higher serum GGT
concentrations within the “normal” range were independently associated with greater risk of incident HF
(i.e., each SD increase in log-GGT was associated with a
1.4-fold risk of HF) and incrementally improved prediction of HF risk during a mean follow-up period of 24
years.
Similarly, in a population-based cohort study of 3494
British men aged 60 to 79 years with no diagnosed HF or
myocardial infarction followed up for a mean period of
9 years, Wannamethee et al[86] reported that elevated serum GGT level (top quartile, ≥ 38 U/L) was associated
with significantly increased risk of incident HF, especially
in men aged < 70 years. The increased risk of HF associated with elevated serum GGT level persisted after
adjustment for a wide range of established and novel
risk factors for HF, including also lung function, plasma
C-reactive protein and N-terminal pro-brain natriuretic
peptide levels. Other liver function markers showed no
significant associations with the risk of HF after similar
adjustments[86].

Abnormalities in cardiac structure and function in
children and adolescents: As reported in Table 3, some
recent published papers have addressed the relationship
between NAFLD and changes in cardiac structure and
function also in the pediatric population[81-84].
In a study including 93 obese children with ultrasound-diagnosed NAFLD, 307 obese subjects without
liver involvement, and 150 age- and sex-matched healthy
controls, Alp et al[81] showed that subclinical systolic and
diastolic impairment could be detected by tissue doppler
imaging in obese children with NAFLD. Also, cardiac
dysfunction progressively increased with ultrasonographic scores of hepatic steatosis.
Recently, Singh et al[82] measured by 2-D speckle tracking echocardiography myocardial function in three small
groups of age-, sex- and Tanner-matched adolescents and
showed that obese adolescents with NAFLD had greater
abnormalities of cardiac function, manifested by decreased systolic and diastolic myocardial strain and strain
rate than obese adolescents without NAFLD. These
myocardial functional abnormalities were independent of
conventional CVD risk factors and insulin resistance[82].
Similar findings were reported by Sert et al[83] in a larger
sample of obese adolescents.
Finally, Pacifico et al[84] found that obese children with
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NAFLD and cardiac arrhythmias
Table 3 shows the relevant data from the published studies that have examined the association between NAFLD
and the risk of cardiac arrhythmias, specifically AF[8,9,87].
To date, AF is the most common sustained arrhythmia seen in clinical practice, and its prevalence and incidence are expected to increase substantially over the next
few decades because of ageing population and improvements in cardiovascular treatments[88]. This underscores
the urgent need for primary prevention strategies against
the development of AF.
Increased risk of AF: As reported in the Table 3, the
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investigators of the Framingham Heart Study have
shown that elevated serum ALT or aspartate aminotransferase (AST) levels (> 40 U/L for either marker)
were closely associated with an increased risk of incident
AF over a 10-year follow-up period among 3744 United
States white adults, who were free from clinical HF at
baseline[87]. During follow-up, 383 subjects developed
AF and both serum transaminases were found to be significantly associated with a greater risk for incident AF
(hazard ratio expressed per SD of natural logarithmically
transformed biomarker: ALT hazard ratio 1.19, 95%CI:
1.07-1.32, P = 0.002; AST hazard ratio 1.12, 95%CI:
1.01-1.24, P = 0.03) after adjusting for a broad number
of clinical AF risk factors. The association between serum transaminases and incident AF remained consistent
even after the exclusion of participants with moderate to
heavy alcohol consumption[87].
More recently, in an observational study, involving
702 hospitalized patients with type 2 diabetes (73% of
whom had NAFLD and 12% had persistent or permanent AF), we found that NAFLD on ultrasonography
was associated with a about 3-fold higher prevalence of
AF, independently of multiple established risk factors for
AF[9].
Additionally, in another recent study, we have shown
that type 2 diabetic patients with NAFLD were also more
likely to develop incident AF over a 10-year follow-up period than their counterparts without NAFLD. In particular, NAFLD on ultrasonography was strongly associated
with an increased risk of incident AF (adjusted OR = 4.96,
95%CI: 1.4-17.0, P < 0.01), independently of age, sex,
BMI, hypertension and other variables that were included
in the 10-year Framingham Heart Study-derived AF risk
score[10].

early cardiac autonomic dysfunction as detected by some
parameters of heart rate variability measured during a
5-min Holter monitoring examination compared with
those without NAFLD. The reduction in these Holterderived parameters was independent of conventional
cardiovascular risk factors, insulin resistance and circulating leptin levels[93]. Additionally, in a small study of nondiabetic people comprising a group of people with histologically proven, non-cirrhotic NAFLD and an age-, sexand BMI-matched control group, there was evidence of
cardiac autonomic dysfunction, presenting as orthostatic
hypotension, vasovagal syncope (during head up tilt testing) and/or a relative nocturnal hypotension[94].
More recently, we examined whether NAFLD was
associated with longer QTc intervals on standard electrocardiograms in 400 randomly selected patients with type
2 diabetes without a documented history of AF, moderate-to-severe heart valve disease, hepatic diseases or
excessive alcohol consumption. Notably, we found that
the presence and severity of NAFLD on ultrasonography
was associated with prolonged QTc interval (adjusted OR
= 2.27, 95%CI: 1.4-3.7, P < 0.001), independently of age,
sex, hypertension, electrocardiographic LV hypertrophy,
hemoglobin A1c and other potential confounders (manuscript under submission).
Collectively, although the arrhythmogenic potential
of NAFLD requires further testing and confirmation in
larger studies, we believe that this is a promising field of
research to explore, and that the pathways that involve
the contribution of NAFLD itself to systemic/hepatic
insulin resistance and the systemic release of several proinflammatory, pro-coagulant and pro-fibrogenic mediators from the steatotic and inflamed liver[13-16], might
provide a potential therapeutic target for the treatment
and prevention of cardiac remodelling and electrophysiological abnormalities of the myocardium in people with
NAFLD.

Increased risk of ventricular arrhythmias: To date,
there is a paucity of published data regarding the association between NAFLD and risk of ventricular arrhythmias, which are an established risk factor for sudden
cardiac death in the general population.
However, it is plausible that various mechanisms that
have been proposed to explain the specific contribution
of NAFLD to CVD risk (including hepatic insulin resistance, systemic low-grade inflammation and a pro-thrombotic state)[9,10,13-16], might be, at least in part, implicated in
the pathogenesis of ventricular arrhythmias.
Heart rate variability, which is a measure of the balance of the sympathetic and parasympathetic mediators
of heart rate, and QTc interval prolongation on standard
electrocardiograms have been proposed as useful tools
in identifying patients at risk for sudden cardiac death[89].
For instance, QTc interval prolongation is a powerful
predictor of ventricular tachyarrhythmias, and predicts
increased cardiac and all-cause mortality both in patients
with type 2 diabetes and in those without diabetes[90-92].
Recently, in a study of 497 non-diabetic subjects
without a history of previous CVD, Liu et al[93] reported
that patients with ultrasound-diagnosed NAFLD had
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NAFLD and aortic valve sclerosis
Until recently, aortic valve sclerosis (AVS), defined as focal or diffuse thickening and calcification of the aortic
leaflets without restriction of leaflet motion, was considered an incidental echocardiographic finding of no clinical significance, as it does not obstruct left ventricular
outflow.
However, it is known that AVS shows some epidemiologic and histopathologic similarities to coronary atherosclerosis[95]. In addition, large prospective studies have
suggested a strong, positive association between AVS and
adverse CVD outcomes, independently of conventional
CVD risk factors, both in nondiabetic and diabetic individuals[96-98]. The prevalence of AVS increases progressively with advancing age and is approximately 20%-30%
in individuals aged ≥ 65 years[96,97].
Notably, Markus et al[99] have examined for the first
time the association between NAFLD and AVS in a community-based cohort study of 2212 German men and
women aged ≥ 45 years. In this cross-sectional study,
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NAFLD diagnosed by ultrasonography was significantly
associated with an increased risk of prevalent AVS on
echocardiography (OR = 1.32, 95%CI: 4-66, P = 0.021)
even after adjusting for several established CVD risk factors, including kidney function parameters, C-reactive
protein, serum ferritin, and white blood cells[99].
Although these results are still unpublished, we have
recently confirmed and expanded to patients with type
2 diabetes the interesting observations of the Markus’s
study, providing further strong evidence that NAFLD and
AVS are two inter-related pathologic conditions, in part
independent from traditional CVD risk factors and diabetes-related variables. In such preliminary study, involving 180 consecutive type 2 diabetic outpatients without
a history of prior CHD, hepatic diseases or excessive alcohol consumption, we found that ultrasound-diagnosed
NAFLD was strongly associated with AVS (adjusted OR
= 3.04, 95%CI: 1.3-7.3, P = 0.01), independently of multiple established CVD risk factors and diabetes-related
variables.
However, future research is needed to corroborate
these findings in independent samples, to elucidate the
responsible mechanisms for this association, and to determine whether NAFLD predicts the development and
progression of AVS.

of NASH exacerbates systemic and hepatic insulin resistance and causes atherogenic dyslipidemia (typically characterized by high triglycerides, low HDL-cholesterol and
increased small, dense LDL particles). In NASH there
is also increased production of a variety of pro-inflammatory markers (e.g., C-reactive protein, interleukin-6,
tumor necrosis factor-alpha), pro-coagulant factors (e.g.,
fibrinogen, factor Ⅷ, plasminogen activator inhibitor-1),
pro-oxidant molecules (e.g., oxidized low-density lipoprotein cholesterol, thiobarbituric acid-reacting substances,
nitrotyrosine), and pro-fibrogenic mediators (e.g., tumor
growth factor-beta, insulin-like growth factor-1, endothelin-1)[13-16,100-109]. Moreover, the release of key components
of the renin-angiotensin-aldosterone system, that may
contribute to the pathophysiology of hypertension, is
also increased in patients with NASH. The experimental
findings that NASH is associated with abnormal intrahepatic messenger RNA expression of these potential
mediators of cardiac and vascular injury, further support
the conclusion that the increased circulating levels of the
aforementioned biomarkers result from the up-regulation
of their own synthesis in the steatotic and inflamed
liver[14-16,109]. Some experimental studies have also shown
that a number of the genes involved in fatty acid metabolism, lipolysis, monocyte and macrophage recruitment,
coagulation, and inflammation are over-expressed in livers of patients with NASH[104].
It is plausible that the liver-secreted factors, mentioned above, may also play a pathogenic role in the
development and progression of AVS (i.e., a condition
that shares some epidemiologic and histopathologic
similarities with coronary atherosclerosis)[95] as well as in
the development and persistence of AF and other arrhythmias, possibly by inducing cardiac remodelling and
electrophysiological abnormalities of the myocardium in
people with NAFLD[9,10]. For instance, some studies reported that increased inflammatory biomarkers, including
elevated C-reactive protein levels, are associated with an
increased risk of both new-onset AF[110] and persistence
or recurrence of AF after catheter ablation[111].
Overall, therefore, there is to date a growing body
of evidence suggesting that NAFLD is not a simple
epiphenomenon but is, at least in part, involved in the
pathophysiology of CHD and other cardiac and arrhythmogenic complications, possibly through the contribution of NAFLD itself to systemic and hepatic insulin
resistance and atherogenic dyslipidemia, and/or through
the hepatic secretion of several pathogenic mediators (as
schematically reported in Figure 1)[13-16].
The primary role of insulin resistance in the development and progression of NAFLD has been recently challenged[112]. Similarly, some evidence suggests that insulin
resistance per se does not directly promote atherosclerosis
but it does so principally by promoting atherogenic dyslipidemia and other cardiometabolic abnormalities[113].
Accordingly, perturbed lipid homeostasis could play a
key role in accelerated atherogenesis observed in patients
with NAFLD/NASH. Further evidence for a specific

PUTATIVE MECHANISMS LINKING
NAFLD WITH STRUCTURAL AND
ARRHYTHMOGENIC CARDIAC
COMPLICATIONS
The pathophysiological mechanisms that link NAFLD
with CHD, AVS, myocardial dysfunction/hypertrophy
and cardiac arrhythmias are incompletely understood.
The complex interactions among NAFLD, insulin resistance and visceral obesity make it extremely difficult to
dissect out the precise causal relationships responsible for
the increased risk of CHD and other cardiac and arrhythmic complications observed in patients with NAFLD.
Different pathogenetic theories and mechanisms, not
mutually exclusive, may be put forward (as also schematically reported in Figure 1) and some key research questions remain to be addressed.
To date, it remains debatable whether NAFLD is
merely a risk marker of co-existing metabolic disorders
and ectopic fat deposition in other organs (such as visceral adipose tissue, myocardium and pericardium) in people
at increased risk for cardiac and arrhythmic complications, or is an independent risk factor for the development and progression of such cardiac complications. Another unanswered question is whether the risk of cardiac
and arrhythmic events is also increased in patients with
simple steatosis or whether the hepatic necro-inflammatory milieu of NASH is a necessary pro-atherogenic and
pro-thrombotic stimulus.
Accumulating evidence suggests that within the spectrum of disease encapsulated by NAFLD, the presence
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Figure 1 Possible mechanisms leading to cardiac and arrhythmogenic complications in non-alcoholic fatty liver disease. The close and complex interrelationships among non-alcoholic fatty liver disease (NAFLD), visceral obesity and insulin resistance make it extremely difficult to dissect out the specific role of the
liver and the underlying mechanisms responsible for the association between NAFLD and the risk of developing coronary heart disease (CHD), aortic valve sclerosis,
left ventricular (LV) dysfunction/hypertrophy and arrhythmias. NAFLD might be associated with such complications either as a consequence of shared cardiometabolic
risk factors and co-morbidities or as a marker of ectopic fat accumulation in other organs. For instance, myocardial steatosis and increased pericardial fat volume
might exert local adverse effects that result in functional and structural derangements of the myocardium. Such myocardial remodelling will likely also result in proarrhythmogenic effects. The occurrence of cardiac arrhythmias is likely facilitated in remodeled heart by (local) pro-inflammatory cytokines, chemokines and concurrent cardiac autonomic dysfunction occurring on this dysmetabolic milieu. However, in this dangerous scenario, which may potentially account for premature CHD and
increased risk of arrhythmias, NAFLD seems to be not simply a marker of cardiac and arrhythmogenic complications but also may play a part in their pathogenesis
possibly via atherogenic dyslipidemia and the hepatic secretion of several pathogenic mediators into the bloodstream. HDL-C: High-density lipoprotein cholesterol; LDL:
Low-density lipoprotein; CRP: C reactive protein; IL: Interleukin; TNF: Tumor necrosis factor; PAI-1: Plasminogen activator inhibitor-1; TGF: Transforming growth factor.

role of NAFLD in the development of atherogenic dyslipidemia has been also recently published[114,115]. Again,
post-prandial lipemia might represent an additional,
under-diagnosed lipid abnormality that further links
NAFLD to accelerated atherogenesis[102,116,117].
Recent research has also shown that patients with
NAFLD exhibit cardiac autonomic dysfunction[93,94,118,119],
a pathophysiological derangement that is, at least in part,
reversible following resistance exercise training[120]. It is
plausible that cardiac autonomic dysfunction, resulting
from the co-existing dysmetabolic and inflammatory
milieu of NAFLD, may contribute together with abnormalities of myocardial structure and function to the
development and persistence of AF and other cardiac arrhythmias.
Altered sleep physiology is another emerging risk factor for NAFLD[121]. Recent epidemiological and experi-
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mental data suggest a strong link between disturbed sleep
physiology and the histological severity of NAFLD[121,122].
Obstructive sleep apnea (OSA) is a complex disorder typically characterized by repetitive apnea-hypopnea cycles
during sleep, which are associated with chronic intermittent hypoxia and sleep fragmentation[123]. Symptomatic
OSA (also known as obstructive sleep apnea syndrome,
or OSAS) is very common in people with severe obesity
or type 2 diabetes. Controlled trials have demonstrated
that OSAS causes hypertension, and prospective epidemiological studies have indicated that OSAS might be an
independent risk factor for incident stroke and CHD[123].
Collectively, as also mentioned above, it is important
to underline that a clear understanding of the pathophysiological pathways that link NAFLD to the development
of structural and arrhythmogenic cardiac complications
remains lacking because of the complex and intertwined
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inter-relationships among NAFLD, visceral obesity and
insulin resistance. It is likely that there is a pathogenic
cross-talk between the liver and the expanded adipose
tissue. As shown in schematic Figure 1, the putative underlying mechanisms that link NAFLD to cardiovascular,
cardiac and arrhythmogenic complications might originate from the expanded and inflamed visceral adipose
tissue (which increases the rate of free fatty acids and
releases multiple adipokines), with the liver functioning
as both the target of the resulting systemic abnormalities
and the source of several molecular mediators that amplify the cardiac and vascular damage. However, further
research is required to define the major sources of some
pro-inflammatory and pro-thrombotic mediators (i.e., to
determine the relative contributions of visceral adipose
tissue and the liver itself), as well as to uncover other
specific mechanisms by which NAFLD may contribute
to the development and progression of cardiac and arrhythmogenic complications. An improved knowledge of
the pathophysiological links of NAFLD with cardiac and
arrhythmogenic complications might also provide a potential target for the pharmacological treatment of these
diseases.

atosis and necro-inflammatory changes of people with
NAFLD in proportion to the entity of body weight reduction (5%-10% weight loss reduces hepatic steatosis,
while up to a 10% weight loss is needed to improve the
degree of hepatic necro-inflammation)[125,126,128]. However, no study of lifestyle modification has been able to
demonstrate an improvement in hepatic fibrosis stage.
Interestingly, physical exercise may improve hepatic steatosis and serum liver enzymes in patients with NAFLD,
independent of any change in body weight[129-133]. A recent randomized controlled trial reported that 4 mo of
resistance training and aerobic training are equally effective in reducing intra-hepatic fat content among patients
with type 2 diabetes and NAFLD[133].
Lifestyle changes may result in reduced CVD risk via
improvements in atherogenic risk profile (e.g., blood pressure, glycemia and lipids) and myocardial structure and
function[134-136]. Regular exercise may also exert some of
its beneficial health effects by inducing anti-inflammatory
actions[137]. Interestingly, physical activity reduced all-cause
and CVD mortality in patients with type 2 diabetes with
mildly elevated plasma C-reactive protein levels, whereas
this beneficial effect was not observed in those with normal C-reactive protein levels, suggesting that the decrease
in CVD mortality in physically active patients may reflect
an anti-inflammatory effect of exercise independent of
traditional CVD risk factors[138].
Finally, bariatric surgery, which should be reserved
to patients with severe obesity, has been associated with
beneficial and sustained improvements of liver histology
in people with NAFLD/NASH[139].

POTENTIAL IMPACT OF NAFLD
TREATMENT ON CARDIAC
COMPLICATIONS
Presently, there is no licensed treatment for human
NAFLD. Most interventions evaluated for the treatment
of NAFLD are those commonly used for the treatment of type 2 diabetes and exert a rather indirect effect
through improvement in insulin resistance and glycemia[15,16,124-126]. The treatment of NAFLD has also been
proposed as a tool to effectively reduce the CVD risk of
this group of patients by treating the co-existing features
of the metabolic syndrome through a tailored treatment
four-step pyramid choice[12].
The first step to be offered to all patients with
NAFLD includes lifestyle modifications such as hypocaloric diet, increased physical activity and smoking cessation[124-127]. Pharmacotherapy for NAFLD should probably be reserved for patients with NASH or those with coexisting cardiometabolic disorders amenable to specific
drug therapy such as obesity, dyslipidemia, hypertension
and type 2 diabetes. Of concern, however, there appears
to be a dissociation in the actions of some classes of
drugs, benefits on the liver side being counter-balanced
by (some) important extra-hepatic side effects.
Here, we will briefly discuss whether and how some
specific treatment interventions for NAFLD might also
beneficially affect the development and progression of
cardiac and arrhythmic complications.

Insulin sensitizers
Indications and limitations for the use of insulin-sensitizing drugs in patients with NAFLD/NASH have been
reviewed in detail elsewhere[112,140]. Although metformin,
which is the first-line choice in oral therapy for type 2 diabetes, has been reported to moderately reduce the risk of
developing hepatocellular carcinoma[141-143], it exerts only
a marginal beneficial effect on serum aminotransferase
levels but does not improve liver histology in NAFLD.
Glitazones (especially pioglitazone) reduce systemic
insulin resistance and improve hepatic steatosis and
necro-inflammation, but not hepatic fibrosis, in patients
with biopsy-proven NASH[144-146]; unfortunately, however,
the hepato-protective effects of glitazones vanish after
drug treatment discontinuation[147]. Of concern, the use
of glitazones is limited by their potential serious CVD
side effects. Rosiglitazone has been withdrawn from the
market because of increased risk of non-fatal myocardial
infarction[144]. Pioglitazone only marginally reduces the
risk of major CVD events in people with type 2 diabetes
but causes significant weight gain (by increased subcutaneous fat depots), and increases the risk of congestive
HF and bone fractures[148]. A slightly increased risk of
bladder cancer has also recently led to pioglitazone being
withdrawn from market in France[149]. Therefore, the potential benefits of glitazones on the liver are counterbal-

Lifestyle modifications
Weight loss obtained through diet alone or combined
with physical exercise significantly reduces hepatic ste-
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anced by their lack of benefits on cardiovascular system,
suggesting that the reduction of CVD risk needs a more
global approach than just glucose control[150].

stantial side effects), although the effect size was relatively
small[164]. However, optimal dose and duration of this
therapy need to be addressed in future large clinical trials
before recommending omega-3 PUFA supplementation
for the treatment of NAFLD.
Although omega-3 PUFAs have also shown to reduce
cardiac mortality and sudden cardiac death in patients
with previous acute myocardial infarction[165], however,
their role in the primary prevention of CVD in at highrisk patients has recently been challenged by the results
of a large randomized clinical trial[166].

Glucagon-like peptide-1 analogues
Glucagon-like peptide (GLP-1) analogues (exenatide
and liraglutide) further to their hypoglycemic effects are
potent appetite suppressants and promote body weight
reduction[151]. Animal data suggest that GLP-1 analogues
may be useful for the treatment of NAFLD[152,153]. Adjunctive exenatide treatment for at least 3 years in obese
patients with type 2 diabetes resulted in body weight reduction and sustained improvements in glycemic control
and serum liver enzyme levels[154]. Other small intervention trials reported that GLP-1 analogues significantly reduced intra-hepatic fat content on 1H-MRS and improved
serum aminotransferase levels in obese patients with
type 2 diabetes[155,156]. However, further larger and longer
randomized clinical trials with histological endpoints are
needed to establish a beneficial effect of these drugs for
the treatment of NAFLD/NASH. Although still not
conclusive, a possible cardio-protective effect of GLP-1
analogues has been recently supported by small animal
and human studies[157].

Angiotensin receptor blockers
The renin-angiotensin-aldosterone system is involved in
the pathogenesis of insulin resistance, NAFLD and target organ damage[167]. Angiotensin Ⅱ increases insulin resistance, exacerbates the systemic inflammatory response
by inducing reactive oxygen species and inflammatory
cytokines, and stimulates the release of free fatty acids
and triglycerides from the liver, thus further increasing
systemic insulin resistance[168].
Some animal and human studies have suggested that
angiotensin receptor blockers improve serum liver enzyme levels and histologic features of NAFLD. Specifically, telmisartan attenuated NASH progression in mice
by suppressing the macrophage infiltration into the liver.
Telmisartan also affected the reduction of adipocyte size
and elevation of serum adiponectin in these animals[169].
Treatment with losartan for 48 wk was associated with
some improvement in liver histology in a small sample of
hypertensive patients with NASH. However, further larger
clinical trials are needed to corroborate these findings[170].
It is well established that angiotensin receptor blockers reduce blood pressure values and also improve glucose tolerance and insulin sensitivity, thus contributing to
further reduce the risk of CVD events even through the
prevention of new-onset type 2 diabetes[171,172].

Statins
Despite their limited benefits on NAFLD, where statins
may produce some improvement in serum aminotransferases and hepatic steatosis (hepatic necro-inflammation
and fibrosis remaining unaffected), statins represent a
unique class of drugs[125,126]. Such a specificity results
from the statin use having been shown to be associated
with reduced CVD morbidity in patients with mildlyto-moderately abnormal liver function tests potentially
attributable to NAFLD[158,159]. Moreover, statins are the
most effective and widely used class of lipid-lowering
drugs for the primary and secondary prevention of CVD,
and may also exert a potentially beneficial role in primary
and secondary chemoprevention of hepatocellular carcinoma[160].
Ezetimibe is another lipid-lowering agent, which reduces the intestinal uptake of dietary cholesterol through
inhibiting Niemann-Pick C1-like 1 protein, the main
transporter of intestinal cholesterol in jejunum, which is
also expressed on hepatocytes at the level of canalicular
membrane[161]. Although not tested in randomized clinical
trials, preliminary evidence in mice and humans suggests
that treatment with ezetimibe may exert some improvement in NAFLD histology[162,163].
The CVD benefits of the combination of statins and
ezetimibe have been largely reported in the literature[161].

Vitamin D
Vitamin D3 has a key role in calcium homeostasis and
bone mineralization, and has recently been implicated in
the regulation of glucose and lipid metabolism, adipokine
production and homeostasis of bile acids[173]. Vitamin
D3 deficiency is a highly prevalent condition worldwide,
present in approximately 30%-60% of the general adult
population[174].
A recent meta-analysis of 17 cross-sectional and casecontrol studies has shown that patients with NAFLD had
about 0.35 ng/mL lower levels of serum 25-hydroxyvitamin D3 [25(OH)D3] and were 1.3 times more likely
to be vitamin D deficient than control subjects without NAFLD[175]. Our group also reported that serum
25(OH)D3 levels were inversely associated with the histological severity of hepatic steatosis, necro-inflammation
and fibrosis, independently of age, sex, season measurement, metabolic syndrome features and kidney function
parameters, among patients with histologically proven,
non-cirrhotic NAFLD[176]. Preliminary experimental evi-

Omega-3 polyunsaturated fatty acids
Omega-3 polyunsaturated fatty acids (PUFA) are useful
for the treatment of mild-to-moderate hypertriglyceridemia, which is often associated with insulin resistance and
NAFLD. A recent systematic review has shown a significant reduction in hepatic fat content (without any sub-
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medical community[15,127]. Data reviewed here strongly
support the conclusion that a certain proportion of patients with NAFLD, especially those with NASH, will
develop major CVD events and will ultimately die from
CVD before developing advanced liver disease. This implies the necessity for specific educational campaigns to
be conducted in order to increase awareness of NAFLD
as a novel cardiometabolic risk factor, necessitating appropriate diagnostic strategies, aggressive medical management and correct follow-up schedules.

dence suggests that via effects in both adipose tissue and
liver, low serum levels of vitamin D3 may predispose to
hepatic steatosis and necro-inflammation, contributing to
the development and progression of NAFLD[177].
Notably, accumulating evidence from observational,
prospective studies suggests that lower serum 25(OH)D3
levels were strongly associated with higher risks of developing type 2 diabetes, metabolic syndrome and CVD
events[174,178,179]. A recent community-based study also
reported that lower serum 25(OH)D3 levels were significantly associated with abnormalities in cardiac structure
and function in elderly patients without a prior history
of myocardial infarction, heart failure or valvular heart
disease[180]. However, larger and longer randomized clinical trials are needed to ascertain whether vitamin D3
supplementation may improve NAFLD and reduce the
incidence of adverse CVD outcomes.
Given the increased risk for cardiovascular, cardiac
and arrhythmic complications observed in patients with
NAFLD and the strong association of NAFLD with the
metabolic syndrome, we believe that all cardiometabolic
risk factors should be carefully and routinely screened
among patients with NAFLD, and that greater emphasis
should be placed on both specific lifestyle modifications
(i.e., weight loss, increased physical activity and smoking cessation) and aggressive pharmaceutical risk factor
modification, which would not only reduce the risk of
progressive liver disease, but could also positively impact
on the risk of developing structural and arrhythmogenic
cardiac complications in this patient population.
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trast, supplementation of the diet with krill oil or pine
nut oil helped in the prevention and/or in the treatment
of steatotic liver. Quite interesting is the “case” of olive
oil, since several studies have often provided different
and⁄or conflicting results in animal models.
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Core tip: Dietary fats may not only influence the pathogenesis of liver diseases, but may also prevent and/or
reverse their expression. This manuscript reviews the
molecular mechanisms responsible for the regulation
of hepatic lipogenesis, through which some fatty acids may be beneficial or detrimental to non-alcoholic
fatty liver disease (NAFLD). We believe that an understanding of the biochemical mechanisms underlying
fat accumulation in the liver will lead to more targeted
and effective therapeutics for hepatic steatosis. This
is a particularly important topic because NAFLD is an
increasingly prevalent disease which, to date, has no
proven pharmacologic treatment to prevent or reverse
its course.

Abstract
Non-alcoholic fatty liver disease (NAFLD) describes a
range of conditions caused by fat deposition within liver
cells. Liver fat content reflects the equilibrium between
several metabolic pathways involved in triglyceride
synthesis and disposal, such as lipolysis in adipose tissue and de novo lipogenesis, triglyceride esterification,
fatty acid oxidation and very-low-density lipoprotein
synthesis/secretion in hepatic tissue. In particular, it
has been demonstrated that hepatic de novo lipogenesis plays a significant role in NAFLD pathogenesis. It is
widely known that the fatty acid composition of the diet
influences hepatic lipogenesis along with other metabolic pathways. Therefore, dietary fat may not only be
involved in the pathogenesis of hepatic steatosis, but
may also prevent and/or reverse hepatic fat accumulation. In this review, major data from the literature
about the role of some dietary fats as a potential cause
of hepatic fat accumulation or as a potential treatment for NAFLD are described. Moreover, biochemical
mechanisms responsible for an increase or decrease in
hepatic lipid content are critically analyzed. It is noteworthy that both quantitative and qualitative aspects of
dietary fat influence triglyceride deposition in the liver.
A high-fat diet or the dietary administration of conjugated linoleic acids induced hepatic steatosis. In con-
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a condition
that is caused by the pathological accumulation of fat
in liver. NAFLD affects 10%-35% of the current world
population. In the great majority of patients, NAFLD
develops in association with obesity, type 2 diabetes, insu-
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lin resistance and other metabolic abnormalities, including hypertension and dyslipidemia, collectively termed as
“metabolic syndrome”[1,2].
The severity of the disease ranges from simple steatosis to acute steatohepatitis, but the pathogenesis and
the molecular mechanisms controlling its progression
are poorly understood. The classical pathogenesis of
NAFLD is based on the “two-hit hypothesis”[3,4]. According to this hypothesis, hepatic triglyceride accumulation[5],
or steatosis, represents the “first hit”, which then sensitizes the liver to injury mediated by a “second hit”, such
as the secretion of proinflammatory and prothrombotic
adipocytokines and the reduced production of the adipocytokine adiponectin, a potent anti-inflammatory and
insulin-sensitizing agent[6-8]. In addition, mitochondrial
dysfunction and oxidative stress trigger an inflammatory
and fibrogenic cascade in the primed liver[3]. These events
lead to steatohepatitis and fibrosis. More recently, Serviddio et al[9] underlined the importance of mitochondria in
NAFLD prevention since these organelles play fundamental roles in fat metabolism and energy homeostasis,
thereby counteracting the excessive accumulation of liver
triglycerides.
Indeed, the main feature of NAFLD pathogenesis,
both histologically and metabolically, is the accumulation
of triglycerides in the liver. Although the increased mobilization of free fatty acids from adipose tissue mainly
contributes to fatty liver, the specific origin of the lipids
that accumulate in the liver remains unknown. Therefore,
the understanding of the molecular mechanisms leading
to the accumulation of lipids into the liver of NAFLD
patients is of importance for the prevention and/or the
reversal of this condition.
In this review, we focus our attention on the de novo
lipogenesis which plays a significant role in the pathogenesis of NAFLD[10-13]. It is widely known that hepatic
lipogenesis is strictly regulated by several nutritional factors[14,15], such as the fatty acid composition of the diet[16].
Such knowledge will eventually translate into the development of novel treatment strategies for NAFLD.

To establish the relative contribution of lipid accumulation in patients with NAFLD, Donnelly et al[10] used a
multiple-stable-isotope approach. These authors demonstrated that approximately 60% of liver triglyceride content was derived from free fatty acid influx from adipose
tissue, 26% from de novo lipogenesis, and 15% from the
diet. Other studies, carried out in animal models, provided further evidence that lipogenesis plays a key role in the
development of hepatic steatosis[12]. In particular, the use
of genetically engineered mice have helped to clarify that
knockdown of enzymes involved in fatty acid synthesis
was able to reverse NAFLD[11].
De novo fatty acid synthesis implies a complex series
of reactions starting in the mitochondrial matrix and continuing in the cytosol of hepatocytes (Figure 2). The main
fuel for fatty acid synthesis is acetyl-CoA derived from
carbohydrate or amino acid catabolism. Since acetyl-CoA
is formed in the mitochondrion, and fatty acid synthesis
occurs in the cytosol, the acetyl group must be exported
from the intra-mitochondrial to the extra-mitochondrial
compartment of the cell before its conversion into fatty
acids. Actually, in the mitochondrial matrix, acetyl-CoA
is at first condensed with oxaloacetate, thereby forming
the tricarboxylate citrate, an intermediate of the Krebs
cycle. When this intermediate cannot be burned in the
Krebs cycle because of an excess of cellular energy, it is
exported from the mitochondrial matrix into the cytosol
by the mitochondrial tricarboxylate carrier or citrate carrier (CIC). This carrier protein is firmly inserted into the
inner mitochondrial membrane, where it catalyzes the efflux of citrate from the matrix towards the cytosol, thus
playing an important role in intermediary metabolism[19].
In fact, in the cytosol the transported citrate generates
acetyl-CoA, which now represents the primer for de novo
fatty acid and cholesterol biosyntheses[20]. As shown in
Figure 2, cytosolic fatty acid synthesis begins with the
conversion of acetyl-CoA to malonyl-CoA in the reaction
catalyzed by acetyl-CoA carboxylase (ACC). Next, the
sequential extension of an alkanoic chain, two carbons
at a time, is catalyzed by fatty acid synthase (FAS) which
eventually leads to palmitic acid (16:0), the main product
of de novo fatty acid synthesis.
The high rate of lipogenesis, observed in hepatic
steatosis, seems to be associated with hyperglycemia and
hyperinsulinemia[21,22]. Induction of lipogenic genes is
under the combined actions of sterol regulatory element
binding protein-1c (SREBP-1c) in response to insulin,
and ChREBP (carbohydrate responsive element binding
protein) in response to glucose[23,24]. These events also
result in a shift in cellular metabolism from lipid oxidation to triglyceride esterification, thereby increasing the
production of liver triglycerides[12,25].

ROLE OF DE NOVO LIPOGENESIS IN THE
DEVELOPMENT OF HEPATIC STEATOSIS
Steatosis occurs when there is an imbalance between
lipid availability through fatty acid uptake and de novo lipogenesis, and lipid secretion and disposal via free fatty
acid oxidation[17,18]. Figure 1 depicts the main pathways
involved in fatty acid metabolism in liver and shows that
a perturbed balance between triglyceride synthesis and
triglyceride disposal leads to hepatic steatosis.
As shown in Figure 1, the potential sources of fatty
acids contributing to fatty liver are the non-esterified
fatty acid pool from adipose tissue, dietary fatty acids
and newly made fatty acids within the liver through de
novo lipogenesis[13,18]. Modulation of any of the multiple
mechanisms involved in lipid accumulation in the liver
could provide useful targets to prevent the development
of NAFLD.
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Lipolysis
↑ Triglycerides synthesis
↓ Triglycerides disposal
Oxidation
Dietary fat

Figure 1 Contribution of various metabolic pathways
to hepatic steatosis. Liver fat content reflects the equilibrium between several metabolic pathways involved in
triglyceride synthesis (red arrows) and clearance (green
arrows). Dietary fat is an important factor capable of influencing de novo lipogenesis (black dotted arrow).
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Figure 2 Pathway of de novo fatty acid synthesis in
the liver. CIC: Citrate carrier; ACC: Acetyl-CoA carboxylase; FAS: Fatty acid synthase.
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the diet is an important factor capable of influencing
hepatic lipid metabolism. Indeed, dietary fatty acids are
able to regulate various metabolic pathways involved in
lipid metabolism mainly through a fine modulation of
gene transcription of specific enzymes[16,26]. Since the
liver plays a key role in lipid metabolism, dietary fats and
their oxidized metabolites may not only influence the
pathogenesis of liver diseases[27-31], but may also prevent
and/or reverse disease manifestations[32]. In particular,
it has been reported that n-3 polyunsaturated fatty acids
(PUFA) are able to limit triglyceride deposition in the
liver[33,34], whereas a diet deficient in n-3 PUFA with a
high n-6/n-3 ratio could induce fatty liver[28] and chronic diseases[35-37].
Modulation of hepatic lipid metabolism by fatty
acids is quite complex, involving a sequence of molecular events which are interdependent and cross-regulated.
Because of the complexity of this topic, in the present
review we focus our attention on dietary fat modulation
of hepatic fatty acid synthesis, a pathway which plays a
key role in the pathogenesis of liver fat accumulation. It
is known from the literature that dietary PUFA of the
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n-3 and n-6 series are potent inhibitors of hepatic lipogenesis[16]. However, most of these studies investigated
the variations in the activity and in the expression of the
cytosolic lipogenic enzymes (ACC and FAS).
In recent years, attention has also been gradually
directed towards the effects of dietary PUFA of the
n-3 and n-6 series on the activity of the mitochondrial
CIC, which, as stated before, transports citrate outside
mitochondria for cytosolic fatty acid biosynthesis. It has
been found that PUFA significantly decrease the activity
and the expression of the mitochondrial CIC[38-43]. Very
interestingly, parallel reductions in the activities of mitochondrial CIC and of cytosolic lipogenic enzymes were
found, thereby highlighting a close coordination between
mitochondrial and cytosolic reactions[38-44]. In contrast, a
diet enriched in monounsaturated fatty acids (MUFA) or
saturated fatty acids (SFA) did not exert any appreciable
effect on mitochondrial CIC activity and expression, and
therefore did not influence de novo fatty acid synthesis[41,42].
This mitochondrial carrier, therefore, acts as a sensor for
changes occurring in hepatic lipogenesis[39-44] which, in
turn, may influence fat deposition in liver.
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fish oil[45,46]. The health-promoting effects of krill oil have
been reported both in humans and in animal models by
several authors[47-50]. Moreover, a higher potency of krill
oil in comparison to fish oil has also been proposed[43,51].
This may be biologically and therapeutically significant,
since it has been found that krill oil supplementation
showed beneficial effects on hepatomegaly and hepatic
steatosis in mice fed a high-fat diet (Table 1). Indeed, krill
oil supplementation of the diet caused a significant reduction in liver weight (hepatomegaly) and total liver fat
(steatosis)[42,50]. Recently, investigation of the molecular
mechanisms responsible for the action of krill oil revealed that the beneficial effects of this fat were due to a
favourable combination of several elements[42]. First, diet
supplementation with 2.5% krill oil in rats fed a high-fat
diet reduced the activity and expression of mitochondrial
CIC, thereby decreasing the amount of substrate available for hepatic fatty acid synthesis. The concomitant and
concerted reduction of the lipogenic enzymes ACC and
FAS resulted in a strong inhibition of hepatic fatty acid
synthesis. A similar effect was also observed when animals were fed with a standard diet, suggesting that krill oil
has an intrinsic capability to reduce hepatic lipogenesis[43].
Second, besides the inhibition of de novo lipogenesis, a
marked increase in fatty acid oxidation was observed in
animals fed with a diet enriched in krill oil. Third, dietary
krill oil was also able to retain efficient mitochondrial
oxidative phosphorylation in treated rats, thus preventing
the possible uncoupling effects of a high-fat diet. Overall,
krill oil stimulated the catabolization of excess fat introduced by a hypercaloric diet, while inhibiting de novo fatty
acid synthesis and therefore preventing the onset of fatty
liver.
It is also important to underline that surplus of
energy supplied by fat often leads to reduced tissue
utilization of glucose, thus causing hyperglycemia and
hyperinsulinemia[52]. Very interestingly, krill oil was also
able to reverse the increase in the levels of blood glucose
and insulin, normally observed in steatotic animals, thus
preventing insulin resistance[42]. On the other hand, lower
levels of triglycerides were found in plasma of animals
fed with krill oil in comparison to those detected in rats
fed a high-fat diet, and this may also be significant in preventing cardiovascular diseases. All these results suggest
that krill oil has the ability to improve lipid and glucose
metabolism and highlight the possible protective effects
of krill oil against hepatic steatosis.
In the last few years, vegetable oils extracted from
the seeds of some conifers[53] have been also under investigation for their use as dietary supplements[54-56]. The
oil from the seeds of Pinus koraiensis is a dietary fat that
contains, along with various fatty acids, pinolenic acid or
all-cis-5,9,12-octadecatrienoic acid. This is a quite unusual
n-6 PUFA which is characterized by polymethyleneinterrupted double bonds. Preliminary studies carried out
in rats indicated that pine nut oil exerted some beneficial
effects on lipid metabolism, such as a decrease in plasma
triglycerides and in circulating very-low-density lipoprotein[54,56]. Further studies demonstrated that diet supple-

Table 1 Use of dietary supplement in the prevention of hepatic steatosis
Oil
Oil fatty acid Experimental
design
source composition
(%)
Krill

Pine
nut

C14:0
C16:0
C18:0
C18:1
C18:2
C18:3
C20:5
C22:5
C22:6

C16:0
C18:0
C18:1
C18:2
C18:3
C18:3
(5,9,12)

2.5
18.2
2.8
25.8
54.4
4.9
5.3
2.3
3.0

C57BL/6
mice fed for
8 wk with a
high-fat diet
containing
1.25%-5%
krill oil
Wistar rats
fed for 6 wk
with a diet
containing
2.5% krill oil

Results

Ref.

↓ Hepatomegaly Tandy et al[50]
↓ Hepatic
steatosis
↓ De novo
lipogenesis
↓ Blood glucose

↓ Hepatic
Ferramosca et al[43]
steatosis
↓ De novo
lipogenesis
↓ Haematic
triglycerides
↓ Haematic
cholesterol
Sprague↓ Hepatic
Ferramosca et al[42]
Dawley rats steatosis
fed for 12
↓ De novo
wk with a
lipogenesis
high-fat diet ↑ Fatty acid
containing oxidation
2.5% krill oil ↓ Mitochondrial
uncoupling
↓ Haematic
glucose
↓ Haematic
insulin
↓ Haematic
triglycerides
8.0 Mice fed
↓ Liver weight
Ferramosca et al[40]
2.2 for 8 wk
↓ Hepatic
23.2 with a diet steatosis
51.1 containing ↓ De novo
2.1 7.5% pine
lipogenesis
8.8 nut oil
↓ Haematic
triglycerides
↓ Haematic
cholesterol

DIETARY FATTY ACIDS AND
PREVENTION OF HEPATIC STEATOSIS:
NEW INSIGHTS FROM KRILL AND PINE
NUT OIL
In recent years, the use of dietary supplements has rapidly increased. For instance, krill oil, a novel dietary supplement of n-3 PUFA, has become increasingly popular as
a food supplement during the last decade. This oil is extracted from Antarctic krill (Euphausia superba), a shrimplike zooplankton at the bottom of the food chain. Krill
oil contains two n-3 PUFA, eicosapentaenoic acid (EPA,
20:5) and docosahexanoic acid (DHA, 22:6), in amounts
similar to those present in fish oil. However, these longchain n-3 fatty acids are present in krill oil in the form
of phospholipids rather than triglycerides. Furthermore,
the ratio of EPA to DHA is different in the two oils,
with EPA prevailing in krill oil and DHA prevailing in
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mentation with pine nut oil caused a significant reduction
in liver weight and liver lipids[40]. These results are noteworthy because this dietary fat might be of interest in the
case of hepatic steatosis (Table 1). A concomitant reduction in the mitochondrial CIC activity and in the cytosolic
ACC and FAS activities was observed in animals fed pine
nut oil[40]. However, a similar decrease in de novo fatty acid
synthesis was also found in control mice which were fed
with a diet enriched with maize oil. This latter diet has a
fatty acid composition similar to that of the pine nut oil
diet, except for the absence of pinolenic acid. Therefore,
the specific capability of decreasing hepatic and plasma
lipids, shown by pine nut oil, is probably due to pinolenic
acid, or to some of its possible metabolites[40].

ovine meat and dairy products. The main CLA isomer
in natural products is the cis-9,trans-11-octadecadienoic
acid, but the commercially available CLA, currently used
as a food supplement, contains a 1:1 mixture of this isomer and the trans-10,cis-12 isomer. Several authors have
indicated that CLA has beneficial effects in the case of
cardiovascular diseases, obesity and diabetes[63]. These
beneficial effects, however, are in some instances associated with adverse effects, such as liver steatosis[64].
Several studies (Table 2) suggested that de novo fatty
acid synthesis may play a role in the onset of hepatic
steatosis produced by CLA administration[44,65,66]. Interestingly, in CLA-fed mice, a time-dependent increase in the
enzymatic activities involved in hepatic lipogenesis was
clearly found. Indeed, at the 16th week of CLA feeding,
an approximate doubling of the activities of mitochondrial CIC and of cytosolic lipogenic enzymes (ACC and
FAS) was detected[39,44]. It is important to underline that,
in the first period of CLA feeding, liver enlargement and
hepatic triglyceride accumulation occurred independently
of the fatty acid synthesis stimulation. At longer times
(weeks 12-16), the level of hepatic triglycerides in CLAfed mice increased dramatically. The concomitant strong
increase in the levels of plasma insulin suggested that this
hormone, possibly in addition to other factors, could play
an important role in the development of hepatic steatosis
after longer durations of dietary treatment[39].
Several authors reported that trans-10,cis-12 CLA
was the isomer responsible for the development of fatty
liver in mice in which a loss of adipose tissue was concomitantly observed[64,67,68]. However, the mechanisms by
which the liver becomes steatotic in response to trans-10,
cis-12 CLA are not well understood and appear to be
puzzling since this isomer also induces a concomitant increase in cellular fatty acid oxidation[68].

DIETARY FATTY ACIDS AND
DEVELOPMENT OF HEPATIC STEATOSIS
Fatty liver is diet-inducible in rodent animal models, in
which high-fat diets are able to cause an increase in the
liver fat levels. Indeed, an increase in the level of liver lipids was observed in rats fed for 12 wk with a diet containing a high content of fat (35% lard)[42] (Table 2). It must
be underlined that the approximate fatty acid profile of
the high-fat diet used in this study was kept low in PUFA,
with the aim of preventing the inhibitory effect of hepatic fatty acid synthesis by high levels of these unsaturated fatty acids. The excess dietary fat anyhow inhibited
hepatic lipogenesis at the beginning of dietary treatment.
This inhibition progressively decreased over time and was
completely abolished at longer feeding times. The high
level of triglycerides found in the liver at the beginning
of this dietary treatment was therefore not due to an increased fatty acid synthesis, since this anabolic pathway
was inhibited at that time. Interestingly, a decrease in fatty
acid oxidation, as well as a strong decrease in mitochondrial respiratory efficiency, was clearly observed in animals fed a high-fat diet[42]. This last observation suggests
that the excess of fat in the diet most probably induced a
partial uncoupling between respiration and phosphorylation in the mitochondria[57]. A concomitant increase in the
plasma levels of glucose and insulin was also observed in
animals fed a high-fat diet[42].
In the last decade, the attention of some authors has
been focused on the fatty acid composition of the diet
in the induction of hepatic steatosis. In this context, a
recent review reports that an increase in free fatty acids,
especially SFA, may play an important role in the development of hepatic steatosis[29]. It has been demonstrated
that SFA caused liver dysfunction by promoting endoplasmic reticulum stress and apoptosis[58-60]. In contrast to
SFA, an increase in MUFA induced steatotic liver, but did
not initiate apoptosis[61].
Conjugated linoleic acids (CLA) have also been linked
to the development of hepatic steatosis. CLA is the acronym for a class of positional and geometric isomers of
linoleic acid[62]. These compounds are naturally present in
food derived from ruminant animals, such as bovine and
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“CASE” OF OLIVE OIL
Olive oil, a basic component of the Mediterranean diet,
mainly contains oleic acid, a MUFA fatty acid of the n-9
series. One of the most intriguing aspects regarding olive
oil is its effect on hepatic lipid metabolism. In some studies (Table 3) carried out in rodents, an olive oil-enriched
diet induced fat accumulation in the liver[41,69-72]. Furthermore, in olive oil-treated animals, an increase in hepatic
lipogenesis was surprisingly found[71,72]. However, the
animals used as control group in these studies were fed
with a diet enriched in PUFA. Therefore, the observed
increase in hepatic lipogenesis in olive oil-fed animals was
only apparent and probably due to the comparison with
the PUFA-enriched diet fed to control animals.
Nevertheless, the molecular mechanisms of fat accumulation in the liver of olive oil fed animals are not clear.
In the organism, the liver plays a fundamental role in
lipid metabolism, because it is involved in many different
processes, such as fatty acid uptake, storage, conversion,
oxidation, synthesis and secretion. Therefore, a clear definition of the molecular events leading to lipid accumulation in the liver, consequent to olive oil administration,
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Table 2 Role of dietary fat in the development of hepatic steatosis
Dietary fat
Lard

CLA

Fatty acid composition (%)
C14:0
C16:0
C18:0
C18:1
C18:2

0.50
8.70
4.30
15.80
3.50

CLA
c-9, t-11
CLA
t-10, c-12
C16:0
C18:0
C18:1
C18:2
CLA
c-9, t-11/ t-9, c-11
CLA
t-10, c-12
CLA
c-9, c-11/c10, c12
CLA
t-9, t-11/t10, t12
CLA
t-10, c-12

0.004

C16:0
C16:1
C18:0
C18:1
C18:2
CLA
c-9, t-11
CLA
t-10, c-12
CLA
c-9, c-11/c10, c12
CLA
t-9, t-11/t10, t12
C16:0
C18:0
C18:1
C18:2
C18:3
CLA
c-9, t-11
CLA
t-10, c-12
C16:0
C18:0
C18:1
C18:2
C18:3
CLA
c-9, t-11
CLA
t-10, c-12

5.94
0.01
0.60
5.30
1.27
0.49

0.40
5.91
0.60
5.27
1.22
0.49

Experimental design
Sprague-Dawley rats fed
for 12 wk with a high-fat
diet (35% fat)

C57Bl/6J mice fed were
fed for 4 wk with a diet
containing 0.4% CLA
C57BL/6J mice were fed
for 21 days with a diet
containing 1.5% CLA

Results

Ref.

↑ Hepatic steatosis
Ferramosca et al[42]
↓ Fatty acid oxidation
↑ Haematic triglycerides
↑ Mitochondrial uncoupling
↑ Haematic insulin
↑ Haematic glucose
↑ Hepatic steatosis
Clément et al[64]
↑ De novo lipogenesis
↑ Haematic insulin
↑ Hepatomegaly
↑ Hepatic steatosis
↑ De novo lipogenesis
↑ Fatty acid oxidation

Takahashi et al[65]

0.51
0.03
0.02
1.00

C57BL/6J mice fed for 4 wk ↑ Liver weight
with a diet supplemented ↓ Haematic triglycerides
with 1% CLA
↓ Haematic FFA
↑ Fatty acid oxidation
ICR mice fed for 22 d with ↑ Liver weight
a diet containing
↑ Hepatic steatosis
1.0% CLA
↑ De novo lipogenesis
↑ Fatty acid oxidation
↑ Haematic insulin

Degrace et al[68]

ICR mice fed for 16 wk
with a diet containing 1%
CLA

↑ Liver weight
↑ Hepatic steatosis
↑ De novo lipogenesis
↑ Fatty acid oxidation
↓ Haematic triglycerides
↓ Haematic FFA

Ferramosca et al[44]

ICR mice fed for 16 wk
with a diet containing 1%
CLA

↑ Liver weight
↑ Hepatic steatosis
↑ De novo lipogenesis
↑ Fatty acid oxidation
↓ Haematic triglycerides
↓ Haematic cholesterol
↑ Haematic insulin

Ferramosca et al[39]

Ide[66]

0.51
0.03
0.02
12.00
2.70
42.50
30.50
2.90
3.50
3.70
12.00
2.70
42.50
30.50
2.90
3.50
3.70

CLA: Conjugated linoleic acids.

is quite difficult. However, it has been proposed that the
increase in the hepatic triglyceride content of olive oil-fed
mice was due to an impairment of mitochondrial fatty
acid oxidation[41].
On the other hand, an interesting study[73], carried
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out in rats with NAFLD, demonstrated that olive oil
decreased the accumulation of liver triglycerides. In particular, it has been suggested that olive oil may improve
insulin resistance, increase the release of triglyceride from
liver and decrease the lipolytic flux from peripheral adi-
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only partially retained. Another study[77] demonstrated
that 0.5% supplementation of DHA to the CLA diet attenuated CLA-induced fatty liver through the reduction
of hepatic fatty acid synthesis. In agreement with these
results, Ide[66] demonstrated that different amounts of
fish oil added to a CLA-enriched diet downregulated de
novo lipogenesis in a dose-dependent manner, concomitantly reducing hepatic triglyceride levels. Indeed, both
dietary CLA and fish oil strongly affect hepatic lipogenic
activities: CLA enhances, whereas fish oil inhibits the
activities and the expression of the enzymes involved
in hepatic lipogenesis[43,44]. Therefore, the simultaneous
ingestion of fish oil and CLA may represent a “dietary
trick” to retain the positive effects exerted by CLA, such
as its anti-obesity property, while avoiding the negative
consequences mainly consisting of excessive fat deposition in the liver.
In line with this concept, a further study[39] investigated the effects of a dietary combination of CLA and
pine nut oil on lipid metabolism in mice. Previous studies
demonstrated that CLA greatly increased de novo fatty acid
synthesis in mouse hepatocytes, thus leading to hepatic
steatosis[44]. In contrast, pine nut oil decreased liver lipid
concentration[40]. Starting with these observations, it has
been found that the co-administration of CLA and pine
nut oil in the diet exerted a series of positive effects in
treated animals: (1) the CLA-mediated body fat reduction
was preserved; (2) the onset of hepatic steatosis was effectively prevented; and (3) the liver and plasma lipid content was normalized. The detailed analysis of metabolic
changes occurring in mice under this dietary treatment
revealed that the enzymatic activities involved in fatty
acid synthesis had time-dependent biphasic behavior.
In fact, hepatic lipogenesis showed a biphasic trend in
CLA + pine nut oil-fed animals, consisting of a moderate increase within the first 6-8 wk of dietary treatment,
followed by a progressive decrease from the 8th week
onward. A strong decrease in hepatic fatty synthesis was
indeed detected at the 16th week of feeding. Furthermore,
whereas a sharp increase in plasma insulin levels occurred
in CLA-fed animals at the 8th week, insulinemia remained
stable in CLA + pine nut oil-fed mice. It was also found
that a CLA + pine nut oil diet positively influenced plasma lipid levels. In fact, this dietary association reinforced
the capability of CLA in decreasing plasma triglyceride
levels, reducing at the same time plasma levels of cholesterol and phospholipids. The healthy beneficial effects
promoted by a CLA + pine nut oil diet are probably due
to the peculiar fatty acid composition of the mixture. In
fact, the CLA + pine nut oil diet has a lower amount of
SFA and MUFA and a higher amount of PUFA in comparison to the CLA diet. Among PUFA, the specific presence of 1.12% pinolenic acid may have a fundamental
impact on the observed hypolipidemic effects.

Table 3 Effect of olive oil on liver lipid profile
Fatty acid
composition (%)
C16:0
C16:1
C17:0
C18:0
C18:1
C18:2
C18:3
C20:0
C20:1
C24:0
C16:0
C16:1
C17:0
C18:0
C18:1
C18:2
C18:3
C20:0
C20:1
C24:0
C16:0
C16:1
C18:0
C18:1
C18:2
C18:3
C20:0
C16:0
C18:0
C18:1
C18:2
C18:3
C16:0
C18:1
C18:2

11.80
0.90
0.40
2.80
79.20
3.50
0.60
0.30
0.20
0.40
11.79
0.86
0.37
2.79
79.22
3.45
0.60
0.28
0.20
0.44
11.87
0.94
2.92
77.26
5.69
0.50
0.39
10.70
2.00
74.80
10.40
0.70
11.29
71.26
9.76

C16:0
C18:0
C18:1
C18:2
C18:3

12.10
3.00
27.40
51.90
2.70

Experimental
design

Results

Ref.

Wistar rats fed
for 12 wk with a
diet containing
10% olive oil

↑ Hepatic
lipids

Ruiz-Gutiérrez et al[69]

Spontaneously
hypertensive
rats fed for 12
wk with a diet
containing 10%
of energy as
olive oil

↑ Hepatic
lipids

Perona et al[70]

Wistar rats fed
for 4 wk with a
diet containing
40% of energy
as olive oil

↑ Hepatic Portillo et al[71]
lipids
↑ De novo
lipogenesis

Wistar rats fed
for 6 wk with a
diet containing
20% olive oil

↑ Hepatic Takeuchi et al[72]
lipids
↑ De novo
lipogenesis

Sprague↓ Hepatic Hussein et al[73]
Dawley rats fed
steatosis
for 2 mo with
a methionine
choline-deficient
diet containing
olive oil (0.45
mg/g rat weight)
ICR mice fed for ↑ Hepatic Ferramosca et al[41]
8 wk with a diet
lipids
containing 7.5% ↓ Fatty acid
olive oil
oxidation

pose tissue in steatotic animals[73]. Further studies, carried
out in humans, demonstrated that MUFA were able to
increase lipid oxidation and to decrease insulin resistance,
suggesting that olive oil should be included in the diet of
NAFLD patients[74,75].

SPECIFIC COMBINATIONS OF PUFA CAN
MODULATE HEPATIC STEATOSIS
Some attempts have been made to overcome the adverse
effects of CLA, such as fatty liver, by using appropriate
mixtures of CLA and other dietary fatty acids. Nakanishi et al[76] found that the addition of gamma-linolenic
acid to a CLA-enriched diet was able to prevent fatty liver
in mice, even if the antiobesity properties of CLA were
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CONCLUSION
NAFLD is characterized by abnormal fat deposition in
the liver, where lipids are mainly stored as triglycerides.
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Hepatic fat accumulation results from an imbalance between lipid supply (uptake or de novo lipogenesis) and lipid
clearance (fatty-acid oxidation or triglyceride-rich lipoprotein secretion). Among the mechanisms involved in triglyceride accumulation, uptake of fatty acids consequent
to adipose tissue lipolysis and de novo lipogenesis seem to
be the major sources of lipid in the steatotic liver[13].
In recent years, several studies carried out in animal
models focused their attention on the role of dietary fats
in the modulation of de novo lipogenesis, which plays a
significant role in the pathogenesis of NAFLD. It has
been demonstrated that a high-fat diet is able to induce
a condition of hepatic steatosis. A similar effect was observed after the dietary administration of CLA which,
at the same time, are able to strongly prevent fat accumulation in adipose tissue. While the effects of olive oil
on hepatic lipid content are not completely clear, novel
dietary supplements, such as krill oil or pine nut oil, seem
to have a protective effect against hepatic steatosis. Nevertheless, further studies in humans are needed to ascertain whether the consumption of these dietary fats may
be helpful in NAFLD patients.
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Dietary habits and behaviors associated with nonalcoholic
fatty liver disease
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tion therapy is difficult for many patients because of
their dietary habits and lifestyle, and because the motivation for treatment differs among patients. Thus, it
is necessary to assess the nutritional background and
to identify nutritional problems in each patient with
NAFLD. When assessing dietary habits, it is important to individually evaluate those that are consumed
excessively or insufficiently, as well as inappropriate
eating behaviors. Successful nutrition therapy requires
patient education, based on assessments of individual
nutrients, and continuing the treatment. In this article,
we update knowledge about NAFLD, review the important aspects of nutritional assessment targeting treatment success, and present some concrete nutritional
care plans which can be applied generally.
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Core tip: The onset and development of nonalcoholic
fatty liver disease (NAFLD) are closely associated
with dietary habits and lifestyle; therefore, nutritional
therapeutic approaches are required for these patients
and those at risk of developing NAFLD. This article
reviewed current nutritional status of NAFLD patients
and the important aspects of nutritional assessment
targeting treatment success.

Abstract
Nonalcoholic fatty liver disease (NAFLD) is one of the
most frequent causes of health problems in Western
(industrialized) countries. Moreover, the incidence
of infantile NAFLD is increasing, with some of these
patients progressing to nonalcoholic steatohepatitis.
These trends depend on dietary habits and life-style.
In particular, overeating and its associated obesity affect the development of NAFLD. Nutritional problems
in patients with NAFLD include excess intake of energy,
carbohydrates, and lipids, and shortages of polyunsaturated fatty acids, vitamins, and minerals. Although
nutritional therapeutic approaches are required for
prophylaxis and treatment of NAFLD, continuous nutri-
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INTRODUCTION

BEHAVIORAL SCIENCE AND
MULTIDISCIPLINARY NUTRITIONAL
CARE FOR SUCCESSFUL NUTRITION
THERAPY

Nonalcoholic fatty liver disease (NAFLD) is a major
health problem in Western countries, affecting 30% of
the adult population and 60%-80% of patients with
diabetes mellitus and/or obesity[1,2]. The 2011 National
Health and Nutrition Examination Survey reported that
the rates of NAFLD, obesity, and type 2 diabetes have
increased coordinately over time since the 1988-1994
survey[2], indicating that NAFLD is associated with obesity and type 2 diabetes.
In addition, the prevalence of NAFLD in children
and adolescents is increasing, and has been reported to
be about 10%[3-5]. Although genetic factors have been associated with the onset of pediatric NAFLD[6], the most
important risk factor in children, as in adults, is overweight, with the prevalence of NAFLD higher in obese
than in non-obese children[3,7-9]. Moreover, nonalcoholic
steatohepatitis (NASH) has been diagnosed in 3% of
children and adolescents[5].
About 20%-25% of adults with NASH have been
reported to develop liver cirrhosis within 10 years[1], with
hepatocellular carcinoma occurring in 8.6% of cirrhotic
NASH patients within 12 years[10] or in 11.3% within 5
years[11]. A recent meta-analysis showed that, compared
with patients with simple steatosis, those with NASH
have higher liver-related mortality rates, with an OR for
patients with NASH of 5.71 and an OR for patients with
NASH and advanced fibrosis of 10.06[12]. In addition,
NAFLD is considered as a risk factor for cardiovascular
disease (CVD), because many patients with NAFLD
develop metabolic disorders[13]. A longitudinal study of
129 patients with biopsy-proven NAFLD who were
followed for a mean of 13.7 years found that mortality
from cardiovascular events was higher than liver-related
mortality, with the overall mortality of patients with
NASH being twice that of a matched reference population[14]. Similarly, a cohort study of Swedish patients with
NAFLD who were followed-up for a mean of 28 years
showed that mortality risks were higher for patients
with NAFLD (OR = 1.69) and NASH (OR = 1.86),
compared with the general Swedish population, and that
CVD is the most frequent cause of death[15]. Another
prospective, nested, case-control study in 2103 patients
with type 2 diabetes without diagnosed CVD at baseline
who were followed-up for a mean 5 years found that the
presence of NAFLD was significantly associated with an
increased CVD risk (OR = 1.84) and that this relationship was independent of classical risk factors[16].
Because NAFLD develops as early as childhood and
was found to exacerbate other conditions and worsen
patient prognosis, treatment methods are urgently
needed. Nutrition therapy is the basic form of treatment
for patients with NAFLD and those at risk of developing this disorder. Therefore, all clinical staff involved
in NAFLD prevention or treatment should understand
nutritional strategies for dealing with NAFLD.
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NAFLD is closely associated with obesity. Put simply,
obesity results from greater energy intake than consumption, with excessive energy accumulated as fat. NAFLD
patients with excess energy intake have shown improvements following weight loss resulting from restricted energy intake; e.g., 600-800 kcal/d, 25-30 kcal/kg (standard
weight) per day, or baseline minus 500-1000 kcal/d (Table
1)[17-24]. Although restricted diets are clinically effective in
the short-term, long-term energy and weight control is
very difficult for many patients[25]. For example, a 6-mo
nutritional intervention was successful in only 54.8% of
patients with NAFLD[24], perhaps because patients differ
in grade of motivation and preparation for the therapy.
Generally, a desirable health behavior is attained by
changes that progress through five stages evaluated by
the transtheoretical model: (1) a precontemplation stage,
in which a patient has no intention of changing in the
foreseeable future; (2) a contemplation stage, in which
a patient intends to change, but not soon; (3) a preparation stage, in which a patient intends to change during
the next month; (4) an action stage, in which a patient
changes; and (5) a maintenance stage, in which a patient
has maintains the change for at least 6 mo[26,27]. The transtheoretical model, a popular concept in the area of health
psychology, has been applied in patients with smoking,
obesity, human immunodeficiency virus infection, and so
on. The answers to the different questions are summed
up to evaluate motivation to change according to the
transtheoretical model of upper five stages of change, using 10 statements; two for each stage. The different stages of change have been theorized to predict treatment
participation to programs and dropout, as well as efficacy
and long-term maintenance of improvement. An evaluation of the intake of low-fat health food diets by obese
patients with diabetes using these five stages found that
48.2% of male patients and 25.0% of female patients
were at the precontemplation and contemplation stages[28,29]. This trend was similar in patients with NAFLD.
Dietary habits and physical activity in NAFLD patients
were reported to be associated with the stages of change
evaluated by the transtheoretical model, in which highest
36.0% of patients were at the contemplation stages[30].
Therefore, although all NAFLD patients require nutrition
therapy, more than 50% will not readily accept the need
for or practice nutrition therapy. Thus, prior to initiating
nutrition therapy, it is important to assess whether an
individual patient is at a receptive stage for it. Behavioral
counselors should therefore work flexibly with patients.
For example, motivation by raising a patient’s consciousness level is important during the precontemplation stage.
During the contemplation stage, it is necessary for the
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Table 1 Effect of nutritional intervention on nonalcoholic fatty liver disease
Study design
Balanced hypocaloric diet, exercise
Very-low calorie diet
Weight reduction (retrospective)
Diet (25 cal/kg•ibw), exercise
Diet (add 300 mg/d)
Diet (baseline minus 500-1000 cal/d)

No. of cases

Duration (mo)

Improved items

Ref.

9
41
39
25
22
31

9-30
4-23
3
12
6

ALT, fatty change
fatty change
ALT
AST, ALT, ChE, TC, FPG fatty change
ALT, TGF-β, fatty change inflammation, fibrosis
ALT, GGT, HDL-C, HOMA-IR WHR, fatty change, visceral fat

[19]
[20]
[21]
[22]
[23]
[24]

Ibw: Ideal body weight; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ChE: Choline esterase; TC: Total cholesterol; FPG: Fasting
plasma glucose; TGF: Transforming growth factor; GGT: γ-glutamyl transpeptidase; HDL-C: High density lipoprotein-cholesterol; HOMA-IR: Homeostasis
model assessment for insulin resistance; WHR: Waist-to-hip ratio.

patient to evaluate the effects of behavior modification,
strengthening each patient’s motivation and supporting
his/her decision making. A recent randomized controlled
trial in patients with NASH found that 48-wk-long lifestyle intervention, using a combination of diet, exercise,
and behavior modification, significantly improved patient histologic activity score, body weight, body mass
index (BMI), and serum alanine aminotransferase (ALT)
levels[31]. Patients discussed dietary and health problems
during weekly group sessions, and their nutritional education employed several techniques of behavioral science,
including self-monitoring of food eaten, body weight,
and exercise; stimulus control techniques; and education
to prevent relapse[31-33].
Similarly, in patients with pediatric NAFLD, a 6-molong lifestyle intervention, consisting of physical exercise,
dietary counseling, and behavioral counseling, improved
steatosis and serum ALT levels[34]. In another study on
obese pediatric NAFLD patients, lifestyle intervention,
consisting of physical activity, nutritional education, and
behavioral therapy, for 1 year decreased BMI and serum
ALT levels, with improvements maintained 1 year after
the completion of this intervention[35]. Reductions in
BMI and ALT not only improved the grade of NAFLD
in these patients but prevented its progression to steatohepatitis[36]. These findings indicate that nutritional
education employing behavioral methods conducted by a
multidisciplinary nutritional care team is extremely useful
and effective.

high frequency of eating outside the home, larger food
portions, and the diffusion of all-you-can-eat style. Energy intake during a meal is usually larger while eating
out than while eating at home. Eating out was reported
to increase overall energy intake by 14% in 1977-1978,
a rate that increased to 32% during 1994-1996[37]. In addition, portion sizes of salty snacks, hamburger, soft
drinks, fried potatoes, and Mexican food eaten outside
the home in 1977-1978, 1989-1991, and 1994-1998
increased over time in almost all examined subjects[38].
Enlarged meal volume increases energy intake, resulting
in obesity and NAFLD[39]. Energy intake also tends to
be higher at all-you-can-eat restaurants because various
kinds of foods are displayed. Actually, an increase in the
variety of dishes at a meal has been found to enhance
food intake by at least 25%, because of the variety of
sensory properties of the foods, such as taste, palatability, and flavor[40-43]. Food intake may be reduced by
reducing the frequency of eating out and of eating at
all-you-can-eat establishments. Moreover, when eating
at home, the food/energy requirement in a meal should
be habitually arranged beforehand, by, for example, the
distribution of individual portions.
High energy-dense diets
Fast-foods, meals eaten out, and fried foods are representative of a high energy-dense diet. A study assessing the influence of fast-foods on liver function found
that young adults with a daily energy intake of 2273 ±
558 kcal (fat: 36% ± 5.7%, sugar: 95 ± 42 g) given fastfood-based hyperalimentation of 5753 ± 1495 kcal (fat:
43% ± 6.8%, sugar: 285 ± 117 g) for 4 wk showed an
increase in body weight from 67.6 ± 9.1 to 74.0 ± 11.0
kg and an increase in serum ALT levels from 22.1 ±
11.4 to 97 ± 103 U/L[44]. These findings indicated that a
high energy-dense diet can increase energy intake easily
and markedly, resulting in obesity and NAFLD. In the
CARDIO study, the habitual eating of fast-foods was assessed in young adults at baseline and 15 years later, and
the association of a fast-food diet with weight gain and
insulin resistance was analyzed[45]. A higher frequency
of fast-foods at baseline and at the end of the 15-year
follow-up resulted in greater weight gain, independent
of race or ethnicity, with the frequency of eating fastfoods positively correlated with mean energy intake[45,46].

ASSESSMENT OF THE MAIN CAUSE OF
EXCESS ENERGY INTAKE
For nutritional therapy to yield better outcomes, more
detailed assessments of excess energy intake are needed.
Some eating patterns are closely associated with excessive intake, such as increased dietary volume, high
energy-dense diets, inappropriate mealtimes and manner
of eating, and excessive intake of specific nutrients. It
is important to determine the factor(s) crucial for each
patient and to supply each patient with individual knowledge for appropriate dietary interventions.
Increased dietary volume
Increased dietary volume may be due to, for example, a
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Official rules for the fast-food industry, such as energy
restriction, increasing quantities of vegetables, and noninclusion in children’s meals of toy lagniappes, have been
introduced in several countries. Thus, prior to starting
a patients with NAFLD on nutrition therapy, the frequency of eating fast-foods, fried foods, and eating out
should be assessed beforehand. Decreasing all of these
may prevent the development and/or progression of
NAFLD. It is recommended that these individuals eat
at home more frequently and that they consume a low
energy-dense diet, with higher quantities of vegetables.

drinks is at least two fold higher in patients with than
without NAFLD[60-62]. The degree of ultrasonographyevaluated hepatic fatty changes was found to correlate
with the increase in the number of consumed bottles
of soft drinks, indicating that soft drink consumption
is strongly predictive of fatty liver [62]. Moreover, the
rates of consumption of simple and total carbohydrates
were found to be higher in patients with NASH than in
those with simple steatosis[17]. Excess intake of simple
carbohydrates was found to rapidly induce elevated serum glucose levels and reactive hypoglycemia, resulting
in a sensation of hunger, increasing appetite, and finally
resulting in hyperphagia[63]. Excess intake of simple carbohydrates is closely associated with obesity and steatosis, perhaps through the activation of sterol regulatory
element-binding protein-1c (SREBP-1c), a transcription
factor that enhances the expression of enzymes associating with fatty acid synthesis[64].
The basic strategy in nutritional care is to understand each patient’s habits of consuming foods and
soft drinks, including simple carbohydrates, and to restrict the intake of these foods and drinks, if excessive
amounts have been ingested[65]. Restricting the intake of
soft drinks requires patient motivation, although governments can also act by restricting these items. Taxation
of soft drinks in the United States has been proposed to
decrease their consumption and to provide revenue for
national health programs[59,66,67].
In contrast, appropriate intake of complex carbohydrates, especially that of whole grains, may prevent the
development and/or progression of NAFLD, because
these grains contain antioxidative vitamins, minerals, and
dietary fibers, in addition to carbohydrates[68]. Indeed,
intake of whole grains may decrease visceral fat and improve obesity, dyslipidemia, and metabolic syndrome[69,70].
Moreover, a meta-analysis showed that whole grains
reduced the risks of heart disease and type 2 diabetes;
serum levels of fasting insulin, fasting glucose, and lipids; and body weight, all of which are associated with
the pathogenesis of NAFLD[71-75]. Thus, paradoxically,
a nutritional care plan for patients with NAFLD should
seek to restrict carbohydrates, while increasing ingestion
of whole grains.

Inappropriate mealtimes and eating manners
Inappropriate patterns of food intake, including the habit
of eating too much at evening meals, eating at night,
missing breakfast, and eating too rapidly, are often seen in
patients with obesity and NAFLD. The night-eating syndrome is frequently observed in obese patients[47]. Night
workers and shift workers were recently shown to be at
high risks of obesity, metabolic syndrome, and fatty liver
disease[48-50]. Food intake at unusual times by shift workers
induces chronic sleep disorder and increased desire for
fats, resulting in obesity and diabetes[51]. This phenomenon may be due to the activity of the clock genes. Male
Period gene-mutant mice gain significantly more body
mass than wild-type controls on high-fat diet[52].
Missing breakfast, especially by children and adolescents, has been associated with obesity[53]. Missing breakfast usually increases food intake at other mealtimes.
Mice with a greater energy intake in the evening meal
had a higher body weight, more visceral fat, and higher
fasting blood glucose levels, whereas all of these were
lowest when the breakfast:evening meal energy ratio was
3:1[54]. Whenever possible, therefore, patients on nutrition therapy for NAFLD should be started on a diet
in which energy intake in the evening and night-time is
restricted and intake at breakfast should be enhanced.
However, the problem of shift work cannot be resolved
easily.
Individuals who eat more quickly eat more food and
have a lessened feeling of satiety than those who eat
more slowly (20-30 chews per mouthful)[55]. Persons who
eat faster have a higher mean BMI and an increased rate
of BMI[56,57]. Increased mastication of each mouthful
has been reported to prevent overeating and promote
general and oral health[58]. Similarly, more than 20 chews
per mouthful should be recommended during nutritional
education for NAFLD patients to prevent overeating.

OVER-INGESTION OF LIPIDS
Lipid over-ingestion results in excess energy intake and
body fat accumulation. Increased visceral fat increase
the inflow of free fatty acids into the liver, resulting in
hepatic steatosis[76]. Over-ingestion of saturated fatty
acids is thought to induce insulin resistance and type 2
diabetes[77-80]. A 7-d nutritional survey of diet showed
that ingestion of saturated fatty acids was significantly
greater in NAFLD patients than in healthy controls[81].
Moreover, intake of saturated fatty acids, as well as of
lipids, was reported significantly greater in NAFLD and
NASH patients than in healthy individuals [17]. When
patients with NAFLD were randomly allocated an isoen-

OVER-INGESTION OF CARBOHYDRATES
Carbohydrates are classified as simple and complex,
with over-ingestion of simple carbohydrates, such as
sucrose and fructose, being a major cause of NAFLD.
Consumption of soft drinks, including those containing sucrose, is significantly increasing worldwide[59]. In
comparison between NAFLD and non-NAFLD cases,
mean daily consumption and mean frequency of soft
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ergetic low-fat/low-saturated fat/low-glycemic index
(GI) diet (LSAT: 23% fat/7% saturated fat/GI < 55) or
a high-fat/high-saturated fat/high-GI diet (HSAT: 43%
fat/24% saturated fat/GI > 70), with liver fat quantitated by magnetic resonance spectroscopy before and
after 4 wk on the LSAT and HSAT diets, those in the
LSAT, but not those in the HSAT group showed significant reductions in liver fat[82]. In other animal studies, a
high-fat diet induced hepatic steatosis and inflammation,
insulin resistance, and tumor necrosis factor α (TNFα)
elevation[83-85]. These changes may be associated with the
activation of peroxisome proliferators-activated receptor
[64]
γ (PPARγ) .
Thus, over-ingestion of lipids, especially saturated
fatty acids, is one of the most important risk factors for
NAFLD onset and development. Therefore, before addressing NAFLD, it is recommended that patients’ eating habits be assessed, including patient intake of dairy
products; fats in meat, butter and margarine; chocolate,
and snack foods. If any of these foods are consumed
excessively, its quantity should be reduced. Clinically,
more concrete nutritional care plans are necessary; e.g.,
bacon and sirloin, which contain considerable quantities
of fat, should be switched to leg meat, fillet, or, if appropriate, to fish containing polyunsaturated fatty acids
(PUFAs); and butter and margarine should be switched
to the calorie-half products.

terol, such as eggs, fish eggs, liver, and cakes, should be
assessed. Reduction of cholesterol intake has also been
recommended to prevent the development of CVD, regardless of the presence of obesity[98,99].

DEFICIENCY OF POLYUNSATURATED
FATTY ACIDS
PUFA intake is lower in patients with NAFLD than in
healthy individuals, regardless of excessive lipid intake[17,81].
Moreover, we found that PUFA intake was significantly
lower in non-obese than in obese NAFLD patients[90].
These findings suggest that dietary contents are unbalanced in patients with NAFLD and that PUFA deficiency is involved in the onset and progression of NAFLD.
PUFAs can improve insulin sensitivity by decreasing
hepatic TNFα, can repress fatty acid synthesis by negatively controlling SREBP-1c, and can enhance fatty acid
oxidation by positively controlling PPAR α [100,101]. In
some studies in animal models, administration of n-3
PUFAs reduced liver fat and improved hepatic inflammation[102,103]. These results are supported by nutritional
interventions in patients with NAFLD. Although saturated fatty acids increase the likelihood of NAFLD development, PUFAs may be beneficial for these patients.
For example, treatment of NAFLD patients for 12 mo
with 1 g/d of n-3 PUFAs decreased ultrasonographydetected liver fat[104]. Moreover, in a study of patients
receiving diet therapy with or without 2 g/d n-3 PUFAs
for 6 mo, those administrated n-3 PUFA showed greater
decreases in liver fat[105,106]. Furthermore, an 8-wk-long,
double blind, crossover trial of 4 g/d n-3 PUFA and
placebo showed that the accumulated liver fat decreased
significantly in the n-3 PUFA group [107]. In none of
these studies did n-3 PUFA show any adverse effects.
Moreover, n-3 PUFAs improved risk factors for CVD,
including markers of insulin resistance and inflammation, as well as serum levels of ALT, lipids and glucose.
Deliberate supplementation with PUFA, especially n-3
PUFA, may be an effective form of nutrition therapy in
patients with NAFLD, and may also prevent CVD[108,109].
However, combination with appropriate energy intake is
a prerequisite, with the basic nutritional approach consisting of increasing the frequency of eating n-3 PUFArich fish in place of meat containing high quantities of
saturated fatty acids.

OVER-INGESTION OF CHOLESTEROL
Over-ingestion of cholesterol has been regarded as a
critical cause of NAFLD[86-89]. For example, a 7-d nutritional survey found that dietary cholesterol intake was
significantly greater in NASH patients than in healthy
subjects[81]. In addition, our investigation of the dietary
records of obese and non-obese NAFLD patients found
that cholesterol ingestion was significantly greater in
NAFLD patients than in healthy controls[90]. Interestingly, non-obese NAFLD patients ingested more cholesterol than obese NAFLD patients[90], indicating that cholesterol intake is dietetically essential for NAFLD onset/
progression independent of obesity. These findings are
supported by animal experiments, in which a high-cholesterol diet within the normal energy range induced the
onset of non-obese NAFLD in mice[91-93]. Although the
mechanisms have not been determined, the hepatic metabolic products of cholesterol, oxysterols, are ligands of
liver X receptor α, which activates SREBP-1c and the de
novo synthesis of fatty acids[94,95]. Although several studies
reported no significant differences in cholesterol intake
levels between NAFLD patients and healthy subjects,
those studies did not assess dietary records but used
food frequency questionnaires[96,97]. Future studies are
needed to assess cholesterol intake levels and the clinical
effects of cholesterol restriction in larger populations of
patients with NAFLD. Over-ingestion of dietary cholesterol should be suspected in non-obese patients with
NAFLD, and their dietary intake of food high in choles-
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DEFICIENCY OF VITAMIN E
Progression from NAFLD to NASH is commonly explained by the two-hit theory[110], with oxidative stress
considered as a second hit factor[111-113]. Intake of vitamin
E has been reported deficient in NAFLD and NASH
patients compared with healthy subjects[81,114]. Moreover,
in children, vitamin E intake was negatively correlated
with the grade of liver fat. Total peroxide level and
oxidative stress index were found to be positively correlated, and total antioxidant status negatively correlated,
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with fibrosis scores in patients with NAFLD[115]. These
results are supported by other studies, which found that
serum markers of oxidative stress were independent
prognostic indicators of hepatic fibrosis[116-118]. Patients
with NAFLD and NASH require more vitamin E to
counteract increases in oxidative stress. Even if NAFLD
patients take amounts of vitamin E equivalent to those
taken by healthy individuals, patients may experience a
net shortage, with reduced serum levels. However, many
foods with high vitamin E contents, including some oils
and fats, liver, and fish eggs, also contain large amounts
of cholesterol, and greater quantities of these foods are
ingested by NAFLD patients than by healthy individuals[18]. Although vegetables, especially green and yellow
vegetables, do not have high vitamin E contents, they are
important sources of this nutrient. Because vegetable intake by NAFLD patients is generally reduced[18], NAFLD
patients with vitamin E deficiency should ingest higher
quantities of green and yellow vegetables.
Patients who have dietary compliance problems
should be administered vitamin E supplements. Highdose vitamin E supplementation has been reported to
lower serum ALT levels in patients with NAFLD[23], and
a randomized control study of vitamin E supplementation for 2 years to NASH patients without diabetes
found that histologic activity score improved in a significantly higher percentage of the vitamin E than of
the placebo group (43% vs 19%, P = 0.001)[119], demonstrating that vitamin E has clinical antioxidative effects.
However, administration of high amounts of vitamin
E may induce cerebral vascular disease and increase allcause mortality[120,121]. A recent meta-analysis found that
vitamin E treatment for 2 years of patients with NAFLD
improved histology score, but led to a deterioration in
insulin resistance and an increase in serum triglyceride
levels[12]. In the United States practice guideline for the
diagonosis and management of NAFLD, (1) Vitamin E
(α-tocopherol) administered at daily dose of 800 IU/d improves liver histology in non-diabetic adults with biopsyproven NASH and therefore it should be considered as
a first-line pharmacotherapy for this patient population,
and (2) Until further data supporting its effectiveness
become available, vitamin E is not recommended to treat
NASH in diabetic patients, NAFLD without liver biopsy,
NASH cirrhosis, or cryptogenic cirrhosis. Thus, while
vitamin E is an important nutrient that can improve
disease activity in patients with NASH, it also has the potential to cause other clinical problems. Patients receiving
high-dose vitamin E supplementation should be closely
monitored. According to recent studies, supplementation
of 300 mg/d vitamin E seems to be safe and effective
even in patients with fibrosis and/or impaired fasting
glucose[23,122,123].

D can result in insulin resistance, metabolic syndrome,
and NAFLD [124]. Many obese children ingest a highenergy diet with low vitamin and mineral content, and
are not sufficiently exposed to sunlight[125]. For example,
serum vitamin D levels were low in 55% of young
Americans[126]. Rats fed a Westernized diet (WD: highfat/high-fructose corn syrup) with vitamin D depletion
(29% compared with controls) had significantly poorer
liver fat, lobular inﬂammation, and NAFLD activity
scores than rats fed a WD, a low-fat diet (LFD), or a
LFD with vitamin D depletion[127]. In humans, deficiency
of vitamin D has been correlated with the severity of
NAFLD activity score and hepatic fibrosis[128], perhaps
owing to the greater oxidative stress resulting from vitamin D deficiency[129]. Hepatic expression of vitamin D
receptors, CYP2R1 and CYP 27A1, has been negatively
correlated with the severity of steatosis, inflammation,
and NAFLD score in patients with NAFLD[130].
Taken together, these findings indicate that excess
energy intake accompanied by vitamin D deficiency enhances the onset and progression of NAFLD/NASH.
Thus, the status of vitamin D intake and serum vitamin
D levels should be ascertained prior to beginning nutritional therapy for NAFLD. Patients with vitamin D
deficiency should ingest foods with a high vitamin D
content, such as fishes and mushrooms, at least once per
day.

NUTRITIONAL THERAPY WITH
PROBIOTICS
Probiotics are live bacteria or foods containing them that
may confer a health benefit on the host by regulating intestinal microbial flora. Intestinal microbial flora change
with BMI and eating habits[131,132]. Alteration of the enteral environment by probiotics has been shown to improve the pathology of NAFLD[133,134]. In animal models, administration of probiotics had desirable clinical
effects, including decreases in liver fat and serum ALT
and lipid levels, and improvements in inflammation, liver
fibrosis, oxidative stress, and insulin resistance[132-142]. Serum levels of ALT, malondialdehyde (MDA), 4-hydroxy2-nonenal (4-HNE), and TNFα have been reported to
be decreased in NAFLD patients administered probiotics (Lactobacillus acidophilus, bifidus, rhamnosus, plantarum, salivarius, bulgaricus, lactis, casei, breve mixed
with prebiotic fructooligosaccharide and vitamins as B2,
B12, B6, D3, C, and folate) for 2 mo[143]. In addition, the
probiotic VSL#3 had beneficial effects on lipid peroxidation markers (MDA, 4-HNE) in NAFLD patients[144].
A randomized, double-blind, placebo-controlled clinical
trial found that administration of probiotics (Lactobacillus bulgaricus and Streptococcus thermophiles) for 3 mo
significantly decreased serum aspartate aminotransferase,
ALT, and γ-glutamyl transpeptidase levels in patients
with NAFLD[145], in good agreement with results in animal models. Probiotic treatment can be included in nutrition therapy for NAFLD. Future studies investigating

DEFICIENCY OF VITAMIN D
Vitamin D plays an important part in the processes of
inflammation and autoimmunity. Deficiencies in vitamin
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the effects of probiotics on other outcomes in patients
with NAFLD, such as inhibition of hepatic fat accumulation and inflammation, as well as studies investigating
foods containing probiotics, such as yogurt and lactic
acid drinks, are expected.

13
14

CONCLUSION
Because the onset and development of NAFLD are
closely associated with dietary habits and lifestyle, nutritional therapeutic approaches are required for these
patients and those at risk of developing NAFLD. This
article reviewed current nutritional strategies and their
effects and problems.
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role of endoplasmic reticulum stress in the pathogenesis of
nonalcoholic fatty liver disease
Xue-Qun Zhang, Cheng-Fu Xu, Chao-Hui Yu, Wei-Xing Chen, You-Ming Li
insufficient responses to ER stress may turn physiological mechanisms into pathological consequences, including fat accumulation, insulin resistance, inflammation,
and apoptosis, all of which play important roles in the
pathogenesis of NAFLD. Therefore, understanding the
role of ER stress in the pathogenesis of NAFLD has
become a topic of intense investigation. This review
highlights the recent findings linking ER stress signaling
pathways to the pathogenesis of NAFLD.

Xue-Qun Zhang, Cheng-Fu Xu, Chao-Hui Yu, Wei-Xing
Chen, You-Ming Li, Department of Gastroenterology, The First
Affiliated Hospital, College of Medicine, Zhejiang University,
Hangzhou 310003, Zhejiang Province, China
Author contributions: Zhang XQ, Xu CF and Yu CH designed
and wrote the paper; Chen WX and Li YM checked and revised
the manuscript.
Supported by National Key Basic Research Development Program, No. 2012CB524905; National Science and Technology
Support Plan Project, No. 2012BAI06B04; National Natural Science Foundation of China, No. 30900677, No. 81070315, No.
81070366, No. 81100278, No. 81170378, No. 81230012 and No.
81270487; Zhejiang Provincial Natural Science Foundation of
China, No. Y2090463 and No. Y2110026; International Science
and Technology Cooperation Projects of Zhejiang Province, No.
2013C24010; Science Foundation of Health Bureau of Zhejiang
Province, No. 2009A070 and No. 2012RCA026; and Specialized
Research Fund for the Doctoral Program of Higher Education,
No. 20090101120110
Correspondence to: You-Ming Li, MD, Department of Gastroenterology, The First Affiliated Hospital, College of Medicine,
Zhejiang University, 79 Qingchun Road, Hangzhou 310003, Zhejiang Province, China. zhangxuequn720@163.com
Telephone: +86-571-87236603 Fax: +86-571-87236611
Received: August 29, 2013
Revised: November 20, 2013
Accepted: December 5, 2013
Published online: February 21, 2014

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

Key words: Endoplasmic reticulum stress; Unfolded
protein response; Nonalcoholic fatty liver disease; Nonalcoholic steatohepatitis
Core tip: Nonalcoholic fatty liver disease (NAFLD) is
a progressive disorder that can lead to impaired liver
function and, ultimately, liver failure. Chronic endoplasmic reticulum stress induces numerous intracellular
pathways that can lead to hepatic steatosis, systemic
inflammation, and hepatocyte cell death, all of which
are keystones of NAFLD. This review highlights the recent findings linking ER stress signaling pathways with
the pathogenesis of NAFLD, which may help identify
novel therapeutic targets for the prevention and treatment of NAFLD.

Abstract
Nonalcoholic fatty liver disease (NAFLD) has emerged
as a common public health problem in recent decades.
However, the underlying mechanisms leading to the
development of NAFLD are not fully understood. The
endoplasmic reticulum (ER) stress response has recently been proposed to play a crucial role in both the
development of steatosis and progression to nonalcoholic steatohepatitis. ER stress is activated to regulate
protein synthesis and restore homeostatic equilibrium
when the cell is stressed due to the accumulation of
unfolded or misfolded proteins. However, delayed or
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(NAFLD) has increasingly been recognized as one of
the most common chronic liver diseases. The reported
prevalence of NAFLD in Western countries ranges from
30% to 46%[1,2]. This disease has also become prevalent
in Eastern countries and has become a significant public
health concern in these areas[3,4]. NAFLD encompasses
a spectrum of liver damage ranging from steatosis to
nonalcoholic steatohepatitis (NASH), which can progress
to fibrosis, cirrhosis, and ultimately to liver failure or hepatocellular carcinoma[5,6]. Individuals with NAFLD are
also at an increased risk of cardiovascular disease, type 2
diabetes, and obesity-related mortality[7-9].
The precise mechanisms of NAFLD remain poorly
understood. The “multiple-hits hypothesis” is currently
the most recognized theory to explain disease development and progression. The initial hit leads to the development of simple steatosis, while the following hits,
including mitochondrial dysfunction, oxidative stress,
adipocytokine alteration, lipid peroxidation, Kupffer cell
activation, etc. results in liver cell inflammation and apoptosis, which finally leads from simple steatosis to NASH.
Recently, accumulating data have implicated disruption of
endoplasmic reticulum (ER) homeostasis, or ER stress,
in both the development of steatosis and progression to
NASH[10-12]. ER stress may lead to activation of various
intracellular stress pathways that can initiate or exacerbate
insulin resistance (IR) and inflammation and, in some
cases, culminate in hepatocyte cell death and liver damage, all of which are important in the pathogenesis of
NAFLD. Therefore, there is an urgent need to better
understand the mechanisms that disrupt ER homeostasis
and lead to activation of the unfolded protein response
(UPR) in NAFLD. The aim of this review is to highlight
the recent findings linking activation of ER stress and
NAFLD development.

new proteins, thus bringing the organelle and the cell into
a state of equilibrium[13-15].
The UPR is mediated by three integral proteins of
the ER[16,17]: protein kinase RNA-like ER kinase (PERK),
inositol-requiring enzyme-1 (IRE1), and activating transcription factor-6 (ATF6). These proteins are maintained
in an inactive state as long as they are bound to binding
immunoglobulin protein (Bip), which is an intraluminal
chaperone. When the ER is stressed, Bip is displaced
from these stress sensors, leading to their activation.
Once activated, PERK phosphorylates and inhibits eukaryotic translation initiation factor 2α (eiF2α), resulting
in a global decrease in protein translation. Moreover,
p-eiF2α selectively promotes the translation of a growing number of mRNAs, including activating transcription factor 4 (ATF4) mRNA. Activation of IRE1 promotes the splicing of X-box-binding protein-1 (XBP1)
mRNA and the subsequent transcription of molecular
chaperones and genes involved in ERAD. Finally, activated ATF6 undergoes proteolytic cleavage in the Golgi,
allowing its mature form to enter the nucleus and transactivate ER stress-related genes such as ER chaperones
and foldases (Figure 1).
Thus, the UPR is primarily a cytoprotective survival
response that aims to regulate protein folding and restore
homeostatic balance. However, when the activation of
the UPR fails to promote cell survival, the cell is directed
down the pro-apoptotic ER stress response pathway,
which can ultimately lead to apoptotic cell death[18-20].

ER stress and NAFLD
Similar to other secretory cells, hepatocytes are rich in
ER. Due to its high capacity for protein synthesis, the
UPR/ER stress response plays important roles in both
preventing and mediating pathological changes in various liver diseases[21,22]. The signaling pathways activated
by ER stress have been linked to lipotoxicity, IR, inflammation, and apoptotic cell death, which are common to
both obesity and NAFLD. Therefore, the role of ER
stress in NAFLD has become a subject of considerable
interest in recent years. The induction of ER stress was
first described in the livers of genetic and diet-induced
models of NASH[23]. Since then, these findings have been
confirmed in other obese animal models[24-26] and in mice
fed a methionine-choline-deficient (MCD) diet exhibiting
hepatic steatosis without obesity[27]. Later, the activation
of several UPR components was reported in the livers
of patients with NAFLD or NASH[10,28]. Despite rapid
growth in the field of ER stress research in the context
of NAFLD, the exact contribution of the ER stress response to the pathogenesis of NAFLD remains to be
fully elucidated. Here, we review and update the wellestablished associations between the ER stress response
and NAFLD (Figure 2).

UPR and ER stress
The ER is a membrane-bound organelle that provides
a specialized environment for the production and posttranslational modification of secretory and membrane
proteins, lipid biosynthesis, and homeostasis of intracellular Ca2+. In the ER lumen, newly synthesized proteins
undergo post-translational modifications such as N-glycosylation, disulfide bond formation, and oligomerization, which require the presence of chaperone proteins.
The ER is thus considered as a quality control checkpoint, and only correctly folded proteins can exit the ER
and go through the secretory pathway.
Any event that disturbs ER folding capacity, such
as excessive protein synthesis, accumulation of mutant
misfolded proteins, ER calcium depletion, or a change in
redox status, will induce a physiological reaction referred
to as the UPR. These homeostatic responses trigger the
production of additional chaperones to increase the folding capacity of the ER, enhance endoplasmic reticulumassociated protein degradation (ERAD), and reduce
protein entry by altering the translation and synthesis of
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The first step in the development of NAFLD is hepatic
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Figure 1 The unfolded protein response pathway. When the unfolded protein response is activated, the first event is the dissociation of the chaperone Bip from
the three integral proteins PERK, IRE1, and ATF6, leading to their activation. When activated, PERK phosphorylates and inhibits eiF2α, leading to a global decrease
in protein translation. Moreover, p-eiF2α activates ATF4, which induces the expression of several genes, including amino acid transporters, chaperones, and CHOP.
Activation of IRE1 promotes the splicing of XBP1 mRNA and the subsequent transcription of molecular chaperones and genes involved in ERAD. Finally, activated
ATF6 undergoes proteolytic cleavage in the Golgi, transactivating genes such as endoplasmic reticulum (ER) chaperones and foldases. Bip: Binding immunoglobulin
protein; ATF6: Activating transcription factor-6; IRE1: Inositol requiring enzyme-1; PERK: Protein kinase RNA-like ER kinase; XBP1: X-box-binding protein-1; eiF2α:
Eukaryotic translation initiation factor 2α; ATF4: Transcription factor 4; ERAD: Endoplasmic reticulum associated protein degradation; CHOP: C/EBP-homologous
protein.

Oyadomari et al[33] reported that selectively compromising eiF2α-mediated signaling under ER stress conditions using GADD34, which acts to dephosphorylate
eiF2α, results in diminished hepatosteatosis in animals
fed a high-fat diet. Attenuated eiF2α phosphorylation is
correlated with decreased expression of the adipogenic
nuclear receptor peroxisome proliferator-activated receptor γ (PPARγ) and its upstream regulators, the transcription factors CCAAT/enhancer-binding proteins α and β
(C/EBPα, C/EBPβ)[33]. Protein kinase-mediated p-eiF2α
increases ATF4 translation. ATF4-knockout mice are
protected from diet-induced obesity, hypertriglyceridemia, and hepatic steatosis, as ATF4 depletion results in
significantly decreased liver and white adipose tissue expression of lipogenic genes, such as PPARγ, sterol regulatory element-binding protein-1c (SREBP-1c), acetyl-CoA
carboxylase (ACC), and FAS[34-36]. Taken together, these
results suggest that the PERK-eiF2 α-ATF4 pathway
plays an important role in promoting lipogenesis, both in
the liver and other tissues.
Second, the IRE1α-XBP1 pathway has been reported
to be required for the maintenance of hepatic lipid homeostasis under ER stress conditions. Mice with a hepa-

steatosis, which is characterized by macrovesicular accumulation of triglycerides in the cytoplasm of hepatocytes.
Sources of increased hepatic lipids in NAFLD include (1)
excess dietary chylomicron remnants; (2) increased de novo
lipogenesis; (3) excess free fatty acids released from the lipolysis of adipose tissue; (4) diminished very-low-density
lipoprotein (VLDL) secretion; and (5) reduced oxidation
of fatty acids[29-31].
For approximately one decade, it has been known that
ER stress can lead to altered lipid metabolism and hepatic
steatosis. Recently, specific arms of the UPR and their
downstream signaling molecules have been examined in
cell culture and animal models to decipher their functions
and roles in lipid metabolism. It is now well established
that various components of the UPR signaling network
play roles in the regulation of lipid metabolism.
First, the PERK-eiF2α-ATF4 pathway was reported
to regulate lipogenesis and hepatic steatosis. PERKdependent signaling has been found to contribute to
lipogenic differentiation in the mammary epithelium, and
deletion of PERK inhibits the sustained expression of
the lipogenic enzymes fatty acid synthase (FAS), ATPcitrate lyase, and stearoyl-CoA desaturase-1 (SCD1)[32].
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Figure 2 Roles of endoplasmic reticulum stress in the development of steatosis and progression to nonalcoholic steatohepatitis. ER stress interferes with
hepatic lipid metabolism by activating lipogenesis and limiting VLDL formation and secretion. ER stress also acts indirectly on liver triglyceride accumulation by promoting insulin resistance in both the liver and adipose tissue. Furthermore, ER stress promotes the activation of Nrf2, JNK, NF-κB, CREBH, and CHOP, which actively
participate in the inflammatory process and cell death. ER: Endoplasmic reticulum; VLDL: Very-low-density lipoprotein; Nrf2: Nuclear factor-erythroid-derived 2-related
factor 2; JNK: c-Jun N-terminal kinase; NF-κB: Nuclear factor-κB; CREBH: Cyclic-AMP responsive element-binding protein H; CHOP: C/EBP-homologous protein;
TRAF: Tumor-necrosis factor α-receptor-associated factor; TG: Triglyceride.

increased expression of SREBP1c[42].
Taken together, all three proximal UPR sensors, including PERK, IRE1α, and ATF6α, can regulate lipid stores
in the liver. Although the evidence summarized above
provides strong support for ER stress response-induced
steatosis, it remains uncertain whether a stressed UPR
contributes to hepatic steatosis, or conversely, whether it is
an adaptive response to restore hepatocyte function. Future studies should address this important issue.

tocyte-specific deletion of IRE1α develop severe hepatic
steatosis after treatment with an ER stress inducer due to
the repressed expression of key metabolic transcriptional
regulators, including C/EBPβ, C/EBPδ, and PPARγ, and
enzymes involved in triglyceride biosynthesis[37]. IRE1α
is also reportedly required for efficient apolipoprotein
secretion upon disruption of ER homeostasis[37]. Moreover, the IRE1α-XBP1 pathway plays an essential role in
the regulation of hepatic VLDL assembly and secretion,
which is at least in part due to decreased microsomal triglyceride-transfer protein activity resulting from reduced
protein disulfide isomerase expression[38]. In hepatocytes,
XBP1 regulates hepatic lipogenesis by directly binding
to the promoters of a subset of lipogenic genes, including SCD1, diacylglycerol acyltransferase-2 (DGAT2),
and ACC2, and activating their expression[39]. Therefore,
de novo lipid biosynthesis is reduced in the livers of mice
with an XBP1 deletion[39].
Third, the ATF6 pathway also plays a role in stressinduced lipid accumulation. A close examination of the
relationship between ATF6 activity and SREBP2-mediated lipogenesis has revealed that nuclear ATF6 interacts
with the nuclear form of SREBP2, thereby antagonizing
SREBP2-regulated transcription of lipogenic genes and
lipid accumulation in cultured liver and kidney cells[40].
Moreover, ATF6α-knockout mice develop hepatic steatosis in response to an ER stress inducer as a result of
reduced fatty acid β-oxidation and attenuated VLDL
formation[41]. When fed a high-fat diet, ATF6α-deficient
mice show a tendency to develop greater degrees of hepatic steatosis and glucose intolerance in association with
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ER stress and IR
IR is a disruption in insulin signaling in organs including
the liver, fat, and muscle, and is a major characteristic of
obesity, type 2 diabetes, and NAFLD. In the past decade,
ER stress has emerged as an important factor that contributes to IR.
Several mechanisms can account for the impact of
ER stress and UPR signaling on hepatic IR. Ozcan et al[23]
have demonstrated that ER stress induces hepatic IR
through IRE1α-mediated activation of c-Jun N-terminal
kinase (JNK), which impairs insulin signaling through the
serine phosphorylation of insulin receptor substrate-1.
Moreover, tribbles 3 (TRB3), an ER stress-induced protein, was suggested to induce IR via inhibition of Akt/
PKB signaling[43]. Furthermore, PERK-mediated FOXO
phosphorylation is also involved in ER stress-induced IR.
FOXO is the Forkhead transcription factor that mediates
many of the effects of insulin on the phosphatidylinositol 3-kinase (PI3-kinase) → Akt cascade. Inhibiting
FOXO1 activity has been shown to improve insulin
sensitivity in genetic and diet-induced models of IR in
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mice[44,45]. Inhibition of PERK also improves cellular
insulin responsiveness at the level of FOXO activity[46].
Further support is derived from in vivo studies in XBP+/mice fed a high-fat diet, which exhibit IR and type 2
diabetes in conjunction with an increased ER stress
response due to impaired UPR protection[23]. Db/db diabetic obese mice, which overexpress the ER chaperone
oxygen-regulated protein 150 (ORP150), demonstrate
improved IR, whereas silencing ORP150 in normal mice
decreases insulin sensitivity[47].
NAFLD is strongly associated with hepatic IR as
well as reduced whole-body insulin sensitivity[48-50]. Despite mounting evidence indicating that ER stress is responsible for hepatic IR, the contribution of ER stress
to IR in NAFLD remains uncertain. Few studies have
comprehensively examined these potential mechanisms
in humans. One study reported that phosphorylation of
eiF2α and C/EBP-homologous protein (CHOP) protein
expression increased with worsening IR in 37 obese, nondiabetic individuals. However, there was no significant
relationship between HOMA-IR and the expression of
other ER stress factors, including spliced XBP1 mRNA
and JNK phosphorylation, arguing against a causal role
for ER stress in IR[48].

factor-α (TNFα) receptor-associated factor 2 (TRAF2)[59].
The IRE1α-TRAF2 complex activates NF-κB and JNK,
which in turn induce the synthesis of proinflammatory
cytokines. Thus, IRE1α might provide a link between ER
stress and inflammation[59]. Sustained ER stress can also
activate NF-κB through the PERK and ATF6 branches[60-62]. Although the activation of NF-κB is detected in
the MCD dietary model of steatohepatitis[63], it is presently unclear whether and how the ER stress-mediated
activation of NF-κB is linked to NAFLD. Further studies will be needed to determine how ER-stress-induced
signaling involving NF- κ B and JNK might regulate
inflammation, metabolism, cell survival, and apoptosis in
NAFLD.
CREBH is another example of a protein that links
ER stress to inflammatory processes. CREBH is a liverenriched transcription factor that is activated by a regulated intramembrane proteolysis (RIP) process upon
ER stress. This transcription factor transactivates genes
of the acute phase response, such as C-reactive protein (CRP) and serum amyloid P-component (SAP)[64].
CREBH expression is itself strongly induced by inflammatory cytokines such as TNFα and interleukin 6 (IL-6)
or by lipopolysaccharide (LPS)[64], which also contributes
to the maintenance of an inflammatory state during ER
stress. Thus, ER stress in the liver may be linked to systemic inflammation via the RIP-mediated mobilization of
CREBH.

ER stress and inflammation
Approximately 10%-20% of patients who have NAFLD
develop inflammation and fibrosis, termed NASH, which
is a more progressive, inflammatory disease phenotype
of NAFLD. ER stress and related signaling networks are
emerging as central pathways that regulate the key features of NASH.
Several signaling pathways connect ER stress to inflammation, including (1) the production of reactive oxygen species (ROS); (2) the activation of the transcription
factors nuclear factor-κB (NF-κB) and JNK; and (3) the
induction of the acute-phase response.
ROS are important mediators of inflammation.
Protein folding in the ER is linked to the generation of
ROS and oxidative stress[51]. An increase in the proteinfolding load in the ER can lead to the accumulation of
ROS, which might initiate an inflammatory response.
However, the PERK pathway of the UPR can activate an
antioxidant program to limit the accumulation of ROS
in response to ER stress via phosphorylation of nuclear
factor-erythroid-derived 2-related factor 2 (Nrf2). Phosphorylated Nrf2 translocates to the nucleus and activates
the transcription of a set of antioxidant and oxidant detoxifying enzymes[52,53]. Therefore, Nrf2 deletion results
in the rapid onset and progression of steatohepatitis in
mice fed an MCD diet or a high-fat diet[54,55]. Nrf2 activators can attenuate oxidative stress-induced liver injury in
nutritional steatohepatitis[56-58]. Thus, Nrf2 activation by
pharmaceutical intervention could be a new option for
the prevention and treatment of steatohepatitis.
Activation of NF-κB and JNK is also involved in ER
stress-induced inflammation. In response to ER stress,
IRE1 α binds to the adaptor protein tumor-necrosis
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ER stress and apoptosis
Hepatocyte apoptosis is increased in patients with NASH, is
correlated with disease severity[65], and has been proposed
as a component of disease progression in NAFLD[66].
Chronic or unresolved ER stress can lead to apoptosis.
Alteration in several signaling pathways are involved in ER
stress-induced cell death, including (1) the induction of
CHOP pathway; (2) the activation of the JNK pathway
by IRE1-mediated recruitment of TRAF2; and (3) the
disruption of the calcium homeostasis pathway.
CHOP, an ER-resident transcription factor that functions downstream of the transmembrane proteins PERK
and ATF6, is perhaps the most well-characterized mediator of ER stress-induced cell death. Silencing CHOP
reduces hepatocyte apoptosis in alcohol-induced liver
disease and attenuates cholestasis-induced liver fibrosis[67,68]. However, the role of CHOP in NAFLD is paradoxical. One study demonstrated that CHOP depletion
could reduce palmitate-induced apoptosis in hepatocyte
cell lines, whereas MCD diet-induced liver injury was not
reduced in CHOP knockout mice[69]. Moreover, another
study showed that MCD diet-induced liver injury was
even greater in CHOP-/- mice than in wild-type mice
due to decreased cell death of activated macrophages[70].
Therefore, future studies in mice with tissue-specific
CHOP deletions are needed to delineate the contribution
of CHOP to the onset and progression of NASH.
The IRE1 branch of the UPR also plays an essential
role in ER stress-induced apoptosis. Phosphorylated,
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activated mammalian IRE1 interacts with the adaptor
protein TRAF2 and promotes a cascade of phosphorylation events that ultimately activates JNK[59]. Caspase-12 is
also recruited by the IRE1-TRAF2 complex in ER stressinduced apoptosis in mice[71]. Moreover, IRE1 physically
interacts with Bax and Bak, two proapoptotic Bcl-2 family members that promote mitochondrial-dependent cell
death[72].
Perturbations in ER calcium levels are also linked
to apoptosis effectors. The ER lumen is a major site of
calcium storage, and calcium homeostasis is critical for
maintaining both ER folding capacity and cell viability.
A disruption of ER calcium homeostasis inhibits the
sarco/endoplasmic reticulum ATPase (SERCA) uptake
pump, reduces the folding capacity of the ER, induces
ER stress, and is an important mediator of ER-associated
apoptosis[73]. Moreover, sustained accumulation of calcium in the mitochondrial matrix induced by ER stress
triggers mitochondrial membrane permeability and activates the apoptotic pathway[74].
Despite all of these potential and emerging mediators,
the exact role of ER-induced hepatocyte apoptosis in
the pathogenesis of NAFLD is not well defined. Further
studies are needed to elucidate the exact pathways that
mediate ER stress-induced apoptosis in the progression
of NASH.
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CONCLUSION
Despite the high prevalence of NAFLD in recent years,
the mechanisms responsible for disease progression remains poorly understood. Chronic ER stress induces numerous intracellular pathways that can lead to NAFLD
development and progression, including hepatic steatosis, systemic inflammation, and hepatocyte cell death.
ER stress interferes with hepatic lipid metabolism by
activating lipogenesis and limiting VLDL formation and
secretion. ER stress also acts indirectly on liver triglyceride accumulation by promoting insulin resistance in
both the liver and adipose tissue. Furthermore, ER stress
promotes the activation of Nrf2, JNK, NF-κB, CREBH,
and CHOP, which actively participate in the inflammatory process and cell death and provoke disease progression in NAFLD (Figure 2). Despite the many advances
made in recent years, important questions remain. For
example, is ER stress solely an adaptive response? Which
of the UPR mediators are key players during the onset
and progression of NAFLD? Which UPR pathway is
linked with which specific cellular response? How does
ER stress-induced signaling involving JNK, NF-κB, and
CHOP regulate inflammation, metabolism, cell survival,
and apoptosis in NAFLD? Studies that answer these
questions could identify novel therapeutic strategies for
the prevention and treatment of NAFLD.
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Core tip: Laparoscopic treatment of gastrointestinal
malignancies requires more caution and deep analysis
of published evidences, as compared to those achieved
for benign diseases. Oncologic outcomes remain the
foundation of any procedures to cure malignancies,
hence a long-term follow-up is always recommendable
in order to asses overall survival, cancer-free survival
and quality of life.

Abstract
After the rapid acceptance of laparoscopy to manage
multiple benign diseases arising from gastrointestinal
districts, some surgeons started to treat malignancies
by the same way. However, if the limits of laparoscopy
for benign diseases are mainly represented by technical issues, oncologic outcomes remain the foundation
of any procedures to cure malignancies. Cancerous
patients represent an important group with peculiar
aspects including reduced survival expectancy, worsened quality of life due to surgery itself and adjuvant
therapies, and challenging psychological impact. All
these issues could, potentially, receive a better management with a laparoscopic surgical approach. In
order to confirm such aspects, similarly to testing the
newest weapons (surgical or pharmacologic) against
cancer, long-term follow-up is always recommendable
to assess the real benefits in terms of overall survival,
cancer-free survival and quality of life. Furthermore, it
seems of crucial importance that surgeons will be correctly trained in specific oncologic principles of surgical
oncology as well as in modern miniinvasive technologies. Therefore, laparoscopic treatment of gastrointestinal malignancies requires more caution and deep
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INTRODUCTION
From an epidemiologic point of view, gastrointestinal
malignancies represent a vast share of both incidence
and mortality for cancer worldwide (Figure 1)[1]. Therefore, the widespread adoption of the minimally invasive
(endoscopic, laparoscopic and robotic) approach to cure
these malignancies was an attractive and valuable consequence, and many surgeons reported tangible benefits of
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Figure 1 Incidence and mortality from the most important gastrointestinal malignancies worldwide[1].

this technique in terms of morbidity, return to normal
activities and mortality.
Nevertheless, the popularity of miniinvasive surgery
(MIS) among both surgeons and patients, mixed with some
industrial pressure, could have also played a role in the
worldwide diffusion and explosion of new technologies.
The proven advantages of laparoscopy are mainly
represented by better short-term outcomes including
fewer wound complications, less pulmonary impairment, reduction of postoperative pain, shorter length of
postoperative stay and, eventually, better cosmetic result.
Moreover, there is a well-recognized role of laparoscopy
in decreasing the pro-inflammatory and immunologic
response to surgery that are, hypothetically, related to
an improved immediate or even long-term oncologic result[2]. For all these issues, the laparoscopic technique in
oncology seem to be very promising[3].
However, if the limits of MIS are mainly represented
by technical issues and patients conformation for benign
diseases, oncologic outcomes remain the foundation of
any procedure to cure malignancies. Mostly, any laparoscopic procedure should follow the same standard of
care of open surgery, including oncologic principles,
such as wide margins of resection and extended lymphadenectomy. Such prerequisites often require very good
skills that are generally limited to high volume centers
with subspecialized teams.
Historically, the first concerns about MIS for cancer
were represented by the possibility of port-site metastasis and lower number of lymphnodes retrieved, but
none of these issue has been confirmed successively[4,5].
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Moreover, advanced laparoscopy for gastrointestinal
malignancy requires the whole specimen extraction (often with regional nodes) through a minilaparotomy, thus
flawing one of the strongest advantages of MIS represented by short incisions.
Most of the reviewers concluded that, although slowly, colorectal oncologic resections had been recognized
to have a non-inferior cancer-free survival and superior
short-term results, while the laparoscopic approach to
gastric and solid organs malignancies will require further
studies with longer follow-up[3,6].
The role of laparoscopy is known to be important in
staging gastrointestinal malignancies, limiting the number of unnecessary laparotomies for carcinosis or occult
metastasis. Many palliative procedures such as gastrointestinal by-pass, gastrostomy, jejunostomy and colostomy
or radiofrequency ablations are easily carried out with
MIS[6].
The pure endoscopic treatments of both esophagogastric and colorectal small malignancies (precancerous
or T1 lesions) are well accepted among cancer professionals for being as safe and as curative as traditional
resections, and they will not be considered further in this
review. Therefore, we focused on the full laparoscopic
(and robotic) treatment of gastrointestinal malignancies,
including those arising from the esophagus, stomach,
liver and biliary system, pancreas, small bowel and colorectum. If not otherwise specified, malignancies are
intended to be carcinomas: other histopathological subtypes, such as neuroendocrine or sarcomas, will not be
considered.
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A Pubmed, Embase and Cochrane databases bibliography search was conducted until September 2013,
including important cross-matched manual references.
References to historical reports and older articles were
limited to the minimum. A particular attention was
reserved to data arising from randomized controlled
clinical trials (RCTs) (or meta-analyses) with long-term
follow-up. Oncologic results will be considered of utmost interest, in order to asses overall survival, cancerfree survivals and quality of life, rather than feasibility of
the procedure itself and short-term outcomes.

laparoscopic MIE, 38% in the thoracoscopic MIE, and
39% in the open group)[11]. Another ongoing trial was
designed to evaluate the benefits of laparoscopic gastric
mobilization during Ivor-Lewis intervention in terms
of postoperative complications[12]. Moreover, a recent
review failed to find any important differences between
the two classic stapled anastomosis techniques (transoral
anvil introduction and transthoracic) during Ivor-Lewis
esophagectomy for cancer[13].
If many review articles report how MIE statistically
decreases blood loss, length of stay, and perioperative
morbidity at the price of increased operative time and
costs, large-scala multicentric trials are still lacking, and
few studies had long-term follow-up[14]. Hanna et al[15] selected thirty of the largest and best designed trials concerning MIE for cancer (including only 1 RCT). The author concluded that in most studies a suboptimal lymphadenectomy was carried out, with an average number
of nodes retrieved below the standard (over 23), while
no homogeneous complications reporting was available.
However, the final oncologic outcomes for each stage
(disease-free survival and overall survival) were comparable to those achieved by the open traditional surgery.
Lastly, robotic-assisted MIE was also employed in
the treatment of esophago-gastric malignancies, but very
few studies, even of poor quality, failed to demonstrate
real advantages of this method as compared to open
surgery[16,17]. A monocentric trial targeted to robotic MIE
started recently[18].
In conclusions, due to the relative low frequency of
esophageal cancer (especially in Western countries), the
technical difficulties, the debated approach (two-field,
three-field, transhiatal) and lack of literature evidence,
the MIE, although promising, should be reserved to specialized centers within controlled trials.

Esophagus
The three-field (Mc Keown procedure) has been the
treatment of choice for esophageal cancer for many
years. This procedure, as well as the so-called Ivor-Lewis
(two-field esophagectomy with esophagogastric intrathoracic anastomosis) and the Orringer procedure (transhiatal esophagectomy) are all feasible by laparoscopy
(thoracoscopy) or hybrid (with open surgery combined)
technique [7]. MIS for esophageal cancer has spread
worldwide, reducing the significative perioperative complications (mainly respiratory). However, many debates
still exist on the real efficacy and cost-effectiveness of
minimally invasive esophagectomy (MIE). If these complex operations should be performed by the open traditional approaches or carried out by the laparoscopic and
thoracoscopic route is still far to be demonstrated by the
surgical community[2].
Several technical variables, such as the role of laparoscopic, thoracoscopic or combined steps, the usefulness
of the prone or supine position, the choice of stapled
or hand-sawn anastomosis and the route of stapled suture are under study. Last, the general poor quality of
studies published leads to a great caution, when dealing
with outcomes and oncologic results[8]. All of these issues contribute to jeopardize the surgical results and
perioperative complications data reporting. Moreover, it
should be considered how technical demanding this kind
of surgery is, even in the traditional open way, with very
few centers having sufficient case-load to gain adequate
specific proficiency.
A single-center review[7] of more than 1000 patients
(thoraco-laparoscopic McKeown and Ivor-Lewis operations compared) reported global excellent results, with
a morbidity and mortality rate of less than 2% and 1%,
respectively; with the best approach being the thoracolaparoscopic Ivor-Lewis. A well-conducted review on
MIE concluded that both laparoscopy and thoracoscopy
are at least comparable to open surgery in terms of outcomes for non-locally advanced cancers, but the open
transthoracic route is superior when considering field
exposure[9].
The only prospective, multicentric RCT including
few patients[10], and one large retrospective cohort study
also confirmed the superiority of MIE in terms of postoperative pulmonary complications (13% in the thoraco-
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Stomach
The standard of care is open gastric resection with complete D2 lymphadenectomy for curable gastric cancer in
both Western and Eastern countries, although a debate
lasting decades on the extent of lymphadenectomy has
been carried on. However, some endoscopic techniques
(such as submucosal dissection) are recognized to be appropriate for selected patients with T1 cancers[2]. More
controversies still persist regarding laparoscopic gastric
resection (LGR) and sentinel node mapping, in those
patients who are unfit for endoscopic resection or who
have more advanced tumors.
Almost every gastric procedure is feasible by the laparoscopic route, including distal and the more challenging
total gastrectomy with intracorporeal anastomosis[19,20]
and formal lymphadenectomy[21], but also gastric resections and sentinel node sampling are recommended in
selected cases.
The limit of the widespread adoption of the LGR is
represented by the technical difficulties (mainly anastomosis) and the oncologic safety. Indeed, the standard D2
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lymphadectomy, although feasible with few complications[22,23] is technically demanding, but mandatory for all
advanced tumors.
Several review articles and meta-analysis reported
that laparoscopy was a safe alternative, if not superior
(perioperative outcomes), to open surgery for the treatment of early and advanced gastric cancer[24-30], but data
on long-term survival, quality of life and cost effectiveness are still lacking[31,32].
One of the most updated review, including only
comparative trials with a pooled cohort of more than
1000 patients[33], and another[34], that included 8 RCTs
(more than 700 patients) reached the same conclusions.
LGR is better or comparable in the early perioperative
results with similar long-term outcomes respect to open
surgery, although at the price of longer duration of surgery and technical difficulties. Other two meta-analysis
by Wang et al[35] and Chen et al[36] reached the same conclusions in terms of oncologic effectiveness (node dissection) and outcomes. Many benefits of LGR are also
confirmed in elderly people suffering for comorbidities
according an enormous Chinese database[37].
Large Asian trials with longer follow-up are still ongoing, and only one European study reported data on
10-years follow-up[38]. To the present, one recent RCT
(KLASS trial) reported early results: the authors confirmed equivalent outcomes of laparoscopic and open
approach to gastrectomy for cancer[39].
A crucial point of concern is represented by the steep
learning curve, although a paper reported encouraging
results of LGR initiated by experienced surgeons in open
gastrectomy and laparoscopy who received adequate
training[40].
Most of the papers on LGR come from Eastern countries due to the high volumes of disease, high rates of early
cancers and perhaps less diffusion of obesity that can obstacle laparoscopy. Therefore, the reported proportions of
LGR rises to more than 20% in Japan in a recent review
article[41]. However, some good results are also reported
from many Western countries including Europe[42,43] and
an international panel published some guidelines for the
introduction and diffusion of the technique[44].
More recently, the introduction of the robotic approach to perform very complex operation, including
gastric surgery, seems to be promising in order to reduce
some of the technical difficulties of laparoscopy[41]. However, very few rigorous studies were published on robotic
approach for gastric cancer and a recent meta-analysis[45]
ended up selecting only 3 RCTs comparing robotic and
laparoscopy. The pooled results showed no significant differences between the two approaches in terms of complications, mortality, conversion, length of stay and number
of nodes retrieved. On the other hand, blood loss resulted
inferior by robotics, at the price of an increased operative
time and costs. If laparoscopic treatment of gastric cancer
is still debated, this is even more for robotics, especially in
terms of real benefits for patients.
Recent systematic review and meta-analysis of few
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retrospective comparative trials seem to confirm superiority of LGR as compared to open surgery also when
dealing with gastrointestinal stromal tumours (GISTs)[46,47].

Liver, gallbladder and biliary
tract
Since the advent of advanced laparoscopic techniques
and availability of efficacious transection devices, many
authors reported the feasibility of liver resections by the
key-hole approach, both for malignancies and benign
disease. Some retrospective and review studies (including
very few comparative trials) provided relative evidence to
support further development of case-load and research,
to assess safety of laparoscopic hepatectomy for cancer
patients or, if any, superiority as compared to standard
surgery[48-50].
In 2007, the most acknowledged hepatobiliary surgeons worldwide met in Luisville (United States) to find
an international common position on laparoscopic liver
surgery (LLS): although few relevant data was available, the experts concluded that this kind of surgery (or
hybrid technique, including hand-assisting) is safe and
effective, in the hand of trained surgeons and under the
control of societies and government. The preferred indications (despite for malignancy) were represented by
solitary lesions of less than 5 cm in maximum diameter
located in segments 2 to 6[51]. On the other hand, many
surgeons began LLS dealing with benign diseases involving left lateral segments[52], while others brought the indications toward upper limits[53]. An international multiinstitutional review article proposed the laparoscopic
approach to left-sided hepatectomies as the future goldstandard of care[54].
LLS for cancer [including both hepatocellular carcinoma (HCC) and colorectal metastasis (CRM)] seems to
offer oncologic results similar to those of laparotomy[55].
Excellent results were also achieved form 3 specialized
European centers with large experience in HCC[56].
Laparoscopy seems to add also some benefits in terms
of reducing early complications in the subset of patients
affected by HCC and cirrhosis[57]. In a case-matched analysis published by Lee et al[58] LLS for HCC showed similar
long-term outcomes but some early clinical advantages
(complications and hospital stay) as compared to open
surgery. Feasibility, less morbidity and shorter hospital stay
were also found in patients after hepatectomies carried
out for CRM[59,60].
Another very large (300 patients, 103 cancerous) singlecenter case-matched experience form Chicago (United
States)[61] concluded that miniinvasive hepatectomy (including major resections) compared favourably with contemporaneous controls operated by the open approach without
any oncological detriment. Positive parameters included
blood loss, transfusion requirement, overall complications,
postoperative stay and, surprisingly, operative time.
In the most recent and rigorous review of available studies, carried out by Rao et al[62] for the Cochrane
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Library, the author reported that no conclusion can be
drawn on the benefits or harm of laparoscopy versus
open technique for liver resection. These unsatisfactory
data are consequence of lacking of any published RCT
that met strong scientific criteria, although some are still
ongoing.
R0 resection represents the main goal of treatment
when dealing with hilar cholangiocarcinoma (Klatskin tumor), gallbladder cancer or extrahepatic bile duct cancer.
Regional lymphadenectomy should be also performed
in order to reduce recurrences[63,64]. Therefore, the laparoscopic approach to hilar structures is very challenging,
even for a skilled laparoscopist, although MIS is highly
accepted to confirm resectability and avoid unnecessary
laparotomies. Some recent retrospective multicentric
studies reported encouraging and oncologically acceptable laparoscopic procedures for hilar and gallbladder
malignancies, but in the hands of very experienced surgeons working in highly subspecialized surgical units[65].
With the widespread adoption of laparoscopic cholecystectomy, it seems that an increased number of incidental gallbladder cancer could be diagnosticated nowadays.
However, no difference in survival was demonstrated,
if the surgeon decides to perform a more aggressive
resection immediately of during a second look intervention[66,67]. Theoretically, this fact leads to correctly plan
the adequate operation and to reach maximum oncologic
results by both open delayed resection or immediate laparoscopy. Nevertheless, the experiences of laparoscopic
second look resections and lymphadenectomy for gallbladder cancer are almost anecdotical[68]. Some authors
reported initial experiences with the use of single-port
laparoscopic technique for specific group of selected patients with malignancy and liver dysfunction[69].
Robotics could play a role in development of minimally invasive techniques for hepato-biliary malignancies
due to easier dissection in deep and narrow spaces and
for the possibility of knot-tying of vascular structures.
Good short-term results were reported for roboticassisted liver resections for HCC and CRM[70,71], while
robot-assisted radical resection for gallbladder cancer is
both feasible and safe[72] in specialized environments.
A recent paper targeted to a matched comparison of
robotic and laparoscopic liver resections failed to show
significative differences between the two techniques[73].
Long-term outcomes, larger patient records and comparative studies (with open surgery and pure laparoscopy)
are not available yet.

difficulties and the relative low incidence of pancreatic
cancer, have limited the laparoscopic approach to few
specialized centers with great experience in both pancreatic surgery and advanced laparoscopy[74]. Moreover, the
problem of pancreatic remnant fistula is the same that
in open surgery, while some initial and more recent sporadic port-site recurrences were reported in literature[75].
Historically, the first procedure carried out by laparoscopy was distal pancreatectomy for benign disease,
because it does not require any anastomosis. However,
the preservation of the spleen, when dealing with benign
or neuroendocrine tumor, remains challenging[76,77].
A very comprehensive review of the literature by
Iacobone et al[78] found more than 300 articles regarding
laparoscopic left or distal pancreatectomies (LDP), but
most were case-series, with short-term follow-up, different techniques and confused data reporting. Similar
findings were reported by Borja-Cacho et al[79]. In addition, the experiences with pancreatic adenocarcinoma or
Intraductal Papillary Mucinous Neoplasm (IPMN) were
much more limited[80].
One of the largest single-center case series on LDP
was published from the Memorial Sloan Kettering
Center[81] on more than 300 cases over a 7-year period,
resulting in excellent outcomes (27% vs 40% of postoperative complication, p = 0.03, as compared to standard
surgery). LDP seems to be almost the standard of care
for many centers, in order to achieve a systematic reduction of blood loss and postoperative stay, although a
careful patients selection is often advocated[82].
A comparative study demonstrated the cost-effectiveness of LDP as compared to open surgery, when considering the reduction of hospital stay (5 d vs 7 d, p <
0.001)[83], while another[84] reported increasing experience
and more complex patients selection although maintaining the same morbidity over a 11-years period.
When limiting literature search to case-matched study,
Pericleous[85] identified only 4 articles that fit for quality assessment (but none was a RCT): results were that
LDP had a longer operative time, but reduced length of
postoperative stay without any differences in perioperative morbidity and mortality, as compared to open surgery. Another similar and more recent meta-analysis[86]
found 18 comparative studies including more than 1800
patients. LDP reduced blood loss, length of hospital
stay, and overall complications, without increasing the
duration of surgery significantly. However, no definitive
conclusions were drawn regarding the oncologic safety,
although the rate of margins positivity was comparable
between open and laparoscopic resection.
As the numbers of laparoscopic advanced procedures increase, some centers began to perform also
laparoscopic pancreatodudenectomies (LPD) for malignancies. Some advantages over traditional surgery and
comparable oncologic outcomes are reported, although
long learning curves limit these initial experiences to
subspecialized surgical teams[87-92].
A single center case series (from United Kingdom)[93]

PANCREAS
Pancreatic cancer still represents one of the major challenge for the oncologic surgeons due to complex reconstruction, high perioperative morbidity and mortality and
poor overall survival. Thus, the advent of laparoscopy
was advisable and exciting, in order to minimize operative complications and maximize the early recovery of
the patients. On the other hand, the specific technical
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with a final review, identified an increasing number of
LDP and LPD performed, but almost all were reported
in poor quality studies and limited number of patients.
The authors concluded that laparoscopic pancreatic procedures should be reserved to selected cases with benign
to low grade malignancies. Nonetheless, major vessels
resection for malignant involvement have also been reported to be completed by laparoscopy[94].
Few articles reported the oncologic main outcomes,
including numbers of nodes harvested, margins of resection, disease-free survival and overall survival. A review by Fischer et al[95] was specifically targeted to laparoscopic pancreatectomies for malignancies to assess those
issues. Early results seemed to be oncologically adequate
for LDP, while literature, in general, was highly insufficient for LPD. Another recent review of Kudsi et al[96]
concluded that, although becoming highly popular, LDP
for aggressive tumors may not be appropriate due to the
lack of oncologic safety studies.
A very recent single-center series of 200 consecutive
laparoscopic pancreatic resections (including LDP, LPD
and other more limited procedures) reported excellent
result with the use of a robotic controlled laparoscope
holder[97].
Some surgeons argue that full robotic surgery could
ease many difficult technical maneuvers of the laparoscopic approach, including biliary and pancreatic anastomosis or preservation of the spleen[98-101]. Others[102-104]
reported more encouraging early experiences with
robotic-assisted pancreatectomies as compared to open
approach. A meta-analysis of Zhang et al[105] including
7 trials suggested that robotic pancreatectomy is as safe
and efficient as, if not superior to, open surgery but the
evidence is highly insufficient.
To the present, those excellent results with robotics
are far to be reproducible in most centers worldwide.

to small bowel tumors compared to open surgery. Despite
the insignificant number of patients and the statistical insufficiency of the sample, the authors found how laparoscopic resection favoured short-term outcomes in selected
cases. Other similar results were also published[111].
In conclusions, although many of the results advocated for small bowel GISTs are extrapolated from
gastric series, it seems that laparoscopic resections of
GISTs lead to excellent outcomes in term of perioperative and oncologic outcomes.

Colon and rectum
To the present, laparoscopic treatment of colorectal cancer
has becoming the gold standard of care, and has gained
large diffusion worldwide[112-114]. The main reasons are
represented by the highest number of good quality studies
published, including many RCTs with long follow-up and
meta-analysis, the high incidence of colorectal cancer, that
permits adequate case-load and the acceptable technical
challenge[115,116].
Although laparoscopic colorectal resection (LCR)
is feasible in around 90% of elective cancer patients[117]
and excellent results are achieved also outside clinical
trials[118], many smaller centers still continue to perform
routine colorectal operation using the traditional open
approach due to the lack of laparoscopic expertise or
devices and, probably, some socio-economic disparities[119]. The widespread acceptance of laparoscopic rectal resections, in which some surgeon have demonstrated
advantages of robotics, has been slower compared to
colon resections.
The most important multicenter RCTs were published in the early 2000’s from the Clinical Outcomes of
Surgical Therapy Study Group (COST trial)[120], leaded
by Nelson of the Mayo Clinic (Rochester, MN, United
States), the Colon Cancer Laparoscopic or Open Resection Study Group (COLOR trial)[121] arisen in Europe,
the United Kingdom Medical Research Council (MRC
CLASSIC trial)[122]; and the Barcellona[123] and the Australasian (ALCCAS Trial)[124] groups.
All these trials confirmed, in the short-term period,
that the use of laparoscopic colon resection maximizes
the outcomes without compromising oncological results.
Surprisingly, the Barcellona[123] trial showed an increased
survival in the stage Ⅲ patients treated laparoscopically,
while the CLASSIC trial[122] reported inferior results for
laparoscopic anterior rectal resection that lead the authors
to advise against the adoption of this specific procedure.
A meta-analisys[125] of the first four randomized trials
(COST, COLOR, CLASSIC and Barcellona, involving
1765 patients overall), with at least 3 years of complete
follow-up, confirmed that laparoscopy for colon cancer was oncologically safe (3-year disease-free survival
rates in the laparoscopically assisted and open arms
were 75.8% and 75.3%, respectively; the 3-year overall
survival rates 82.2% and 83.5%; without any difference
between stages).

Small bowel
Due to the relative low incidence of small bowel carcinomas, most of the laparoscopic resections carried
out for malignancy include gastrointestinal stromal tumours (GISTs). According to the well-known peculiar
biologic tumoral behaviour, very wide margin and formal lymphadenectomy are unnecessary for GISTs[106].
Therefore, it seems that laparoscopy could be particularly indicated to manage these neoplasms and a variety
of endoscopic, laparoscopic, and hybrid techniques are
described to surgically excise GISTs of different anatomic locations[107].
However, few papers are specifically targeted to small
bowel resections and quality of studies is generally poor
(no randomization). Nevertheless, initial experiences reported the laparoscopic treatment of small bowel GISTs
to be safe and effective, without oncologic outcome impairment[108,109].
A retrospective comparative study[110] including 9 and
11 patients each arm only, analyzed laparoscopic approach
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In addition, a very comprehensive review and metaanalysis from the Cochrane Group[126] including the best
25 RCTs (3526 patients) stated that, although operative
time was longer in the laparoscopic surgery, many parameters such as the intraoperative blood loss, postoperative pain and ileus, hospital stay and quality of life at the
30th day were superior in comparison to open surgery.
Therefore, total morbidity and local (surgical) morbidity were decreased in the laparoscopic groups. General
(non-surgical) morbidity and mortality were not different
between both groups. Some benefits of LCR for cancer
rather than the oncologic outcome, could be stronger in
the elderly people[127] or in the long-term period, including reduction of adhesions and incisional hernias[128].
On the other hand, when considering the absolute
values (rather than statistic difference) of same of the
short-terms advantages of the trials, only very few benefits were detectable (for example 5-9 vs 6-12 postoperative days)[126], with comparable overall morbidity and
mortality, while some trials reported increased duration
of surgery for LCR[129].
The oncologic long-term results were also tested in
the COST trial, demonstrating the non-inferiority of
LCR in terms of disease-free 5-year survival, overall
5-year survival and sites of recurrence[130]. Similarly, the
long-term outcomes of the COLOR[131] trial found a statistically insignificant difference in favour of open colectomy, while the Barcellona[132] trial confirmed how LCR
was associated with a reduced risk of tumor relapse.
Also the CLASSIC trial [133] confirmed, after a 5-year
analysis, the oncological safety of laparoscopic surgery
for both colonic and rectal cancer. A more recent Australasian RCT reported similar long-term oncologic outcomes (recurrence and survival) between open and LCR,
although it found some short-term surrogate oncological
markers (smaller distal resection margin) to be worst in
the laparoscopic group[134].
Another specific meta-analysis from the Cochrane
Group [4], including 33 RCTs and 3346 patients, concluded that laparoscopic resection of carcinoma of the
colon is associated with a long-term outcome not different from that of open colectomy, although more RCTs
are needed to confirm long-term outcomes for rectal
cancer and the real incidence of incisional hernias and
adhesions.
Recent pioneeristic experiences begin to report the
application of NOTES (Natural Orifice Transluminal
Endoscopic Surgery) [135,136] or SILC (Single Incision
Laparoscopic Colectomy)[137] for colon cancer, but they
should be considered absolutely insufficient to be proposed in routine clinical practice.
Data supporting the routine laparoscopic approach to
rectal cancer are still incomplete, and the first experiences
failed to confirm oncologic safety (CLASSIC trial, not
statistically significant increase of positive margins)[122],
while a specific Cochrane review[138] including 80 poor
quality studies and only 1 RCT did not assess safety of
the procedure. However, many data come from patients
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operated at the end of the nineties or beginning of the
twenties, thus justifying some technical mistake in the
hands of surgeons without great experience. Moreover,
there is also a generalized scientific confusion in the
definition of rectal cancer, the distinction between low
and medium rectal cancer, the standardization of total
mesorectal excision (TME) and the need of perioperative
radiochemotherapy. All these issues contribute to jeopardize results and increase difficulties in data reporting.
A very recent RCT from the same group (European
centers) of COLOR trial[139] was targeted to laparoscopic
treatment of rectal cancer (LRR) with more encouraging results in terms of similar safety, excision margins,
and completeness of resection to that of open surgery.
Indeed, completeness of the resection was not different
between laparoscopy and open surgery (88% vs 92%; p
= 0.250), while a positive circumferential resection margin (< 2 mm) and a median distal resection margin were
of 10% and 3 cm in both groups respectively. Recovery
was confirmed to be improved after laparoscopic surgery, although the results for the primary endpoint - locoregional recurrence - are expected by the end of 2013.
Similar early good results were reached by another
recent Korean trial[140] (170 patients each arm of study),
when considering blood loss, pain and recovery, that
were superior in the laparoscopic group without differences in the margin of resection. Moreover, a very large
(more than 4000 patients) non-randomised Spanish
trial[141] concluded that laparoscopic surgery is the best
option for the surgical treatment of rectal cancer, with
similar rates of local recurrence and survival.
Despite the lack of any evidence to support its use,
some surgeons began to perform colorectal surgery by
the robotic-assisted technique[142-144]. A large retrospective review of colorectal operation in the United States
found the percentage of robotic operations to be less
than 3%, without any tangible advantages over conventional laparoscopy (except for decreased conversion
rates) and higher rate of postoperative bleeding[145].
To resolve the intrinsic difficulty of performing a
formal laparoscopic TME, many centers with the available technology and expertise, introduced the use of
robot to perform LRR[146]. However, robotic rectal surgery is at least more expensive than laparoscopy[147] and
probably equivalent in terms of short term results[148].
Nevertheless, oncologic early results (number of harvested nodes, distal and circumferential margins, portsite recurrence) lead to consider robotic rectal resections
safe[149,150]. A prospective, international, multicenter, RCT
was recently designed to test robotic versus standard
LRR[151].

CONCLUSION
The dramatic widespread popularity of laparoscopy has
significantly changed the surgical approach to gastrointestinal malignancy toward less invasive, miniinvasive,
laparoscopic, hybrid and robotic interventions. Excellent
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Table 1 Recommended approach to gastrointestinal malignancies
District
Esophagus
Stomach (proximal)
Stomach (distal)
Liver (major resection)
Liver (minor resection)
Gallbladder
Biliary tree
Pancreas (head)
Pancreas (body-tail)
Small bowel
Colon
Rectum

Open surgery

Laparoscopic surgery

Robotic

Level of Evidence

Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Accepted
Standard

Accepted
Being accepted
Accepted
Pioneeristic
Being standard
Pioneeristic
Pioneeristic
Pioneeristic
Being standard
Being standard
Standard
Being standard

Pioneeristic
Pioneeristic
Pioneeristic
Pioneeristic
Pioneeristic
Pioneeristic
Pioneeristic
Pioneeristic
Pioneeristic
Pioneeristic
Pioneeristic
Pioneeristic

LE 2
LE 3
LE 2
LE 4
LE 3
LE 5
LE 5
LE 4
LE 3
LE 5
LE 1
LE 2

1

1

Oxford Centre for Evidence-Based Medicine. Levels of Evidence Working Group. "The Oxford 2011 Levels of Evidence". Availble from: URL: http://www.
cebm.net/index.aspx?o=5653.

results in terms of reduction of postoperative “stress”
(including immunologic response, pain, overall morbidity, length of stay, self-corporeal appearance and mortality) have been reported form North America, Europe
and Eastern countries.
Laparoscopy is now accepted and, probably, recognized as the gold standard in the management of
colorectal malignancy in most of hospitals worldwide.
GISTs should also been treated by laparoscopy whenever feasible, and very good result have recently been
reported for gastric (mainly distal stomach), esophageal
and pancreatic (mostly tail) cancers as well. Total gastrectomy, pancreaticoduodenectomy and major hepatic
resections (except for left lateral segments) should be
considered pioneeristic operations, reserved to few surgeons within rigorous clinical protocol studies (Table 1).
However, the lack (and the intrinsic difficulty of
techniques) of RCTs still leaves many important unresolved issues. The cornerstone of oncologic safety, the
real benefits for the cancerous patients and the costeffectiveness, in the setting of limiting heath care resources, are the principal ones. It is also well established
that advanced laparoscopic techniques, especially for
malignant disease, should be initiated and carried out
only in selected tertiary centers with the greatest surgical
experience in both laparoscopy and surgical oncology.
Moreover, every new laparoscopic program should be
tutored, monitored and validated by a final and a longterm oncologic follow-up.
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have the most robust evidence and are recommended
in most expert guidelines. Short term intravenous cephalosporin (especially ceftriaxone), given in a hospital
setting with prevalent quinolone-resistant organisms,
has been shown in studies to be beneficial, particularly
in high risk patients with advanced cirrhosis.
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Core tip: Bacterial infections are common in cirrhotics
with variceal bleeding and can influence its outcomes
that include early rebleeding, failure to control bleeding
and mortality. It remains unsure whether infection or
bleeding is the initiating event but prophylactic antibiotics have been proven useful. Short term fluoroquinolones and cephalosporins are the most studied antibiotics, and they are recommended by guidelines in clinical
situations that depend on the severity of liver disease
and resistance profile.

Abstract
Bacterial infections are common in cirrhotic patients
with acute variceal bleeding, occurring in 20% within
48 h. Outcomes including early rebleeding and failure
to control bleeding are strongly associated with bacterial infection. However, mortality from variceal bleeding
is largely determined by the severity of liver disease.
Besides a higher Child-Pugh score, patients with hepatocellular carcinoma are particularly susceptible to
infections. Despite several hypotheses that include
increased use of instruments, greater risk of aspiration
pneumonia and higher bacterial translocation, it remains debatable whether variceal bleeding results in infection or vice versa but studies suggest that antibiotic
prophylaxis prior to endoscopy and up to 8 h is useful
in reducing bacteremia and spontaneous bacterial peritonitis. Aerobic gram negative bacilli of enteric origin
are most commonly isolated from cultures, but more
recently, gram positives and quinolone-resistant organisms are increasingly seen, even though their clinical
significance is unclear. Fluoroquinolones (including
ciprofloxacin and norfloxacin) used for short term (7 d)
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INTRODUCTION
Upper gastrointestinal (GI) variceal bleeding is associated with significant mortality in cirrhosis. The prevalence of variceal bleed is known to occur in 20%-50%
of patients with cirrhosis, with rebleeding as a significant
cause of death[1,2]. For the past 30 years, the mortality has
improved markedly from intensive use of endoscopic
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therapies, vasoactive drugs and antibiotics[3,4]. However,
rebleeding and failure to control bleeding remain a significant problem and factors that affect rebleeding are not
well-established. Guidelines of major GI societies adopt
the use of antibiotics in acute variceal bleeding due to its
efficacy in the reduction of bacteremia and spontaneous
bacterial peritonitis. The recommendations on the choice
of antibiotics are however based on a limited number of
studies and mostly with small sample sizes. Furthermore,
the clinical effectiveness of antibiotics in preventing
rebleeding and/or mortality is not firmly established[5].
There are also issues with antibiotic resistance and emergence of hospital-acquired infections.
The current review aims to revisit issues surrounding
infection and antibiotic usage in cirrhotics with variceal
bleeding. PubMed/Medline was searched for English
language scientific publications for human studies from
1980 to the present. MeSH terms including “antibiotic(s)”,
“infection(s)”, “variceal”, “cirrhotic”, “hemorrhage or
haemorrhage”, “bleeding” were searched with operators
“AND” and “OR”. A total of 72 articles were returned
from the search and these were further filtered and classified for the current review with additional articles taken
from references in the above papers, if deemed necessary.
Guidelines of societies including American Association
of Study of Liver Diseases (AASLD), American College
of Gastroenterology (ACG), World Gastroenterology
Organisation (WGO), British Society of Gastroenterology (BSG) and the Baveno V consensus conference were
also reviewed.

sizes of reported studies and there is an influence of severity of liver disease on death.
Which group of cirrhotic patients is at a higher risk
for infection during bleeding? Patients with hepatocellular carcinoma (HCC) and variceal bleeding tend to
have a greater rebleeding rate[10] and a study from Taiwan
suggests that this was due to a higher infection rate in
these subjects[11]. However, studies from the West, with
patients mostly having alcoholic cirrhosis as the etiology,
indicate that the severity of liver disease is a predictor of
infection[8,9].

BLEEDING FIRST OR INFECTION FIRST?
It remains debatable whether variceal bleeding results in
bacterial infections or vice versa. The invasive nature of
endoscopic procedures[12] or other instrumentations that
include urethral catheters and transjugular intrahepatic
portosystemic shunts (TIPS) may cause a breakdown in
natural defenses. Moreover, there is an increased risk for
aspiration pneumonia as a result of hematemesis, during endoscopy and placement of balloon tamponade[12].
The increased bacterial translocation[13] and deficiency of
complements[14] in bleeding cirrhotics and hypovolemia
may also predispose to infection. On the other hand,
bacterial infections, through the release of endotoxins
and the failure of cirrhotics to remove them, can result
in a generalized intravascular activation of mediators
(endothelins) that damage the vessels, increase the portal
pressure as well as hematologic or hemostatic impairment[15,16].
If infection is the cause of bleeding, then antibiotic
administration as soon as possible is a logical approach,
and those who are cirrhotics already on antibiotic prophylaxis may have a reduced chance for bleeding. If
bleeding is the cause of infection, then likewise, antibiotics should be administered as soon as possible, even
prior to endoscopic therapy. Retrospective studies have
shown that infection occurred in 13% of patients within
24 h and increasing to 22% within 48 h, reiterating the
importance of starting antibiotics early[7]. Indeed, experts
and guidelines recommend administration of antibiotics prior to endoscopy but again evidence are lacking
on whether this approach does reduce rebleeding and
improves mortality. There is a window of opportunity of
8 h for administering antibiotics following endoscopy if
this is initially missed[17]. A retrospective study suggested
that antibiotics administered up to 8 h following endoscopy were associated with improved survival at 28 d and
a trend in reducing 28-d rebleeding rate[17].

ROLE OF BACTERIAL INFECTIONS IN
REBLEEDING AND MORTALITY
Bacterial infections are frequent in cirrhotic patients with
liver failure. The reported in-hospital incidence is approximately 40% with mortality being related to a higher
Child-Pugh score[6]. Likewise, infections are common in
cirrhotic patients with variceal bleeding, with the risk of
death higher in those with infection diagnosed within 48 h.
Bleichner et al[7], retrospectively found 22% of bacterial
infection occurring within 48 h of admission which was
similar to a prospective study by Bernard et al[8]. In the
same study by Bernard et al[8], early rebleeding, defined
as recurrence of bleeding within 7 d after admission,
was present in 43.5% of patients with bacterial infection compared to 9.8% in those without infection. Using
stricter criteria including initial failure to control bleeding
and early rebleeding or death within 5 d from admission,
Goulis et al[9] reported 47% of failures in the control of
cirrhotic bleeding. Besides bacterial infections or prior
antibiotic use, active bleeding during endoscopy and a
higher Child-Pugh score were associated with failure to
control bleeding in the multivariable analysis performed
in the Goulis’s study[9]. These studies suggest that bacterial infection is responsible for early rebleeding (within 7
d) and is associated with failure to control bleeding but
its role in mortality is not clear because of small sample
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WHICH ORGANISMS ARE INVOLVED IN
CIRRHOTIC BLEEDING?
The most commonly isolated organisms during bleeding
are aerobic gram negative bacilli of enteric origin which
can include Escherichia coli, Klebsiella spp, Enterococcus and
Pseudomonas spp[11,18]. Bacteremia, spontaneous bacterial
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peritonitis (SBP) and urinary tract infections were clinical
infections most commonly reported in association with
the above mentioned organisms. There are a number of
case reports of less common organisms being isolated
and which can be associated with more severe bleeding complications. These organisms include Oerskovia
xanthineolytica[19], methicillin-resistant Staphylococcus
aureus[19] and vibrio vulnificus[20]. Infections can also be
introduced during endoscopic ligation therapy, which
is occasionally severe, as in a reported case of pyogenic
meningitis[21]. Bacteremia is also more common following
cyanoacrylate therapy for bleeding gastric varices but not
elective cyanoacrylate injection for non-bleeding gastric
varices[22]. Organisms identified from blood cultures and
needle-tip cultures performed in the former group were
from the oral and GI tract[22].
Helicobacter pylori (H. pylori) infection is also thought to
have a role in cirrhotic GI bleeding. A recent study from
Japan suggests a protective role for H. pylori in variceal
bleeding through the induction of gastric mucosal atrophy and concomitant hypoacidity[23]. The use of broad
spectrum antibiotics and for long duration in cirrhotics
may result in the emergence of health-care associated
infections especially Clostridium difficile (C. difficile), which
was recently shown to result in a higher mortality in this
group of patients[24]. Although the study by Brown et al[17]
did not find any significant difference in the incidence of
C. difficile infection, the prevalent use of metronidazole
in this retrospective study casted doubt on the validity of
their result[25].

daily after endoscopy for 7 d were found to have a lower
incidence of proven bacterial infection, but not mortality, compared to 60 patients who had placebo (10% vs
45%)[18]. Patients with Child-Pugh Class C and those with
hepatocellular carcinoma are particularly prone to infection and ciprofloxacin in these patients were found to be
especially useful. In a study by Pauwels et al[28], 30 patients
with advanced cirrhosis were found to have a higher rate
of infection compared to 55 patients with Child-Pugh
Class A-B (52.9% vs 18.2%). In the same study, a selected
group of high risk patients were administered amoxicillin-clavulanic 1 g/200 mg iv q8h followed by ciprofloxacin 200 mg po q12h for 3 d after cessation of bleeding,
and a significant reduction in infection was observed,
compared to those who did not receive this regime (13.3%
vs 52.9%)[28].
In addition to reducing the incidence of infection,
prophylactic quinolones given during cirrhotic bleeding
have been shown to reduce early rebleeding and requirements for blood transfusion. This was shown in another
study from Taiwan that randomized cirrhotic patients
with bleeding into two groups - one group with 59 patients given prophylactic antibiotics (ofloxacin 200 mg
iv q12h for 2 d followed by oral ofloxacin 200 mg q12h
for 5 d) and the other group with 61 patients that only
received antibiotics when infection became evident (ondemand group)[11]. Again, survival was not shown to be
different between the two groups despite the beneficial
effect of prophylaxis on rebleeding rate.
Several earlier studies explored the administration of
intravenous antibiotics prior and immediately after endoscopic sclerotherapy, but no efficacy could be demonstrated. Rolando et al[29] commenced imipenem-cilastatin
500 mg iv at sedation and a further 500 mg 6 h after
endoscopic sclerotherapy in 107 sessions and this was
compared to dextrose-saline in 88 sessions. There was no
significant difference in the infection rate (1.1% vs 5.6%),
and the authors concluded that a short antibiotic regime
does not affect the risk of early bacteremia following endoscopic sclerotherapy. Likewise, Selby et al[30] could not
demonstrate the clinical efficacy of prophylactic antibiotics (cefotaxime 1 g iv) given in 19 patients before sclerotherapy, as clinical infection attributable to sclerotherapy
did not develop despite a reduction in bacteremia.
The choice of oral quinolones as the best antibiotic
for preventing infection in cirrhotic bleeding has been
questioned in recent studies. There are increasing reports
of quinolone-resistant flora[31] especially Escherichia coli[32]
and other infections which were gram-positive possibly
related to invasive procedures[33] performed in these patients. This led to a study from Barcelona that randomized 124 patients with advanced cirrhosis into 2 groups one group with 63 patients given oral norfloxacin 400 mg
q12h for 7 d and the other group given iv ceftriaxone 1 g
once daily for 7 d)[34]. Ceftriaxone was chosen by the investigators for 2 reasons; one being that most quinoloneresistant bacteria are susceptible to third-generation
cephalosporins and the other fact that the iv route is

CHOICE OF ANTIBIOTICS: WHAT IS THE
EVIDENCE?
The use of antibiotics in cirrhotic bleeding arises from
its success in the prevention of SBP and spontaneous
bacteremia. This was first shown in a study by Rimola
and colleagues in 1985[26]. In this study, 140 cirrhotic
patients were randomized into 2 groups - one with oral,
non-absorbable antibiotics (gentamicin + vancomycin +
nystatin or neomycin + colistin + nystatin) for 48 h and
the other without antibiotics. The incidence of infection
was observed to be significantly lower in the group receiving antibiotics compared to the group without (16.1%
vs 34.7%)[26].
Fluroquinolones, namely norfloxacin and ciprofloxacin, seem to be obvious choices for prophylaxis since
this group of antibiotics is active against the majority of
enterobacteria and aerobic gram negative bacilli. Norfloxacin, given orally or through a nasogastric tube, 400
mg twice daily for 7 d immediately after emergency endoscopy, was shown to reduce infection, with a rate of
only 10% in 60 patients compared to 37.2% in 59 controls[27]. Ciprofloxacin has the advantage of being welltolerated, has low hepatic toxicity and also less bacterial
resistance even after 6 mo of treatment. In a case-control
study from Taiwan, 120 cirrhotic patients with upper GI
bleeding who had received ciprofloxacin 500 mg twice
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more accessible during active GI bleeding. This study
demonstrated that norfloxacin was associated with a
higher probability of SBP and spontaneous bacteremia as
compared to ceftriaxone, but hospital mortality was not
different between the two groups. The changing microbiology of infection (susceptibility to both gram negative
and positive organisms) and the delay in onset of action
from an oral route of norfloxacin, might explain the failure of oral quinolones. Most importantly, iv ceftriaxone
is more efficacious in the setting of severe liver failure
since non-enterococcal streptococci and quinoloneresistant gram negative organisms were more common
in this group of patients. A study from Poland, however,
did not find any difference in early or late survival rate
whether antibiotics were administered orally (norfloxacin)
or iv (ampicillin/sulbactam), but this study suffered from
a small sample size[35].
Other cephalosporins that have been recently studied
include iv cefotaxime (third generation) and iv cefazolin
(first generation). In a prospective randomized trial from
South Korea, iv cefotaxime 2 g q8h for 7 d was administered to 62 cirrhotics with GI bleeding and this was compared to 58 patients given on-demand quinolones[36]. The
prophylactic group was shown to have a lower infection
and early rebleeding rate within 6 wk. However, it was not
known whether iv cefotaxime was similarly effective as iv
ceftriaxone in cirrhotics with more severe liver disease.
A study from Taiwan recently studied iv cefazolin, a first
generation cephalosporin, which has been shown to be
effective in reducing infection in bleeding cirrhotics and is
also cheaper than iv ceftriaxone[37]. The study found that
iv cefazolin is as similarly effective as iv ceftriaxone for patients with Child-Pugh Class A (group A; 51 patients) but
not Class B and C (group B; 51 patients)[38]. However, the
small sample size and retrospective design did not allow a
firm conclusion on the role of iv cefazolin.
Similar to esophageal varices, bleeding gastric varices
is associated with bacteremia and antibiotic prophylaxis
is recommended. In a study from Taiwan, 32% of patients with gastric varices developed bacteremia, and the
risk was higher in emergency gastric varices obliteration[39]. More patients injected with cyanoacrylate had
positive blood cultures than the control group (15/47 vs
1/47). Most episodes of bacteremia were found to be
transient and organisms cultured were identical to those
cultured from endoscope accessory channel. In another
study from the same group in Taiwan, routine antibiotic
prophylaxis was given to all 20 subjects who received
simultaneous injection of gastric varices and banding
of esophageal varices[40]. Even though the infection rate
did not increase, the rebleeding rate did not differ either.
In a long-term follow-up of four years of 31 patients
receiving cyanoacrylate for gastric variceal bleeding, only
two subjects developed pyrexia within 24 h of injection
that settled with prophylactic antibiotic and had a low rebleeding rate of 16%[41]. These studies indicate that while
bacteremia is common after cyanoacrylate therapy for
bleeding gastric varices, it is transient and easily treated
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with prophylactic antibiotic.
Aside from their anti-microbial actions, prokinetic effects of antibiotics such as erythromycin have also been
found to be beneficial in cirrhotic bleeding by improving
visibility during endoscopy. In a randomized double-blind
placebo-controlled study involving 102 patients, iv erythromycin lactobionate significantly improved visualization
of the stomach and shortened the duration of endoscopy
following a cirrhotic GI bleed[42].

WHAT THE GUIDELINES SAY?
All practice guidelines and consensus statements agree
that antibiotic prophylaxis is an integral part of medical therapy in cirrhotics with acute GI bleeding. The
British Society of Gastroenterology (BSG) guideline in
2000 suggested that the choice of antibiotic and its dose
should be decided by the unit where patients were being
treated. However, it recognized that fluoroquinolones
(ciprofloxacin) had the best evidence at that time[43].
AASLD and ACG practice guideline in 2007 recommended the use of short term prophylactic antibiotics in
cirrhotics and GI bleeding with or without ascites[44,45].
Oral Norfloxacin 400 mg q12h for 7 d was the suggested
schedule, with oral or iv ciprofloxacin the alternative.
Although iv ceftriaxone was mentioned as being more effective than norfloxacin in advanced cirrhosis, the AASLD/ACG practice committee felt that the prevalence of
quinolone-resistant organisms in individual studies would
have affected the results. WGO practice guideline in 2008
gave similar recommendations but with iv ceftriaxone being recommended in advanced cirrhosis[46]. The Baveno
V consensus workshop in 2010 recommended oral quinolones for most patients and iv ceftriaxone in advanced
cirrhotics only in hospital settings with a high prevalence
of quinolone-resistant bacterial infections and in patients
on previous quinolone prophylaxis[47].

EFFICACY OF COMBINATION THERAPY
THAT INCLUDES ANTIBIOTIC IN ACUTE
VARICEAL BLEEDING
While the evidence suggests an integral role of antibiotics, it is not used in isolation. Antibiotics in combination
with somatostatin and endoscopic ligation were shown
in a study from Barcelona to be effective in reducing
mortality in all stages of cirrhosis, even in the high risk
groups (Child-Pugh Class B with active bleeding and
Child-Pugh Class C)[48]. Patients with Child-Pugh Class C
and a baseline creatinine of ≥ 1.0 mg/dL are at an especially high risk, and an early use of covered TIPS in such
patients may be beneficial[49]. In a study from Italy, the 5-d
mortality rate was related to Child-Pugh Class C, white
cell count > 10 × 109/L and the presence of portal vein
thrombosis[4]. In this Italian study with a 28.1% hepatocellular carcinoma rate, treatment with a combination of
vasoactive drugs, band ligation and antibiotics was found
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Table 1 Summary of studies on antibiotics used in cirrhotics with acute variceal bleeding
Ref.

Year Sample size, with antibiotics
vs control group (total)

Rimola et al[26]

1985

68 vs 72 (140)

Soriano et al[27]
Rolando et al[29]

1992
1993

60 vs 59 (119)
107 vs 88 sessions

Selby et al[30]
Pauwels et al[28]

1994
1996

19 vs 20 (39)
34 vs 30 (64)

Hsieh et al[18]
Hou et al[11]

1998
2004

120 vs 60 (180)
59 vs 61 (120)

Fernández et al[34]

2006

61 vs 63 (124)

Jun et al[36]
Wu et al[38]

2006
2013

62 vs 58 (120)
Child-Pugh A: 51;
Child-Pugh B + C: 51 (102)

Type of antibiotic (s) vs control group

Infection rate in those with antibiotics
vs control group

Gentamicin + vancomycin + nystatin
Or neomycin + colistin + nystatin vs without antibiotic
Norfloxacin 400 mg po q12h vs no antibiotic
Imipenem-cilastatin 500 mg iv at sedation, further 500
mg 6 h after sclerotherapy vs dextrose-saline
Cefotaxime 1 g iv before sclerotherapy vs no antibiotic
Amoxicillin-clavulanic 1 g/200 mg iv q8h followed by
ciprofloxacin 200 mg po q12h for 3 d after cessation of
bleeding vs no antibiotics (high risk group)
Ciprofloxacin 500 mg iv q12h vs without antibiotic
Ofloxacin 200 mg iv q12h 2 d followed by ofloxacin 200
mg po q12h 5 d vs without antibiotic
Ceftriaxone 1 g iv od 7 d vs norfloxacin 400 mg po q12h
7d
Cefotaxime 2 g iv q8h 7 d vs on-demand quinolone
Cefazolin 1 g iv q8h 2-7 d vs ceftriaxone 1 g q12h 2-7 d

16.2% vs 34.7%
10% vs 37.2%
1.1% vs 5.61%
5.3% vs 31.6%
13.3% vs 52.9%

10% vs 45%
3.4% vs 26.2%
2% vs 12%
3.2% vs 15.5%
6.9% vs 9.11% (Child-Pugh A)
22.2% vs 12.5% (Child-Pugh B + C)

1

P value not significant (> 0.05).

to be effective in controlling bleeding.

CONCLUSION
Bacterial infection is frequent in cirrhotic patients who
present with upper GI bleeding. It is associated with
early rebleeding and possibly mortality, especially in those
patients with severe liver disease and HCC. To date, it is
uncertain whether infection or bleeding is the primary
event. Antibiotics given in combination with other standard therapy (including vasoactive agents and endoscopic
therapy) and initiated for short term (7 d) before endoscopy and possibly up to 8 h following endoscopy are
associated with a reduction in infection rate and a lower
early rebleeding rate, but not improvement in survival. A
summary of reported studies on antibiotic use in cirrhotics with acute variceal bleeding is given in Table 1. Oral
quinolones, given for a short term (7 d) are useful in mild
liver disease and in settings where quinolone-resistance
is less of a problem. Intravenous ceftriaxone (or other
third-generation cephalosporin) is likely useful in the
setting of advanced liver disease and where quinoloneresistance is a concern.

5

6
7

8

9
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low-level mucosal inflammation with evidence of an enhanced Th1 environment. T. muris infection accelerated
the progression of colitis in Mdr1a-/- as evidenced by
marked increases in several indicators including histo+
logical damage score, mucosal CD4 T-cell and DC infiltration and dramatically increased production of proinflammatory cytokines.
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may have relevance to the application of helminth
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Core tip: This study investigates the interaction between the helminth parasite Trichuris muris (T. muris )
and Mdr1a-/- mice, a genetic model of inflammatory
bowel disease linked to deficiency of a key transporter
protein in the gut barrier. The main findings are that (1)
Mdr1a mice exhibit dramatically increased susceptibility
to worm infection compared to congenic controls and
(2) challenge with T. muris induces severe pathological
changes consistent with a marked exacerbation of colitis in this model with preliminary evidence pointing to
worm persistence as a driver of this effect. These findings will be of interest in the emerging field of helminth
therapy in inflammatory bowel disease (IBD) providing
further evidence of the complexity of worm interaction
with an IBD-susceptible host.

Abstract
AIM: To investigate the influence of Trichuris muris (T.
muris ) infection in a mouse model of genetic susceptibility to inflammatory bowel disease, Mdr1a-/-.

METHODS: Mdr1a-/- mice were housed under specific
pathogen free conditions to slow the development of
colitis and compared to congenic FVB controls. Mice
were infected with approximately 200 embryonated ova
from T. muris and assessed for worm burden and histological and functional markers of gut inflammation on
day 19 post infection.
RESULTS: Mdr1a-/- mice exhibited a marked increase
in susceptibility to T. muris infection with a 10-fold increase in colonic worm count by day 19 pi compared
to FVB controls. Prior to infection, Mdr1a-/- exhibited
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merase chain reaction. Mice were housed individually in
isolator cages with access to filtered water and standard
chow and routinely monitored for outward signs of
bowel disease (diarrhea, weight loss and rectal bleeding).
Mice used in these studies were between 5 and 13 wk of
age on infection with T. muris. A total of 43 animals (21
FVB and 22 Mdr1a-/-) were used in these studies. All
animal studies conformed to current United Kingdom
Home Office legislation.

v20/i7/1797.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i7.1797

INTRODUCTION
The outcome of infection with the gastrointestinal nematode worm Trichuris, which occurs in a range of mammalian species, is genetically determined and involves
subversion of host Th1 and Th2 immune responses to
allow the worm to survive and colonise the gut[1,2]. This
has led to the suggestion that helminths may have the potential to reduce dysregulated gut inflammation in human
diseases such as Crohn’s disease[3]. Clinical trials using the
pig worm Trichuris suis (T. muris) in patients with active
Crohn’s disease or ulcerative colitis have reported a significant improvement in disease symptoms in a majority
of patients receiving this treatment although the numbers
of subjects tested remains relatively small[4,5]. There is
currently a paucity of information on the mechanisms by
which helminths regulate inflammation in man and, therefore, the possible impact of genetic variability on susceptibility and response to helminth challenge, including the
potential for adverse effects remains uncertain[6]. Studies
in a range of murine models of colitis have shown variable responses to infection with helminth species such as
H. polygyrus, H. diminuta and T. spiralis including amelioration and exacerbation of disease[7]. To date, there is little
information on the effects of Trichuris species in murine
colitis with a single study showing severe inflammation
in IL-10-/- mice infected with T. muris[8], although the
precise contribution of the infection to the inflammation
that develops spontaneously in this model was unclear.
The aim of the present study was to explore the impact
of T. muris infection on the intestinal inflammation seen
in the Mdr1a-/- mouse model of inflammatory bowel
disease (IBD). These mice develop spontaneous colitis
as a result of a primary defect in the gut epithelial barrier
caused by the deletion of the Mdr1a gene which encodes
P-glycoprotein, a xenobiotic transporter located in the
apical membrane of epithelial cells [9,10]. Recent studies have shown similarities between the transcriptomic
changes occurring during early development of colitis in
Mdr1a-/-[11] and those associated with T. muris infection
in susceptible mouse strains[12] making this an interesting
model in which to investigate interaction of the parasite
with an IBD-susceptible host.

Parasites
The maintenance of T. muris and the method used for
infection were as described by Wakelin[13]. Mice were
infected with approximately 200 embryonated eggs by
oral gavage at day 0. Worm burden was assessed at day
19 post infection (pi) by counting the number of worms
present in the caecum and first 4 cm of large intestine as
described previously[14]. For a low dose, 20 egg infection,
embryonated eggs were counted individually into Eppendorfs and dispensed to mice at day 0. T. muris excretory/secretory protein (T. muris E/S) was produced as
previously described[13].
Isolation of mesenteric lymph nodes
Mesenteric lymph nodes (MLNs) were removed on day
19 pi and placed in 10 mL complete RPMI-1640 (PAA)
containing 10% foetal calf serum (FCS) (PAA, goldinactivated), 100 U/mL penicillin (Gibco), 100 µg/mL
streptomycin (Gibco) and 1% L-glutamine (Gibco) on
ice. MLNC were washed three times and resuspended
at 5 × 106 cells/mL in RPMI 1640 medium (Gibco)
containing 10% fetal calf serum, antibiotics as above,
2 mmol/L L-glutamine (Gibco). The final cell suspension (1 mL) was placed in duplicate wells of a 48 well
culture plate (Costar). Cell suspensions were stimulated
with concanavalin A (ConA) 2.5 µg/mL or 50 µg/mL 4
h T. muris E/S and incubated at 37 ℃ in 5% CO2 . Con
A stimulated mesenteric lymph node cell culture was recovered after 24 h. Similarly, after 48 h the T. muris E/S
stimulated cell culture was harvested and stored at -20 ℃
for cytokine analysis.
Measurement of parasite specific antibody
Parasite specific IgG1 and IgG2a levels in mouse serum
was determined by ELISA as described previously[15].
Briefly, microplates were coated with adult T. muris excretory/secretory (E/S) antigen at 5 µg/mL (50 µL/well)
in carbonate buffer pH 9.6. After washing with 0.05%
Tween 20 in phosphate buffered saline (PBS-T), plates
were blocked with PBS-T containing 2% bovine serum
albumin. Serial dilutions of mouse serum from 1:20 to
1:2560 in PBS-T were added and plates were incubated
for 1 h at 37 ℃. After washing 50 µL/well of biotinylated rat anti-IgG1 (Serotec Ltd, Oxford, United Kingdom)
or rat anti-IgG2a (BD Pharmingen, Oxford, United
Kingdom) were added followed by streptavidin conjugated peroxidase and TMB detection at 405 nm.

MATERIALS AND METHODS
Animals
Mdr1a-/- mice (KO) and the congenic background
strain FVB (WT) were obtained from Taconic Farms
(Germantown, New York) and bred and maintained
under specific pathogen free condition in the Biological
Services Facility of the University of Manchester. Mice
had been backcrossed for 7 generations onto the FVB
background and were periodically genotyped by poly-
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hydrolysis probes [5-fluorescein (FAM)-labeled; 3-dark
quencher dye] from the Universal Probe Library (UPL;
Roche Diagnostics, Lewes, United Kingdom). Assays
were performed using a Lightcycler480 (Roche Diagnostics) in a 20 µL volume with 200 nmol/L of each primer,
100 nmol/L of the UPL probe and approximately 0.3
µg of cDNA. Gene expression was quantified relative to
β-actin.

Worm burden

250

b
No of worms

200
150
100
50
0

WT

Histology
Colon from mdr1a-/- or FVB controls was assessed histologically for evidence of inflammation and tissue injury
using a previously described grading system[11]. Three
main grading criteria with 4 different subgrades of severity (0-3) in each were applied. The resulting combined
score (maximum 9) indicates disease severity with 0-normal, 1-3-mild changes, 3-6-moderate changes, 7-9-severe
changes.

KO

Figure 1 Mdr1a-/- (KO) mice show increased susceptibility to Trichuris
muris infection compared to FVB controls (WT). Data shows large intestinal
worm burden measured on day 19 following infection with approximately 200
embryonated Trichuris muris eggs. Each data point represents a single mouse (n
= 6 in each group); the horizontal bar denotes the mean for each group. bP < 0.01.

Cytokine analysis
The cytokines interleukin (IL)-5, IL-12p40 and interferon (IFN)-γ were quantified by an in-house sandwich
ELISA using capture and detection antibodies from BD
Pharmingen (Oxford, United Kingdom). Plates were
washed with PBS-T and blocked with 10% fetal calf
serum in phosphate buffered saline. Standard curves prepared with recombinant murine cytokine standards were
used to quantify cytokines in experimental samples with
OD at 405 nm on a MRXII microplate reader. IL-13
and tumor necrosis factor (TNF)-α were analysed using
commercial ELISA kits obtained from R and D Systems
(Abingdon, United Kingdom) according to the manufacturer’s instructions.

Immunohistochemistry
Samples of large intestine near to the caecum were obtained from naïve or T. muris infected (day 19) mdr1a-/and FVB mice were snap-frozen and stored in liquid
nitrogen until analysis. Cryostat frozen sections (6 µm)
were fixed in 4% paraformaldehyde (for CD4+ staining) or
acetone (for dendritic cells, DC). For CD4+, sections were
incubated with 5 µg/mL biotinylated CD4 antibody (Clone
H129.19; BD Pharmingen), followed by Vectastain ABC
kit (Vector Laboratories, Peterborough, United Kingdom)
and colour development with 3,3’-diaminobenzidine. Sections were counterstained with haematoxylin QS. For DC,
sections were rehydrated in PBS and incubated with biotinylated anti-CD11c (BD Biosciences) and anti-cytokeratin
(Sigma-Aldrich). Following incubation with Vectastain
ABC kit (Vector Laboratories, Peterborough, United
Kingdom), slides were treated with tyramide amplification
reagents (PerkinElmer) and washed and counterstained
with the nuclear stain 4′,6′-diamidino-2-phenylindole.

Colonic epithelial cell isolation
Whole mouse colon was isolated, split longitudinally
and washed in RPMI 1640 medium (PAA Laboratories,
Yeovil, United Kingdom) supplemented with 100 U/mL
penicillin and 100 µg/mL streptomycin. Colon was cut
into small pieces (approximately 5 mm) and incubated in
10 mL Dulbecco’s modified Eagle medium (Invitrogen,
Paisley, United Kingdom) containing 20% FCS (PAA
Laboratories, Yeovil, United Kingdom), 100 U/mL penicillin, 100 µg/mL streptomycin and 1 mg/mL Dispase
(Sigma-Aldrich) with gentle rotation at 37 ℃ for 90 min.
Epithelial cells were released by gentle aspiration with a
pipette. Following brief centrifugation (750 g; 5 min), the
epithelial cell pellet was washed in RPMI 1640 medium
and re-pelleted. One milliliter of TRIzol reagent (Invitrogen, Paisley, United Kingdom) was added and RNA
isolated according to the manufacturer’s instructions.

Statistical analysis
All data are presented as mean ± SD with n indicating the
number of mice used. Statistical comparisons were performed by either t test or ANOVA with Dunnett’s post
test for multiple comparisons using GraphPad Prism 3.02
software.

RESULTS
Mdr1a-/- mice exhibit enhanced susceptibility to T. muris
infection
Following infection of Mdr1a- mice or the congenic
background strain FVB with approximately 200 embryonated T. muris eggs on day 0, the worm burden in the large
intestine was analysed in both groups on day 19 pi (Figure 1). Previous evidence suggests that resistant mouse
strains generally expel T. muris by day 19 pi while susceptible strains will retain worms in the large intestine[16]. The
worm count in FVB control mice was relatively low (11

Gene expression analysis
Colonocyte RNA was reverse transcribed using a commercial first-strand cDNA synthesis kit (Amersham Biosciences, Little Chalfont, United Kingdom) using random
hexamers. Relative quantification of gene expression was
performed using assays designed by ProbeFinder software (www.universalprobelibrary.com); this gives genespecific primer pairs combined with the appropriate
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Figure 3 Expression of interferon γ-dependent genes IDO and CXCL-10
in colonocytes from naïve Mdr1a-/- and FVB mice. mRNA expression was
measured relative to β-actin in each case. Data is expressed as fold change
in expression in Mdr1a-/- colonocytes relative to FVB controls and is shown as
mean ± SD for n = 4 preparations for each group. aP < 0.05, bP < 0.01 vs FVB
groups.
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CXCL-10) were markedly higher (30- and 7-fold respectively) in naïve Mdr1a-/- mice compared to FVB controls
(Figure 3). These data provide evidence that Mdr1a-/mice have a pre-existing Th1 environment prior to infection with T. muris.
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Figure 2 Parasite-specific IgG1 and IgG2a antibody responses in the
serum of naïve and Trichuris muris infected FVB (WT) and mdr1a-/- (KO)
mice. Serum was taken from mice at day 19 post infection. Data shows mean
± SD for n = 5-7 animals in each group. OD: Optical density.

T. muris infection increases the severity of colitis in
Mdr1a-/- mice
We next investigated the impact of T. muris infection on
colitis development in Mdr1a-/- mice. T. muris infection
in FVB mice produced no significant clinical or histological evidence of colitis (Figure 4); both naïve and infected
animals had normal colonic mucosal morphology with
the exception of one mouse with a minor inflammatory
infiltrate on day 19 post infection (Figure 4B). In contrast, there was a major difference in colitis indicators in
age-matched Mdr1a-/-. Naïve Mdr1a-/- showed a modest disease score (1.5) indicative of an existing low-level
mucosal inflammation and consistent with the spontaneous, age-dependent development of colitis in this model
(Figure 4C). However, infection of Mdr1a-/- with T.
muris, was associated with a dramatic increase in disease
score (3.6) with the colon showing loss of architecture,
a severe mixed inflammatory infiltrate and evidence of
crypt abscess (Figure 4D and E). The pro-inflammatory
effect of T. muris infection in Mdr1a-/- was also evident
in the cytokine response of MLN isolated at day 19 pi
(Figure 5). Production of the Th1 cytokine IFNγ in FVB
controls was not significantly increased by T. muris infection (Figure 5A) consistent with the ability of this mouse
strain to expel T. muris. However, infection of Mdr1a-/mice led to a dramatic increase in IFNγ production with
levels approximately 7 fold higher than naïve animals (P
< 0.01). A second Th1-associated cytokine, IL-12p40 and
the pro-inflammatory cytokine TNFα showed a similar
pattern with marked increases in infected Mdr1a-/- but
not infected FVB mice. (Figure 5B and C). A different
pattern was observed for Th2 cytokines (Figure 5D and E).
IL-13 and IL-5 were elevated in both FVB and Mdr1a-/following T. muris infection (Figure 5D and E) and while

± 7) consistent with this strain having a resistant phenotype. In marked contrast, mice lacking the Mdr1a gene
showed a 10-fold higher worm count (134 ± 28, P < 0.01)
indicative of worm retention and a significantly increased
susceptibility to T. muris infection (Figure 1). Infection
with T. muris is associated with a strong anti-parasite antibody response which is suggested as a useful indicator
of the Th1/Th2 balance and, therefore the resistance
or susceptibility to parasite infection[17]. Figure 2 shows
the parasite-specific IgG1 and IgG2a antibody response
in the serum of naïve and T. muris infected FVB control
and mdr1a-/- mice on day 19 pi Sera from infected FVB
and mdr1a-/- mice contained parasite-specific IgG1 at
equivalent levels. However, consistent with the increased
susceptibility to T. muris infection seen in Mdr1a-/-, levels of anti-Trichuris IgG2a were only increased in the
Mdr1a-/- mouse.
The increased retention of worms in Mdr1a-/- compared to FVB control could be the result of an enhanced
Th1 environment. Production of the Th1 cytokine, IFNγ
by MLN from naïve animals was higher in Mdr1a-/- than
FVB (562 ± 561 pg/mL vs 149 ± 108 pg/mL, n = 5; see
Figure 5) but this did not reach statistical significance (P
> 0.05). However, analysis of colonocytes isolated from
these mice showed significant up-regulation of genes that
are known to be IFNγ-dependent. Expression of Indoleamine 2, 3 dioxygenase (IDO), a tryptophan catabolizing
enzyme linked to susceptibility to T. muris infection[18]
and interferon gamma inducible protein-10, (IP-10;

WJG|www.wjgnet.com

1800

February 21, 2014|Volume 20|Issue 7|

Bhardwaj EK et al . Trichuris muris infection in Mdr1a-/- mice

A

B

C

D

E

F

b

Histological disease score

7

a

6
5
4
3
2
1
0
WT-N

WT-INF

KO-N

KO-INF

Figure 4 Histological analysis of proximal colon from FVB (WT) and mdr1a-/- (PGP-KO) mice. A-E: H and E stained sections from proximal colon of WT-N (A),
WT-INF (B), KO-N (C) and KO-INF (D-E). Tissues were isolated on day 19 post-infection in Trichuris muris (T. muris) infected mice; F: Histological disease scores for
colon from naïve (WT-N; KO-N) and T. muris infected (WT-INF; KO-INF) mice based on the grading system described by Collett et al[11], 2008. Bar shows mean values
for each group aP < 0.05, bP < 0.01, n = 5 for each group.

the increase was somewhat greater in Mdr1a-/-, this was
significant only for IL-5 (Mdr1a-/-: 124.3 ± 78.7 pg/mL
vs FVB: 48.3 ± 29.7 pg/mL, P < 0.05). Taken together,
these data shows that whilst both FVB and Mdr1a-/mount a Th2 reponse pi a significantly heightened Th1/
pro-inflammatory response is only seen in the Mdra1-/mouse. Consistent with the significantly greater histological disease score seen in Figure 4, infected Mdr1a-/- mice
exhibited a significantly greater intestinal CD4+ T cell infiltrate compared to both infected wild type mice and uninfected Mdr1a-/- mice (Figure 6). Likewise dendritic cells
appeared more numerous in the gut tissue from infected
Mdr1a-/- mice compared to uninfected mice and infected
wild type mice, indicative of a more inflamed environment (Figure 7). One possibility to explain these findings
is that the worsened pathology in infected Mdr1a-/- mice
may simply be a reflection of the inflammatory response

WJG|www.wjgnet.com

associated with greater exposure to worms rather an increase in severity of the underlying colitis present in this
model. To investigate this possibility, mdr1a-/- and FVB
mice were infected with a low dose T. muris infection. Low
level infections established from 20 eggs are not expelled
from any mouse strain[19] thus ensuring more equivalent
antigen exposure between mouse strains with different
susceptibility to T. muris infection. In this situation, both
FVB and Mdr1a-/- strains harboured worms (4 ± 3 and
10 ± 3; n = 5 respectively) at day 19 post infection. This
is in marked contrast to high dose infection where only
Mdr1a-/- mice harboured worms at this time point (Figure
1). Importantly, despite the similarity in worm burden,
gut pathology in Mdr1a-/- was still significantly worse as
evidenced by the high disease score (mean score: infected
Mdr1a-/- 4.1; infected FVB 1.4) consistent with T. muris
accelerating the disease process in these animals.
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Figure 5 Cytokine production by mesenteric lymph nodes from naïve and Trichuris muris infected FVB (WT) and mdr1a-/- (PGP-KO) mice. Levels of Th1
[interferon (IFN)γ, A; interleukin (IL)-12p40, C] and Th2 (IL-13, D; IL-5, E) and the pro-inflammatory cytokine [tumor necrosis factor (TNF)α, B] were measured in
mesenteric lymph nodes (MLN) following in vitro stimulation with Trichuris muris (T. muris) E/S antigen. MLN were isolated on day 19 post infection in T. muris infected
groups. Data is shown as mean + SD for n = 5 animals in each group aP < 0.05; bP < 0.01.

background strain that was resistant to infection. The
most likely driver of increased susceptibility to infection
in Mdr1a-/- would seem to be an enhanced Th1 environment. A recent study by Collett et al[11] showed upregulation in expression of a range of IFNγ-dependent genes
in Mdr1a-/- colon including IDO, T-cell specific GTPase
and MHC Class Ⅱ subtypes that precedes the development of active colonic inflammation. This is consistent
with the present observation that expression of IDO and
CXCL-10 is elevated in colonocytes from Mdr1a-/- mice

DISCUSSION
This study provides further evidence of the complex
interaction between T. muris and IBD which may have
relevance to the proposed use of helminth therapy in the
treatment of IBD. Mice with a genetic predisposition to
IBD, mediated by deletion of an epithelial transporter
(p-glycoprotein) that forms a key part of the gut barrier,
were shown to have a markedly increased susceptibility to infection with T. muris compared to the congenic
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Figure 6 CD4+ T-cell infiltration associated with Trichuris muris infection in the proximal colon of FVB (WT) and mdr1a-/- (PGP-KO) mice. A: Immunohistochemical staining for CD4+ T cells in naïve (WT-N; KO-N) and Trichuris muris (T. muris) infected (WT-INF; KO-INF) WT and PGP-KO mice; B: Mean data (± SD) from
5 animals in each group showing CD4+ T cells present per 20 crypts units. Tissues were isolated on day 19 post-infection in T. muris infected mice, bP < 0.01.

can prevent or ameliorate colonic inflammation[23].
Nevertheless, while a majority of studies report
beneficial effects, there have been reports of enhanced
disease following helminth infection. Infection with Hymenolepis diminuta resulted in a significant exacerbation of
oxalazone-induced colitis in mice[24,25] despite evidence
that the parasite prevents DNBS-induced colitis [26].
Similarly, Heligmosomoides polygyrus bakeri enhances gut inflammation induced by enteric infection with Citrobacter
rodentium[27] but has protective effects in a number of
other colitis models[28,29]. Surprisingly, there is little information on T. muris in mouse models despite the fact that
the porcine strain of this parasite (T. suis) has been used

exhibiting little or no gut pathology. Similar increases in
expression of IFNγ-dependent genes are found in T.
muris-susceptible mouse strains[12] while neutralisation of
IFNγ effectively reversed susceptibility to infection by
promoting worm expulsion[20-22].
The Mdr1a-/- strain is characterised by spontaneous
and relatively slow development of colitis[9,11] and the animals used in the present study were at an early stage with
evidence of modest inflammatory changes. The finding
that challenge with T. muris rapidly induced severe pathological changes consistent with an advanced stage of colitis in these animals was somewhat unexpected in light of
evidence that infection with different parasitic helminths
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Figure 7 Dendritic cell infiltration associated with Trichuris muris infection in the proximal colon of FVB (WT) and mdr1a-/- (PGP-KO) mice. Fluorescence
staining (pink) for dendritic cells in frozen sections of proximal colon from naïve (WT-N; KO-N) and Trichuris muris (T. muris) infected (WT-INF; KO-INF) mice. Tissues
were removed on day 19 post infection in T. muris infected mice. Original magnification × 20. Images are representative of tissues from 5 mice in each group.

in the majority of human trials of helminth therapy[30].
Wilson et al[8] showed development of a lethal colitis in
IL-10-/- mice infected with T. muris although the extent
to which the parasite enhanced the colitis that develops
spontaneously in these mice is unclear. A recent study
showing close transcriptional similarities between human
colitis and the response to T. muris infection, including
changes in gene expression that could exacerbate inflammation, has urged caution in the therapeutic use of helminths[6]. The present study adds some support to this
view suggesting interdependence between genetic predisposition to colitis and susceptibility to T. muris infection,
most likely linked to the prevailing immune environment
that determines the degree to which worms persist and
their overall impact on mucosal inflammation. This could
at best compromise the efficacy of worm therapy but, at
worst, potentially result in exacerbation of the disease as
demonstrated here. For example, the prevailing immune
profile will clearly depend on the type of IBD present;
Crohn’s disease is characteristically a Th1 driven, IFNγdominated inflammation while ulcerative colitis is primarily Th2-mediated with little evidence of an increased
IFNγ response[31].
Key questions remain regarding the precise mechanism by which T. muris exacerbates colitis in Mdr1a-/-.
These relate to whether the effects of T. muris infection
vary according to the stage of the disease (e.g., early devel-
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opment or established colitis) and whether the exacerbation of colitis depends on worm persistence, number or
both. The involvement of the IL-17/IL-23 pathway in the
responses observed is also worthy of further investigation
given recent evidence of its role in both IBD pathogenesis and host response to helminth infection[32,33].
The relevance of these findings to the use of worm
therapy in the treatment of IBD in man is difficult to
determine at this stage. The pigworm T. suis may not be
able to establish for any length of time in the human
colon due to species incompatibility and the relatively
few clinical trials conducted so far have not reported
significant safety issues[7,34]. However, the potential for
pathological effects in man continues to be raised[35] and
information on the level and persistence of worms following human administration and whether this varies
across individuals is necessary but not currently available.
The present study in Mdr1a-/- is relevant in that it shows
that a predisposition to T. muris infection is associated
with increased inflammation rather than amelioration. In
this respect, the preliminary observation that low dose
challenge with T. muris, which produces a persistent infection but with low worm burden, produced a similar
enhancement of colitis to that seen with high dose in
Mdr1a is intriguing. Further studies are clearly required
but this could indicate that persistence of worms rather
than worm burden per se may be a key factor in determin-
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ing whether effects on host inflammation are beneficial
or detrimental.
In conclusion, these data, taken together with similar
studies in man and other animal model of IBD support
the view that the impact of helminths on IBD in a given
situation may be difficult to predict because the balance
between disease amelioration and exacerbation will depend on a range of factors including species compatibility, the prevailing immune environment and host genetic
susceptibility.

2
3
4
5

COMMENTS
COMMENTS
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Background

Preliminary clinical trials suggest that helminths such as Trichuris spp. may
have therapeutic potential in the treatment inflammatory bowel disease (IBD)
in man. The precise mechanisms are unclear although this may be related to
subversion of host Th1 and Th2 responses which allows the worm to survive
and colonise the gut.

7

Research frontiers

The success and acceptance of helminths as a treatment for IBD in man will
depend on the ability to target therapy to individuals where the risk/benefit is
clearly defined. Currently, there is a lack of information on the impact of host
genetic variability on susceptibility and response to infection with Trichuris
and the potential for adverse effects. In this study, the authors investigate the
interaction of Trichuris with mice that are predisposed to IBD due to lack of the
epithelial transporter gene Mdr1a.

8

Innovations and breakthroughs

9

A novel finding was that Mdr1a-/- mice have a much greater susceptibility to
Trichuris infection than congenic controls resulting in higher numbers of worms
that persist for longer. This was associated with a marked exacerbation of gut
inflammation rather than amelioration of disease as might have been expected.
Preliminary evidence using worm infection at a lower doses points to worm
persistence rather than worm number as being the main driver of increased disease severity, although further studies are needed to confirm this observation.

10

Applications

These findings will be of interest in the emerging field of helminth therapy in IBD
providing further evidence of the complexity of worm interaction with an IBDsusceptible host. This study in mice highlights the unpredictability of the effects
of helminth infection in hosts that have a genetic susceptibility to inflammatory
bowel disease. The relevance of the current findings to the therapeutic use of
Trichuris in human inflammatory bowel disease is unclear, however they indicate
the need for further studies to determine how genetic factors influence the level
and persistence of Trichuris infection and its impact on gut inflammation in man.
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12

Terminology

IBD is characterized by dysregulation of mucosal immunity associated with
an inappropriate response to the gut microbiota and has a significant genetic
component. Trichuris is an intestinal helminth parasite that infects a range of
mammalian species, modulating the host immune system to survive and colonise the intestine. The Mdr1a gene encodes a common xenobiotic transporter,
P-glycoprotein which is an important component of the gut epithelial barrier and
appears to be important in regulating interactions with the gut flora. Mdr1a-/mice lack P-glycoprotein in the intestinal epithelium and spontaneously develop
inflammatory bowel disease.
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Peer review

The investigation has profound therapeutical implication highlighting the new
approaches to treatment of autoimmune diseases such as Crohn’s disease.
Exploring the effect of helminth therapy in this disease by following the cytokine
expression of Th1 and Th2 immune responses as well as CD4+ and dendritic
cells they showed the complexity of processes in worm infection especially in
IBD-susceptible host.
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Diet high in fructose leads to an overexpression of
lipocalin-2 in rat fatty liver
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degeneration and inflammation.
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RESULTS: Both LDC-fed and L-HFr-fed rat histologically featured fatty liver. In the liver, mRNA transcriptions of Mcp-1 , a2-m , Il-8 and Glut5 were increased in
the L-HFr group at both time points (P < 0.001), while
the transcription of Tlr4 , Inos , and Tnf-a was significantly up-regulated at week 4. Interestingly, hepatic
Lcn-2 expression was 90-fold at week 4 and 507-fold
at week 8 higher in L-HFr-subjected rats vs control
(P < 0.001). In contrast to HDL-cholesterol, systemic
levels of LCN-2, fasting leptin and triglycerides were
elevated in the L-HFr regimen (P < 0.001). Moreover,
protein expression of hepatic LCN-2, CD14, phosphoMAPK, caspase-9, cytochrome c and 4-hydroxynonenal
was increased in the L-HFr group. Conversely, the hepatic expression of PGC-1α (a mitochondrial-biogenic
protein) was reduced in the L-HFr category at week 8.
The localization of LCN-2 in the liver was predominantly
+
restricted to MPO granulocytes.
CONCLUSION: Fructose diet up-regulates hepatic
LCN-2 expression, which correlates with the increased
indicators of oxidative stress and mitochondrial dysfunction. The LCN-2 may be involved in liver protection.

Abstract
AIM: To explore lipocalin-2 (LCN-2) expression and its
possible role and mechanism(s) of production in rat
models of diet-inducible fatty liver.

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

METHODS: Fatty liver was triggered in male SpragueDawley rats fed either with liquid Lieber-DeCarli (LDC)
or LDC + 70% cal fructose (L-HFr) diet for 4 or 8 wk.
Chow-nourished animals served as controls. Hepatic
expression of LCN-2 and other metabolic and inflammatory mediators was assessed by quantitative reverse
transcription polymerase chain reaction and Western
blotting. Serum LCN-2, fasting leptin, and lipid profile
were evaluated via Enzyme-Linked Immunosorbent
Assay, Radioimmunoassay, and colorimetric assays,
respectively. The localization of LCN-2 in the liver was
detected by using immunofluorescence staining. Furthermore, HE stain was used to evaluate hepatic fat
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Key words: Non-alcoholic fatty liver disease; Inflammation; Endotoxins; Lipopolysaccharide; Oxidative stress;
Mitochondrial dysfunction; Metabolic syndrome
Core tip: Both Lieber-DeCarli (LDC) and LDC + 70% cal
fructose (L-HFr) models featured fatty liver. Fructoseenriched regimen induced metabolic syndrome in the
corresponding rats. Lipocalin-2 (LCN-2) was strikingly
increased in the liver and serum of the L-HFr group. In
this group, the increase of LCN-2 synthesis was associated with inflammation at week 4, whereas the peak
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ent in the circulation[13]. It was demonstrated that the liver
is the main source of serum LCN-2[14]. The latter plays a
key role in implementing the acute-phase response[15], and
in the regulation of apoptosis[16].
Interestingly, LCN-2 has been characterized as a
critical regulator of energy metabolism, glucose and
lipid homeostasis, and IR in LCN-2-deficient mice[17].
It was reported that LCN-2 suppression could attenuate obesity-induced IR[18]. In human beings, elevated
serum LCN-2 concentration was also observed among
diabetic patients, and this increase could be reversed by
the insulin-sensitizing drug rosiglitazone[19]. As most in
vivo models involved in LCN-2 studies used genetically
modified mice like Lcn-2, ob/ob, and db/db[18-21], there are
few studies regarding to LCN-2 in rat fatty liver models
especially when caused by fructose.
Based on the current background, we hypothesized
that dietary fructose-caused oxidative stress and gut-derived endotoxin could trigger hepatic LCN-2 expression
in nutritionally induced (non-genetically modified) rat
fatty liver models. We also assumed that LCN-2 may have
hepatoprotective effects. Thus, we comparatively investigated LCN-2 expression in two rat fatty liver models under effects of different diets, to explore the mechanism(s)
of LCN-2 induction and its relationship with inflammatory response and metabolism.

value of LCN-2 at week 8 was mainly accompanied by
impairment of the mitochondrial function. Nevertheless, an interaction coexists between both processes.
The indicators of stress conditions and apoptosis were
elevated at both time points. Evidently, the expression
of LCN-2 was correlated to inflammatory and metabolic
processes.
Alwahsh SM, Xu M, Seyhan HA, Ahmad S, Mihm S, Ramadori
G, Schultze FC. Diet high in fructose leads to an overexpression of lipocalin-2 in rat fatty liver. World J Gastroenterol 2014;
20(7): 1807-1821 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i7/1807.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i7.1807

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is presently
the most prominent form of chronic liver diseases affecting people at different ages[1]. This entity is also considered as the hepatic manifestation of metabolic disorders
including insulin resistance (IR) and dyslipidemia[2]. The
prevalence of NAFLD is increasing among the population of Western countries[3]. However, the pathogenesis
of NAFLD remains poorly understood, and therapeutic
options are quite limited.
There is strong evidence that the diet may affect the
development of NAFLD[4]. Fructose is a monosaccharide which is commonly used as a sweetener, e.g., high
fructose corn syrups. Industrially, it is frequently found in
soft drinks and pre-packaged foods[5]. A correlation is observed between dietary fructose intake and the prevalence
of metabolic syndrome and fatty liver[6].
Unlike glucose, which is widely used by tissues
throughout the body, fructose is primarily metabolized
in the liver, and it facilitates oxidative damage and lipid
peroxidation[7]; a process in which unsaturated lipids
become oxidatively degraded to a variety of products at
sites of inflammation. One of the end products of lipid
peroxidation is 4-hydroxynonenal (4-HNE) which exhibits a chemotactic activity toward neutrophils[8]. In mice, a
chronic moderate fructose intake was shown to be associated with an increased translocation of lipopolysaccharide (LPS, endotoxin) from the gut into the portal vein, as
a result of bacterial overgrowth and increased intestinal
permeability, additionally. This may cause a further activation of hepatic Kupffer cells and formation of reactive
oxygen species (ROS) in the liver and an induction of
hepatic TNF-α expression via nuclear transcription factor
[9]
κB (NF-κB) .
The lipocalin family in general plays the role of
transporters with various functions, e.g., regulation of
immune responses[10], and in binding of small lipophilic
substances (e.g., arachidonic acid, iron, and lipids)[11]. Lipocalin-2 (LCN-2) is a 25-kDa secretory glycoprotein
initially identified in human neutrophils[12] and cells that
are exposed to microorganisms, and it is abundantly pres-

WJG|www.wjgnet.com

MATERIALS AND METHODS
Materials
Fructose and skim milk were purchased from AppliChem, Darmstadt, Germany; the chow and Lieber-DeCarli (LDC) diets, ssniff Spezialdiäten GmbH, Germany;
Qiagen RNeasy Mini Kit, Qiagen GmbH, Germany;
Moloney murine leukemia virus reverse transcriptase (MMLV RT), Promega, Germany; SYBRGreen master mix,
TaqMan and stepOne software, AB, Applied Biosystems,
Germany; Complete Protease Inhibitor Cocktail Tablets,
Roche, Germany; Hyoid-ECL nitrocellulose membranes,
Habersham Biosciences, Buckinghamshire, United Kingdom. ECL chemiluminescent solutions A and B were
from GE Healthcare, United States; Lipocalin-2 EnzymeLinked Immunosorbent Assay (ELISA), Bioporto Diagnostics Kit 046, Gentofte, Denmark; microtome, Microm
HM325, Thermo Scientific, Germany; and 4,6-diamidino-2-phenylindole (DAPI) were from Molecular Probes
Europe BV, Germany; Fluoromount-G, 0100-01, Southern Biotech. The Netherlands; Rabbit serum, Dako,
Glostrup, Denmark; Ponceau S, SERVA Electrophoresis
GmbH, Heidelberg, Germany; leptin, Radioimmunoassay
(RIA) kit, was from Millipore, United States.
Experimental animals
Healthy male Sprague-Dawley rats (160-180 g) were used.
All animals were purchased from Charles River, Sulzfeld,
Germany. On arrival at facility, the rats were placed immediately into their respective experimental conditions.
For house acclimatization, the rats were provided with
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Table 1 List of primers that were used in this study
Name

Forward 5’-3’

Reverse 5’-3’

Lcn-2
Il-8
α2-m
Glut5
Tnf-α
Mcp-1
Lep-r
Actb
Ubc

GGAATATTCACAGCTACCCTC
GTGTCCCCAAGTAATGGAGAA
CTGTCACTCATCCTGTTGTC
TGCAGAGCAACGATGGAGAAA
AAATGGGCTCCCTCTCATCAGTTC
CTCACCTGCTGCTACTCATTCACT
GTTCTGGCCATCAATTCCAT
ACCACCATGTACCCAGGCATT
CACCAAGAAGGTCAAACAGGAA

TTGTTATCCTTGAGGCCCAG
CGCCTACCATCTTTAAACTGC
ATCTCCTTCTTCGTGTCCTG
ACAGCAGCGTCAGGGTGAAG
TCTGCTTGGTGGTTTGCTACGAC
TTCCTTATTGGGGTCAGCAC
GCCCTCTGGTTGCTTTGTAT
CCACACAGAGTACTTGCGCTCA
AAGACACCTCCCCATCAAACC

standard chow diet and tap water for 4 d ad libitum. To facilitate measures of food intake and to promote minimal
sedentary movement patterns; the rats were maintained
individually in conventional cages in a 12:12 h light-dark
cycle and hygienically controlled room. Ethically, all animals received humane care within the provision of the
German Law on the Protection of Animals and the institutional guidelines. All animal experiments were approved
by the ethics review board and supervised by the local
ethics commission.

controlled by the ratio of optical density (OD) OD260/
OD280 nm and its integrity by 1.2% agarose gel electrophoresis.
DNase-treated total cellular RNA (1 µg) was denatured at 65 ℃ for 10 min in a total volume of 10 µL
with RNase inhibitor. Thereafter, a master mix consisting of 100 nmol/L of dNTPs, 50 pmol/L of primer
oligo(dT)15, 200 units of M-MLV RT, 1× RT buffer, and
2.5 mL of 0.1 mol/L dithiothreitol was added to the
denatured RNA samples and incubated for reverse transcription at 40 ℃ for 1 h, and 72 ℃ for 10 min. Complementary DNA (cDNA) was ready to use after addition
of 120 µL deionized H2O.
Primers (Table 1) that had been checked for potential hairpin formation and potential self-annealing
were synthesized by Invitrogen. A 1 µL cDNA of each
sample was added to 9 µL mixture of targeted primerpair and Fast Platinum SYBR® Green Universal master
mix. Predesigned TaqMan assay was used for Inos and
Tlr4 analysis, and the protocol was set according to the
manufacturer. Ubiquitin C (Ubc) and β-actin (Actb) were
designed as endogenous references (housekeeping genes).
The amplification of a total 10 µL/well was performed
in duplicate through two-step cycling (95 ℃-60 ℃) for
40 cycles in a stepone plus quantitative real time reverse
transcription polymerase chain reaction (RT-PCR) detection system, following the instructions of the supplier.
The comparative CT-method was used to determine the
amount of target gene, normalized to the housekeeping
genes and relative to a calibrator (2-ΔΔCT)[23]. The purity of
the RT-PCR products was verified by melting curves. For
conventional PCR, 10 ng cDNA was used for Lcn-2 and
Actb study, and then the products were run in 1.1% agarose gel and photographed.

Induction of fatty liver using different diets
Animals were randomly allocated (n = 4 per group/time
point) as follows: oval chow pellets [control (Co)] group,
modified liquid LDC group which is also called highfat diet[22], and LDC + high (70% cal) fructose (L-HFr)
group. The animals were allowed access to a pre-weighed
amount of food for 4 or 8 wk. Amounts of consumed
food were recorded daily, while animals’ body weights
(BW) were measured weekly throughout the study. The
animals were deprived of any food 10 h before being euthanized.
Collection of organs and blood samples
The animals were weighed and euthanized using sodium
pentobarbital (Narcoren®, Merial GmbH, Hallbergmoos,
Germany) (0.2 mL per 100 g BW ip). Under deep anesthesia, blood was withdrawn from inferior vena cava in plain
(serum) and heparinized (plasma) tubes. Subsequently,
livers were excised, weighed, and quickly dipped in physiological saline. Then, three portions of different liver
lobes of each animal were fixed in 4:1% neutral-buffered
formalin: glutaraldehyde for paraffin embedding. Alternatively, liver pieces were snap-frozen in liquid nitrogen
and stored at -80 ℃ until use. Relative liver weights (RLW)
were expressed as a percentage of the ratio of absolute
liver weight (g), divided by the total BW (g) at the time of
sacrifice multiplied by 100.

Protein extraction and measurement
Liver samples were prepared from the studied rats, and
they were homogenized individually in ice-cold lysis buffer [containing 150 mmol/L sodium chloride, 10% (v/v)
glycerol, 1 mmol/L MgCl2, 1 mmol/L CaCl2, 1% (v/v)
Nonidet P-40, and 20 mmol/L Tris/HCl buffer, pH 7.5],
a fresh Complete Protease Inhibitor Cocktail Tablets,
phosphatase inhibitors, and 100 μg/mL of phenylmethanesulfonyl fluoride were added. Hepatic and serum proteins were quantified by Bradford method[24].

RNA isolation, quantitative reverse transcription
polymerase chain reaction, and polymerase chain
reaction analyses
Liver tissues RNA were isolated by Qiagen RNeasy Mini
Kit. Extracted RNA concentrations were spectrophotometrically measured at λ = 260 nm, and RNA’s purity was

WJG|www.wjgnet.com

1809

February 21, 2014|Volume 20|Issue 7|

Alwahsh SM et al . Lipocalin-2 expression in rat fatty liver
Table 2 List of antibodies used in this study
Name

Clone

Species

Company

HNE
LCN-2

PC
MC
PC
PC
PC
PC
MC

Rabbit
Mouse
Goat
Rabbit
Rabbit
Rabbit
Mouse
Goat
Rabbit
Mouse
Rabbit
Mouse
Swine
Rabbit
Donkey
Donkey
Donkey

Abcam
Novus biological
R&D
Novus Biocompare
Antibodies-online
Chemicon international
Millipore
Abcam
Abcam
Sigma Aldrich
Dako, A0398
AbD Serotec
Dako
Dako
Invitrogen
Invitrogen
Invitrogen

GRP-78
CD14
Casp 9
Cyt c
PGC-1α
IκB1α
β-actin
MPO
ED1
Anti-rabbit-HRP
Anti-mouse-HRP
AlexaFluor-555-conjugated anti-goat IgG
AlexaFluor-488-conjugated anti-mouse IgG
AlexaFluor-488-conjugated anti-rabbit IgG

MC
MC
PC
MC
PC
PC

Dilution
1:100
1:250
1:100
1:800
1:700
1:1200
1:600
1:200
1:10000
1:5000
1:100
1:100
1:1500
1:1500
1:500
1:500
1:500

Use
WB
WB
IF
WB
WB
WB
WB
WB
WB
WB
IF
IF
WB
WB
IF
IF
IF

WB: Western blotting; MC: Monoclonal; PC: Polyclonal; IF: Immunofluorescence stain.

Western blot analysis for hepatic proteins
As much as 50 μg of whole lysate was separated by
(4%-12%) sodium dodecyl sulphate polyacrylamide gel
electrophoresis (SDS-PAGE). Proteins were then electroblotted onto Hybond-ECL nitrocellulose membranes,
and equal loading was monitored in Ponceau S stain. Subsequently, non-specific binding sites on the membranes
were blocked at room temperature for 1.5 h in 5% (w/v)
skim milk and 0.1% (v/v) Tween-20 in PBS (PBS-T), and
incubated with the first antibodies overnight on agitated
plates at 4 ℃. Subsequently, the membranes were washed
3 times for 5 min with PBS-T and incubated with appropriate horseradish peroxidase-conjugated secondary antibodies. Immunodetection was performed according to the
ECL chemiluminescent solutions A and B Western blotting protocol. Antibodies that were used in the present
study are listed in Table 2. Immunoreaction signals were
viewed with enhanced chemiluminescence using a film
processor machine. All Western blot experiments were
performed in triplicate. The uniformity of protein loading in each lane was assessed by determining the signal of
β-actin as a loading control.

conducted to assess the levels of LCN-2 in the serum
specimens according to the supplier’s instructions. LCN-2
concentrations were expressed in ng/mL. The amount
of LCN-2 was further validated by Western immunoblotting. Rat sera (75 µg protein) samples were denatured at
95 ℃ for 5 min in reducing 3 × Laemmli's loading buffer
and subjected to standard Western-blot with an affinitypurified mouse monoclonal antibody raised against rat
LCN-2 protein.
Histopathology
Paraffin-embedded liver slices of 5 µm thickness were
cut transversely into serial sections by using a microtome.
Sections were then deparaffinized in xylene, rehydrated
through an ascending ethanol series and stained automatically with haematoxylin-eosin (HE). After mounting
with xylene-based media; a pathologist had carried out
the histological examination by using a light microscope
(Olympus BX43, Hamburg, Germany) with internal digital camera (Olympus DP21) having no information about
the previous treatments of the rats.
Double immunofluorescent analysis
Immunofluorescence was used to detect the localization
of the target antigens within liver tissue. Liver cryostatic
sections (5 µm) were air-dried and fixed in methanol/
acetone for 9:1 min at -20 ℃. After blocking of nonspecific binding with serum (according to the species of
the secondary antibody) for 1 h at room temperature;
the sections were incubated with a solution of primary
antibody anti-LCN-2 combined with either ED1 (CD68)
or myeloperoxidase (MPO) overnight at 4 ℃. In parallel,
negative controls immunostainings were performed by
replacing the primary antibodies with only PBS[25]. Alexa flour-conjugated secondary antibodies were used to
detect the primary antibodies (Table 2). Cells’ Nuclei of
the stained sections were marked by DAPI and the slides

Biochemical studies
After an overnight (10 h) fasting, the collected rat heparinized blood was centrifuged at 3500 g for 15 min at 4 ℃.
The concentrations of glucose, uric acid, total cholesterol, TG, high-density lipoprotein-containing cholesterol
(HDL-C), LDL-C as well as the activity of ALT and AST
were determined in harvested plasma by utilizing the automated systems of the central laboratory of the Institute
of Clinical Chemistry in University Medical Center Goettingen. Serum leptin levels were evaluated by RIA.
Evaluation of serum LCN-2 by Sandwich ELISA and
Western blotting
Hemolysis-free sera were stored at -80 ℃. ELISA was
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Figure 1 Phenotypes of the animals and daily food intake. Linear graph shows the average of animals’ caloric intake (A) at weeks 0, 4 and 8 of the treatment
(food intake was expressed as cal/100 g BW/d) and animals’ body weight (BW; B). Bar blots show liver weight (LW; C) and relative liver weight (RLW; D). Data are
presented as mean ± SEM of 4 rats per group in correspondence to time points. Indicates statistically significant difference bP < 0.01 via one-way ANOVA. Standard
chow pellets (Co), a fresh-prepared Lieber-DeCarli (LDC) liquid diet, and LDC combined with 70% cal fructose (L-HFr).

were covered with Fluoromount-G and observed using
an epifluorescence microscope (Axiovert 200M, Zeiss,
Jena, Germany).

and week 8 (29.0 ± 0.2 cal/100 g BW/d) (Figure 1A).
Modulations of body and liver weights
The phenotypes of the animals were characterized to
observe the effect of the diets on the BW gain and liver
weight (LW). The BW of the controls was 160-180 g at
week 0, and then it increased to 393 ± 5 g at week 4 and
489 ± 7 g at week 8. The BW of chow and LDC-nourished rats were comparable over the study.
Despite markedly higher total caloric intake in high
fructose-challenged rats, the absolute BW was significantly diminished at week 4 (300 ± 7 g; P < 0.001) and
week 8 (420 ± 16 g; P < 0.001). This implies that the BW
of L-HFr treated rats was reduced 30% and 15% relative
to the corresponding control rats (Figure 1B). However,
these animals behaviorally remained active and did not
show any sign of distress.
In general, the LW of both treated animal groups was
moderately higher than littermate controls (Figure 1C).
LW of Co group was 12.3 ± 3 g at week 4 and 14.5 ± 0.3
g at week 8, while in LDC group LW was 13.1 ± 0.7 at
week 4 and 15.7 ± 0.5 g at week 8. In addition, the LW
of L-HFr regimen was 12.6 ± 0.4 g and 16.4 ± 1.0 g at
weeks 4 and 8, respectively.
Consequently, RLW was high in both experimental

Statistical analysis
Data were analyzed by using GraphPad Prism 5 software
(San Diego, CA, United States) and described as mean
± SEM. Statistical significance was calculated by oneway analysis of variance (ANOVA) (Dunnett’s posthoc test) to examine the statistical significance amongst
experimental groups vs control. The null hypothesis was
rejected when P < 0.05.

RESULTS
L-HFr fed rats exhibited increases of food intake
Fatty liver was induced either with LDC diet or fructoseenriched diet (L-HFr) for 4 or 8 wk. Chow diet served as
control. The average of basal food intake (week 0) was
25.2 ± 0.5 cal/100 g BW/d for all animals. The food intake of controls was slightly declined at week 4 (23.5 ±
0.1) and week 8 (21.2 ± 0.1). There was no noticeable difference in food intake between Co and LDC groups. Instead, a significant increase of food intake was observed
in the L-HFr group at week 4 (33.5 ± 0.7 cal/100 g BW/d)
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Figure 2 Changes in lipocalin-2 mRNA and protein expression in rats livers. A: Bar plots show relative specific mRNA levels in hepatic samples. Each bar represents
as mean ± SEM of 4 rats/group at weeks 4 and 8. Data were normalized by ubiquitin C. β-actin (Actb) was used as an additional reference housekeeping gene, yielding
comparable results; B: Photographs of end-point polymerase chain reaction products run on 1.1% agarose gel electrophoresis for hepatic Lcn-2 and Actb; C: Immunoblots
of hepatic LCN-2 (two representative animals per group). bP < 0.01. Co: Chow pellets; LDC: Lieber-DeCarli liquid diet; L-HFr: LDC combined with 70% fructose.

groups vs controls. Animals got LDC diet had slightly
higher RLW (3.5% ± 0.2%, and 3.3 ± 0.1%) compared
with that received the standard chow (3.1% ± 0.1%, 3.0%
± 0.1%) at week 4 and 8, respectively. On the other hand,
the ratio of liver-to-body weight of L-HFr fed rats was the
highest (4.5% ± 0.1% at week 4, and 4.0% ± 0.4% at week
8) during the observation period (P < 0.001) (Figure 1D).

involved in innate immunity and oxidative conditions,
and Tlr4; a pathogen-recognition receptor. The regulation
of these genes did not significantly differ between LDC
and control groups at both time points. Conversely, in the
L-HFr group the mRNA levels of IL-8 (30-fold), Mcp-1
(4.9-fold), α 2-m (9.4-fold), Tnf-α (4.5-fold), Inos (5.6-fold),
and Tlr4 (7.1-fold) were significantly amplified at week 4
(Figure 3A-F). Noticeably, we also found an up-regulation of IL-8 (13-fold), Mcp-1 (3.6-fold), α 2-m (5.7-fold)
in the L-HFr at week 8 (Figure 3A-C). At this time point,
however, there was no significant change in Tnf-α , Inos,
and Tlr4 in the same group (Figure 3D-F).

Changes of hepatic mRNA expression
Expression of hepatic Lcn-2 mRNA: To elucidate
whether both animal models of non-alcoholic induced
fatty liver will similarly express LCN-2 in the liver, qRTPCR and conventional PCR were used. Interestingly, the
expression of Lcn-2 was not significantly changed in the
livers of LDC group at weeks 4 and 8 compared with
the corresponding Co group. Alternatively, a significant
increase of hepatic Lcn-2 expression was detectable in
the L-HFr category at week 4 (90 ± 11 fold; P < 0.001)
and week 8 (507 ± 28 fold; P < 0.001) (Figure 2A). The
extent of Lcn-2 mRNA in the L-HFr group was the
highest among the other studied genes. Furthermore, a
qualitative evaluation for Lcn-2 mRNA by conventional
(end-point) PCR further showed similar changes in gene
expression (Figure 2B).

Modulations of Glut5 and Lep-r mRNA in liver samples: In LDC group, levels of Glut5 (the major fructose
transporter) and Lep-r (leptin receptor) mRNA expression remained almost at the level of controls. In contrast, Glut5 mRNA was considerably enhanced at week
4 (7-fold) and week 8 (6-fold) in the L-HFr-challenged
rats compared to standard Co diet (Figure 3G). Concomitantly, hepatic Lep-r specific mRNA transcripts were
substantially raised 9.2-fold (week 4) and 6-fold (week 8)
in L-HFr-fed animals (Figure 3H).
Analyses of hepatic protein expression
Expression of hepatic LCN-2 protein: Western blotting were used to detect the amount of specific LCN-2
protein in total liver homogenates. The expression of
LCN-2 protein was almost similar in LDC and control
animals. Along with increased Lcn-2 mRNA levels in the
L-HFr group, the expression of LCN-2 was obviously

Changes of inflammation-related mRNA expression
in liver samples: The following inflammation-related
genes were studied at weeks 4 and 8: IL-8; a potent activator of neutrophils, Mcp-1; recruits monocytes and
granulocytes, α 2-m; a positive acute-phase protein in human and rat, Tnf-α ; a pro-inflammatory cytokine, Inos;
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Figure 3 Alterations in hepatic mRNA levels of inflammation- and metabolism-related genes. A-C: Bar plots show relative specific mRNA levels of inflammationrelated mediators in hepatic specimens that were up-regulated in the L-HFr group at both time points; D-F: Only increased at 4th week; G-H: Selected metabolismrelated genes; Each bar represents mean ± SEM of 4 rats/group at weeks 4 and 8; Data were normalized by Ubc (ubiquitin C), and Actb (β-actin) was additionally
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Figure 4 Changes in protein expression in rat liver. A: Representative immunoblots for inflammation-related proteins; B: mitochondrial functional impairment,
apoptosis, and oxidative stress; Co: Chow diet, LDC: Lieber-DeCarli liquid diet; L-HFr: LDC + 70% fructose.

Cyt c protein, which required for mitochondrial function
and apoptosis, was maximally increased at week 8. Additionally, it’s known that PGC-1α plays a crucial role in
mitochondrial biogenesis[26]. In the current study, our data
showed that the L-HFr diet diminished the hepatic PGC1α protein expression obviously at week 8 (Figure 4B).
The latest result was inversely correlated to the patterns
of liver LCN-2 protein.

up-regulated in the L-HFr group (Figure 2C). Prominently, the maximal increase of LCN-2 was at week 8.
Variations of inflammation-related proteins in rats’
livers: Concurrently, fructose-enriched diets evidently
stimulated the protein levels of CD14 (a multifunctional
protein, involved in TLR4 signal transduction and apoptosis) and MAPK (is activated by phosphorylation in
response to stress and coordinates pro-apoptotic functions). Markedly, hepatic IκBα1 protein expression was
attenuated in the L-HFr group at week 8 (Figure 4A).

Elevation of systemic LCN-2 levels in fructose-treated
animals
At week 8, the concentration of serum LCN-2 tended to
be higher than the concentration at week 4 in all groups
(Figure 5). The LDC group showed a mild increase in
serum LCN-2 when compared with the Co group. Oppositely, the concentration of LCN-2 in bloodstream
revealed by ELISA was obviously augmented in fructosetargeted animals (Figure 5A). At week 4, L-HFr-given rats
evidenced a (2-fold, P < 0.05) enhancement in the level
of serum LCN-2, and more than 2.2-fold (P < 0.05) increase at week 8 in the LCN-2 magnitudes. The increase
of circulatory LCN-2 protein was further confirmed by
Western blotting (Figure 5B).

Metabolism and oxidative stress related indicators:
To study whether chronic dietary fructose could impair
mitochondrial and (or) endoplasmic reticulum functions,
Western blotting studies were performed on hepatic
casp 9; the initial caspase in the mitochondrial apoptotic
cascade in response of ROS, GRP78; a molecular chaperone correlated with endoplasmic reticulum stress, it
regulates the unfolded protein response, and 4-HNE; a
specific end product of lipid peroxidation. In contrast to
the Co or LDC diet, the L-HFr induced casp 9, GRP78,
and 4-HNE at both time points (Figure 4B). However,
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Figure 5 Up-regulation of a systemic lipocalin-2 mainly in animal model fed with Lieber-DeCarli + 70% cal fructose diet. A: Serum LCN-2 data; Values on
y-axis were expressed in ng/mL; B: Representative autoradiographies from Western blotting determination and the corresponding Ponceau stained membrane of two
animals per group are shown. aP < 0.05 Significance difference vs Co. Co: Chow diet, LDC: Lieber-DeCarli liquid diet; L-HFr: LDC + 70% fructose.

(data not shown). In addition, the intake of L-HFr regimen was associated with a 2-fold increase in plasma uric
acid concentration at week 8 (P < 0.01). Moreover, we
found that the concentration of fasting serum leptin was
elevated 2.8-fold and 3.3-fold in the L-HFr vs chow fed
rats at weeks 4 and 8, respectively (P < 0.01). The difference in liver transaminases activities between the control
and LDC groups was mild. Oppositely, the serum ALT
and AST activities were significantly increased in L-HFr
group (P < 0.05) at both studied time points (Table 3).

Table 3 Data of plasma biochemistry of Sprague-Dawley rats
within 8 wk of feeding
Parameter

Time point/
Group (wk)

Glucose (mg/dL)
TG (mg/dL)
Cholesterol (mg/dL)
HDL-C (mg/dL)
Uric acid (mg/dL)
ALT (U/L)
AST (U/L)
Leptin (ng/mL)

4
8
4
8
4
8
4
8
4
8
4
8
4
8
4
8

Co
152 ± 12
210 ± 7
26 ± 5
44 ± 13
55 ± 2
47 ± 4
49 ± 1
44 ± 1
0.6 ± 0.0
1.1 ± 0.0
41 ± 8
55 ± 8
67 ± 5
90 ± 7
1.8 ± 0.2
3.7 ± 0.9

LDC
182 ± 5
244 ± 5
74 ± 8a
62 ± 15
58 ± 4
52 ± 4
43 ± 2
45 ± 3
0.9 ± 0.2
0.5 ± 0.1
43 ± 3
48 ± 4
74 ± 2
117 ± 13
3.0 ± 0.3
5.7 ± 2.1

L-HFr
243 ± 8b
292 ± 7b
78 ± 13a
127 ± 21a
58 ± 3
53 ± 5
46 ± 1
32 ± 2d
0.5 ± 0.0
2.2 ± 0.3b
69 ± 7a
80 ± 8a
136 ± 8b
166 ± 10b
5.0 ± 0.9b
12.1 ± 1.4b

Histological manifestations of liver tissues
Control (chow-fed) rats showed normal hepatic architecture, and there was no sign of steatosis. The livers
of rats fed liquid LDC diet showed micro- or mediovesicular steatosis commonly observed in periportal areas
at weeks 4 and 8, respectively. Instead, livers of the rats
which were treated with L-HFr diet were distinguishable from those rats fed with chow or LDC (Figure 6A).
The rats of L-HFr group had extremely macro-steatotic
livers and moderate inflammation (grade 2) noticed in
zone Ⅰ, and Ⅱ towards the central vein which was surrounded with few hepatocytes displaying micro-steatosis,
along with a loss of structural integrity and the vascular
architecture at both time points. The percentage of fatloaded hepatocytes was histologically evaluated by a pathologist (Figure 6B).

All animals were overnight fasted just before sacrificing. aP < 0.05, bP <
0.01 compared to controls. Data are expressed as mean ± SEM of 4 rats per
group. Co: Chow (control); LDC: Lieber-DeCarli liquid diet; L-HFr: LDC +
70% cal fructose; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; TG: Triglycerides; LDL-C: Low density lipoprotein cholesterol.

Biochemical parameters in rat blood samples
LDC diet had significantly increased fasting TGs in the
plasma compared with littermate controls at week 4.
Animal’s administration with L-HFr had increased levels
of fasting blood glucose and TGs compared to chow
(Table 3). Consistently, the concentration of total plasma
cholesterol was moderately higher in the L-HFr group
compared with age-matched control. Furthermore, the
plasma level of HDL-C was diminished in L-HFr fed rats
after 8 wk (P < 0.001) (good cholesterol) (Table 3). LDL
cholesterol levels weren’t changed among the groups

WJG|www.wjgnet.com

Immunohistochemical detection of LCN-2, MPO and ED1
in rat liver
Immunofluorescence staining proved the tissue specific
LCN-2 localization. The positivity of LCN-2 in the liver
was restricted to MPO+ cells (Figure 7, left-panel). Only a
few LCN-2+ cells were observed in the normal (healthy)
liver tissues. LDC-treated animals presented similar view
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assessed by 4-HNE adducts, GRP78, casp 9, and Cyt c.
We found augmentations of those proteins expressions in
L-HFr fed rats, suggesting that these rats compared with
the LDC or chow-fed rats, were facing higher oxidative
stress conditions. Additionally, 4-HNE chemotactically
recruits neutrophil granulocytes into the stressed liver. It
was regarded that PGC-1α expression in liver is normally
increased during fasting in response to glucagon[33], and
it plays a central role in the regulation of cellular energy
metabolism[34] and mitochondrial function[35]. Interestingly, the protein expression of PGC-1α was declined
predominantly at week 8 in livers from L-HFr group,
providing further evidence for a decreased mitochondrial
function. Collectively, these results indicated that chronic
fructose-enriched diet altered, at least partially, mitochondrial and endoplasmic reticulum functions and induced
cellular apoptosis and stress conditions. These changes
were related to a noticeable increase of hepatic LCN-2+
neutrophil granulocytes in the L-HFr group (Figure 8).
LCN-2 has emerged as a potential link among obesity, inflammation, and obesity-associated metabolic
dysfunction such as IR [19,36]. It was emphasized that
fructose consumption is also correlated with elevated
LPS level in liver, which can trigger the release of proinflammatory cytokines when bound to CD14/tolllike receptors (TLR4) which are presented on immune
cells[37]. Recognition of LPS by the CD14/TLR4/MD-2
complex activates intracellular signaling pathways involving mitogen-activated protein kinase (MAPK), resulting
in the production of proinflammatory cytokines and
chemokines[38]. Even though we hadn’t measured the
endotoxin levels in portal blood, we found up-regulated
levels of hepatic TLR4, ED1+ cells and p/ERK1/2 in
L-HFr regimen obviously at week 4. However, the multifunctional CD14 was also elevated in livers of the L-HFr
group at week 8. It was shown that CD14, in addition to
its important role in inflammation and innate immunity,
promotes cell survival and antagonizes programmed cell
death ‘‘apoptosis’’[39]. Overall, these findings, indirectly,
suggested that endotoxins influx from bowel via portal
vein might also be involved in the modulation of liver
inflammation in L-HFr-treated rats in a TLR4-dependent
manner[7].
Actually, there are controversial data coexisting regarding the role of LCN-2 in recruiting the inflammatory
cells to the site of injury and exacerbating inflammation,
and in its role as an anti-inflammatory and protective
protein. It was shown that LCN-2 elicits its adverse effects at least partly by stimulating TNF-α, which may in
turn magnify the local inflammation and cause impaired
energy homeostasis[40]. Furthermore, Fujino et al[41] reported the pro-inflammatory NF-κB has been shown to
transactivate LCN-2 expression through binding with a
consensus motif in its promoter region. On the other
hand, the addition of LCN-2 protein to the culture media of adipocytes and macrophages leads to the suppression of TNFα- and LPS-induced cytokines/chemokines
production, indicating an anti-inflammatory function[42].

as seen in control, but some LCN-2 signals were observed in MPO+ cells in periportal area mainly at week 8
of the study. Interestingly, the highest LCN-2 positivity
was detected evidently in the MPO+ granulocytes in the
livers of L-HFr groups. We also examined whether there
is an overlapping between anti-MPO and anti-ED1 by
double-immunostainings. The positivity of each marker
was entirely separated (data not shown), indicating that
MPO is a neutrophil-restricted marker.

DISCUSSION
A micro- or mediovesicular steatosis was histologically
revealed in the livers of LDC group and a macrovesicular steatosis in L-HFr treated rats. We demonstrated that
LCN-2 protein was strikingly increased in the liver and
serum of L-HFr group. In this group, the increase of
LCN-2 synthesis was associated with inflammation at
week 4, whereas the peak value of LCN-2 at week 8 was
mainly accompanied by a decrease in the mitochondrial
function. The indicators of stress conditions and apoptosis were elevated at both time points. Evidently, an interaction existed between the inflammatory and metabolic
processes in this study.
By feeding with L-HFr regimen, it was able to induce
metabolic syndrome in the corresponding rats. Indeed,
we found an elevation of fasting plasma glucose, high
TGs, and low HDL-C levels in this group. These findings
are recognized as the core components of diabetic dyslipidemia[27]. Furthermore, it is known that fructose phosphorylation in the liver consumes ATP, consequently the
accumulated ADP serves as substrate for uric acid formation[28]. In fact, the levels of fasting blood uric acid and
leptin were significantly elevated in L-HFr-treated rats.
The increased fasting leptin level was due to dietary fructose promoted leptin resistance[29,30], in which the leptin’
s action was suppressed and it did not induce satiation
(fullness) compared to chow or LDC diet. This could be
the explanation of high food intake that was seen in the
L-HFr group.
After intestinal uptake, fructose is typically extracted
from the blood stream by hepatocytes, which is independent of insulin exertion and phosphofructokinase
regulation step. Consequently, the up taken fructose is
metabolized to glucose, fatty acids or lactate[31]. We observed a significant up-regulation of hepatic Glut5 (fructose
transporter) gene expression in L-HFr nourished rats,
which was correlated with the accumulated fat in the liver.
It was stated that high fructose intake was associated with
increased plasma TGs, most probably caused by an upregulation of hepatic de novo lipogenesis and TGs secretion, and a decreased clearance of VLDL-TG[32]. At that
point, we found that L-HFr nourished rats promoted the
onset of massive hepatic steatosis mainly in zone Ⅰ and Ⅱ.
The likelihood that changes in the concentration of
hepatic fructose and its metabolites after intake could potentiate lipid peroxidation, alterations of endoplasmic reticulum and mitochondrial functions, and apoptosis was
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Figure 6 Microphotograph of representative livers of rats on different dietary regimens for 4 or 8 wk. A: The left panel (4-wk) and right panel (8-wk) of HE
stained livers show: Co: control group exhibiting normal arrangement of hepatocytes around the sinusoids; LDC: Lieber-DeCarli nourished group represented principally micro- and randomly macro-steatosis at 4 and 8 wk respectively; L-HFr: 70% cal fructose supplemented LDC group showing almost hepatocytes around the portal triads with macrovesicular steatosis shows clear, rounded, and well-defined fat droplets (often single) within the cytoplasm and the nuclei are peripherally displaced
by the fat droplets clearly at 4 wk more than 8 wk of experiment time, accompanied with loss of structural integrity and vessel architecture. Scale bar = 100 μm; B:
Percentage of hepatocytes with macro fat vesicles was microscopically evaluated by a pathologist in HE stained liver slices. bP < 0.01 vs Co.
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Figure 7 Representative photomicrographs show immunolocalization of key markers of Neutrophil granulocytes infiltration. Myeloperoxidase (MPO) double-stained with LCN-2 (left-panel), and tissue macrophages (ED1) plus LCN-2 (right-panel) at week 4; A co-localization of LCN-2 and MPO can be detected in liver
sections. The black cavities (vesicles) that were marked by Star in L-HFr micrographs resulted from washing of fat from hepatocytes during fixation step. Red arrows
in right panel show ED1+ cells. Scale bar = 200 μm. Co: Chow diet, LDC: Lieber-DeCarli liquid diet; L-HFr: LDC + 70% fructose.

Most strikingly, LCN-2 appears to protect against TNFαinduced IR in adipocytes.
Increased production of LCN-2 in obesity may be
a protective mechanism against inflammation and IR[17].
Guo et al[17] found that in the absence of LCN-2, the expression of proinflammatory cytokines such as MCP-1
and TNF-α were up-regulated in adipose tissue, while
expression levels of anti-inflammatory markers declined,
suggesting an increased inflammatory status in Lcn-2-/mice. These results further suggest that Lcn-2-/- mice are
more susceptible to high fat diet-induced pro-inflammatory response than wild-type mice. Currently, we observed a reduction in Tlr4, Inos, and Tnf-α in the livers of
L-HFr fed rats at 8th week accompanied by the most dramatic increase in LCN-2 level, supporting the point that
LCN-2 acts more likely as an anti-inflammatory protein.

WJG|www.wjgnet.com

However, further studies are required to elucidate whether LCN-2 could act as a hepatoprotective protein (LPSneutralizing and anti-inflammatory protein) especially in
fructose-induced fatty liver.
Conclusion
In this comparative study, we verified that the increase
of LCN-2 in liver and blood circulation was considerably provoked by fructose-enriched diet. The increase of
hepatic LCN-2 was correlated with elevated indicators
of apoptosis, mitochondrial dysfunction, and lipid peroxidation in the L-HFr group. LPS influx into the liver
may contribute to LCN-2 induction. This study suggests
that LCN-2 could serve as an indicator to distinguish between simple steatosis and non-alcoholic steatohepatitis.
Moreover, it may have contra-regulatory hepatoprotec-
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Figure 8 Hypothetical model of the mechanism thereby lipocalin-2 was produced in high fructose-induced rat fatty liver. Ingested fructose is delivered into
the liver via portal vein. Once in liver, hepatocytes transformed fructose into FFAs and TGs. In addition, the chronic fructose consumption facilitates the influx of endotoxins LPS into the liver. Endotoxins stimulate Kupffer cells which, in turn, release ROS and cytokines. This results in recruitment of more neutrophil granulocytes
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The role of fructose in the pathogenesis of NAFLD is not new. The health
concerns raised pertain to the amounts of sugar in the current diet, primarily as beverages. Most meta-analyses have shown that the risk of obesity,
diabetes, cardiovascular disease, and metabolic syndrome is directly related
to consumption of beverages sweetened with sugar and/or high-fructose corn
syrup. In support of these findings the authors found L-HFr diet induced more
severe liver damage compared to LDC high fat and control diets. High fructose
supplementation in a model of NAFLD worsens the liver pathology and that
was associated with an increase in LCN-2, among several other mediators. The
expression of LCN-2 correlated with the increased indicators of oxidative stress
and mitochondrial dysfunction. Actually, there are controversial data coexisting
regarding the role of LCN-2 in inflammation. The authors conclude that LCN-2
may be involved in liver protection.

tive effects.

Innovations and breakthroughs

Applications
Background

The study speculates LCN-2 could function as a hepatoprotective protein and
can be used as a biomarker to differentiate between simple steatosis (fatty
liver) and NASH.

Research frontiers

NAFLD encompasses a wide spectrum of liver damage, ranging from simple
steatosis into liver cancer. The pathogenesis of NAFLD is multifactorial. Fructose is a monosaccharide which is commonly used as a sweetener in food industry; it is used as a food additive and supplementary diet. LCN-2 is a 25-kDa
secretory glycoprotein; it is also a positive acute phase protein. LCN-2 has
been characterized as a critical regulator of energy and lipid homeostasis.

COMMENTS
COMMENTS
Non-alcoholic fatty liver disease (NAFLD) is a disease of increasing prevalence
worldwide, which may develop into endstage liver disease. It was reported that
fructose intake is related to NAFLD. Fructose can result in numerous metabolic changes including oxidative stress. The expression of hepatic lipocalin-2
(LCN-2, a secretory glycoprotein) is influenced by metabolic and inflammatory
processes.

Terminology

The pathogenesis of NAFLD is still obscure. A few studies examined the expression of LCN-2 in rat fatty liver model especially that provoked by fructose.
In contrast, most of them focused on (genetically-altered) mice e.g., Lcn-2-/- and
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This work is well-planned, executed and presented. The study is also quite
interesting, since it refers to what the authors often find in common patients
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due to the increased sugar intake in industrialized countries. The current data
show clear differences between the two rat models of diet-inducible fatty liver
and the possible mechanisms were discussed. It has novel findings and may
help understanding the mechanism of the fatty liver disease based on fructoseenriched diet. This study could provide a future strategy for therapeutic intervention in the treatment of patients.
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RESULTS: Sophocarpine decreased serum levels of
aminotransferases and total bilirubin in rats under
chronic insult. Moreover, administration of sophocarpine suppressed extracellular matrix deposition and
prevented the development of hepatic fibrosis. Furthermore, sophocarpine inhibited the expression of
α-smooth muscle actin (SMA), interleukin (IL)-6, transforming growth factor-β1 (TGF-β1), Toll-like receptor 4
(TLR4), and extracellular-related kinase (ERK) in rats.
Sophocarpine also down-regulated the mRNA expression of α-SMA, collagen Ⅰ, collagen Ⅲ, TGF-β1, IL-6,
tumor necrosis factor-α and monocyte chemoattractant
protein-1, and decreased protein levels of TLR4, p-ERK,
p-JNK, p-P38 and p-IKK in vitro after Lipopolysaccharide induction. In addition, sophocarpine inhibited the
proliferation of HSCs accompanied by a decrease in the
expression of Cyclin D1. The protein level of proliferating cell nuclear antigen was decreased in activated HSCs
following a gradient concentration of sophocarpine.
CONCLUSION: Sophocarpine can alleviate liver fibrosis mainly by inhibiting the TLR4 pathway. Sophocarpine may be a potential chemotherapeutic agent for
chronic liver diseases.

Abstract
AIM: To explore the effect of sophocarpine on experimental liver fibrosis and the potential mechanism involved.

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

METHODS: Sophocarpine was injected intraperitoneally in two distinct rat hepatic fibrosis models induced
either by dimethylnitrosamine or bile duct ligation. Masson’s trichrome staining, Sirius red staining and hepatic
hydroxyproline level were used for collagen determination. Primary hepatic stellate cells (HSCs) were isolated
and treated with different concentrations of sophocarpine. Real-time reverse transcription-polymerase chain
reaction was used to detect the mRNA levels of fibrotic
markers and cytokines. The expression of pathway proteins was measured by Western blot. The Cell Counting
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Key words: Liver fibrosis; Sophocarpine; Toll-like
receptor 4; Hepatic stellate cells; Cytokines
Core tip: Sophocarpine significantly ameliorated liver
function and hepatic fibrosis in both the dimethylnitrosamine and bile duct ligation models. In addition,
sophocarpine inhibited the activation and proliferation
of hepatic stellate cells in vitro , which contributed to
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the anti-fibrotic effect of sophocarpine in vivo . Toll-like
receptor 4 signaling was blocked by sophocarpine in
vivo and in vitro , accompanied by a reduction in proinflammatory and fibrotic cytokines, as well a decrease
in the expression of Cyclin D1 and proliferating cell
nuclear antigen.

In this study, we demonstrated that sophocarpine
ameliorated liver fibrosis by inhibiting the activation and
proliferation of HSCs in rats. In addition, negative regulation of the TLR4 signaling pathway contributed to the
effects of sophocarpine which decreased the expression
of profibrotic and inflammatory cytokines such as tumor
necrosis factor (TNF)-α, TGF-β1 and IL-6, and reduced
Cyclin D1 and proliferating cell nuclear antigen (PCNA).

Qian H, Shi J, Fan TT, Lv J, Chen SW, Song CY, Zheng ZW, Xie
WF, Chen YX. Sophocarpine attenuates liver fibrosis by inhibiting the TLR4 signaling pathway in rats. World J Gastroenterol
2014; 20(7): 1822-1832 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i7/1822.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i7.1822

MATERIALS AND METHODS
Sophocarpine
Sophocarpine (High Performance Liquid Chromatography purity > 98%) was obtained from Winherb Medical
Science Co., Ltd (Shanghai, China). The sophocarpine
used was endotoxin-free, as determined by the limulus
lysate assay, with a minimum detectable level of 8 pg/L.

INTRODUCTION
Liver fibrosis is a wound-healing response to chronic liver
injury and is characterized by the accumulation of extracellular matrix (ECM), which depends on the balance
between ECM synthesis and degradation. Following liver
injury, hepatic stellate cells (HSCs) are the predominant
ECM-producing cell type in the liver[1,2]. The activation
and proliferation of HSCs, characterized by the morphological transition to myofibroblast-like cells, have been
well established as the central events in the pathogenesis
of hepatic fibrosis[3]. Previous studies have suggested that
inhibition of the activation, proliferation and migration
of HSCs may be an attractive anti-fibrotic therapy[4].
In cirrhotic rats and patients, intestinal bacterial overgrowth can occur, including Gram-negative and -positive
bacteria[5]. Lipopolysaccharide (LPS), a major cellular
component of Gram-negative bacteria, aggravates liver
cirrhosis with increased permeability of the intestinal
mucosal barrier. LPS-induced HSC activation has been
proved to be an important mechanism in liver injury[6].
Quiescent murine HSCs responsive to LPS can express
Toll-like receptor 4 (TLR4) similar to in vivo-activated
HSCs, even at the low LPS dose of 1 ng/mL[7]. In addition, activated murine HSCs express TLR4 and respond
to LPS with up-regulation of extracellular-related kinase
(ERK) phosphorylation, interleukin (IL)-6 and transforming growth factor-β1 (TGF-β1)[7,8]. TLR4-mutant
mice displayed a profound reduction in hepatic fibrogenesis in three different experimental models of biliary or
toxic fibrosis[7]. These results confirm the critical role of
TLR4 signaling in regulating HSC activation which affects the risk of hepatic fibrosis progression.
Sophocarpine is a matrine-type quinolizidine alkaloid
widespread in the genus Sophora. Basic and clinical studies have shown that sophocarpine possesses a variety
of pharmacological effects, such as anti-inflammatory,
immuno-regulatory, anti-virus and anti-tumor[9-11]. Moreover, our previous research proved that sophocarpine
alleviated the progression of non-alcohol steatohepatitis
through the down-regulation of inflammatory cytokines
in vivo[12]. More importantly, sophocarpine has minor toxic
side effects and significant potential for clinical application.

WJG|www.wjgnet.com

Animal fibrosis models and sophocarpine administration
in vivo
Male Sprague-Dawley rats (190 ± 15 g) were housed in
cages with stainless-steel wire tops under standard animal
laboratory conditions in the specific pathogen-free-grade
animal room of the Experimental Animal Center of the
Second Military Medical University. The rats had free
access to standard rat chow and water. This study was
approved by the Ethics Committee of the Second Military Medical University, Shanghai, China. Two distinct
models of hepatic fibrosis were induced in rats using
dimethylnitrosamine (DMN) injection (10 mg/kg, three
injections per week for 4 wk) or bile duct ligation (BDL)
as described previously[13]. For the BDL model, seven rats
served as controls and underwent sham surgery. Three
days after surgery, 24 BDL rats were randomly divided
into two groups and treated as follows: the model group
(n = 12, Ringer’s solution) and sophocarpine treatment
group (n = 12, 20 mg/kg sophocarpine dissolved in
Ringer’s solution). For the DMN model, seven rats were
included as controls. Fourteen days after DMN injection,
the 24 DMN rats were divided as described above (12 in
the model group and 12 in the sophocarpine treatment
group). Sophocarpine and placebo solution were injected
intraperitoneally once a day. The animals were sacrificed
3 wk after BDL or 4 wk after DMN administration.
Serum biochemical analysis
Serum alanine aminotransferase (ALT), aspartate aminotransferase (AST) and total bilirubin (TB) were determined in all experimental rats using the appropriate kits
from Sigma-Aldrich.
Histological examination and immunohistological
staining
All paraffin-embedded liver samples were stained with
hematoxylin and eosin for histopathological examination.
Masson’s trichrome staining and Sirius red staining were
used for collagen determination. For the semiquantitative
analysis, connective tissues stained with Sirius red were
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Table 1 Primers used for detection of gene transcription
Gene

Forward

Reverse

α -SMA

5'-ACTGGGACGACATGGAAAAG-3'
5'-AGGCATAAAGGGTCATCGTG-3'
5'-GTCCACGAGGTGACAAAGGT-3'
5'-AGATGTGGAACTGGCAGAGG-3'
5'-CCGGAGAGGAGACTTCACAG-3'
5'-ATACGCCTGAGTGGCTGTCT-3'
5'-ATGCAGTTAATGCCCCACTC-3'
5'-TGCTCAGACATGGCAGTTTC-3'
5'-GAGATCCGCGAGTTTGAGAC-3'
5'-AGGGTACAATACGCCTCACG-3'
5'-TCCAAGGGCTACACCAAATC-3'
5'-GCCACAAAATCCTCTTTCCA-3'
5'-GCGTACCCTGACACCAATCT-3'
5'-GCCAACACAGTGCTGTCTGG-3'

5'-CATCTCCAGAGTCCAGCACA-3'
5'-ACCGTTGAGTCCATCTTTGC-3'
5'-CATCTTTTCCAGGAGGTCCA-3'
5'-CCCATTTGGGAACTTCTCCT-3'
5'-ACAGTGCATCATCGCTGTTC-3'
5'-TGGGACTGATCCCATTGATT-3'
5'-TTCCTTATTGGGGTCAGCAC-3'
5'-TCAAGGCTTTTCCATCCAAC-3'
5'-CTGTTTCTGCTGGTTGCGTA-3'
5'-GCGGGTAGAGACTTCACAGC-3'
5'-AGGTAGTTTCGGGCCTTCAT-3'
5'-CACATCGGGGAACAGTTTCT-3'
5'-GGCTCCAGAGACAAGAAACG-3'
5'-TGATCCACATCTGCTGGAAGG-3'

Pro-collagenⅠ
Collagen Ⅲ
TNFα
IL-6
TGFβ1
MCP-1
TLR4
Myd88
TRAF6
ERK1
JNK1
Cyclin D1
β -actin

measured on an image analyzer (Image-Pro Plus, Media
Cybernetics) by a technician blinded to the samples. The
intensity of collagen deposition or protein expression was
calculated as the percentage of the positive area in the
corresponding field of liver tissue. Immunohistochemical
examinations were carried out to determine the expression of α-smooth muscle actin (SMA) (BM0002, Boster,
Wuhan, China), TGF- β 1 (sc-146, Santa Cruz), IL-6
(ab6672, Abcam), TLR4 (ab13556, Abcam) and ERK1/2
(4695, Cell Signaling).

real-time RT-PCR with a SYBR Green PCR Kit (Applied
Biosystems, Foster City, CA, United States). Primer sequences are listed in Table 1.
Western blot analysis
Western blot analyses of α -SMA (ab5694, Abcam),
Collagen Ⅰ (ab6308, Abcam), TLR4 (ab13556, Abcam),
PCNA (ab29, Abcam), GAPDH (BSAP0063, Bioworld),
p-JNK (4668, Cell Signaling), JNK (9258, Cell Signaling),
p-ERK1/2 (4370, Cell Signaling), ERK1/2 (4695, Cell
Signaling), p-P38 (4511, Cell Signaling), P38 (8690, Cell
Signaling), p-IKKα/β (2697, Cell Signaling) and IKKα/
β (sc-7607, Santa Cruz) were performed according to the
manufacturer’s instructions (Bio-Rad Laboratories, Hercules, CA, United States).

Measurement of hepatic hydroxyproline content
Total hepatic hydroxyproline levels in all experimental
rats were determined in the hydrolysates of liver samples
as previously described[13]. One hundred mg of wet liver
samples were subjected to acid hydrolysis to determine
the amount of hydroxyproline according to the protocol
outlined in the Hydroxyproline Testing Kit (A030-2, Jiancheng, Nanjing, China).

Measurement of HSC proliferation
Activated HSCs were plated in triplicate wells on a
96-well plate at 3 × 103 cells/well and cultured for 24 h.
These cells were then treated with sophocarpine at the
concentrations of 0, 100, 200, 400, 600 and 1000 μg/mL.
The number of metabolically active and viable cells was
detected colorimetrically at 450 nm using the Cell Counting Kit-8 (DOJINDO, Tokyo, Japan) assays.

Cell culture and treatment
Primary HSCs were freshly isolated as previously described[14]. The primary HSCs were cultured in plastic cell
culture dishes. Forty-eight hours later, sophocarpine was
added at the concentrations of 25, 50 or 200 mg/mL
for 48 or 72 h, and the cells were then treated with LPS
(Sigma, 2 ng/mL) for 30 min (Western blotting) or 12 h
[Real-time reverse transcription-polymerase chain reaction (RT-PCR)]. Activated HSCs were derived from the
primary HSCs which were cultured for approximately
14 d and passaged for 2-3 passages, the cells were then
treated with sophocarpine (100-1000 μg/mL) for 0-5 d.
These cells were cultured in Dulbecco’s modified medium containing 10% fetal bovine serum.

Statistical analysis
Results are presented as the mean of three independent
experiments (mean ± SD). The two-sided independent
Student’s t test was performed to analyze the differences in
gene expression levels, hydroxyproline content and histology data. P < 0.05 was considered statistically significant.

RESULTS
Sophocarpine ameliorates liver function in fibrotic rats
To assess the effect of sophocarpine on liver function,
serum aminotransferases and total bilirubin were determined. Liver function tests showed that sophocarpine
significantly down-regulated the concentrations of aminotransferases and total bilirubin in both the DMN and
BDL models (Table 2, Figure 1A and B). TB concentra-

RT-PCR
Total RNA was extracted from the cells and liver tissues (3
animals representative of each group) with Trizol reagent
(Invitrogen, Carlsbad, CA, United States), and cDNA was
synthesized according to the manufacturer’s instructions
(TAKARA, Japan). Transcription levels were detected by
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however, there was no significant decrease in the sophocarpine-treated BDL group (Table 2, Figure 1C).

Table 2 Effect of sophocarpine on the improvement in serum
alanine aminotransferase, aspartate aminotransferase and total
bilirubin levels in both models of liver fibrosis
Group

ALT (U/L)

Normal
DMN model
DMN + sophocarpine
Sham operation
BDL model
BDL + sophocarpine

29.29 ± 1.76
68.27 ± 3.43
48.58 ± 4.521
28.83 ± 2.22
150.50 ± 23.6
91.86 ± 6.711

AST (U/L)
123.67 ± 29.06
176.9 ± 8.99
108.42 ± 15.461
121.00 ± 36.72
959.50 ± 255
464.14 ± 182.61

Sophocarpine attenuates hepatic fibrosis induced by
DMN or BDL in rats
We next examined the potential effect of sophocarpine
on the two distinct fibrotic models. Liver sections stained
with Masson’s trichrome stain showed that periportal
fibrosis with fibrous septa extended to adjacent portal
tracts and the terminal hepatic venue in the DMN model;
in the BDL model, livers showed extensive bile duct proliferation, a detrimental collapse of liver parenchyma and
overt ECM deposition around the reactive bile ductile
(Figure 2A). Following administration of sophocarpine,
the ECM area (Masson’s staining) was reduced by 55.6%
and 39.3% (P < 0.05) in DMN and BDL rats, respectively (Figure 2B). The contents of hydroxyproline in the
sophocarpine-treated rats were lower than those in the
model rats (261.17 ± 20.45 μg/g in the sophocarpinetreated DMN group vs 361.17 ± 20.55 μ g/g in the
DMN model group, P < 0.05; 178 ± 15.89 μg/g in the
sophocarpine-treated BDL group vs 259.33 ± 23.18
μg/g in the BDL model group, P < 0.05) (Figure 2C).
The mRNA expression of α-SMA, TGF-β1 and alpha 1
type Ⅰ procollagen detected by RT-PCR was reduced significantly in the sophocarpine-treated groups in both the
DMN and BDL models (P < 0.05) (Figure 2D and E).

TB (mmol/L)
1.29 ± 0.28
8.09 ± 1.35
3.00 ± 0.481
2.00 ± 0.63
139.67 ± 16.23
123.86 ± 9.69

1

Compared with the model group, P < 0.05. ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; TB: Total bilirubin; DMN: Dimethylnitrosamine; BDL: Bile duct ligation.
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1500

AST (U/L)

1200
900
a
600
300
0

B

a
DMN

BDL

200

Normal
Model
SP-treated

ALT (U/L)

160
120

Expression of pro-fibrotic cytokines and TLR4
signaling pathway-related proteins is suppressed in
sophocarpine-treated rats
We subsequently determined the effects of sophocarpine
on the expression of pro-fibrotic cytokines. Immunohistochemical examination revealed that α-SMA, IL-6 and
TGF-β1 protein expression was significantly elevated in
both the DMN and BDL models, and was suppressed
following sophocarpine administration (Figure 3). Furthermore, from the observed effects of sophocarpine on
HSCs in vitro, the expression of TLR4 signaling pathwayrelated proteins, such as TLR4 and ERK1/2, was also
increased in the DMN and BDL models. Sophocarpine
down-regulated these proteins in vivo as shown by immunohistochemistry (Figure 3). These results indicated that
sophocarpine blocked the TLR4 signaling pathway which
aggravated the progression of liver fibrosis and reduced
pro-fibrotic cytokine expression.

a

80

a

40
0

TB (mmol/L)

C

DMN

BDL

180
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Model
SP-treated

160
140
120
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0

Sophocarpine inhibits the activation of hepatic stellate
cells
RT-PCR was performed to determine the gene expression of inflammatory and fibrotic markers in HSCs
treated with a gradient concentration of sophocarpine at
48 and 72 h to observe the effect of sophocarpine during
activation of HSCs. In contrast to the freshly isolated and
self-activated HSCs, dose gradient sophocarpine-treated
cells showed significantly lower expression of α-SMA,
collagen Ⅰ, collagen Ⅲ, TGF-β1 and inflammatory cytokines, including IL-6, TNF-α and monocyte chemoattractant protein-1 (MCP-1) (Figure 4A). Furthermore,

a
DMN

BDL

Figure 1 Sophocarpine ameliorates liver function in fibrotic rats. Serum
was collected from each group of rats. AST (A), ALT (B) and TB (C) levels were
determined to assess liver function in the sophocarpine-treated group compared to each model group (aP < 0.05, by two-tailed Student’s t test). ALT: Alanine aminotransfer; AST: Aspartate aminotransferase; TB: Total bilirubin; DMN:
Dimethylnitrosamine; BDL: Bile duct ligation.

tion in sophocarpine-treated rats showed a decrease by
approximately 70% compared with the DMN rat model,
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Figure 2 Sophocarpine attenuates hepatic fibrosis induced by dimethylnitrosamine or bile duct ligation in rats. DMN and BDL were used to construct two types
of hepatic fibrosis models to evaluate the therapeutic effect of sophocarpine. A: Liver fibrosis in each group was assessed by HE (× 40), Masson’s trichrome (× 40) and
Sirius red staining (× 40); B: The percentage of Sirius-red in fibrotic livers was quantified using an image analysis system (aP < 0.05); C: The amount of hydroxyproline
in fibrotic livers was detected in the sophocarpine-treated group compared with each model group (aP < 0.05); D, E: Real-time RT-PCR was employed to examine the
expression of α-SMA, TGF-β and pro-collagen Ⅰ in fibrotic livers following sophocarpine administration compared with the control models (aP < 0.05 by two-tailed Student’s t test). DMN: Dimethylnitrosamine; BDL: Bile duct ligation; TGF-β: Transforming growth factor-β; RT-PCR: Reverse transcription-polymerase chain reaction; SMA:
Smooth muscle actin.

Sophocarpine blocks the LPS-induced TLR4 signaling
pathway affecting the activation of HSCs
We then detected mRNA expression of TLR4 pathwayrelated genes induced by LPS using RT-PCR at 72 h.
The gene expression of TLR4 and Myd88 showed a
significant dose-dependent decrease in sophocarpinetreated HSCs (Figure 4D). Subsequently, we found that
the protein expression of TLR4, p-ERK1, p-JNK1, p-P38
and p-IKK decreased markedly in sophocarpine-treated

the protein expression of α-SMA and collagen Ⅰ was
depressed by sophocarpine in HSCs (Figure 4B). We also
measured the above-mentioned gene expression at different culture times. The mRNA expression of α-SMA, collagen Ⅲ, IL-6, TNF-α and MCP-1 decreased by 38.6%,
43.7%, 59.5%, 45.2% and 55.6% at 72 h compared to 48
h, respectively (Figure 4C). These results confirmed that
sophocarpine had a dose- and time-dependent inhibitory
effect on the activation of HSCs.
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Figure 3 Expression of pro-fibrotic cytokines and toll-like receptor 4 signaling pathway related-proteins is suppressed in sophocarpine-treated rats. Immunochemical analysis of the protein expression of α-SMA, TGF-β1, IL-6, TLR4 and ERK1/2 in the liver tissue of each group was performed as described in Materials
and Methods. The results show the protein expression of α-SMA (× 200), TGF-β1 (× 200), IL-6 (× 200), TLR4 (× 200) and ERK1/2 (× 200) in the fibrotic livers of each
group. TLR4: Toll-like receptor 4; IL-6: Interleukin-6; TGF-β: Transforming growth factor-β; SMA: Smooth muscle actin.

HSCs compared with control cells induced by LPS at 72 h.
Thus, the Myd88-dependent TLR4 signaling pathway was
blocked by sophocarpine which inhibited the activation
of HSCs (Figure 4E).

protein expression of PCNA in HSCs (Figure 5C).

DISCUSSION
Liver fibrosis occurs as a wound-healing scar response
following acute and chronic inflammation, including
viral hepatitis, alcohol consumption, autoimmune and
metabolic liver diseases[15]. Liver inflammation results in
the activation of HSCs through various inflammatory or
fibrogenic mediators including TNF-α, IL-1β, IL-6 and
TGF-β1[16-21]. In recent studies, sophocarpine, a monomer used in traditional Chinese medicine, inhibited the
production of inflammatory cytokines IL-6 and TNF-α
in murine macrophages[11]. In addition, sophocarpine
prevented cachexia-related symptoms induced by adenocarcinoma and alleviated non-alcoholic steatohepatitis in
rats[11,12]. Based on the validated effects of sophocarpine

Sophocarpine suppresses the proliferation of HSCs
To determine the effects of sophocarpine on inhibition
of HSC proliferation, CCK-8 assays were performed. The
results of CCK-8 measurement showed that sophocarpine at doses ≥ 200 μL/mL significantly suppressed the
proliferation of HSCs. These inhibitory effects were doseand time-dependent (Figure 5A). We also detected mRNA
expression of Cyclin D1 in self-activated HSCs treated
with sophocarpine and in control cells, and sophocarpine
significantly down-regulated the expression of Cyclin D1
at 72 h (Figure 5B). The inhibitory effect of sophocarpine
on the proliferation of HSCs was confirmed by decreased
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Figure 4 Sophocarpine inhibits the activation of hepatic stellate cells by blocking the lipopolysaccharide-induced toll-like receptor 4 signaling pathway.
Primary HSCs were isolated and plated in 6-well plates (1 × 106 cells/well). Forty-eight hours later, the HSCs were treated with a gradient concentration of sophocarpine
for 48 or 72 h. A: Real-time reverse transcription-polymerase chain reaction (RT-PCR) was performed to analyze the mRNA levels of α-SMA, collagen Ⅰ, collagen Ⅲ,
IL-6, TGF-β1, TNF-α and MCP-1 in HSCs treated with a gradient concentration of sophocarpine for 72 h (compared to 0 µg/mL, aP < 0.05); B: Immunoblots of α-SMA,
collagen Ⅰ and GAPDH were detected by Western blot from HSCs treated with a gradient concentration of sophocarpine for 72 h; C: The mRNA expression of the
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on inflammation regulation, we hypothesized that sophocarpine may have a restorative effect on liver fibrosis.
In this study, we used sophocarpine to treat hepatic
fibrosis induced by two mechanistically different fibrosis models: DMN administration and BDL. Based on
the histopathological and immunohistochemical results,
hepatocellular injury and HSC activation improved following sophocarpine administration in both models.
More importantly, it was shown for the first time that
sophocarpine administration attenuated ECM deposition
and hydroxyproline content in liver fibrosis induced by
DMN and BDL, indicating that sophocarpine suppressed

WJG|www.wjgnet.com

hepatic fibrosis in these rat models. Furthermore, we
demonstrated that reduced production of inflammatory
cytokines, such as IL-6 and TNF-α, contributed to the
anti-fibrotic effect of sophocarpine. This was accompanied by alleviation of liver fibrosis and a reduction in
pro-fibrotic cytokines such as TGF-β1 in vivo[22,23]. The
expression of α-SMA which is considered a marker of
myofibroblasts[24] decreased significantly in fibrotic rats
treated with sophocarpine. Based on these findings, we
hypothesize that sophocarpine inhibited the activation
and proliferation of HSCs which mediate the central
pathological effects in the progression of liver fibrosis.
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Figure 5 Sophocarpine suppresses the proliferation of hepatic stellate cells. A: Activated HSCs were treated with a gradient concentration of sophocarpine and
the proliferation of HSCs was assessed using the CCK-8 kit; B: Real-time polymerase chain reaction was performed to examine the expression of Cyclin D1 in HSCs
after treatment with a gradient concentration of sophocarpine (aP < 0.05); C: Western blot was employed to detect PCNA expressed in HSCs after treatment with
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coreceptors MD-2 and CD-14 in vitro[35]. LPS treatment
can induce strong activation of the nuclear factor kappa
B (NF-κB) and JNK/AP-1 pathways as well as the secretion of pro-inflammatory cytokines in activated HSCs[36].
Activated murine HSCs expressed TLR4 and responded
to LPS with an up-regulation of extracellular-related
kinase (ERK) phosphorylation and IL-6, TGF-β1 and
MCP-1 secretion[7,8].
As IL-6, TNF-α, TGF-β1 and MCP-1, whose expression decreased after sophocarpine administration, are all
regulated by the LPS-induced TLR4 signal pathway, we
suspected that sophocarpine may affect the TLR4 signal
pathway and inhibit liver fibrosis. We found that sophocarpine reduced the expression of TLR4 and Myd88, but
not TLR2 or TLR9 which can also mediate the progression of liver fibrosis[37,38]. During TLR4 signaling, the
MyD88-dependent pathway mediates the up-regulation
of inflammatory cytokines through activation of NF-κB
and mitogen-activated protein kinases (MAPK)[39]. The
MAPK signal pathway involves ERK, JNK, p38 and their
phosphorylation in the pathogenesis of liver fibrosis[40-42].
SiRNAs or selective inhibitors targeting these molecules
reduced their expression or activity, and alleviated liver
fibrosis in vivo[13,43]. We found that the phosphorylation
of ERK, JNK, p38 and IKK was significantly downregulated after sophocarpine administration, which
indicated that sophocarpine suppressed the MyD88dependent TLR4 pathway and inhibited the activation of
HSCs. The ERK/AP-1 pathway also induces c-Myc and
Cyclin D1 expression which facilitates the proliferation
of HSCs[14,44,45]. Sophocarpine inhibited the phosphorylation of ERK, and then down-regulated the expression of
Cyclin D1, which may contribute to the inhibitory effect
of sophocarpine on the proliferation of HSCs.
In our study, sophocarpine exhibited potent control

During hepatic fibrosis, HSCs undergo activation and
conversion to myofibroblast-like cells which secrete collagens and aggravate the deposition of ECM. Reversal
of these processes is critical in the treatment of liver
fibrosis. In the present study, sophocarpine decreased
the expression of α-SMA, collagen Ⅰ and Ⅲ in vitro,
which indicated that sophocarpine inhibited the activation and conversion of HSCs. Moreover, sophocarpine
reduced the expression of TGF-β1 which is a major profibrogenic molecule. Furthermore, sophocarpine attenuated the hepatic inflammation reaction and reduced the
expression of IL-6, MCP-1 and TNF-α during the in vivo
activation of HSCs. Sophocarpine also inhibited the proliferation of HSCs with a reduction in Cyclin D1 which
participates in cell cycle regulation. These results demonstrated that the inhibition of activation and proliferation
of HSCs was the major cytological mechanism involved
in the alleviation of liver fibrosis by sophocarpine.
Toll-like receptors (TLRs) play an important role in
the regulation of inflammation, even under sterile conditions, such as injury and wound healing. The healthy
liver contains lower mRNA levels of TLRs and signaling
molecules such as MD-2 and MyD88 than other organs,
suggesting that the low expression of TLR signaling molecules may contribute to the high tolerance of the liver to
TLR ligands from the intestinal microbiota to which the
liver is constantly exposed[25-28]. Numerous studies have
demonstrated that LPS is elevated in experimental models of hepatic fibrosis[7,29,30] and in cirrhotic patients[31-33].
Cirrhotic patients have markedly elevated endotoxin
levels compared with healthy subjects [33]. In view of
the critical role of the intestinal microbiota in hepatic
fibrogenesis, the LPS-induced TLR4 signaling pathway
contributes significantly to the progression of liver cirrhosis[34]. Activated human HSCs expressed TLR4 and its
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of liver inflammation, which mainly contributed to the
inhibition of hepatic fibrosis and HSC activation. For
decades many researchers have investigated many stimuli,
with the exception of inflammatory cytokines, that can
drive the activation of HSCs including hepatocellular
necrosis due to oxidative stress and apoptosis[46-48]. The
TLR4 and complements also play important roles in oxidative stress and hepatotoxicity, especially in the initiation
of alcoholic steatohepatitis and fibrosis[49,50]. It is likely
that sophocarpine has an impact on suppressing oxidative
stress and subsequently protecting hepatocytes from necrosis or apoptosis, which merits investigation. Moreover,
as a monomer derived from matrine, although sophocarpine blocked the TLR4 pathway which was confirmed by
our investigation, the direct target molecules of sophocarpine in the LPS-induced TLR4 pathway are unknown
and require further study.
In summary, our investigation provides strong evidence for a suppressive effect of sophocarpine on hepatic fibrosis through inhibition of the activation and
proliferation of HSCs. Moreover, sophocarpine exhibited
potent blockage of the TLR4 signaling pathway and subsequently decreased the expression of pro-inflammatory
and fibrotic cytokines. Based on the present study, sophocarpine may emerge as a novel option for the clinical
therapy of chronic liver diseases.

2

3

4
5
6
7

8

9

10

COMMENTS
COMMENTS
Background
The activation and proliferation of hepatic stellate cells (HSCs) are central
events in the pathogenesis of hepatic fibrosis. However, there is no efficient
treatment for chronic liver diseases in clinical practice.
Research frontiers
Previous studies have suggested that inhibition of the activation, proliferation
and migration of HSCs may be an attractive anti-fibrotic therapy. Inflammatory
cells and the inflammatory response are involved in driving the activation of
HSCs through various inflammatory or fibrogenic mediators and pathways.
Lipopolysaccharide toll-like receptor 4 (LPS-TLR4) signaling plays a critical role
in regulating HSC activation and affects the risk of hepatic fibrosis progression.
Innovations and breakthroughs
Sophocarpine is a matrine-type quinolizidine alkaloid and exhibits a variety of
pharmacological effects including anti-inflammatory, immuno-regulatory, anti-virus
and anti-tumor. In this study, the authors demonstrated that sophocarpine administration ameliorated liver fibrosis by inhibiting the activation and proliferation of
HSCs in rats. Moreover, blockage of the TLR4 signaling pathway contributed to
the effects of sophocarpine by inhibiting the expression of fibrotic cytokines.
Applications
Due to the inhibitory effect of sophocarpine on hepatic fibrosis, it is likely that
sophocarpine may have potential application in the clinical treatment of chronic
liver diseases.
Terminology
HSCs are pericytes found in the perisinusoidal space (a small area between the
sinusoids and hepatocytes) of the liver also known as the space of Disse. The
stellate cell is the major cell type involved in liver fibrosis, which is the formation
of scar tissue in response to liver damage.
Peer review
This study suggests that sophocarpine can alleviate liver fibrosis mainly through
inhibiting the TLR4 signaling pathway. Sophocarpine might be present as a
potential agent for chronic liver diseases.

11

12

13

14

15

16

17

REFERENCES
1

Friedman SL. Molecular regulation of hepatic fibrosis, an

WJG|www.wjgnet.com

1830

integrated cellular response to tissue injury. J Biol Chem 2000;
275: 2247-2250 [PMID: 10644669 DOI: 10.1074/jbc.275.4.2247]
Yang C, Zeisberg M, Mosterman B, Sudhakar A, Yerramalla
U, Holthaus K, Xu L, Eng F, Afdhal N, Kalluri R. Liver
fibrosis: insights into migration of hepatic stellate cells in
response to extracellular matrix and growth factors. Gastroenterology 2003; 124: 147-159 [PMID: 12512039 DOI: 10.1053/
gast.2003.50012]
Sato M, Suzuki S, Senoo H. Hepatic stellate cells: unique
characteristics in cell biology and phenotype. Cell Struct
Funct 2003; 28: 105-112 [PMID: 12808230 DOI: 10.1247/
csf.28.105]
Wynn TA. Cellular and molecular mechanisms of fibrosis.
J Pathol 2008; 214: 199-210 [PMID: 18161745 DOI: 10.1002/
path.2277]
Nolan JP. The role of endotoxin in liver injury. Gastroenterology 1975; 69: 1346-1356 [PMID: 1104401]
Bataller R, Brenner DA. Liver fibrosis. J Clin Invest 2005; 115:
209-218 [PMID: 15690074 DOI: 10.1172/JCI24282]
Seki E, De Minicis S, Osterreicher CH, Kluwe J, Osawa Y,
Brenner DA, Schwabe RF. TLR4 enhances TGF-beta signaling and hepatic fibrosis. Nat Med 2007; 13: 1324-1332 [PMID:
17952090 DOI: 10.1038/nm1663]
Brun P, Castagliuolo I, Pinzani M, Palù G, Martines D. Exposure to bacterial cell wall products triggers an inflammatory
phenotype in hepatic stellate cells. Am J Physiol Gastrointest
Liver Physiol 2005; 289: G571-G578 [PMID: 15860640 DOI:
10.1152/ajpgi.00537.2004]
Lin Z, Huang CF, Liu XS, Jiang J. In vitro anti-tumour activities of quinolizidine alkaloids derived from Sophora
flavescens Ait. Basic Clin Pharmacol Toxicol 2011; 108: 304-309
[PMID: 21159130 DOI: 10.1111/j.1742-7843.2010.00653.x]
Gao Y, Li G, Li C, Zhu X, Li M, Fu C, Li B. Anti-nociceptive
and anti-inflammatory activity of sophocarpine. J Ethnopharmacol 2009; 125: 324-329 [PMID: 19607897 DOI: 10.1016/
j.jep.2009.06.036]
Zhang Y, Wang S, Li Y, Xiao Z, Hu Z, Zhang J. Sophocarpine and matrine inhibit the production of TNF-alpha and
IL-6 in murine macrophages and prevent cachexia-related
symptoms induced by colon26 adenocarcinoma in mice. Int
Immunopharmacol 2008; 8: 1767-1772 [PMID: 18775799 DOI:
10.1016/j.intimp.2008.08.008]
Song CY, Zeng X, Chen SW, Hu PF, Zheng ZW, Ning BF, Shi
J, Xie WF, Chen YX. Sophocarpine alleviates non-alcoholic
steatohepatitis in rats. J Gastroenterol Hepatol 2011; 26: 765-774
[PMID: 21054517 DOI: 10.1111/j.1440-1746.2010.06561.x]
Zhong W, Shen WF, Ning BF, Hu PF, Lin Y, Yue HY, Yin C,
Hou JL, Chen YX, Zhang JP, Zhang X, Xie WF. Inhibition of
extracellular signal-regulated kinase 1 by adenovirus mediated small interfering RNA attenuates hepatic fibrosis in
rats. Hepatology 2009; 50: 1524-1536 [PMID: 19787807 DOI:
10.1002/hep.23189]
Marra F, Efsen E, Romanelli RG, Caligiuri A, Pastacaldi S,
Batignani G, Bonacchi A, Caporale R, Laffi G, Pinzani M,
Gentilini P. Ligands of peroxisome proliferator-activated receptor gamma modulate profibrogenic and proinflammatory
actions in hepatic stellate cells. Gastroenterology 2000; 119:
466-478 [PMID: 10930382 DOI: 10.1053/gast.2000.9365]
Friedman SL. Seminars in medicine of the Beth Israel Hospital, Boston. The cellular basis of hepatic fibrosis. Mechanisms
and treatment strategies. N Engl J Med 1993; 328: 1828-1835
[PMID: 8502273 DOI: 10.1056/NEJM199306243282508]
Byl B, Roucloux I, Crusiaux A, Dupont E, Devière J. Tumor
necrosis factor alpha and interleukin 6 plasma levels in infected cirrhotic patients. Gastroenterology 1993; 104: 1492-1497
[PMID: 8482461]
Spirlì C, Nathanson MH, Fiorotto R, Duner E, Denson LA,
Sanz JM, Di Virgilio F, Okolicsanyi L, Casagrande F, Strazzabosco M. Proinflammatory cytokines inhibit secretion in
rat bile duct epithelium. Gastroenterology 2001; 121: 156-169

February 21, 2014|Volume 20|Issue 7|

Qian H et al . Sophocarpine attenuates liver fibrosis in rats

18

19

20

21
22

23

24

25

26

27

28
29

30

31

32

33

[PMID: 11438505 DOI: 10.1053/gast.2001.25516]
Albillos A, Muñoz L, Nieto M, Ubeda M, de-la-Hera A,
Alvarez-Mon M. Systemic effects of TNF-alpha secreted by
circulating monocytes and fatigue in cirrhosis. Hepatology
2006; 43: 1399; author reply 1399-1400 [PMID: 16729299 DOI:
10.1002/hep.21205]
Tiggelman AM, Boers W, Linthorst C, Sala M, Chamuleau
RA. Collagen synthesis by human liver (myo)fibroblasts in
culture: evidence for a regulatory role of IL-1 beta, IL-4, TGF
beta and IFN gamma. J Hepatol 1995; 23: 307-317 [PMID:
8550995]
Napoli J, Bishop GA, McCaughan GW. Increased intrahepatic messenger RNA expression of interleukins 2, 6, and 8
in human cirrhosis. Gastroenterology 1994; 107: 789-798 [PMID:
8076766 DOI: 10.1016/0016-5085(94)90128-7]
Tilg H, Wilmer A, Vogel W, Herold M, Nölchen B, Judmaier
G, Huber C. Serum levels of cytokines in chronic liver diseases. Gastroenterology 1992; 103: 264-274 [PMID: 1612333]
Koff RS. Transforming growth factors in human chronic
hepatitis and cirrhosis: correlations with fibrogenesis and
hepatic regeneration. Gastroenterology 1991; 101: 1445-1446
[PMID: 1936817]
Milani S, Herbst H, Schuppan D, Stein H, Surrenti C. Transforming growth factors beta 1 and beta 2 are differentially
expressed in fibrotic liver disease. Am J Pathol 1991; 139:
1221-1229 [PMID: 1750499]
Cassiman D, Libbrecht L, Desmet V, Denef C, Roskams T.
Hepatic stellate cell/myofibroblast subpopulations in fibrotic human and rat livers. J Hepatol 2002; 36: 200-209 [PMID:
11830331 DOI: 10.1016/S0168-8278(01)00260-4]
De Creus A, Abe M, Lau AH, Hackstein H, Raimondi G,
Thomson AW. Low TLR4 expression by liver dendritic cells
correlates with reduced capacity to activate allogeneic T cells
in response to endotoxin. J Immunol 2005; 174: 2037-2045
[PMID: 15699133]
Lichtman SN, Wang J, Lemasters JJ. LPS receptor CD14
participates in release of TNF-alpha in RAW 264.7 and peritoneal cells but not in kupffer cells. Am J Physiol 1998; 275:
G39-G46 [PMID: 9655682]
Zarember KA, Godowski PJ. Tissue expression of human
Toll-like receptors and differential regulation of Toll-like
receptor mRNAs in leukocytes in response to microbes, their
products, and cytokines. J Immunol 2002; 168: 554-561 [PMID:
11777946]
Mencin A, Kluwe J, Schwabe RF. Toll-like receptors as targets in chronic liver diseases. Gut 2009; 58: 704-720 [PMID:
19359436 DOI: 10.1136/gut.2008.156307]
Nolan JP, Leibowitz AI. Endotoxin and the liver. III. Modification of acute carbon tetrachloride injury by polymyxin b-an antiendotoxin. Gastroenterology 1978; 75: 445-449 [PMID:
210083]
Grinko I, Geerts A, Wisse E. Experimental biliary fibrosis
correlates with increased numbers of fat-storing and Kupffer
cells, and portal endotoxemia. J Hepatol 1995; 23: 449-458
[PMID: 8655963 DOI: 10.1016/0168-8278(95)80204-5]
Scaffidi P, Misteli T, Bianchi ME. Release of chromatin
protein HMGB1 by necrotic cells triggers inflammation.
Nature 2002; 418: 191-195 [PMID: 12110890 DOI: 10.1038/nature00858]
Chan CC, Hwang SJ, Lee FY, Wang SS, Chang FY, Li CP,
Chu CJ, Lu RH, Lee SD. Prognostic value of plasma endotoxin levels in patients with cirrhosis. Scand J Gastroenterol
1997; 32: 942-946 [PMID: 9299675 DOI: 10.3109/00365529709
011206]
Lin RS, Lee FY, Lee SD, Tsai YT, Lin HC, Lu RH, Hsu WC,
Huang CC, Wang SS, Lo KJ. Endotoxemia in patients with
chronic liver diseases: relationship to severity of liver diseases, presence of esophageal varices, and hyperdynamic
circulation. J Hepatol 1995; 22: 165-172 [PMID: 7790704 DOI:
10.1016/0168-8278(95)80424-2]

WJG|www.wjgnet.com

34
35

36

37
38

39
40

41

42

43

44

45

46

47

48

1831

Aoyama T, Paik YH, Seki E. Toll-like receptor signaling and
liver fibrosis. Gastroenterol Res Pract 2010; 2010: pii:192543
[PMID: 20706677 DOI: 10.1155/2010/192543]
Scott MJ, Billiar TR. Beta2-integrin-induced p38 MAPK activation is a key mediator in the CD14/TLR4/MD2-dependent
uptake of lipopolysaccharide by hepatocytes. J Biol Chem
2008; 283: 29433-29446 [PMID: 18701460 DOI: 10.1074/jbc.
M803905200]
Paik YH, Schwabe RF, Bataller R, Russo MP, Jobin C,
Brenner DA. Toll-like receptor 4 mediates inflammatory
signaling by bacterial lipopolysaccharide in human hepatic
stellate cells. Hepatology 2003; 37: 1043-1055 [PMID: 12717385
DOI: 10.1053/jhep.2003.50182]
Seki E, Brenner DA. Toll-like receptors and adaptor molecules in liver disease: update. Hepatology 2008; 48: 322-335
[PMID: 18506843 DOI: 10.1002/hep.22306]
Gäbele E, Mühlbauer M, Dorn C, Weiss TS, Froh M, Schnabl
B, Wiest R, Schölmerich J, Obermeier F, Hellerbrand C. Role
of TLR9 in hepatic stellate cells and experimental liver fibrosis. Biochem Biophys Res Commun 2008; 376: 271-276 [PMID:
18760996 DOI: 10.1016/j.bbrc.2008.08.096]
Akira S, Takeda K. Toll-like receptor signalling. Nat Rev
Immunol 2004; 4: 499-511 [PMID: 15229469 DOI: 10.1038/
nri1391]
Davis BH, Chen A, Beno DW. Raf and mitogen-activated
protein kinase regulate stellate cell collagen gene expression. J Biol Chem 1996; 271: 11039-11042 [PMID: 8626642 DOI:
10.1074/jbc.271.19.11039]
Marra F, Arrighi MC, Fazi M, Caligiuri A, Pinzani M, Romanelli RG, Efsen E, Laffi G, Gentilini P. Extracellular signalregulated kinase activation differentially regulates plateletderived growth factor’s actions in hepatic stellate cells, and
is induced by in vivo liver injury in the rat. Hepatology 1999;
30: 951-958 [PMID: 10498647 DOI: 10.1002/hep.510300406]
Svegliati-Baroni G, Ridolfi F, Caradonna Z, Alvaro D,
Marzioni M, Saccomanno S, Candelaresi C, Trozzi L,
Macarri G, Benedetti A, Folli F. Regulation of ERK/JNK/
p70S6K in two rat models of liver injury and fibrosis. J
Hepatol 2003; 39: 528-537 [PMID: 12971962 DOI: 10.1016/
S0168-8278(03)00291-5]
Kluwe J, Pradere JP, Gwak GY, Mencin A, De Minicis S, Osterreicher CH, Colmenero J, Bataller R, Schwabe RF. Modulation of hepatic fibrosis by c-Jun-N-terminal kinase inhibition. Gastroenterology 2010; 138: 347-359 [PMID: 19782079
DOI: 10.1053/gastro.2009.09.015]
Wang Y, Gao J, Zhang D, Zhang J, Ma J, Jiang H. New insights into the antifibrotic effects of sorafenib on hepatic stellate cells and liver fibrosis. J Hepatol 2010; 53: 132-144 [PMID:
20447716 DOI: 10.1016/j.jhep.2010.02.027]
Liu Y, Wang Z, Kwong SQ, Lui EL, Friedman SL, Li FR, Lam
RW, Zhang GC, Zhang H, Ye T. Inhibition of PDGF, TGF-β,
and Abl signaling and reduction of liver fibrosis by the
small molecule Bcr-Abl tyrosine kinase antagonist Nilotinib.
J Hepatol 2011; 55: 612-625 [PMID: 21251937 DOI: 10.1016/
j.jhep.2010.11.035]
Iacobini C, Menini S, Ricci C, Blasetti Fantauzzi C, Scipioni A, Salvi L, Cordone S, Delucchi F, Serino M, Federici M,
Pricci F, Pugliese G. Galectin-3 ablation protects mice from
diet-induced NASH: a major scavenging role for galectin-3
in liver. J Hepatol 2011; 54: 975-983 [PMID: 21145823 DOI:
10.1016/j.jhep.2010.09.020]
Bellafante E, Murzilli S, Salvatore L, Latorre D, Villani G,
Moschetta A. Hepatic-specific activation of peroxisome
proliferator-activated receptor γ coactivator-1β protects
against steatohepatitis. Hepatology 2013; 57: 1343-1356 [PMID:
23299802 DOI: 10.1002/hep.26222]
Robert K, Nehmé J, Bourdon E, Pivert G, Friguet B, Delcayre
C, Delabar JM, Janel N. Cystathionine beta synthase deficiency promotes oxidative stress, fibrosis, and steatosis in mice
liver. Gastroenterology 2005; 128: 1405-1415 [PMID: 15887121

February 21, 2014|Volume 20|Issue 7|

Qian H et al . Sophocarpine attenuates liver fibrosis in rats

49

DOI: 10.1053/j.gastro.2005.02.034]
Suliman HB, Welty-Wolf KE, Carraway MS, Schwartz DA,
Hollingsworth JW, Piantadosi CA. Toll-like receptor 4 mediates mitochondrial DNA damage and biogenic responses
after heat-inactivated E. coli. FASEB J 2005; 19: 1531-1533

50

[PMID: 15994412 DOI: 10.1096/fj.04-3500]
Gao B, Seki E, Brenner DA, Friedman S, Cohen JI, Nagy
L, Szabo G, Zakhari S. Innate immunity in alcoholic liver
disease. Am J Physiol Gastrointest Liver Physiol 2011; 300:
G516-G525 [PMID: 21252049 DOI: 10.1152/ajpgi.00537.2010]

P- Reviewers: Apte MV, Abdel-Raheem IT, Trapero-Marugan M
S- Editor: Cui XM L- Editor: Wang TQ E- Editor: Wu HL

WJG|www.wjgnet.com

1832

February 21, 2014|Volume 20|Issue 7|

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748/wjg.v20.i7.1833

World J Gastroenterol 2014 February 21; 20(7): 1833-1838
ISSN 1007-9327 (print) ISSN 2219-2840 (online)
© 2014 Baishideng Publishing Group Co., Limited. All rights reserved.

BRIEF ARTICLE

Colonic manifestations of PTEN hamartoma tumor
syndrome: Case series and systematic review
Peter P Stanich, Robert Pilarski, Jonathan Rock, Wendy L Frankel, Samer El-Dika, Marty M Meyer
syndromes that reported gastrointestinal manifestations
and investigations published after consensus diagnostic
criteria were established in 1996. These results were
compiled and reported.

Peter P Stanich, Samer El-Dika, Marty M Meyer, Division of
Gastroenterology, Hepatology and Nutrition, the Ohio State University Wexner Medical Center, Columbus, OH 43210, United
States
Robert Pilarski, Division of Human Genetics, the Ohio State
University Wexner Medical Center, Columbus, OH 43210, United States
Jonathan Rock, Wendy L Frankel, Department of Pathology,
the Ohio State University Wexner Medical Center, Columbus,
OH 43210, United States
Author contributions: Stanich PP, Pilarski R and Meyer MM
were involved in study creation, data collection, data interpretation and manuscript preparation and revision; Rock J, Frankel
WL and El-Dika S were involved with data interpretation and
critical manuscript revision.
Correspondence to: Marty M Meyer, MD, Division of Gastroenterology, Hepatology and Nutrition, the Ohio State University
Wexner Medical Center, 395 West 12th Avenue, Suite 200, Columbus, OH 43210, United States. marty.meyer@osumc.edu
Telephone: + 1-614-2934191 Fax: +1-614-2938518
Received: July 28, 2013
Revised: September 12, 2013
Accepted: September 29, 2013
Published online: February 21, 2014

RESULTS: Eight patients from our institution met initial inclusion criteria. Of these, 5 patients underwent
4.2 colonoscopies at mean age 45.8 ± 10.8 years. All
were found to have colon polyps during their clinical
course and polyp histology included adenoma, hyperplastic, ganglioneuroma and juvenile. No malignant lesions were identified. Two had multiple histologic types.
One patient underwent colectomy due to innumerable
polyps and concern for future malignant potential. Systematic literature review of PHTS patients undergoing
endoscopy revealed 107 patients receiving colonoscopy
at mean age 37.4 years. Colon polyps were noted in
92.5% and multiple colon polyp histologies were reported in 53.6%. Common polyp histologies included
hyperplastic (43.6%), adenoma (40.4%), hamartoma
(38.3%), ganglioneuroma (33%) and inflammatory
(24.5%) polyps. Twelve (11.2%) patients had colorectal
cancer at mean age 46.7 years (range 35-62). Clinical
outcomes secondary to colon polyposis and malignancy
were not commonly reported.

Abstract
AIM: To investigate our clinical experience with the
colonic manifestations of phosphatase and tensin homolog on chromosome ten (PTEN ) hamartoma tumor
syndrome (PHTS) and to perform a systematic literature review regarding the same.

CONCLUSION: PHTS has a high prevalence of colon
polyposis with multiple histologic types. It should be
considered a mixed polyposis syndrome. Systematic review found an increased prevalence of colorectal cancer
and we recommend initiating colonoscopy for colorectal
cancer surveillance at age 35 years.

METHODS: This study was approved by the appropriate institutional review board prior to initiation. A clinical genetics database was searched for patients with
PHTS or a component syndrome that received gastrointestinal endoscopy or pathology interpretation at our
center. These patient’s records were retrospectively reviewed for clinical characteristics (including family history and genetic testing), endoscopy results and pathology findings. We also performed a systematic review
of the literature for case series of PHTS or component
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change in the clinical guidelines by the National Comprehensive Cancer Network and the recommendation of endoscopic colorectal cancer surveillance[15]. Unfortunately,
beyond the risk of colorectal cancer minimal data are
available regarding the clinical outcomes resulting from
the intestinal polyposis, although one case series suggests
colectomy may be more common than expected[16].
The aim of the current study was to investigate our
institution’s experience with the gastrointestinal manifestations of PHTS and perform a systematic review of the
modern literature with a similar focus.

Core tip: Phosphatase and tensin homolog on chromosome ten (PTEN ) hamartoma tumor syndrome has a
high rate of colonic polyposis. In contrast with prior
dogma, the majority of patients will have mixed polyp
histologies including adenoma, hamartoma and hyperplastic. Thus, multiple polyp types should spur investigation for this syndrome with a thorough clinical exam
and possibly genetic testing. There is likely an increased
risk of colorectal cancer at a young age and surveillance
colonoscopy is recommended. We recommend starting
at age 35 years.

MATERIALS AND METHODS

Stanich PP, Pilarski R, Rock J, Frankel WL, El-Dika S, Meyer
MM. Colonic manifestations of the PTEN hamartoma tumor
syndrome: Case series and systematic review. World J Gastroenterol 2014; 20(7): 1833-1838 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i7/1833.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i7.1833

Case series
The appropriate institutional review board approved this
study. An existing clinical genetics database was searched
for patients that had been diagnosed with PHTS or a
component syndrome including Cowden syndrome,
BRRS or Lhermitte-Duclos disease and had a medical
record number established at our institution. Forty-three
patients were identified and their charts were retrospectively reviewed. Patients were evaluated further if they
underwent an endoscopic evaluation or had intestinal tissue pathologic interpretation at our institution. Records
were initially accessed on November 2, 2012 and any
data collected after that point was censored. Exclusion
criteria included insufficient documentation to confirm
the diagnosis of PHTS or component syndrome. Eight
patients met study criteria and were further characterized.
Demographic data, including age at the time of initial
procedure, manifestations of PHTS or component syndrome, family history, genetic testing results, endoscopic
reports, surgical reports and pathology reports were collected. Estimation of colon polyp number and location
were obtained directly from reports. Left-sided polyp location was considered when polyps were limited to distal
to the splenic flexure. Pancolonic polyp location included
polyps from both proximal and distal to the splenic flexure. Age is reported as mean ± SD (range) in the text
and mean in tables, number of procedures is reported as
mean (range) in text and mean in tables. Other data are
presented as proportions.

INTRODUCTION
The phosphatase and tensin homolog on chromosome
ten (PTEN) gene acts as a tumor suppressor through
regulation of cell growth[1]. The PTEN hamartoma tumor
syndrome (PHTS) incorporates several rare diseases that
occur secondary to germline mutations within the PTEN
gene. The component syndromes include Cowden syndrome and Bannayan-Riley-Ruvalcaba syndrome (BRRS),
which many now consider a single entity with age-related
phenotypic presentations[2-5]. Lhermitte-Duclos disease
(also known as dysplastic gangliocytoma of the cerebellum) and autism spectrum disorders with macrocephaly
are variably included[6,7]. The defining characteristic of
PHTS is the development of hamartomas in multiple
organ systems and an increased risk of malignancy, including breast, thyroid, endometrial, kidney and possibly
melanoma[8].
Cowden syndrome is thought to be the most common of the component syndromes, with an estimated
prevalence of 1 in 200000-250000[9]. A landmark study
by Nelen et al[10] in 1996 both localized the causative gene
and described the first iteration of the International
Cowden Consortium (ICC) diagnostic criteria, which
included hamartomatous intestinal polyps as a minor criterion. The diagnostic criteria has since been revised, but
there have been only minor changes and gastrointestinal
(GI) hamartomas are still considered a minor criterion[11].
Although Cowden syndrome and BRRS were known
to have intestinal polyps as a manifestation, they were
long thought to not infer an increased risk of malignancy
due to the presumed hamartomatous nature of the polyps[12]. However, this was based on case series compiled
prior to modern flexible endoscopy and routine polypectomy. Recent work has begun to change this perception,
with a higher rate of intestinal polyposis and an increased
risk of colorectal cancer reported[13,14]. This has led to a
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Systematic review
A systematic review of the medical literature for relevant
case series of PHTS or component syndromes and GI
manifestations that were published after the ICC diagnostic criteria were established was also performed[10].
Inclusion and exclusion criteria were developed a priori.
Inclusion criteria included the presentation of 3 or more
patients with PHTS or a component syndrome published
in a peer-reviewed journal with detailed information available regarding the endoscopic and GI pathologic investigations performed. Exclusion criteria included publication
prior to 1996 and the presentation of 2 or fewer patients
to limit ascertainment and publication bias. The literature
search was independently performed by two authors (Stan-
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detected mutation met ICC diagnostic criteria for Cowden
syndrome with macrocephaly, breast cancer, thyroid cancer, fibrocystic breast disease and lipomas. Three patients
were from a single family and the others were unrelated.
Five patients (4 with PTEN mutation) from this cohort underwent colonoscopy at our institution. All were
female and unrelated, with 4 (80%) Caucasian and 1 (20%)
African-American. Further details regarding their PHTS
clinical manifestations are included in Table 1. They underwent a mean 4.2 (range 1-10) colonoscopies, with the
age at first procedure 45.8 ± 10.8 (range 33.8-63.7). Indications for initial colonoscopy were GI bleeding in 3 and
to follow or confirm outside findings in 2.
All patients were noted to have polyps during their
clinical course. Four patients had polyps on initial colonoscopy and 1 patient did not develop polyps until the
third procedure at age 49.5 years (12 years after first colonoscopy). Among the patients with colon polyps on initial
exam, 3 patients were reported to have “multiple” polyps
without a numerical estimate and 1 patient had a single
polyp identified.
Polypectomy was performed in 4 patients (1 patient
with multiple polyps had no specimens removed due
to anticoagulation and was then lost to follow-up). Histology included tubular and tubulovillous adenomas,
hyperplastic, ganglioneuroma and a juvenile polyp (the
ganglioneuroma and juvenile polyp occurred in the same
patient). No malignant lesions were identified. Further
details are reported in Table 2. One patient received a
colectomy due to innumerable ganglioneuromatous colon
polyps (estimated to be 200 on gross pathology examination) and concern for future malignant potential by providers, 3 patients underwent polypectomies during serial
colonoscopies with complete clearance of polyps from
colon and 1 patient was lost to follow-up.

Table 1 Clinical characteristics of the PTEN hamartoma
tumor syndrome cohort receiving colonoscopy
n (%)
Patients with colonoscopy
Female sex
Phenotype
Cowden syndrome
BRRS
PTEN mutation
Family history of PHTS
ICC diagnostic criteria[10]
Pathognomonic
Acral keratoses
Papillomatous lesions
Trichilemmomas
Major criteria
Breast cancer
Dysplastic gangliocytoma of the cerebellum
Endometrial cancer
Macrocephaly
Thyroid cancer
Minor criteria
Benign thyroid lesions
Fibroma
Fibrocystic breast disease
Genitourinary tumors
Hamartomatous intestinal polyps
Lipoma
Mental retardation

5
5 (100)
5 (100)
0 (0)
4 (80)
2 (40)

1 (20)
0 (0)
0 (0)
4 (80)
0 (0)
0 (0)
4 (80)
1 (20)
4 (80)
0 (0)
2 (40)
1 (20)
1 (20)
3 (60)
0 (0)

BRRS: Bannayan-riley-ruvalcaba syndrome; ICC: International cowden
consortium; PHTS: PTEN hamartoma tumor syndrome.

ich PP and Pilarski R). Medline (http://www.ncbi.nlm.nih.
gov/pubmed/), Scopus and the Cochrane library were
searched using the strategy of: (PTEN OR Cowden* OR
Bannayan-Riley-Ruvalcaba syndrome) AND (gastrointestinal OR polyp) with a limit of publication in 1996 or later.
The reference sections of identified manuscripts were also
searched for relevant reports. This was initially performed
on January 22, 2013 and publications after this were censored. Five manuscripts were identified that met criteria[14,16-19]. Data abstraction from the selected manuscripts
was independently performed by two authors (Stanich PP
and Meyer MM). Age and number of procedures were
reported as means only given limitations of source material. In the tables with data acquired from the systematic
literature review, information that was unavailable was demarcated “not reported” and excluded from the reported
proportions.

Systematic review
Colon findings from the systematic literature review are
reported in Table 2. Colonoscopy was performed in 107
patients at mean age 37.4. Ninety-nine (92.5%) had polyps and 64% of patients were estimated to have 50 or
more polyps when the number of polyps were reported.
They were most often pancolonic (71.4%) when location
was described. There was a wide array of histologies, with
PHTS patients having hyperplastic (43.6%), adenoma
(40.4%), hamartoma (38.3%), ganglioneuroma (33%) and
inflammatory (24.5%) polyps commonly reported. Many
patients had more than a single histology, with 31% having 2 types and 22.6% having 3 or more types. Colorectal
cancer was found in 12 patients (11.2% of total cohort,
12.8% of patients with pathology reviewed) with mean
age 46.7 (range 35-62) years. Findings were similar when
limited to patients with confirmed PTEN mutations.

RESULTS
Case series
Eight patients from our institution met inclusion criteria
for the study and all were women. Six patients (75%) were
consistent with a Cowden syndrome phenotype and 2 patients (25%) had a BRRS phenotype. All 8 patients underwent PTEN mutation testing and 7 (87.5%) were found
to have deleterious mutations (3 deleterious nonsense
mutations, 2 deleterious missense mutations and 2 with
deleterious splice-site mutations). The patient without a

WJG|www.wjgnet.com

DISCUSSION
Intestinal hamartomatous polyposis has been described as
a feature of Cowden syndrome, Bannayan-Riley-Ruvalca-
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Table 2 Colon findings from the PTEN hamartoma tumor syndrome cohort and systematic review
OSU
cohort

Levi et

n, with colonoscopy
PTEN mutation
Age (yr), mean
# of colonoscopies, mean
Patients with colon polyps
> 50 polyps
Pancolonic location
Left-sided location

5
4
45.8
4.2
5
1
3
2

10
10
31.7
2.4
8
NR
7
1

10
NR
37
3.1
10
8
7
NR

10
5
48
2
9
7
8
1

67
67
36.4
NR
62
NR
NR
NR

5
2
34
NR
5
NR
NR
NR

n, with colonic pathology
Adenocarcinoma
Adenoma
Ganglioneuroma
Hamartoma
Hyperplastic
Inflammatory
Juvenile
Lymphoid hyperplasia/polyp
Sessile serrated polyp
1 polyp type
2 polyp types
≥ 3 polyp types

4
0
2
1
0
2
0
1
0
0
2
2
0

8
1
3
3
5
8
0
2
0
0
1
4
3

10
0
10
5
6
0
0
0
0
0
NR
NR
NR

11
2
6
6
7
4
7
2
0
0
2
2
7

56
9
16
16
18
27
11
0
4
2
29
16
9

5
0
1
0
0
0
5
0
1
0
3
2
0

Author

al [19]

Coriat et

al [18]

Stanich et

al [16]

Heald et

al [14]

Kim et

al [17]

Total, all
patients
107
88
37.4
2.7
99
16
25
4
94
12
38
31
36
41
23
5
5
2
37
26
19

Percentage Total, + PTEN Percentage
mutation

92.5%
64%
71.4%
16%

88
88
36.9
2.9
81
5
14
3

12.8%
40.4%
33%
38.3%
43.6%
24.5%
5.3%
5.3%
2.1%
44%
31%
22.6%

75
12
24
23
27
39
18
5
5
2
32
25
16

82%

100%

92%
55.6%
73.7%
15.8%

16%
32%
30.7%
36%
52%
24%
6.7%
6.7%
2.7%
42.7%
33.3%
21.3%

NR: Not reported.

ba syndrome and the composite PHTS since the earliest
reports of the disease, but the prevalence of findings and
the pathologic diversity was underestimated due to lack of
routine endoscopy and polypectomy. Current research is
changing the perception of the GI polyposis prevalence,
pathology and most importantly the risk of malignancy.
Our cohort included 5 patients with PHTS that
underwent colonoscopy. We noted a 100% prevalence
of colonic polyps, which corresponds with the high
prevalence of colonic polyposis that has been reported
recently. Although polypectomy was not performed on
all patients, we found a higher incidence of adenomatous
and hyperplastic polyps and relatively few of the classically associated hamartomatous polyps, which were only
reported in a single patient. This patient was noted to
have diffuse colonic ganglioneuromatous polyps with an
isolated juvenile polyp found on gross pathology specimen after colectomy.
Our systematic review of case series published after
the establishment of Cowden syndrome diagnostic criteria and the widespread use of endoscopy also supports
the high rate of endoscopic findings and polyposis in
PHTS. Colonic polyps were found in 92.5% of patients,
with similar rates when only PTEN mutation positive patients were considered. In addition, a variety of polyp histologies were reported, with hyperplastic, adenomatous,
hamartomatous, ganglioneuromatous and inflammatory
polyps all being common in the colon. Importantly, the
majority of patients with colon polyp pathology interpretation were found to have 2 or more histologic types.
Given the prevalence of multiple polyp histologiesincluding hyperplastic polyps, adenomas and hamartomas-we suggest that PHTS be reclassified as a mixed pol-
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yposis syndrome rather than a hamartomatous polyposis
syndrome. If hamartomatous polyps were relied upon to
suggest PHTS as a possible diagnosis, many patients in
our series would have gone undetected. In further support of this nomenclature shift, Sweet et al[20] have previously investigated patients with unexplained polyposis
syndromes consisting of hyperplastic and adenomatous
polyps without hamartomas and detected PTEN mutations in 2 (9%) patients from a cohort of 23[20]. Thus, we
believe the current classification is misleading and investigation for PHTS should not depend on the presence of
hamartomatous GI polyps.
There has been a paradigm shift regarding the risk
of colorectal cancer in PHTS. Recent work has shown
an increased risk of colorectal cancer in this population, with a 9%-18% prevalence of colorectal cancer and
standardized incidence rate of 10.3 (95%CI: 5.6-17.4)
reported[8,13,14,21]. There are also reports of young onset
colorectal cancer in this population, with Kersseboom et
al[22] reporting diagnoses at 28 and 39 years of age. This
has resulted in the National Comprehensive Cancer Network changing their recommendations to include considering colonoscopy starting at age 35 years, then every
5-10 years or more frequently if patient is symptomatic
or polyps found[15].
Based on our systematic review, we found a 11.2%
prevalence of colorectal cancer in PHTS patients undergoing GI work-up and 13.6% in PTEN mutation positive
patients. The mean age of colorectal cancer diagnosis
was 46.7, with the earliest found at age 35. Based on this,
it is reasonable to start colonic surveillance at either age
35 or 10 years younger than the earliest colorectal cancer
diagnosis in a first-degree relative, whichever is sooner.
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as the PTEN hamartoma tumor syndrome. Gastrointestinal polyposis is a
known manifestation of the disorder since the initial reports, but were thought
to be benign hamartomas without malignant potential. Recent case series have
indicated mixed polyp histology and an increased colon cancer risk.

We then recommend proceeding with further colonic
surveillance based on the findings, with colonoscopy every 1-2 years if multiple polyps and/or adenomatous polyps are present or every 3-5 years if either sparse, nonadenomatous polyps or no polyps are present. The use
of additional techniques such as narrow-band imaging[23],
probe-based confocal laser endomicroscopy[24] or other
emerging technologies to help discern polyp histology in
real time and direct polypectomy efforts towards higher
risk lesions should be considered if the technology and
expertise is available.
Unfortunately, minimal data on the clinical outcomes
resulting from the GI polyposis in this population are
available. The mean number of colonoscopies per patient
based on the systematic review was 2.7, although the time
course these took place over is unknown. In our cohort, 1
(20%) that received a colonoscopy underwent colectomy
due to concern for future malignant potential. In the
Mayo Clinic cohort, 5 (38%) patients underwent colectomy due to dysplastic colon lesions[16]. The other case series
do not report clinical outcomes. When initiating colonic
surveillance, it is important to discuss possible outcomes
with patients including the need for repeated procedures
and the possibility of colectomy if colorectal cancer, high
risk lesions or multiple polyps are present. Further investigation is needed in this area to clarify the optimal surveillance protocol and to allow for adequate counseling and
treatment of PHTS patients with GI polyposis.
Several areas of caution should be noted when interpreting this data. Due to the method of subject accrual
being based on review of outside records in the Heald et
al[14] study, we cannot definitively rule out the possibility
that some patients from other cohorts may be included in
their cohort. Ascertainment bias should also be taken into
account, as PHTS patients without GI manifestations may
be less likely to undergo endoscopic evaluation and may
be under-represented. Thus, neither our data nor that in
the published literature can be used to determine the true
prevalence of GI abnormalities in PHTS. Future work
in this area, aided by the new recommendations favoring
colorectal cancer surveillance, should help clarify this and
confirm the current data.
In summary, PHTS has a high prevalence of colonic
polyposis. The classically associated hamartomatous
polyps cannot be relied on to suggest the diagnosis, and
patients with multiple polyp histologies need to be examined further for PHTS. An increased risk of colon cancer
is now reported and surveillance with colonoscopy is
indicated. We recommend starting at age 35 or 10 years
younger than the earliest colorectal cancer diagnosis in a
first-degree relative with future surveillance intervals based
on the results.

Research frontiers

Continued investigation into the malignant potential and clinical outcomes of
colonic polyposis in the PTEN hamartoma tumor syndrome, including cost effectiveness of colon cancer screening and surveillance.

Innovations and breakthroughs

The authors report findings from our PTEN hamartoma tumor syndrome patients
undergoing colonoscopy which show all with colon polyps and 40% with multiple
polyp histologies. They detail the clinical outcomes of these polyps, including
a patient that received colectomy. They also performed a systematic review of
the modern literature focusing on gastrointestinal manifestations; this revealed
92.5% with colon polyps and a majority of patients with multiple polyp histologies. The systematic review also supports an increased risk of colon cancer.

Applications

PTEN hamartoma tumor syndrome should be considered a mixed polyposis
syndrome and this diagnosis should be considered in patients with multiple
polyp histologies. The authors’ findings also support an increased risk of colon
cancer and we recommend colonoscopy for colorectal cancer surveillance beginning at either age 35 or 10 years younger than the earliest colorectal cancer
diagnosis in a first-degree relative, whichever is sooner. Future research should
include clinical outcomes.

Peer review

In this paper, the authors analysed and reviewed patient data from their institute
and literature to identify the connection between gastrointestinal abnormalities
(in particular colon lesions/cancer) and PTEN hamartoma tumor syndrome
(PHTS) to make recommendation for future clinical examination of patients. The
study was well organized and clearly set up. The authors reported that PHTS
had a high prevalence of colonic polyposis. It will be interesting to know the
connection of the high prevalence of colonic polyposis in PHTS patients to the
risk of gastrointestinal (colon in particular) cancers.
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Risk factors for bleeding after endoscopic submucosal
dissection of colorectal neoplasms
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confirmed by repeat colonoscopy or a required blood
transfusion. We analyzed the relationship between
risk factors for delayed bleeding following ESD and
the following factors using univariate and multivariate
analyses: age, gender, presence of comorbidities, use
of antithrombotic drugs, use of intravenous heparin,
resected specimen size, lesion size, lesion location,
lesion morphology, lesion histology, the device used,
procedure time, and the presence of significant bleeding during ESD.
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RESULTS: Delayed post-ESD bleeding was found in
14 lesions from 14 patients (4.3% of all specimens,
4.4% patients). Patients with episodes of delayed postESD bleeding had a mean hemoglobin decrease of
2.35 g/dL. All episodes were treated successfully using endoscopic hemostatic clips. Emergency surgery
was not required in any of the cases. Blood transfusion
was needed in 1 patient (0.3%). Univariate analysis
revealed that lesions located in the cecum (P = 0.012)
and the presence of significant bleeding during ESD
(P = 0.024) were significantly associated with delayed
post-ESD bleeding. The risk of delayed bleeding was
higher for larger lesion sizes, but this trend was not
statistically significant. Multivariate analysis revealed
that lesions located in the cecum (OR = 7.26, 95%CI:
1.99-26.55, P = 0.003) and the presence of significant
bleeding during ESD (OR = 16.41, 95%CI: 2.60-103.68,
P = 0.003) were independent risk factors for delayed
post-ESD bleeding.

Abstract
AIM: To investigate the risk factors for delayed bleeding following endoscopic submucosal dissection (ESD)
treatment for colorectal neoplasms.

CONCLUSION: Location in the cecum and significant
bleeding during ESD predispose patients to delayed
post-procedural bleeding. Therefore, careful and additional management is recommended for these patients.

METHODS: We retrospectively reviewed the medical records of 317 consecutive patients with 325 lesions who underwent ESD for superficial colorectal
neoplasms at our hospital from January 2009 to June
2013. Delayed post-ESD bleeding was defined as
bleeding that resulted in overt hematochezia 6 h to 30
d after ESD and the observation of bleeding spots as
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present study determined the incidence of delayed bleeding following ESD and identified the clinical factors that
are associated with this adverse event.

plasms; Endoscopic submucosal dissection; Hemorrhage
Core tip: Endoscopic submucosal dissection (ESD) has
recently been accepted as an effective treatment for
colorectal neoplasms, but the risk factors for bleeding
following ESD have not been elucidated. We analyzed
the relationship between delayed post-ESD bleeding and various factors related to ESD for colorectal
neoplasms. The rate of delayed post-ESD bleeding
was 4.3%, and univariate and multivariate analyses
showed that the location of lesions in the cecum and
the presence of significant bleeding during ESD were
significantly associated with delayed post-ESD bleeding. Therefore, patients with these risk factors should
be carefully managed with additional interventions if
necessary.

MATERIALS AND METHODS
Patients
A total of 319 patients (who had 327 colorectal neoplasms) underwent ESD at the Cancer Institute Hospital
(Tokyo, Japan) between January 2009 and June 2013. The
indications for ESD were defined according to the guidelines proposed by the Japanese Colorectal ESD Standardization Implementation Working Group (Table 1).
Two patients were excluded because they had undergone
emergency surgical repair for bowel perforation. Therefore, the medical records of 325 colorectal neoplasms in
317 patients were reviewed retrospectively.

Suzuki S, Chino A, Kishihara T, Uragami N, Tamegai Y, Suganuma T, Fujisaki J, Matsuura M, Itoi T, Gotoda T, Igarashi M,
Moriyasu F. Risk factors for bleeding after endoscopic submucosal dissection of colorectal neoplasms. World J Gastroenterol
2014; 20(7): 1839-1845 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i7/1839.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i7.1839

ESD procedure and post-procedural treatment
Patients with multiple lesions received multiple ESD procedures on different days to treat each lesion separately.
Antiplatelet and/or anticoagulant drugs were discontinued for 7 d before and after treatment if patients were
considered low risk for thromboembolism. Intravenous
heparin was administered to patients considered high risk
for thromboembolism until 6 h before ESD, and then
restarted on first post-procedural day if hemostasis was
confirmed by stable vital signs and laboratory data.
Expert endoscopists, who were certified by the Japanese Society of Gastrointestinal Endoscopy, performed
ESD. All patients were treated under sedation with
midazolam and pethidine hydrochloride. Submucosal
injections of 10% glycerol and 5% fructose in normal
saline solution (Glycerol ®; Chugai Pharmaceutical,
Tokyo, Japan) and undiluted 0.4% sodium hyaluronate
(MucoUp®; Johnson and Johnson, New Brunswick, NJ,
United States) were administered to lift the mucosa.
Circumferential incisions and all lesion dissections were
performed using endoscopic knives. Carbon dioxide
insufflation was used. Endoscopic hemostasis during
ESD was achieved whenever active bleeding occurred
using hemostatic forceps (FD-411QR; Olympus, Tokyo, Japan) and an electrosurgical unit (ERBE-ICC200
or ERBE-VIO300D; Erbe Elektromedizin, Tubingen,
Germany) in the 80-W, soft coagulation mode. Hemostatic clips (EZ Clip; Olympus) were used when hemostasis could not be achieved using hemostatic forceps
alone. Endoscopic hemostasis using hemostatic forceps
was performed if bleeding occurred on the artificial ulcer after resection of the lesion.
Patients without adverse events began drinking water
on the first postoperative day and eating soft food on the
second postoperative day. All patients were discharged on
postoperative days 4-5. Patients were informed to contact
our hospital and visit an emergency department immediately if they experienced hematochezia. All patients had
visited the outpatient department to confirm their final
pathological results within 3 wk after discharge.

INTRODUCTION
Endoscopic resection (ER) is an effective and safe procedure for the treatment of superficial colorectal neoplasms
because this procedure is minimally invasive and provides
good clinical outcomes[1-3]. Conventional endoscopic
mucosal resection (EMR) is widely performed, but this
procedure is often inadequate for en bloc resection in cases
involving large tumors, tumors in difficult locations, or
poor tumor elevation after submucosal injection, which
results in a high rate of local recurrence[4-6]. Endoscopic
submucosal dissection (ESD) was initially developed for
early gastric cancers, and it is a highly effective and safe
treatment. Furthermore, ESD has a high en bloc resection
rate, regardless of tumor size or location[7,8]. ESD has recently been accepted as an effective endoscopic treatment
for superficial colorectal neoplasms[9,10].
ER is associated with a low but significant rate of
serious adverse events, including delayed post-procedural
bleeding. The rate and risk factors of post-procedural
bleeding after conventional polypectomy and EMR have
been examined previously[11,12], but investigations into the
risk factors for delayed bleeding following ESD treatment
for superficial colorectal neoplasms are lacking.
Delayed post-ESD bleeding can result in serious
adverse effects that can increase morbidity and hospital
admissions and require additional expenditures for medical resources and procedures, such as endoscopy, rarely
for angiography, or surgical interventions and/or blood
transfusions. Therefore, an understanding of the risk factors for delayed bleeding following ESD for colorectal
neoplasms is important to avoid this complication. The
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Statistical analysis
Univariate analysis was performed using Fisher’s exact
test or the χ 2 test for associations between the categorical variables and delayed post-ESD bleeding. The MannWhitney U-test was used for associations between the
continuous variables and delayed post-ESD bleeding.
Variables with a P value < 0.1 in univariate analysis were
considered potential risk factors, and these variables were
entered into multivariate logistic regression analysis. OR
with 95%CIs quantified the extent of the association. A
P < 0.05 was considered significant for all tests. All analyses were performed using the SPSS statistical software
package (IBM SPSS statistic version 19.0; IBM, New
York, United States).

Table 1 Indications for colorectal endoscopic submucosal
dissection
Large lesions (diameter > 20 mm) for which endoscopic treatment is
indicated but en bloc resection by snare endoscopic mucosal dissection
would be difficult
Laterally spreading tumor of the non-granular type, particularly the
pseudo-depressed type
Lesions showing a type Ⅴ1 pit pattern
Cancer with submucosal infiltration
Large depressed type tumor
Large lesions of the protruded type suspected to be carcinoma1
Mucosal lesions with fibrosis caused by prolapse due to biopsy or peristalsis of the lesions2
Local residual early cancer after endoscopic resection
Sporadic localized tumors with chronic inflammation, such as ulcerative
colitis
1

Including laterally spreading tumors of the granular type consisting of
large nodules; 2Caused by biopsy or peristalsis of the lesion (prolapse).

RESULTS
Patient baseline and outcomes
The baseline characteristics of the patients are shown in
Table 2. A total of 325 lesions from 317 patients were
treated with ESD. Post-ESD bleeding was observed in
14 patients (4.3% of all specimens, 4.4% patients). The
onset of bleeding occurred between postoperative days
1 and 7 (mean postoperative day, 2.5). Bleeding onset
occurred by postoperative day 4 in all cases except for
1. Only 1 patient had more than one bleeding episode
(on postoperative days 4 and 7), which required a repeat
colonoscopy with endoscopic hemostasis. Patients with
episodes of delayed post-ESD bleeding had a mean hemoglobin decrease of 2.35 g/dL (range, 0.8-5.9 g/dL).
All patients with hematochezia received a repeat colonoscopy without bowel preparation. All hemorrhagic
episodes were successfully treated using endoscopic
hemostatic clips, and no cases required surgical intervention. Only 1 patient needed a blood transfusion (0.3% of
all specimens, 0.3% of patients); this patient had overt
hematochezia and a hemoglobin decrease of 5.9 g/dL.
There were no treatment-related deaths.

Data analysis
Delayed post-ESD bleeding was defined as bleeding that
resulted in overt hematochezia 6 h to 30 d after ESD and
the observation of bleeding spots as confirmed by repeat
colonoscopy or the requirement of a blood transfusion.
The risk factors for delayed post-ESD bleeding were
assessed from data based on patient-, treatment-, and
lesion-related variables. The patient-related factors included age, gender, presence of comorbidities (e.g., hypertension, diabetes mellitus, hyperlipidemia, cardiovascular
disease, liver cirrhosis, and chronic renal failure), use of
antithrombotic drugs (including anticoagulants and/or
antiplatelet drugs), and the use of intravenous heparin.
The lesion-related factors were the size of the resected
specimen and the size, location, and morphology of the
lesions [protruded type (Ⅰs, Ⅰsp, Ⅰp), depressed type
(Ⅱc), laterally spreading tumor granular type (LST-G), or
laterally spreading tumor nongranular type (LST-NG)].
Histology was sub-classified as serrated lesion, adenoma,
intra-mucosal adenocarcinoma, submucosal minutely
invasive adenocarcinoma (SM invasion < 1000 μm), or
submucosal deeply invasive adenocarcinoma (SM invasion ≥ 1000 μm). The treatment-related factors were the
device used [needle type (Hook/Flush/Dual/B knife),
scissor type (SB knife Jr)], procedure time, and the presence of significant bleeding during ESD.
The procedure time was defined as the interval
between submucosal injection and the completion of
specimen resection. Significant bleeding during ESD was
defined as active bleeding during the procedure that resulted in the use of endoscopic hemostatic clips because
hemostasis could not be achieved using hemostatic forceps alone.

Risk factor assessment
Univariate analysis for associations between the various
clinical factors and the risk of delayed post-ESD bleeding
are shown in Tables 3 and 4. Significant bleeding during
the ESD procedure was associated with an increased risk
of delayed post-ESD bleeding (P = 0.024). Lesions that
showed delayed post-ESD bleeding significantly differed
from lesions without bleeding in terms of location (P =
0.042). The presence of lesions in the cecum was significantly associated with an increased risk of delayed postESD bleeding (Table 4; P = 0.012). A larger lesion size
tended to be associated with bleeding, but this association
failed to reach statistical significance (P = 0.070).
The results of the multivariate logistic regression
analysis are shown in Table 5. This analysis examined
lesion size (mm), location in the cecum (yes vs no), and
significant bleeding during ESD (yes vs no). Lesions located in the cecum (OR = 7.26, 95%CI: 1.99-26.55, P =

Ethics
This study was conducted in accordance with the Declaration of Helsinki, and the Institutional Review Board of
our hospital approved the study protocol.
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Table 2 Baseline characteristics of the 325 superficial
colorectal neoplasms in 317 patients n (%)

Variable

n

Characteristic
Patient characteristics
Number
Age (yr)
Mean ± SD
Median (range)
Gender
Male
Female
Comorbidities
Hypertension
Diabetes mellitus
Hyperlipidemia
Cardiovascular disease
Liver cirrhosis
Chronic renal failure
Use of antithrombotic drugs
Use of intravenous heparin
Lesion characteristics
Number
Lesion size, mm
Mean ± SD
Median (range)
Location
Cecum
Ascending colon
Transverse colon
Descending colon
Sigmoid colon
Rectum
Morphology
Protruded
Depressed
LST-G
LST-NG
Histology and depth
Serrated lesion
Adenoma
M
SM < 1000 μm
SM ≥ 1000 μm
Resectability
En bloc resection
Complete resection
Procedure time, min
Mean ± SD
Median (range)
Procedure-related adverse events
Delayed bleeding
Patients needed transfusion
Death related to the procedure

Table 3 Univariate analysis for risk factors of delayed
bleeding n (%)
Nonbleeding

Number of patients
14
303
Number of lesions
14
311
Patient-related factors
Median age (yr) (range)
68 (29-79)
67 (31-86)
Gender (male/female)
7/6
175/124
Comorbidities
Hypertension
5 (35.7)
103 (33.1)
Diabetes mellitus
1 (7.1)
34 (10.9)
Hyperlipidemia
2 (14.3)
52 (16.7)
Cardiovascular disease
1 (7.1)
17 (5.5)
Use of antithrombotic drugs
1 (7.1)
27 (8.7)
Use of intravenous heparin
0 (0)
6 (1.9)
Lesion related factors
Mean size of tumor (mm) (range)
40.9 (20-70) 33.8 (7-115)
Mean size of specimen (mm) (range) 45.4 (20-75) 38.4 (8-120)
Location
Cecum
4 (28.6)
19 (6.1)
Ascending colon
3 (21.4)
55 (17.7)
Transverse colon
2 (14.3)
49 (15.8)
Descending colon
0 (0)
12 (3.9)
Sigmoid colon
1 (7.1)
58 (18.6)
Rectum
4 (28.6)
118 (37.9)
Morphology
Protruded
1 (7.1)
30 (9.6)
Depressed
0 (0)
4 (1.3)
LST-G
9 (64.3)
171 (55.0)
LST-NG
4 (28.6)
106 (34.1)
Histology and depth
Serrated lesion
0 (0)
5 (1.6)
Adenoma
2 (14.3)
24 (7.7)
M
8 (57.1)
241 (77.5)
SM < 1000 μm
3 (21.4)
24 (7.7)
SM ≥ 1000 μm
1 (7.1)
17 (5.5)
Treatment-related factors
Device used
Needle type1/scissor type2
12/2
280/31
Mean procedure time (min) (range)
90.4
101.5
(20-180)
(10-630)
Significant bleeding during ESD
2 (14.3)
4 (1.3)

317
65.5 ± 10.9
67 (29-86)
183 (57.7)
134 (42.3)
103 (32.5)
31 (9.8)
54 (17.0)
16 (5.0)
0 (0)
0 (0)
26 (8.2)
5 (1.6)
325
34.1 ± 16.6
30 (7-115)
23 (7.1)
58 (17.8)
51 (15.7)
12 (3.7)
59 (18.2)
122 (37.5)
31 (9.5)
4 (1.2)
180 (55.4)
110 (33.8)
5 (1.5)
26 (8.0)
249 (76.6)
27 (8.3)
18 (5.5)
284 (87.4)
282 (86.8)

P value

0.871
> 0.999
> 0.999
> 0.999
> 0.999
0.557
> 0.999
> 0.999
0.070
0.142
0.042

0.897

0.312

0.642
0.965
0.024

1

Including Flush knife, Dual knife, Hook knife, and B knife; 2SB knife
Jr. LST-G: Laterally spreading tumor granular type; LST-NG: Laterally
spreading tumor nongranular type; M: Intra-mucosal adenocarcinoma;
SM < 1000 μm, submucosal, minutely invasive adenocarcinoma; SM ≥
1000 μm, submucosal, deeply invasive adenocarcinoma; ESD: Endoscopic
submucosal dissection.

101.0 ± 80.2
80 (10-630)
14 (4.3)
1 (0.3)
0 (0)

sociated with delayed bleeding following ESD treatment
of colorectal neoplasms. Delayed bleeding occurred in
4.3% of all lesions in this study (4.4% of all patients).
This finding varies from the published studies on delayed post-ESD bleeding, which ranges between 0% and
12% for colorectal neoplasms[13-17]. This wide variation is
largely due to differences in study design, patient selection criteria, the operative technique used, and the definition of bleeding. Bleeding occurred within 4 postoperative days in all cases except for 1. Therefore, patients
who undergo ESD should be observed carefully for at
least 4 d after ESD.
We also discovered that lesions located in the cecum
have an increased risk for the development of delayed

M: Intra-mucosal adenocarcinoma; SM < 1000 μm: Submucosal, minutely
invasive adenocarcinoma; SM ≥ 1000 μm: Submucosal, deeply invasive
adenocarcinoma.

0.003) and significant bleeding during ESD (OR = 16.41,
95%CI: 2.60-103.68, P = 0.003) were independent risk
factors for delayed post-ESD bleeding in multivariate logistic regression analysis.

DISCUSSION
This is the first study to identify risk factors that are as-
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Table 4 Univariate analysis of specific locations in the colon
as risk factors for delayed bleeding n (%)
Location of the lesions
Cecum
Ascending colon
Transverse colon
Descending colon
Sigmoid colon
Rectum

Delayed bleeding
4 (28.6)
3 (21.4)
2 (14.3)
0 (0)
1 (7.1)
4 (28.6)

Table 5 Multivariate analysis of risk factors for delayed
bleeding

Non-bleeding

P value

Variable

19 (6.1)
55 (17.7)
49 (15.8)
12 (3.9)
58 (18.6)
118 (37.9)

0.012
0.722
> 0.999
> 0.999
0.479
0.581

Lesion size (per mm)
Location in the cecum (yes vs no)
Significant bleeding during ESD (yes vs no)

P value
0.212
0.003
0.003

ESD: Endoscopic submucosal dissection.

after ESD because the muscularis propria of the colon
is much thinner and more easily perforated. Accordingly,
there may be an association between the lack of hemostasis and/or coagulation treatment and the occurrence
of delayed bleeding in cases with bleeding during ESD,
which our results suggest. Therefore, hemostasis and/or
coagulation treatment should be performed on the bleeding spots during ESD to prevent delayed bleeding complications after the procedure.
The lesion location and bleeding during the ESD
procedure were significantly associated with delayed postESD bleeding, but no association was found for lesion
size. The resection of large lesions exposes larger areas
of the submucosa and creates deeper wounds, which
suggests that larger lesions are more likely to bleed. However, there is a lack of consensus on the association between lesion size and delayed post-procedural bleeding in
the EMR and polypectomy literature. Some reports have
shown a significant difference[23,25], some studies have
shown a trend without significance[21] and some studies
have not demonstrated an association[19,26]. The resection
area is larger in ESD procedures than EMR because of
the absence of a size limitation for tumors suitable for
en bloc ESD resection. The diameter of the largest lesion
removed in the present study was 115 mm (mean, 34.1
mm), which is larger than typical EMR procedures. However, significant associations were not found between
the size of the lesion and the rate of delayed bleeding in
either the univariate or multivariate analyses.
This study has a number of limitations. The study
was retrospective in nature. In addition, this study was a
single-institution analysis, and future studies are required
to replicate our findings at other sites. Finally, the number
of subjects enrolled was relatively small. We aim to conduct a multicenter, prospective study with a larger number of subjects in the future.
In conclusion, we found that the rate of delayed postprocedural bleeding following ESD for colorectal neoplasms was 4.3%, and an increased risk of post-procedural bleeding was associated with the presence of lesions in
the cecum and significant bleeding events during the ESD
procedure. Therefore, additional post-ESD procedures
are recommended in patients with these risk factors.

bleeding complications (7.3-fold higher) compared to
lesions located in other parts of the colon. This result
is supported by studies of post-EMR and post-polypectomy bleeding in which delayed bleeding occurred more
often in lesions proximal to the hepatic flexure, including
the cecum[18-22]. This difference may be due to differences
in the anatomical structure and physiology of the colon.
For example, the submucosal vasculature is easily affected
by thermal injury because the intestinal wall of the cecum
is thin, and the cecum wall receives higher tension than
the other parts of the colon[21]. Buddingh et al[18] suggested that fresh ileal fluids contain bile acids and digestive
enzymes that have not been fully resorbed and/or have
been inactivated in the colon prior to their transit into the
cecum, and these factors underlie the high occurrence of
delayed post-polypectomy bleeding in the cecum. These
fluids and enzymes are postulated to remove post-polypectomy protective substances in the ulcer site, which
damages blood vessels. A previous retrospective study
reported that the prophylactic clipping of resection sites
after endoscopic resection of large, flat, colorectal lesions
was associated with a reduced incidence of delayed postprocedural bleeding[22]. The prophylactic closure may
reduce the exposure of cecal ulcer sites to bile acids and
digestive enzymes. However, this proposed mechanism
has not been fully elucidated.
We also found that significant bleeding during
the ESD procedure was associated with an increased
(16.4-fold) incidence of delayed bleeding compared to
cases in which bleeding was easily stopped using only
hemostatic forceps during the procedure. Kim et al[23] also
found that immediate post-polypectomy bleeding was
significantly correlated with delayed bleeding. Higashiyama et al[24] reported poor control of bleeding during
ESD as an independent risk factor for delayed bleeding
in their ESD study on gastric lesions. These authors suggested that the delayed bleeding might be caused by difficulties in the identification of the exposed blood vessel
and the failure of coagulation with hemostatic forceps.
This failure may be due to the adhesion of the coagula
to the ulcer floor immediately after the resection and the
occurrence of bleeding during the procedure. However,
no prospective trial has been conducted to confirm these
reports, and preventive coagulation treatment of the ulcer floor following ESD remains safe and appropriate in
gastric ESD. Preventive coagulation treatment using hemostatic forceps for colorectal lesions is rarely performed
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OR (95%CI)
1.02 (0.99-1.05)
7.26 (1.99-26.55)
16.41 (2.60-103.68)
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Background

Endoscopic submucosal dissection (ESD) was initially developed for early gastric
cancers, and it is a highly effective and safe treatment. ESD has recently been accepted as an effective endoscopic treatment for superficial colorectal neoplasms.
ESD is associated with a small but finite rate of serious adverse events, including
delayed post-procedural bleeding. Delayed post-ESD bleeding can result in serious adverse effects that can lead to increased morbidity and require additional
medical resources. However, the risk factors for delayed post-ESD bleeding following the treatment of colorectal neoplasms remain unknown.
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Research frontiers

ESD for colorectal neoplasms is not a widely used procedure because of its
technical difficulties and the high incidence of severe adverse events, including delayed post-procedural bleeding. ESD for colorectal neoplasms may be
performed more safely to determine the incidence of delayed post-ESD bleeding and identify the clinical factors that are associated with this adverse event.
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10

Innovations and breakthroughs

The rate of delayed post-ESD bleeding was 4.3%, and bleeding occurred within
4 postoperative days in most cases. The increased risk of post-ESD bleeding
was significantly associated with the presence of lesions in the cecum and significant bleeding events during the ESD procedure.

11

Applications

The study results suggest that patients who undergo ESD should be observed
carefully during the 4 d after ESD, and additional post-ESD procedures, such
as prophylactic closure of the resection site or hemostasis treatment in the
bleeding spots, should be performed in patients with these risk factors.

12

Terminology

Delayed post-ESD bleeding: Delayed post-ESD bleeding was defined as bleeding that resulted in overt hematochezia 6 h to 30 d after ESD and the observation of bleeding spots confirmed by repeat colonoscopy or the requirement of
blood transfusion. Significant bleeding during ESD: Significant bleeding during
ESD was defined as active bleeding during the procedure that resulted in the
use of endoscopic hemostatic clips because hemostasis could not be achieved
using hemostatic forceps alone.
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Peer review

This is a good descriptive study of the risk factors of delayed bleeding after
colorectal ESD. The results are interesting and suggest that location in the
cecum and significant bleeding during ESD were the risk factors for delayed
bleeding after ESD, but a larger lesion size was not significantly associated with
delayed bleeding.
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Is the AIM65 score useful in predicting outcomes in peptic
ulcer bleeding?
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bleeding were analysed. The poor outcome group
comprised 28 patients [male: 23 (82.1%) vs female: 5
(10.7%)] while the good outcome group included 121
patients [male: 93 (76.9%) vs female: 28 (23.1%)].
The mean age in each group was not significantly different. The mean serum albumin levels in the poor
outcome group were slightly lower than those in the
good outcome group (P = 0.072). For the prediction of
poor outcome, the AIMS65 score had a sensitivity of
35.5% (95%CI: 27.0-44.8) and a specificity of 82.1%
(95%CI: 63.1-93.9) at a score of 0. The AIMS65 score
was insufficient for predicting outcomes in peptic ulcer
bleeding (area under curve = 0.571; 95%CI: 0.49-0.65).
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Abstract

Core tip: AIMS65 score is a novel simple score for predicting outcomes for acute upper gastrointestinal
bleeding (UGIB). However, this scoring system is based
on analyses of data from a mixed patient population
with both variceal and non-variceal UGIB. The present
study focused on the effectiveness of the AIMS65 score
in predicting outcomes of peptic ulcer bleeding. This
retrospective single-centre study, which included 149
patients, revealed that the AIMS65 score may not be
suitable for predicting outcomes in peptic ulcer bleeding. Further, low albumin levels may be a risk factor associated with high mortality in peptic ulcer bleeding.

AIM: To evaluate the applicability of AIMS65 scores in
predicting outcomes of peptic ulcer bleeding.
METHODS: This was a retrospective study in a single
center between January 2006 and December 2011.
We enrolled 522 patients with upper gastrointestinal
haemorrhage who visited the emergency room. Highrisk patients were regarded as those who had rebleeding within 30 d from the first endoscopy as well
as those who died within 30 d of visiting the Emergency room. A total of 149 patients with peptic ulcer
bleeding were analysed, and the AIMS65 score was
used to retrospectively predict the high-risk patients.
RESULTS: A total of 149 patients with peptic ulcer
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2006 and December 2011. The study was reviewed and
approved by the institutional review board. Patients were
considered eligible for inclusion if they were over 18 years
of age and had visited the emergency room (ER) for any
upper GI bleeding symptoms, including melena, haematemesis and/or haematochezia. Of these, only patients
who underwent endoscopy were included in the analysis.
Exclusion criteria for the study were as follows: patients
who did not undergo upper GI endoscopy; presence of
variceal bleeding, bleeding ulcer from the anastomosis
following gastrectomy, bleeding due to stomach cancer,
obscure GI bleeding, Mallory-Weiss syndrome or angiodysplastic bleeding; and inability to follow up after 30 d
from visiting the ER (determined from patient charts).
The variables examined included demographic factors (age and sex), vital signs (pulse, systolic blood pressure, diastolic blood pressure, temperature and respiratory rate), mental status, results of laboratory tests and
underlying co-morbid conditions. Altered mental status
was defined as physician-charted findings of “disoriented”, “stupor”, or “coma”. Vital signs, mental status and
laboratory test results on the day of admission, including
routine chemistry and haematology, were recorded.

SW. Is the AIM65 score useful in predicting outcomes in peptic
ulcer bleeding? World J Gastroenterol 2014; 20(7): 1846-1851
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i7/1846.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i7.1846

INTRODUCTION
Acute upper gastrointestinal (GI) bleeding is a common
emergency associated with high morbidity and medical
expense. The yearly incidence of acute upper GI bleeding
is 50-150 per 100000 of the population, with a mortality rate of 10%-14%[1]. A major cause of acute upper
gastrointestinal bleeding is peptic ulcer bleeding[2]. Endoscopic treatment and acid suppression with proton -pump
inhibitors are most important in the management of peptic ulcer bleeding and these treatments have been reduced
mortality[2-4]. Despite recent advances in endoscopic and
pharmacological management, non-variceal upper gastrointestinal bleeding (NVUGIB) is still associated with
considerable mortality and morbidity [5]. The recently
published International Consensus Recommendations on
the management of patients with non-variceal upper GI
bleeding recommend “early risk stratification”, by using
validated prognostic scales[1]. Several prognostic indices
are available, including the Rockall[6] and Baylor[7] scores;
however, these include clinical and endoscopic components and are therefore unsuitable for pre-endoscopic
triage. The Glasgow-Blatchford score[8], which may be
used for pre-endoscopic triage, compares favourably with
the pre-endoscopic component of the Rockall score[9,10].
However, it has not been adopted in routine clinical practice, because of its limitations: it is weighted and assigns
points to elements in the patient’s medical history, some
of which lack a clear definition[11]. Recently, AIMS65-a
new simple risk score for acute upper gastrointestinal
bleeding-has been developed and validated[12-14]. The 5
parameters of AIMS65 are as follows: albumin levels,
international normalized ratio (prothrombin time), altered mental status, systolic blood pressure, and age > 65
years. However, the role and utility of this for peptic ulcer
bleeding has not yet been clarified since this scoring system was based on analysis of data from a mixed patient
population, with acute upper GI bleeding that included
both variceal and non-variceal UGIB. We considered
whether this score would be useful in patients with peptic
ulcer bleeding since the parameters evaluated in AIMS65,
such as albumin and INR, appear to be associated with
variceal bleeding. Therefore, in the present study, we
aimed to evaluate the applicability of the AIMS65 score
in predicting outcomes of peptic ulcer bleeding.

Definitions
High-risk patients were defined as those who suffered rebleeding within 30 d of the first endoscopy along with
those who died within 30 d from visiting the ER. Rebleeding was characterized as fresh haematemesis and/or
melena associated with the development of shock (pulse
> 100 beats/min, systolic blood pressure < 100 mmHg),
or a reduction in haemoglobin concentration greater
than 2 g/dL over 24 h[15]. Re-bleeding also included cases
requiring repeat endoscopy, surgical intervention or any
interventional radiology procedure. Patient charts and/or
electronic patient records were used to evaluate 30-d
mortality. All high-risk patients were included in the “poor
outcome” group.
Regarding the AIMS65 score, the following 5 factors were included: serum albumin < 3.0 g/dL, INR >
1.5, altered mental status, systolic blood pressure ≤ 90
mmHg, and age > 65 years. Each risk factor carries 1
point. Mortality risk can be differentiated as low (AIMS65
0-1 risk factors) or high (AIMS65 2-5 risk factors)[12]. We
investigated whether the AIMS65 scores could predict
patients with poor outcomes.
Statistical analyses
Categorical data are presented as mean ± SD. The χ 2 test
or Fisher’s exact test were applied to evaluate categorical variables. The t-test was used to evaluate continuous
variables. Differences between good and poor outcomes
were assessed using the χ 2 test and t-tests. Both univariate and multivariate analyses were performed [SAS system for Windows (release 9.2; SAS Institute, Cary, NC,
United States)]. P < 0.05 was considered statistically significant. The score for the area under curve (AUC) was
suggested through the receiver operating curve (ROC)

MATERIALS AND METHODS
Patients
This study was performed in St. Paul’s Hospital, Catholic
Medical Center, South Korea. This retrospective analysis
included patients enrolled consecutively between January
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522 Eligible patients

Specificity: 35.5
Specificity: 82.1
1.00

Exclusion: 249
Varix: 137
No endoscopy: 112
Sensitivity

0.75

273 patients
Exclusion: 124
Mallory-Weiss syndrome: 46
Cancer: 23
Obscure GI bleeding: 41
Follow-up loss: 14

0.50

0.25

0.00
0.00

0.25

0.50

0.75

1.00

1-specificity
149 patients

Figure 2 The receiver operating curve using the cut-off value of the
AIMS65 score.

using the cut-off value of the AIMS65 score (MedCalc
ver. 11.2.1.0).

With regard to the AIMS65 score, 43 (35.5%) patients from the good outcome group and 5 (17.9%) patients from the poor outcome group scored 0 (P = 0.071).
For the prediction of poor outcome, the AIMS65 score
had a sensitivity of 35.5% (95%CI: 27.0-44.8) and a
specificity of 82.1% (95%CI: 63.1-93.9) at a score of 0.
Sensitivity and specificity were also suboptimal at higher
decision thresholds (≤ 1, ≤ 2, and ≤ 3) (Table 2). The
AIMS65 score was thus insufficient in predicting outcomes in peptic ulcer bleeding (AUC = 0.571; 95%CI:
0.49-0.65) (Figure 2).

RESULTS

DISCUSSION

We reviewed 522 patients over the age of 18 years who
visited the ER of St. Paul’s Hospital, Catholic Medical
Center, South Korea, for complaints of upper GI bleeding, including haematemesis, melena, and/or haematochezia. Overall, we excluded 373 patients from the study
for the following reasons: 112 patients did not undergo
endoscopy, 206 patients were diagnosed with gastrointestinal bleeding from causes other than peptic ulcer
(variceal bleeding, 137; Mallory-Weiss syndrome, 46;
gastric cancer bleeding or bleeding ulcer during gastrectomy, 23; and other causes such as obscure GI bleeding
or angiodysplastic bleeding, 41), and 14 patients were
lost to follow-up. Thus, 149 patients with peptic ulcer
bleeding were included in the final analysis (Figure 1).
The poor outcome group comprised 28 patients [male:
23 (82.1%) vs female: 5 (10.7%)] while the good outcome
group included 121 patients [male: 93 (76.9%) vs female:
28 (23.1%)]. The mean age in each group was not significantly different (good outcome group vs poor outcome
group; 66.4 ± 13.0 vs 62.9 ± 15.9; p = 0.216). The serum
albumin level in the poor outcome group was slightly
lower than that in the good outcome group; however,
this difference was not statistically significant (Table 1).
The poor outcome group included the following outcomes: repeat endoscopy (n = 24), operation (n = 3), and
death (n = 1).

Peptic ulcer bleeding is the most common cause of acute
non-variceal upper GI bleeding with high mortality, especially in older patients[16-18]. It is widely accepted that
endoscopy should be performed as soon as possible, i.e.,
within 24 h of presentation at the hospital, and it is recommended that validated prognostic scales are applied to
such patients for optimal management[1,19]. These strategies make it possible to identify high-risk lesions, such as
active haemorrhage, non-bleeding visible vessels or nonbleeding adherent clots, and apply endoscopic therapy to
these for improved prognosis.
The most consistently reported predictors of mortality and re-bleeding in NVUGIB have been age, number
of co-morbid conditions and haemodynamic instability[20-23]. Several prognostic scales have been developed;
however, these are not often adopted in routine clinical
practice because of their complexity. In comparison,
the AIMS65 score, which accurately predicts in-hospital
mortality and length of stay, is a very simple risk score
predicting outcomes in patients with acute upper GI
bleeding[12]. Two recent reports confirmed the applicability of AIMS65 in acute upper GI bleeding patients, including bleeding of variceal and non-variceal origin[12,13].
However, whether the AIMS65 score is applicable for
predicting outcomes in patients of non-variceal GI
bleeding remains uncertain, since 2 of the 5 risk factors

Good outcome
121 patients

Poor outcome
28 patients

Figure 1 Study enrolment. GI: gastrointestinal.
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Table 1 Characteristics of good vs poor outcome n (%)

Diagnosis
Sex
Age

Systolic BP

Albumin

INR (PT)

Mental status
AIMS65 score

Gastric ulcer
Duodenal ulcer
Male
Female
mean ± SD
< 65 yr
≥ 65 yr
mean ± SD
≤ 90
> 90
mean ± SD
< 3.0
≥ 3.0
mean ± SD
≤ 1.5
> 1.5
alert
drowsy, coma
0
1
2
3
4
< 2 (0–1)
≥ 2 (2–5)
<1
≥1

Total (n = 149)

Good outcome (n = 121)

Poor outcome (n = 28)

P value

117 (78.5)
32 (21.5)
116 (77.9)
33 (22.1)
62.9 ± 15.9
72 (48.3)
77 (51.7)
110.9 ± 22.6
36 (24.2)
113 (75.8)
3.3 ± 0.6
47 (31.5)
102 (68.5)
1.2 ± 0.8
138 (92.6)
11 (7.4)
144 (96.6)
5 (3.4)
48 (32.2)
49 (32.9)
34 (22.8)
15 (10.1)
3 (2.0)
97 (65.1)
52 (34.9)
48 (32.2)
101 (67.8)

92 (76.0)
29 (24.0)
93 (76.9)
28 (23.1)
62.1 ± 16.4
62 (51.2)
59 (48.8)
109.8 ± 22.7
31 (25.6)
90 (74.4)
3.4 ± 0.6
35 (28.9)
86 (71.1)
1.2 ± 0.8
113 (93.4)
8 (6.6)
117 (96.7)
4 (3.3)
43 (35.5)
37 (30.6)
26 (21.5)
13 (10.7)
2 (1.7)
80 (66.1)
41 (33.9)
43 (35.5)
78 (64.5)

25 (89.3)
3 (10.7)
23 (82.1)
5 (17.9)
66.3 ± 13.0
10 (35.7)
18 (64.3)
115.4 ± 22.4
5 (17.9)
23 (82.1)
3.1 ± 0.6
12 (42.9)
16 (57.1)
1.2 ± 0.2
25 (89.3)
3 (10.7)
27 (96.4)
1 (3.6)
5 (17.9)
12 (42.9)
8 (28.6)
2 (7.1)
1 (3.6)
17 (60.7)
11 (39.3)
5 (17.9)
23 (82.1)

0.124
0.544
0.216
0.139
0.243
0.387
0.072
0.153
0.537
0.4341
0.999
0.2721

0.589
0.071

Mean ± SD tested by t-test, n (%) tested using the χ 2 test and Fisher’s exact test. BP: blood pressure; INR (PT): international normalized ratio (prothrombin time).

1

Table 2 Sensitivity, specificity, positive and negative predictive values, and area under the receiver operating curve using the
AIMS65 score cut-off point
AIMS65 score cut-off point
≤0
≤1
≤2
≤3

Sensitivity

Specificity

Positive predictive value

Negative predictive value

Area under the ROC curve

35.5%
66.1%
87.6%
98.4%

82.1%
39.3%
10.7%
3.6%

89.6
82.5
80.9
81.5

22.8
21.2
16.7
33.3

0.571
(SE: 0.054
95%CI: 0.49-0.65)

ROC: Receiver operating curve; SE: Standard error; CI: Confidence interval.

in AIMS65 scores are generally accepted as poor prognostic factors of liver cirrhosis, i.e. serum albumin <
3.0 g/dL and INR > 1.5. Therefore, the AIMS65 score
might be useful for predicting outcomes in variceal GI
bleeding but not in non-variceal GI bleeding. Our present results revealed a disappointing ROC value for the
AIMS65 score, indicating that the AIMS65 score was
not particularly useful for predicting poor outcomes in
patients with peptic ulcer bleeding.
Interestingly, the mean serum albumin level in the
poor outcomes group was slightly lower than that in the
good outcomes group although this difference was not
statistically significant (P = 0.072). This may have been
caused by the inclusion of patients with co-morbidities
other than liver cirrhosis in the poor outcomes group.
On the other hand, low serum albumin levels may be a
single prognostic factor predicting outcomes in patients
with peptic ulcer bleeding. Two recent studies have
demonstrated that serum albumin level ≤ 3 g/dL or <

WJG|www.wjgnet.com

2.6 g/dL are associated with the in-hospital mortality in
patients with non-variceal GI bleeding[24,25]. In terms of
INR, systemic review has shown that the INR does not
predict re-bleeding among NVUGIB patients[26]. However, INR ≥ 1.5 has been shown to be independently associated with in-hospital mortality in upper GI bleeding
in the UK[27]. More research is needed to clarify whether
the albumin level and INR can indeed predict outcomes
in patients with non-variceal GI bleeding.
This study has certain limitations. First, this is a retrospective single-centre study. Second, we enrolled only patients who underwent endoscopy and excluded patients
who refused endoscopy or were discharged by the emergency department. In addition, patients with bleeding
due to stress ulcers in the ICU were excluded because
this was considered to be related to other co-morbidities
rather than peptic ulcer disease specifically. These exclusions may create a bias. Third, it is possible that the
small sample size especially that for the poor outcome
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group, could affect the results of this study. However,
the current study is the first to examine the applicability
of the AIMS65 score in patients with peptic ulcer bleeding taking re-bleeding into consideration, which was
not evaluated previously in their study[12]. Fourth, ethnic
differences between Western population and Asian may
have affected our results. Although the Blatchford score
and Rockall score are useful for predict prognoses in
Western populations, a recent study demonstrated that
in Asians, only the Blatchford score was appropriate for
predicting low-risk patients who do not need therapeutic
endoscopy[28].
In conclusion, the AIMS65 score may not be suitable for predicting outcomes in patients with peptic
ulcer bleeding. A low albumin level may be a risk factor
associated with high mortality in patients with peptic
ulcer bleeding. However, further studies are necessary
to validate the role of the AIMS65 score in variceal and
non-variceal GI bleeding and its usefulness in identifying
high-risk patients needing endoscopic therapy.

3

4

5

6
7

8
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BRIEF ARTICLE

Intravenous iron supplementation may be superior to
observation in acute isovolemic anemia after gastrectomy
for cancer
Hong Man Yoon, Young-Woo Kim, Byung Ho Nam, Daniel Reim, Bang Wool Eom, Ji Yeon Park, Keun Won Ryu
RESULTS: The initial Hb level was higher in the iron
group than in the observation group (7.3 ± 1.0 g/dL vs
8.4 ± 0.5 g/dL, P < 0.001). The slope of the changes
in the Hb level was significantly higher in the iron group
than in the observation group (0.648 ± 0.054 vs 0.349
± 0.038, P < 0.001). The Hb level 1 and 3 mo postoperatively increased from 10.7 ± 1.3 to 11.9 ± 1.3
g/dL in the iron group (P = 0.033) and from 10.1 ± 1.0
to 10.8 ± 1.4 g/dL in the observation group (P < 0.001).
The postoperative hospital stay was significantly longer
in the iron group than in the observation group (10.5 ±
6.8 d vs 7.6 ± 5.5 d, P = 0.011). There were no significant differences in the major and surgical complications
between the groups (6.3% vs 13.3%, P = 0.192; 9.5%
vs 3.3%, P = 0.164).
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CONCLUSION: IV-iron supplementation may be an
effective treatment for post-operative isovolemic postgastrectomy anemia and may be a better alternative
than observation.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Abstract
AIM: To determine whether the application of postoperative intravenous (IV)-iron for acute isovolemic
anemia after gastrectomy for cancer may be effective.

Key words: Intravenous iron; Observation; Gastric cancer; Acute isovolemic anemia; Gastrectomy
Core tip: Acute isovolemic anemia frequently occurs
after major surgery. Intravenous iron supplementation
was more effective in elevating the hemoglobin level
than observation, and the complications were comparable to observation in 123 acute post-gastrectomy
anemia patients.

METHODS: Among 2078 gastric cancer patients who
underwent surgery between February 2007 and August
2009 at the National Cancer Center Korea, 368 patients
developed post-operative anemia [hemoglobin-(Hb)level < 9 g/dL] within the first postoperative week.
Patients requiring transfusions were excluded. IV-iron
was administered to 63 patients (iron group). Sixty patients were observed without treatment (observation
group). The clinical outcomes of the groups were compared concerning clinicopathologic data, morbidity, and
changes in Hb levels using Fisher’s exact test, Student’s
t -test and the Z -test.
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patients underwent surgery for gastric cancer at the National Cancer Center in Korea. Three hundred sixty-eight
patients (17.7%) exhibited hemoglobin (Hb) levels < 9.0
g/dL during the postoperative period and were diagnosed
with anemia. We excluded 245 patients from this analysis
with documented substitutions of a RBC-unit pre-, intraor post-operatively; preoperative iron treatments; unstable
vital signs (hypotension or tachycardia); dyspnea; heart
disease (angina and myocardial infarction); more than
one treatment modality for postoperative anemia; and
any other surgical procedure during the follow-up period.
Thus, 123 patients who were either treated with an IVinfusion of iron (iron group) or who underwent clinical
observation without treatment (observation group) were
enrolled in this analysis.

DOI: http://dx.doi.org/10.3748/wjg.v20.i7.1852

INTRODUCTION
Perioperative anemia occurs in 25%-75% of cancer patients, and the prevalence of anemia in the immediate
post-operative period after major surgery is reported to be
as high as 90%[1]. Because acute blood loss normally leads
to intraoperative hypovolemia, volume expanders (crystalloids or colloids) are usually used to stabilize volume
status. Transfusion is often deferred until the amount of
bleeding is considered excessive according to transfusion
guidelines[2,3]. Under such conditions, acute isovolemic
anemia develops. Postoperative acute isovolemic anemia
can affect the recovery and quality of life of patients by
subtly slowing reaction time, deteriorating memory, increasing the heart rate and decreasing oxygen levels[4,5].
Acute isovolemic anemia can frequently occur after
gastrectomy for gastric cancer due to the invasiveness of
the procedure. Oncologic gastrectomy with a D2 lymphadenectomy is considered the standard treatment for gastric cancer, and there is thus a high probability of blood
loss with subsequent acute isovolemic anemia. Some surgeons balance acute isovolemic anemia with a red blood
cell (RBC) transfusion. The postoperative transfusion
rates for patients with colorectal and gastric cancers have
been reported to be 10%-38% and 21%, respectively[6,7].
Other surgeons prefer observation for postoperative
anemia because spontaneous correction occurs within
several months if oral intake is adequate. Moreover, RBC
transfusion can result in potential complications and is
associated with poor prognosis[8-11]. Indeed, many patients
do not recover from postoperative anemia.
Refractory iron deficiency anemia thus remains a
clinical problem particularly in the postoperative setting.
In recent years, intravenous (IV)-iron and red cell substitutes, such as erythropoietin stimulants and artificial oxygen carriers, have been developed and used under clinical
investigation[12]. An IV-iron sucrose infusion is considered
safe and effective in patients on dialysis[13] and before orthopedic surgery[14]. However, treatment with IV-iron for
acute isovolemic anemia after oncologic gastrectomy has
not been investigated.
The purpose of this retrospective analysis was to
determine whether the postoperative use of IV-iron for
acute severe isovolemic post-gastrectomy anemia in patients not requiring urgent transfusion may be effective.

Treatments
The target Hb level was considered 12.0 g/dL. Sixtythree patients were treated with IV-iron sucrose, and
60 patients were observed without treatment. The iron
group received 10 mL of Fe3+ (200 mg) mixed with 100
mL of normal saline every other day and had a mean IV
infusion of 13.7 ± 8.3 ampules of iron sucrose.
Complications
All postoperative adverse events requiring treatment or
hospitalization were considered relevant complications.
Surgical complications included ileus, anastomotic site
leakage, anastomotic site stenosis, fluid collection and
abscess formation. Non-surgical complications included
pleural effusion, voiding difficulty, brain infarction and
stress-induced cardiomyopathy. Postoperative clinically
unapparent events not requiring hospitalization or treatment such as minor pleural effusion, atelectasis or abdominal fluid collections without signs of infection were
omitted from the analysis as relevant complications.
Possible adverse events related to IV-iron administration, including nausea/vomiting, headache, anaphylactic
reaction, dyspnea, abdominal pain and allergic reactions,
such as urticaria and fever, were retrospectively reviewed.
Statistical analysis
The following parameters were recorded and analyzed using a Pearson χ 2 test or Fisher’s exact test: patient age and
gender, clinicopathologic data and morbidity. Student’s t
test was used to analyze the Hb levels before treatment
and throughout the hospital stay after treatment. The Z
test was performed to determine whether a significant
difference existed between the groups with respect to the
slopes of the changes in the Hb level during follow-up. A
P value < 0.05 was considered statistically significant. The
slopes of the two groups were estimated using a linear
regression test.

MATERIALS AND METHODS
Patients
This retrospective case-control study was approved by
the Institutional Review Board of the National Cancer
Center Korea (NCC NCS-10-388). The study protocol
conformed to the ethical guidelines of the Declaration
of Helsinki.
Between February 2007 and August 2009, 2.078
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RESULTS
Demographics
The mean patient ages were 63.2 ± 12.3 and 64.4 ± 10.2
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Table 1 Demographic and clinicopathologic data n (%)

Table 2 Hematologic laboratory data and morbidity before
treatment n (%)

Observation group P value
(n = 60)

Variables

Iron group
(n = 63)

Age (yr), mean ± SD
Gender (male/female)
Operation type
Subtotal gastrectomy
Total gastrectomy
Stage of cancer (AJCC 6th)
Ⅰ and Ⅱ
Ⅲ and Ⅳ
Combined resection
None
Done
Adjuvant chemotherapy
No
Yes

63.2 ± 12.3
37:26

64.4 ± 10.2
30:30

38
25

36
24

28 (44.4)
35 (55.6)

38 (63.3)
22 (36.7)

48 (76.2)
15 (23.8)

48 (75)
12 (25)

39 (61.9)
24 (38.1)

52 (86.7)
8 (13.3)

0.5601
0.3312
0.8782

Iron group

Observation group

(n = 63)

(n = 60)

Hematologic laboratory data
Hemoglobin (g/dL) ,
7.3 ± 1.0
mean ± SD
Hematocrit, mean ± SD
23.8 ± 3.3
Mean MCV (fL),
85.1 ± 8.9
mean ± SD
Mean MCHC (g/dL),
31.0 ± 1.3
mean ± SD
Morbidity
Surgical
4 (6.3)
Non-surgical
8 (12.7)
Major
6 (9.5)
Minor
16 (25.4)
Adverse events
0 (0.0)

0.0362

0.6102

0.0022

Student’s t test; 2Pearson χ 2 test. AJCC: American Joint Committee on
Cancer.

P value1

8.4 ± 0.5

< 0.001

26.4 ± 1.9
87.4 ± 7.8

< 0.001
0.130

31.9 ± 1.4

< 0.001

8 (13.3)
3 (5.0)
2 (3.3)
10 (16.7)
NA

0.192
0.135
0.164
0.236

1

1

Student’s t test, Pearson χ 2 test. MCV: Mean corpuscular volume; MCHC:
Mean corpuscular hemoglobin concentration; NA: Not applicable.

years in the iron and observation groups, respectively (P
= 0.560). The gender ratio was not significantly different
between the groups (P = 0.331). There were no statistically significant differences between the groups with
respect to the type of surgical procedure and combined
resection (P = 0.184 and P = 0.610, respectively). The
cancer stage was more advanced in the iron group than
in the observation group (P = 0.036). The number of
patients undergoing adjuvant chemotherapy in the iron
group was significantly higher than that in the observation group (P = 0.002). Demographic data are presented
in Table 1.

Increase in the Hb levels after treatment
The slopes (β ± SE) for the changes in the Hb levels in
the iron and observation groups were 0.628 ± 0.054 and
0.349 ± 0.038 according to a linear regression test (P <
0.001 and P < 0.001, respectively). The slope in the iron
group was significantly steeper than that in the observation group, as determined by Z-test (Z-score 2.777, P =
0.006), indicating that the Hb level in the iron group increased more rapidLy than in the observation group. No
patient suffered from chronic anemia (Hb level < 9 g/dL
one year after treatment) in the iron group compared
with six patients (10.5%) in the observation group (P =
0.012) (Figure 2).

Hematologic laboratory data before treatment
The Hb and hematocrit level before treatment was lower
in the iron group than in the observation group (7.3 ±
1.0 g/dL vs 8.4 ± 0.5 g/dL, P < 0.001; 23.8 ± 3.3 g/dL
vs 26.4 ± 1.9 g/dL, P < 0.001). The mean corpuscular
volume in the iron group before treatment did not differ
from that of the observation group (P = 0.13), and the
mean corpuscular hemoglobin concentration in the iron
group was lower than that in the observation group (P
< 0.001). Hyperchromic anemia was ruled out for all patients in the present analysis (Table 2).

Post-operative courses and complications
The postoperative hospital stay was significantly longer in
the iron group than in the observation group (10.5 ± 6.8
and 7.6 ± 5.5 d, respectively, P = 0.011).
Table 2 demonstrates no significant differences between the two groups with respect to surgical complications (6.3% in the iron group and 13.3% in the observation group; P = 0.192) and non-surgical complications
(12.7% in the iron group and 5.0% in the observation
group; P = 0.135). There were no significant differences
between the groups with respect to major and minor
complications (P = 0.164 and P = 0.236, respectively).
There were no 30-d mortalities in either of the groups.
There were no patients with adverse events related to IViron.

Changes in the Hb level
The Hb level was higher in the iron group one month
post-operatively than in the observation group (10.7 ±
1.3 and 10.1 ± 1.0 g/dL, respectively, P = 0.033). Three
months post-operatively, the Hb level was higher in the
iron group than in the observation group (11.9 ± 1.3 and
10.8 ± 1.4 g/dL, respectively, P < 0.001). Six months
post-operatively, the Hb level was again higher in the iron
group than in the observation group (11.5 ± 1.3 g/dL vs
10.7 ± 1.3 g/dL, P = 0.003). At 12 mo post-operatively,
the Hb level was higher in the iron group than in the observation group (12.0 ± 1.4 and 11.1 ± 1.5 g/dL, respectively, P = 0.003) (Figure 1).
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DISCUSSION
Recently, several clinical studies on IV-iron treatment in
surgery have been reported[14-16]. Theusinger et al[14] reported on the beneficial effects of preoperative IV-iron
administration in orthopedic patients, and Van Wyck et
al[15] reported the advantages of IV-iron for postpartum
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Figure 1 Changes in hemoglobin levels 1, 3, and 6 mo after treatment in
the iron and observation groups. aP < 0.05 between iron and observation
groups.

Figure 2 Estimation of slopes for changes in hemoglobin levels in the
iron and observation groups by univariate linear regression test.

the observation group differed significantly before any
treatment, which might imply a selection bias. Further,
there were more advanced cancers in the iron group. It is
possible that advanced gastric cancer influences iron metabolism and that preoperative Hb levels might thus have
been lower. It is also conceivable that due to the larger
number of advanced cancers, surgical invasiveness and
thus blood loss was higher in the iron group. Another
finding was that the number of patients undergoing adjuvant chemotherapy was significantly higher in the iron
group. Interestingly, though chemotherapy may influence
erythropoiesis, the Hb levels in the iron group recovered
more quickly than they did in the observation group,
which might suggest the beneficial effect of IV-iron administration.
The present analysis also reveals that IV-iron use was
commonly effective irrespective of the preoperative iron
deficiency. Although some studies for different surgical
procedures reported that iron supplementation after surgery is unnecessary for recovery if the iron level before
surgery is adequate, those prior studies were not focused
on the specific clinical setting of acute isovolemic anemia[17,18]. The pre- and immediate postoperative iron level
should be checked to determine whether IV-iron supplementation for acute isovolemic anemia is equally effective
for preoperative iron deficiency and normal iron storage
in a future prospective study.
Although the Hb level after transfusion therapy
might increase more rapidly than the level following iron
treatment, transfusion alone does not replenish the iron
stores, which could eventually be depleted for several
months[19]. Iron supplementation is necessary to restore
the Hb level effectively. Furthermore, for post-gastrectomy patients, the diet is severely restricted during the early
postoperative months, and iron absorption is reduced.

anemia. In contrast, a consensus statement by Beris et
al[16] reported only moderate- to low-quality evidence for
IV-iron application in surgical patients until further data
from prospective randomized controlled trials become
available. However, there are few studies on acute postoperative anemia in patients with gastric cancer. This retrospective analysis was designed to evaluate the efficacy
of IV-iron for the treatment of post-operative anemia in
patients with gastric cancer. The current analysis demonstrated that the Hb level in the iron group increased more
rapidly than in the observation group and that there
were no significant differences between the groups with
respect to complications or any adverse events related
to iron application. The results of the present analysis
are consistent with those of earlier studies that reported
that IV-iron sucrose treatment for patients with dialysisassociated anemia, pre-arthroplasty and pre-hysterectomy
resulted in increased Hb levels[13-15].
When intra-operative bleeding occurs, anesthesiologists do not use packed RBCs as long as the patient’s vital
signs are stable and the amount of bleeding is not considered excessive. As a consequence, postoperative acute
isovolemic anemia has been largely neglected by surgeons.
We found that one, three and six months postoperatively,
the Hb level in the observation group increased spontaneously. However, the Hb level in the observation group
was lower than that in the iron group at every timepoint
and increased more slowly than did the levels in the iron
group. These findings suggest that the active treatment
of acute isovolemic anemia by the administration of
IV-iron might improve postoperative recovery because
impaired cognitive function and circulatory homeostasis
might be restored earlier[4,5].
The postoperative Hb levels in the iron group and
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Furthermore, the clinical observation of acute post-operative isovolemic anemia without iron supplementation
may be tolerable for some patients to return to a normal
Hb level but may result in chronic anemia in other patients. The present analysis revealed that 10.5% of the
patients in the observation group developed chronic
anemia (Hb < 9 g/dL) by 12 mo post-operatively. On the
contrary, no patient in the iron group developed chronic
anemia.
Many physicians may be reluctant to use iron dextran
as a transfusion alternative because iron dextran is known
to cause life-threatening anaphylactic reactions in up to
0.6% of treated patients because of the high molecular
weight[20]. Furthermore, IV-iron is believed to produce
oxidative stress, inflammation, endothelial dysfunction,
and renal injuries[21]. However, a recent study reported
that the rates of adverse drug effects, life-threatening
events, and allergic reactions for iron sucrose are extremely rare: 19.8 per million, 0.6 per million and 2.0 per
million, respectively[22]. In the current analysis with iron
sucrose, there were no adverse events, such as severe
anaphylactic reactions or mortality. The rate of adverse
events of low molecular weight IV-iron was recently reported to be lower than that of high molecular weight
IV-iron[23].
The Hb levels became steady three months postoperatively irrespective of iron supplementation. As Liedman et al[24] demonstrated, energy intake decreases in
the early postoperative period after gastrectomy due to
the difficulty of food intake and remained constant or
increased only after the first three months after surgery,
a dietary factor that could possibly explain these findings. Most importantly the Hb level in the iron group
was higher than in the observation group at 3, 6, 9 and
12 mo postoperatively and may support the idea that iron
supplementation in the early postoperative period might
be helpful in maintaining normal Hb levels.
The current retrospective analysis has several limitations. The data were retrospectively collected from a
prospectively documented database. Furthermore, the
clinical outcomes of earlier Hb level recovery were not
evaluated, and the quality of life of the patients was not
measured and compared. It is thus debatable whether
earlier Hb recovery actually translates into measurable patient benefits. Further, no data were collected concerning
the patients’ ferritin, iron, and TIBC levels. Finally, IViron was used based on clinical experience. The authors
are well aware of the limitations of this retrospective
analysis, but the main intention was to demonstrate that
IV-iron administration for acute isovolemic anemia may
be more beneficial than clinical observation alone. Therefore, our institution is initiating a randomized controlled
trial to clarify these uncertainties.
In conclusion, the current analysis demonstrates that
IV-iron supplementation might be an effective treatment
for postoperative isovolemic post-gastrectomy anemia
and appears to be a better alternative than clinical observation. An additional prospective trial is needed to deter-
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mine the proper indications of IV-iron in postoperative
isovolemic anemia for gastric cancer patients.
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META-ANALYSIS

Statins and the risk of colorectal cancer: An updated
systematic review and meta-analysis of 40 studies
Theodore Lytras, Georgios Nikolopoulos, Stefanos Bonovas
timates with their 95%CI were calculated using fixedand random-effects models. Then, we assessed the
potential presence of publication bias and betweenstudies heterogeneity. To evaluate the results, we also
performed a “leave-one-out” sensitivity analysis.
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RESULTS: A total of 40 studies, involving more than
eight million subjects, contributed to the analysis. They
were grouped on the basis of study design and, consequently, three separate meta-analyses were conducted.
A similar modest reduction in the risk of colorectal cancer with statin use was observed, which was not statistically significant among RCTs (RR = 0.89, 95%CI:
0.74-1.07; n = 8), but reached statistical significance
among cohort studies (RR = 0.91, 95%CI: 0.83-1.00;
n = 13) and case-control studies (RR = 0.92, 95%CI:
0.87-0.98; n = 19). While we did not find significant
evidence of selective outcome reporting or publication
bias, substantial heterogeneity was detected, mainly
among the observational studies. The sensitivity analysis confirmed the stability of our results.
CONCLUSION: A modest reduction in risk of colorectal cancer among statin users cannot be disproved.
Further targeted research is warranted.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Abstract

Key words: 3-hydroxy-3-methylglutaryl-coenzyme A reductase inhibitors; Statins; Colorectal cancer; Systematic review; Meta-analysis; Cancer chemoprevention

AIM: To investigate the association between statin use
and colorectal cancer risk, we conducted an updated
meta-analysis of published studies.

Core tip: To investigate the association between statin
use and colorectal cancer risk, we conducted a systematic review and meta-analysis of published studies.
A total of 40 studies, involving more than eight million
subjects, contributed to our analysis. A modest reduction in the risk of colorectal cancer with statin use
was observed, which was not statistically significant
among RCTs (RR = 0.89, 95%CI: 0.74-1.07; n = 8),
but reached statistical significance among cohort stud-

METHODS: We performed a comprehensive search
for studies published up to July 2013. Eligible studies
for this meta-analysis were either randomized controlled trials (RCTs) or observational studies (casecontrol or cohort) evaluating any exposure to statins
and the risk of colorectal cancer. Two reviewers selected studies based on predefined inclusion criteria,
and abstracted the data. Pooled relative risk (RR) es-
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ies (RR = 0.91, 95%CI: 0.83-1.00; n = 13) and casecontrol studies (RR = 0.92, 95%CI: 0.87-0.98; n =
19). Further targeted research is warranted.

then, many additional studies have been published, and
therefore we sought to update our previous systematic
review and meta-analysis to reflect the current totality of
evidence on statins and colorectal cancer risk.

Lytras T, Nikolopoulos G, Bonovas S. Statins and the risk of
colorectal cancer: An updated systematic review and meta-analysis of 40 studies. World J Gastroenterol 2014; 20(7): 1858-1870
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i7/1858.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i7.1858

MATERIALS AND METHODS
Search strategy
We identified studies by a systematic literature search
of MEDLINE electronic database (1966 through July
2013). We ran two queries, one aimed at RCTs and one
aimed at observational studies (case-control or cohort).
Query Ⅰ was: [“Randomized Controlled Trial” (ptyp)]
AND (“HMG-CoA reductase inhibitor” OR “HMGCoA reductase inhibitors” OR “HMG-CoA reductase
inhibitor” OR “HMG-CoA reductase inhibitors” OR
statin OR statins OR atorvastatin OR cerivastatin OR
fluvastatin OR lovastatin OR mevastatin OR pravastatin
OR rivastatin OR rosuvastatin OR simvastatin). Query
Ⅱ was: (“HMG-CoA reductase inhibitor” OR “HMGCoA reductase inhibitors” OR statin OR statins OR
atorvastatin OR cerivastatin OR fluvastatin OR lovastatin OR mevastatin OR pravastatin OR rivastatin OR
rosuvastatin OR simvastatin OR pitavastatin) AND
(cancer OR cancers OR neoplasm OR neoplasms OR
malignancy OR malignancies).
In addition, we browsed the reference lists of relevant
narrative and systematic reviews, and asked a knowledgeable expert to identify any additional studies. We browsed
the title and abstract of all identified studies to exclude
any that were clearly irrelevant. The full text of the remaining articles was read to determine whether it contained information on the topic of interest.

INTRODUCTION
Statins are some of the most widely prescribed drugs
worldwide[1], as a result of their proven efficacy in the
primary and secondary prevention of cardiovascular
morbidity and mortality, in a variety of populations[2-7].
Their main mechanism of action is the reduction of serum cholesterol, by means of competitive inhibition of
hepatic 3-hydroxy-3-methylglutaryl-coenzyme A (HMGCoA) reductase, which is the rate-limiting enzyme in the
mevalonate synthesis pathway[8]; this reduces endogenous cholesterol biosynthesis, leading to decreased levels
of low-density lipoprotein (LDL), a major risk factor for
atherosclerosis[9]. In addition, statins exert a variety of
so-called “pleiotropic” effects on human physiology[10];
these are thought to contribute to their principal cardiovascular benefit[11,12], although this has not as yet been
reflected in clinical trial data[13].
Because of their pleiotropic effects, it has been suggested that statins might have an effect on cancer risk
and play a role in cancer chemoprevention[10,14-16]. Data
from in vitro and animal model studies have been encouraging[17], but the epidemiological evidence remains
inconclusive[18]. In addition, several meta-analyses of randomized controlled trials (RCTs) of statins for cardiovascular outcomes failed to find an association between
statin use and overall cancer risk[19-22]. Cancer is not a
homogenous disease entity however, and the effects of
statins might significantly differ according to anatomical
site and molecular type. Thus, overall cancer risk is not a
very sensitive outcome, and may mask important effects
of statins at particular sites.
The relation between statins and colorectal cancer
has been the focus of a growing body of both basic and
epidemiological research[23,24]. A fair amount of epidemiological studies have examined the effect of statins
on colorectal cancer risk, with often inconsistent results
ranging from very protective[25] (47% risk reduction) to
moderately harmful[26] (7% risk increase). In 2007, we
undertook a meta-analysis of published studies reporting
on statin use and colorectal cancer risk[27]; at that time we
identified 18 studies (6 RCTs and 12 observational) and
concluded that the evidence did not support a strong
reduction in colorectal cancer risk by the use of statins
in usual dosage, although a modest protective effect or
an effect at higher doses could not be excluded. Since
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Selection criteria
Eligible studies for this meta-analysis were either RCTs
or observational studies (case-control or cohort) evaluating any exposure to statins and the risk of colorectal
cancer. In order to be included in the meta-analysis,
studies had to report an estimated measure of effect size
(risk ratio, rate ratio, hazard ratio or odds ratio) and its
associated CI, or had to provide enough data to calculate
such an effect measure and CI. In cases of multiple publications from the same population, only data from the
most recent report were included.
In particular, RCTs were considered eligible if they
(1) evaluated a statin therapy compared with placebo or
no treatment; (2) had no other intervention difference
between the experimental and the control group; (3)
enrolled at least 2000 participants; (4) had a minimum
duration of 2 years; and (5) reported the incidence of
colorectal cancer in both arms during the trial period.
The fourth criterion was used because the effects of the
intervention may require long-term exposure. In addition, as colorectal cancer is a rare disease, RCTs of short
duration are unlikely to register any significant number
of cases.
We did not assess the methodological quality of the
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primary studies, since quality scoring in meta-analyses of
observational studies is controversial, as it is for RCTs[28,29].
Instead, we performed subgroup and sensitivity analyses,
as is recommended.

log RR and its standard error (SE) for each study; the
inverse variance weighting method was used to calculate
pooled estimates, and the DerSimonian-Laird method[36]
to estimate between-studies variance in the randomeffects model. The standard error of the log RR was
calculated from the upper (U) and lower (L) limits of the
95%CI published in each study, using the formula SE =
(logU-logL)/(2 × 1.96).
Selective outcome reporting or publication bias was
assessed using the Begg and Mazumdar adjusted rank
correlation test[37] and the Egger regression asymmetry
test[38]. To evaluate whether the results of the studies
were homogeneous, we used the Cochran’s Q test with
a 0.10 level of significance. We also calculated the I2
statistic[39] that describes the percentage variation across
studies that is due to heterogeneity rather than chance.
Negative values of I2 were put equal to zero, so that I2 lies
between 0% (i.e., no observed heterogeneity) and 100%.
We regarded an I2 value less than 40% as indicative of “not
important heterogeneity” and a value higher than 75% as
indicative of “considerable heterogeneity”[40].
All P-values are two-tailed. For all tests (except for
heterogeneity), a probability level less than 0.05 was considered statistically significant. This work was performed
according to the guidelines proposed by the Meta-analysis of Observational Studies in Epidemiology (MOOSE)
group[41], and the PRISMA (Preferred Reporting Items
for Systematic reviews and Meta-Analyses) statement[42].

Data extraction
Two reviewers (Lytras T, Bonovas S) abstracted the data
independently. The following information was collected
from each study: (1) citation data, first author’s last
name, year of publication, and country of the population studied; (2) study design; (3) number of subjects;
(4) relative risk (RR) and 95%CI; (5) for RCTs, the number of events (colorectal cancer cases) in the statin and
control groups; (6) definition of statin exposure; and (7)
control for confounding factors by matching or adjustments, if applicable.
Risk ratios and 95%CI were calculated for each RCT
by reconstructing contingency tables based on the number of subjects randomly assigned and the number of
subjects with incident colorectal cancer (analysis in accordance with the intention-to-treat principle). In observational studies, we extracted the RR estimates that reflected the greatest degree of control for potential confounders. Differences in data extraction were resolved
by consensus, referring back to the original article.
Statistical analysis
We included in this meta-analysis studies reporting different measures of relative risk: RCTs (risk ratio), cohort
studies (rate ratio, hazard ratio), and case-control studies
(odds ratio). In practice, these measures of effect yield
very similar RR estimates, since the absolute risk of
colorectal cancer is very low[30].
Studies were grouped on the basis of study design,
and three separate meta-analyses were conducted: one
each for RCTs, cohort studies and case-control studies,
using both fixed-effects and random-effects models. This
was done to examine consistency of results across varying study designs with different potential biases. We also
compared the summary RR estimates derived from the
three separate meta-analyses with a test of interaction[31].
Each meta-analysis was performed twice, assuming either a fixed-effects or a random-effects model. In
the absence of heterogeneity, the fixed-effects and the
random-effects models provide similar results. When
heterogeneity is found, the random-effects model is
considered to be more appropriate, though both models
may be biased[32].
For all statistical analyses we used the R software
environment[33], version 3.0.1, and the “meta” package
for R[34], version 2.3-0. For RCTs we used the function
“metabin” to perform meta-analysis of binary outcome
data, using as input the number of colorectal cases per
group in each study; the Mantel-Haenszel method[35] was
used to calculate pooled estimates, and the DerSimonianLaird method[36] to estimate between-study variance in
the random-effects model. For cohort and case-control
studies we used the function “metagen”, inputting the
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RESULTS
Search results
The results of our search process are presented on Figure 1. We identified and analyzed 40 independent studies that met the predefined inclusion criteria[4,5,24,25,39-74].
Eight out of 40 were RCTs of statins for cardiovascular
outcomes[4,5,43-48], 13 were cohort studies[49-61], and 19 were
case-control studies[25,26,62-78]. Sixteen studies had been
included in the previous meta-analysis[4,5,25,45-48,60,61,72-78]
while 24 were newly published[26,43,44,49-59,62-71], of which
2 RCTs[43,44], 11 cohort studies[49-59] and 11 case-control
studies[26,62-71].
In total, the 40 studies involved more than 8.2 million
subjects. The number of colorectal cancer cases ranged
from 32 to 245 in the RCTs, from 76 to 6637 in the cohort studies, and from 56 to 36736 in the case-control
studies. Three out of the 40 studies had been published
solely in abstract form[73-75], and one was an academic dissertation[62]. One study from Japan[54] was a pooled analysis of two randomized trials and one cohort study, providing a single summary RR for statin use and colorectal
cancer; we treated this as a single cohort study.
Seven out of eight RCTs were placebo-controlled[4,5,43-45,47,48],
while one RCT was a non-blinded trial comparing statin
treatment with a usual care control group[46]. All RCTs reported site-specific cancer outcomes, including colorectal
cancer, as secondary endpoints. We were thus able to conduct a post hoc analysis of these trials and calculate risk
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Records identified through
Medline database search
using algorithm Ⅱ (n =
2559)

Records identified through
Medline database search
using algorithm Ⅰ (n = 3925)

Records identified through
bibliographies of relevant
narrative and systematic reviews
(n = 17)

Total number of records identified
and screened after duplicates
removed (n = 6405)

Screening

Identification

Lytras T et al . Statins and colorectal cancer

Articles excluded based on
title/abstract (n = 6156)

Eligibility

Articles retrieved for detailed
evaluation (n = 249)

Included

One additional study identified by
knowledgeable expert

Eligible studies included (n = 40):
Clinical trials (n = 8)
Cohort studies (n = 13)
Case-control studies (n = 19)

Figure 1 Summary of evidence search and selection.

Table 1 Randomized controlled trials included in the meta-analysis
Study

Agent

JUPITER[43]
WOSCOPS[44]
4S[47]
ALLHAT-LLT[46]
HPS[45]
LIPID[48]
AFCAPS[5]
CARE[4]

Rosuvastatin
Pravastatin
Simvastatin
Pravastatin
Simvastatin
Pravastatin
Lovastatin
Pravastatin

All subjects
16304
6577
4444
10355
20536
9014
6605
4159

Duration (yr)
Median: 2.0
Mean: 4.9
Median: 10.4
Mean: 4.8
Mean: 5.0
Mean: 8.0
Mean: 5.2
Mean: 4.8

Incident colorectal cancer cases
Statin group

Control group

16 of 8154
12 of 3291
25 of 2221
461 of 5170
114 of 10269
75 of 4512
251 of 3304
12 of 2081

28 of 8150
20 of 3286
32 of 2223
381 of 5185
131 of 10267
71 of 4502
201 of 3301
21 of 2078

RR

95%CI

0.57
0.60
0.78
1.21
0.87
1.05
1.25
0.57

0.31-1.05
0.29-1.23
0.46-1.32
0.79-1.86
0.68-1.12
0.76-1.45
0.70-2.24
0.28-1.16

1

Figures for colon cancer rather than colorectal cancer.

ratios for colorectal cancer in an intention-to-treat analysis. All observational studies[24,25,47-76] evaluated exposure to
statins and risk of colorectal cancer, and were controlled
for various potential confounding factors by matching or
adjustments. The publication dates of the studies included
in the meta-analysis ranged between 1996 and 2013. Study
designs, along with the RR estimates and 95%CI are
shown in Table 1 for the RCTs, in Table 2 for the cohort
studies, and in Table 3 for the case-control studies.

years and a total experience of 390000 person-years. Five
trials[4,43-45,47] reported a lower risk of colorectal cancer
in the treatment group, while the other three trials[5,46,48]
reported a higher risk (Table 1). None was statistically
significant. The overall rate of colorectal cancer on all 8
RCTs was 0.83% in the statin group (325 incident cases)
and 0.93% in the control group (361 incident cases). We
found a modest but not statistically significant protective association ( about 10% risk reduction) of statin use
against colorectal cancer, both under the assumption of
a fixed-effects model (RR = 0.90, 95%CI: 0.78-1.04), or
a random-effects model (RR = 0.89, 95%CI: 0.74-1.07)
(Table 4). Figure 2 shows the forest plot of the RR estimates and 95%CI from the individual trials and the
pooled results. The Cochran’s Q test had a p-value of

Meta-analysis of RCTs
Eight large RCTs contributed to the analysis[4,5,43-48]. A total of 77994 individuals participated in these trials; 39002
in treatment groups and 38992 in control groups. The
participants had a mean follow-up of approximately 5.0
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Table 2 Cohort studies included in the meta-analysis
Study
[50]

Clancy et al , 2013
Leung et al[49], 2013
Simon et al[51], 2012
Jacobs et al[53], 2011
Lee et al[52], 2011
Haukka et al[55], 2010
Matsushita et al[54], 2010
Flick et al[57], 2009
Singh et al[56], 2009
Friedman et al[58], 2008
Farwell et al[59], 2008
Setoguchi et al[60], 2007
Friis et al[61], 2005

2

Study location

All subjects

CRC cases

RR

95%CI

Control for potential confounding factors

Italy
Taiwan
United States
United States
United States
Finland
Japan
United States
Canada
United States
United States
United States
Denmark

266109
34205
159219
133255
131922
944962
13724
69115
413271
4243067
62842
31723
334754

2420
654
2000
1739
1680
5016
76
171
6637
5684
687
249
3006

0.84
0.57
0.99
1.03
0.97
1.04
1.22
0.89
1.13
0.88
0.65
0.96
0.85

0.76-0.93
0.45-0.721
0.83-1.20
0.94-1.141
0.84-1.12
0.98-1.101
0.77-1.94
0.61-1.30
1.02-1.25
0.82-0.961
0.55-0.78
0.70-1.31
0.65-1.11

1-9
1, 4, 10-27
1, 6, 10, 12, 13, 28-34
1, 4, 6, 10-13, 15, 18, 19, 28, 35-38
1-4, 6, 7, 16, 39-42
1, 6, 11, 13, 19, 29, 43-53
1-9, 39, 43, 54-64
1, 2, 4, 16, 66

Calculated crude relative risk (RR); 21: Age; 2: Sex; 3: Inflammatory bowel disease; 4: Use of nonsteroidal anti-inflammatory drugs; 5: Obesity; 6: Colonoscopy; 7: Comorbidity score; 8: Distinct generic medicines taken; 9: Prior hospitalizations; 10: Body mass index; 11: Smoking status; 12: Family History of
colorectal cancer; 13: Alcohol use; 14: Education; 15: Physical activity level; 16: Hormone replacement therapy; 17: Ethnic group; 18: Colorectal polyps; 19:
Cardiovascular disease; 20: Calcium intake; 21: Percent energy from fat; 22: Fruit and vegetable intake; 23: Calcium supplement use; 24: Selenium supplement use; 25: Current healthcare provider; 26: Last medical visit within one year; 27: Colon screening; 28: Red meat consumption; 29: Use of aspirin; 30:
Calendar year; 31: Study; 32: Pack-years of smoking before age 30; 33: Height; 34: Total energy intake; 35: Hypercholesterolemia; 36: Multivitamin use; 37:
Energy-adjusted fibre intake; 38: Folate intake; 39: Benign mammary dysplasia; 40: Coronary heart disease; 41: Resective colorectal surgery; 42: Socioeconomic status; 43: Diabetes; 44: Weight; 45: Thyroid disease; 46: Hypertension; 47: Renal failure; 48: Chest pain; 49: Mental illness; 50: Lung disease; 51: Gastrointestinal Disease; 52: Prostate disease; 53: Total cholesterol; 54: Race; 55: Arthritis; 56: Use of gastroprotective drugs; 57: Estrogen use; 58: Tobacco abuse;
59: Mammography; 60: Gynecologic examination; 61: Pap smear; 62: Fecal occult blood; 63: Number of physician visits; 64: Prior nursing home stay; 65: History of heart attack; 66: Use of cardiovascular drugs. CRC: Colorectal cancer.
1

Table 3 Case-control studies included in the meta-analysis
Study
Deshpande[62], 2013
Broughton et al[64], 2012
Lakha et al[63], 2012
Cheng et al[65], 2011
Vinogradova et al[26], 2011
Robertson et al[66], 2010
Hachem et al[68], 2009
Shadman et al[67], 2009
Boudreau et al[70], 2008
Yang et al[69], 2008
Hoffmeister et al[71], 2007
Coogan et al[72], 2007
Li et al[73], 2006
Poynter et al[25], 2005
Rubin et al[74], 2005
Kaye et al[76], 2004
Graaf et al[77], 2004
Khurana et al[75], 2004
Blais et al[78], 2000

2

Study location

All subjects

CRC cases

OR

95%CI

Control for potential confounding factors

United States
United Kingdom
United Kingdom
Taiwan
United Kingdom
Denmark
United States
United States
United States
United Kingdom
Germany
United States
United States
Israel
United States
United Kingdom
Netherlands
United States
Canada

73472
233
603
5780
60373
109769
30400
2044
1330
48724
1154
3618
741
3968
387240
18088
20105
534273
5962

36736
101
309
1156
11749
9979
6080
669
665
4432
540
1809
3391
1953
18440
3291
2921
53391
561

0.96
0.43
0.33
1.09
1.07
0.87
0.91
1.17
1.02
1.10
0.69
0.92
0.8
0.53
0.92
1.0
0.87
0.94
0.83

0.89-1.05
0.25-0.80
0.15-0.69
0.91-1.30
1.00-1.15
0.80-0.96
0.86-0.96
0.74-1.85
0.65-1.59
0.50-2.20
0.45-1.06
0.78-1.09
0.34-1.87
0.38-0.74
0.89-0.96
0.6-1.7
0.48-1.57
0.89-1.00
0.37-1.89

1-4
1, 2, 5-8
1-3, 9-15
1-3, 5, 8, 9, 16-21
1-3, 7, 9, 11, 12, 22-27
1, 2, 5-7, 9, 10, 19
1-4, 9, 16, 19, 20, 28, 29
1, 4, 11, 12, 30-33
1, 2, 5, 9, 11, 12, 32
1, 2, 4, 6, 7, 9, 11, 12, 32, 34
1, 2, 4-7, 9, 11, 12, 30-32, 35-37
1, 2, 4, 9, 10
1, 2, 5, 6, 9, 11, 12, 30, 38
1, 2, 9, 30, 36, 39-41
1, 2, 4, 9, 17, 42-45
1, 2, 11, 12, 42
1, 2, 5, 9, 17, 18, 32, 34, 46-49
1, 2, 6, 9, 12, 38, 50
1, 2, 14, 18, 34, 46

1

Figures for colon cancer rather than colorectal cancer; 21: Age; 2: Sex; 3: Inflammatory bowel disease; 4: Colonoscopy; 5: Diabetes; 6: Alcohol use; 7: Use of
aspirin; 8: Use of metformin; 9: Use of NSAIDs; 10: Precinct of residence; 11: Body mass index; 12: Smoking status; 13: Physical activity level; 14: History of
neoplasia; 15: Family history of cancer; 16: Fecal occult blood; 17: Prior hospitalizations; 18: Other lipid-lowering therapy; 19: Cholecystectomy; 20: Liver
disease; 21: Colorectal polyps; 22: History of heart attack; 23: Hypertension; 24: Coronary heart disease; 25: Socioeconomic status; 26: Rheumatoid arthritis;
27: Use of COX-2 inhibitors; 28: Diabetic nephropathy; 29: Use of sulfonylurea; 30: Family history of colorectal cancer; 31: Education; 32: Hormone replacement therapy; 33: Calendar year; 34: Duration of follow-up; 35: Red meat consumption; 36: Hypercholesterolemia; 37: History of rheumatic disease; 38:
Race; 39: Ethnic group; 40: Sports participation; 41: Level of vegetable consumption; 42: Number of physician visits; 43: Use of glucocorticosteroids; 44: Use
of immunomodulators; 45: Use of 5-aminosalicylic acids; 46: Comorbidity score; 47: Use of diuretics; 48: Use of ACE inhibitors; 49: Use of CCBs; 50: Obesity.
CRC: Colorectal cancer.

0.23 and the corresponding I2 statistic was 25%, both
indicating little variability between studies that cannot be
explained by chance. The p-values for the Begg’s and the
Egger’s tests were P = 0.22 and P = 0.31, respectively,
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both suggesting a low probability of selective outcome
reporting or publication bias. Figure 3 shows the contribution of the randomized studies (represented by the
blue points) in the overall funnel plot, while Figure 4
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Table 4 Meta-analysis results
No. of studies Fixed-effects model Random-effects model
Randomized Controlled Trials
Placebo-controlled RCTs
RCTs of lipophilic statins
RCTs of lipophobic statins
Cohort Studies
Case-control studies
Published in full text form
Observational studies
All studies

8
7
3
5
13
19
16
32
40

Tests of homogeneity

Q value (df ) P value

RR

95%CI

RR

95%CI

0.90
0.86
0.90
0.90
0.96
0.93
0.94
0.94
0.94

0.78-1.04
0.74-1.01
0.73-1.10
0.73-1.12
0.93-0.99
0.91-0.96
0.91-0.98
0.92-0.96
0.92-0.96

0.89
0.85
0.90
0.83
0.91
0.92
0.90
0.92
0.91

0.74-1.07
0.71-1.03
0.73-1.10
0.60-1.15
0.83-1.00
0.87-0.98
0.83-0.99
0.87-0.96
0.87-0.96

9.31 (7)
7.21 (6)
1.55 (2)
7.75 (4)
70.85 (12)
50.31 (18)
49.12 (15)
122.68 (31)
132.3 (39)

0.23
0.30
0.46
0.10
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

I2
25%
17%
0%
48%
83%
64%
69%
75%
71%

Tests of publication bias
Begg’s P value Egger’s P value
0.22
0.18
0.60
0.62
0.54
0.46
0.47
0.36
0.33

0.31
0.24
0.70
0.05
0.22
0.27
0.19
0.16
0.11

RCT: Randomized controlled trials.

Randomized controlled trials
JUPITER
WOSCOPS
4S
ALLHAT-LLT
HPS
LIPID
AFCAPS
CARE
Pooled effect estimate (n = 8)

RR
0.57
0.60
0.78
1.21
0.87
1.05
1.25
0.57
0.89

95%CI
0.31-1.05
0.29-1.22
0.46-1.32
0.79-1.86
0.68-1.12
0.76-1.45
0.70-2.24
0.28-1.16
0.74-1.07

Weights
7.8%
6.0%
10.3%
13.9%
27.0%
20.4%
8.5%
6.1%
100%

Cohort studies
Clancy et al , 2013
Leung et al , 2013
Simon et al , 2012
Jacobs et al , 2011
Lee et al , 2011
Haukka et al , 2010
Matsushita et al , 2010
Flick et al , 2009
Singh et al , 2009
Friedman et al , 2008
Farwell et al , 2008
Setoguchi et al , 2007
Friis et al , 2005
Pooled effect estimate (n = 13)

RR
0.84
0.57
0.99
1.03
0.97
1.04
1.22
0.89
1.13
0.88
0.65
0.96
0.85
0.91

95%CI
0.76-0.93
0.45-0.72
0.82-1.19
0.94-1.13
0.84-1.12
0.98-1.10
0.77-1.94
0.61-1.30
1.02-1.25
0.81-0.95
0.55-0.77
0.70-1.31
0.65-1.11
0.83-1.00

Weights
9.9%
6.5%
7.8%
10.0%
8.9%
10.8%
3.0%
3.9%
9.9%
10.4%
8.1%
4.9%
5.8%
100%

Case-control studies
Deshpande, 2013
Broughton et al , 2012
Lakka et al , 2012
Cheng et al , 2011
Vinogradova et al , 2011
Robertson et al , 2010
Hachem et al , 2009
Shadman et al , 2009
Boudreau et al , 2008
Yang et al , 2008
Hoffmeister et al , 2007
Coogan et al , 2007
Li et al , 2006
Poynter et al , 2005
Rubin et al , 2005
Kaye and Jick, 2004
Graaf et al , 2004
Khurana et al , 2004
Blais et al , 2000
Pooled effect estimate (n = 19)

OR
0.96
0.43
0.33
1.09
1.07
0.87
0.91
1.17
1.02
1.10
0.69
0.92
0.80
0.53
0.92
1.00
0.87
0.94
0.83
0.92

95%CI
0.88-1.04
0.24-0.77
0.15-0.71
0.91-1.30
1.00-1.15
0.79-0.95
0.86-0.96
0.74-1.85
0.65-1.60
0.52-2.31
0.45-1.06
0.78-1.09
0.34-1.88
0.38-0.74
0.89-0.96
0.59-1.68
0.48-1.57
0.89-1.00
0.37-1.88
0.87-0.98

Weights
11.5%
0.9%
0.5%
6.1%
12.4%
10.9%
13.3%
1.4%
1.5%
0.6%
1.6%
6.6%
0.4%
2.5%
14.2%
1.1%
0.9%
13.1%
0.5%
100%

0.25

0.25

0.25

0.5

0.5

0.5

1.0

1.0

1.0

2.0

2.0

2.0

Relative risk (logarithmic scale)

Figure 2 Forest plot: results from individual studies and meta-analyses. The RR and 95%CI for each study are displayed on a logarithmic scale. Pooled estimates are from a random-effects model.
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0.1

SE

patients participated in these studies, with the occurrence
of 30019 colorectal cancer cases. Four cohort studies
reported not an overall, but two or more “correlated”
subgroup effect-estimates[49,53,55,58]; however, based on the
available data, we were able to calculate study-specific
crude RR estimates for these four studies for the purpose
of our meta-analysis (Table 2).
Statin use was associated with a modest reduction in
the risk of colorectal cancer, and this association reached
statistical significance both under a fixed-effects model
(RR = 0.96, 95%CI: 0.93-0.99) and under a randomeffects model (RR = 0.91, 95%CI: 0.83-1.00) (Table 4,
Figure 2). However, the Cochran’s Q test had a p-value
lower than 0.001 and the corresponding I2 statistic was
83%, indicating substantial heterogeneity between studies. In the sensitivity analysis (Figure 5B), omitting any
single study did not lower the I2 further than 78%. The
p-values for the Begg’s and the Egger’s tests were P = 0.54
and P = 0.22, respectively, suggesting a low probability
of publication bias.

RCTs
Cohort studies
Case-control studies

0.0

0.2
0.3
0.4
0.5

1.0
Relative risk

1.5

2.0

Figure 3 Funnel plot of observed relative risk against standard error (as
a surrogate of study size) for all studies analyzed. RCT: Randomized controlled trials.
Randomized controlled trials
LIPID
0.015

Event rate

HPS
0.010

0.005

4S

Meta-analysis of case-control studies
Nineteen case-control studies[25,26,62-78] evaluated exposure
to statins and colorectal cancer risk (Table 3). A total
of 1.3 million patients participated in these studies, of
which 100000 were colorectal cancer cases. Once again,
statin use was associated with a similar modest reduction in the risk of colorectal cancer, which was statistically significant under both a fixed-effects model (RR
= 0.93, 95%CI: 0.91-0.96) and a random-effects model
(RR = 0.92, 95%CI: 0.87-0.98) (Table 4, Figure 2). We
found substantial heterogeneity between studies; the
Cochran’s Q test had a p-value lower than 0.001 and the
corresponding I2 statistic was 64%. In the “leave-oneout” sensitivity analysis, we identified the study by Vinogradova et al[26] as contributing most to the betweenstudies variability, but not to a crucial degree; excluding
this study from the analysis lowered the I2 to 50%. The
p-values for the Begg’s and the Egger’s tests were P = 0.46
and P = 0.27, respectively, suggesting a low probability
of publication bias.
When the analysis was limited to studies published in
full-text, i.e., excluding those published solely in abstract
form[73-75], the results did not appreciably change (Table
4). The association between statins and colorectal cancer
risk remained statistically significant assuming either a
fixed-effects model (RR = 0.94, 95%CI: 0.91-0.98), or a
random-effects model (RR = 0.90, 95%CI: 0.83-0.99).
The Cochran’s Q test had a p-value lower than 0.001,
and the corresponding I2 was 69%. The p-values for the
Begg’s and the Egger’s tests were P = 0.47 and P = 0.19,
respectively, but the funnel plot was slightly asymmetric,
indicating a small likelihood of publication bias. Thus,
selective publication of smaller case-control studies with
statistically significant results might have occurred to
some extent. It should be noted, however, that the result
of our meta-analysis of case-control studies was fairly
robust in the “leave-one-out” sensitivity analysis (Figure

ALLHAT-LLT
AFCAPS
CARE
WOSCOPS
JUPITER

0.000
0.000

0.005

0.010

0.015

Event rate (control)

Figure 4 L’Abbé plot of the incidence of colorectal cancer in the experimental (statin) group, against the incidence in the control group, across
the analyzed randomized controlled trials (n = 8).

shows the incidence of colorectal cancer in the statin
group against the incidence in the control group, across
the 8 RCTs (L’Abbé plot)[79]. This plot demonstrates no
substantial heterogeneity between studies, and no relation of statin effect to baseline risk of colorectal cancer.
When the analysis was restricted to trials that evaluated statin therapy compared with placebo[4,5,43-45,47,48], the
results did not substantially change (fixed-effects model:
RR = 0.86, 95%CI: 0.74-1.01; random-effects model:
RR = 0.85, 95%CI: 0.71-1.03; Cochran’s P = 0.30 and I2
= 17%; Begg’s P = 0.18 and Egger’s P = 0.24). Similarly,
after stratifying the data in two subgroups (lipophilic[5,45,47]
vs lipophobic statins[4,43,44,46,48]), we did not find any statistically significant association between lipophilic or
lipophobic statins and risk of colorectal cancer (Table 4).
Last, to explore whether the results were dominated by a
single study, we performed a “leave-one-out” sensitivity
analysis, removing one study at a time (Figure 5A). This
approach confirmed the stability of our results.
Meta-analysis of cohort studies
Thirteen cohort studies[49-61] evaluating exposure to statins
and colorectal cancer risk were included in the metaanalysis (Table 2, Figure 2). Approximately seven million
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A

Study omitted:
JUPITER
WOSCOPS
4S
ALLHAT-LLT
HPS
LIPID
AFCAPS
CARE
Random effects model

RR
0.93
0.91
0.90
0.85
0.88
0.85
0.86
0.92
0.89

95%CI
0.78-1.11
0.76-1.11
0.73-1.11
0.71-1.03
0.69-1.13
0.68-1.06
0.71-1.05
0.76-1.10
0.74-1.07

Risk ratio

0.6

B

Study omitted:
Clancy et al , 2013
Leung et al , 2013
Simon et al , 2012
Jacobs et al , 2011
Lee et al , 2011
Haukka et al , 2010
Matsushita et al , 2010
Flick et al , 2009
Singh et al , 2009
Friedman et al , 2008
Farwell et al , 2008
Setoguchi et al , 2007
Friis et al , 2005
Random effects model

RR
0.92
0.94
0.90
0.89
0.90
0.89
0.90
0.91
0.89
0.91
0.94
0.91
0.91
0.91

0.8

95%CI
0.83-1.01
0.86-1.02
0.82-0.99
0.81-0.99
0.82-1.00
0.80-0.99
0.82-0.99
0.83-1.00
0.81-0.98
0.82-1.01
0.86-1.02
0.82-1.00
0.83-1.00
0.83-1.00

Study omitted:
Deshpande, 2013
Broughton et al , 2012
Lakha et al , 2012
Cheng et al , 2011
Vinogradova et al , 2011
Robertson et al , 2010
Hachem et al , 2009
Shadman et al , 2009
Boudreau et al , 2008
Yang et al , 2008
Hoffmeister et al , 2007
Coogan et al , 2007
Li et al , 2006
Poynter et al , 2005
Rubin et al , 2005
Kaye and Jick, 2004
Graaf et al , 2004
Khurana et al , 2004
Blais et al , 2000
Random effects model

OR
0.92
0.93
0.93
0.91
0.91
0.93
0.92
0.92
0.92
0.92
0.93
0.92
0.92
0.94
0.92
0.92
0.92
0.92
0.92
0.92

1.2

Risk ratio

0.6

C

1.0

0.8

95%CI
0.86-0.98
0.88-0.98
0.88-0.98
0.86-0.97
0.86-0.96
0.87-0.99
0.86-0.99
0.87-0.97
0.87-0.98
0.87-0.98
0.88-0.98
0.87-0.98
0.87-0.98
0.89-0.99
0.85-0.98
0.87-0.98
0.87-0.98
0.86-0.98
0.87-0.98
0.87-0.98

1.0

1.2

Risk ratio

0.6

0.8

1.0

1.2

Figure 5 ‘‘Leave-one-out” sensitivity analysis for the three meta-analyses: pooled estimates are from random-effects models with one study omitted at a
time. A: Randomized controlled trials, B: Cohort studies, C: Case-control studies.

cohort studies vs case-control studies, z = 1.23, P = 0.22)
or those assuming a random-effects model (RCTs vs
cohort studies, z = 0.18, P = 0.86; RCTs vs case-control
studies, z = 0.36, P = 0.72; cohort studies vs case-control
studies, z = 0.30, P = 0.76).
In addition, we performed a combined analysis of
observational studies, i.e., cohort and case-control studies (Table 4). Statin use was again associated with a modest reduction in the risk of colorectal cancer, which was
statistically significant assuming either a fixed-effects

5C); removal of any single study did not alter the statistical significance of the pooled estimate.
Combined analysis
We compared pairwise the pooled RR estimates derived
from the three separate analyses with a test of interaction[31]. We found no statistically significant differences
between estimates, either between those assuming a
fixed-effects model (RCTs vs cohort studies, z = 0.81, P
= 0.42; RCTs vs case-control studies, z = 0.49, P = 0.62;
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model (RR = 0.94, 95%CI: 0.92-0.96) or a randomeffects model (RR = 0.92, 95%CI: 0.87-0.96; n = 32).
The Cochran’s Q test had a p-value lower than 0.001 and
the corresponding I2 statistic was 75%, indicating substantial between-studies variability. The p-values for the
Begg’s and the Egger’s tests were P = 0.36 and P = 0.16,
respectively, both suggesting a very low probability of
publication bias.
Combining all 40 studies for analysis yielded very
similar results (Table 4). This is expected, as this particular analysis was dominated by the observational studies
(36 studies; 8.1 million participants). These studies accounted for 92.3% and the 98.5% of the weight in the
fixed- and the random-effects model, respectively.
Finally, we attempted to analyze the effect of statins
separately in colon and rectal cancer. Six cohort studies (out of 13) and five case-control studies (out of 19)
provided results by colorectal cancer subsite. In these 11
studies, statins did not appear to have an effect on colon cancer, assuming either a fixed-effects model (RR =
0.97, 95%CI: 0.93-1.02), or a random-effects model (RR
= 0.95, 95%CI: 0.87-1.04). The Cochran’s Q test had a
P-value of 0.02, and the corresponding I2 was 54%. The
p-values for the Begg’s and the Egger’s tests were P =
0.31 and P = 0.39, respectively. As regards rectal cancer,
the fixed-effects model suggested no effect of statins (RR
= 0.98, 95%CI: 0.91-1.05) but the random-effects model
suggested a statistically significant effect (RR = 0.78,
95%CI: 0.62-0.97). The Cochran’s Q test had a P-value
lower than 0.001 and the corresponding I2 was 79%, indicating substantial heterogeneity. The P-values for the
Begg’s and the Egger’s tests were P = 0.59 and P = 0.06,
respectively, which highlights a significant potential for
selective outcome reporting bias in this analysis.

of 10% risk reduction) protective effect of statin use at
therapeutic doses against colorectal cancer cannot be excluded by these data.
The point estimates from the three individual metaanalyses were almost identical (RCTs, RR = 0.89; cohort
studies, RR = 0.91; case-control studies, OR = 0.92; results from random-effects models), with the effect reaching statistical significance for cohort and case-control
studies, but not for RCTs. This is not unexpected, as
these were RCTs with cardiovascular primary outcomes
and mean follow-up was short (range: 2.0-10.4 years)
with only two studies exceeding 6 years; in comparison,
a single pre-existing adenomatous colorectal polyp typically requires 10-15 years to evolve into clinically invasive
cancer[91]. As a result, there were few incident colorectal
cancer cases and low statistical power in these trials to
detect any effect of statin use. More importantly, however, the follow-up time may be insufficient in order for
statins to meaningfully affect the neoplastic process and
demonstrate an effect on colorectal cancer incidence. For
this reason, any potential such effect of statins in these
trials might reflect a slower evolution of pre-existing premalignant lesions, rather than a lower incidence of new
lesions.
Our result for RCTs is not inconsistent with that of
a recent individual patient data meta-analysis from the
Cholesterol Treatment Trialists’ (CTT) Collaboration[22],
which showed a lack of effect of statin use on colorectal
cancer incidence (RR = 0.97, 95%CI: 0.87-1.09). That
study included 27 RCTs that had the same limitations as
the eight we included, i.e., short follow-up time (mean: 4.1
years), few colorectal cancer cases (1114 in total, overall
rate of 0.64%) and ascertainment of colorectal cancer
as a secondary outcome. It should also be noted that our
findings for RCTs are consistent with those corresponding to the association between fibrates and colorectal
cancer risk (RR = 0.98, 95%CI: 0.71-1.34), reported in
a recent systematic review and meta-analysis of our research group[92].
Because of the limitations of RCTs, it is important to
also examine the association of statin use and colorectal
cancer risk through observational evidence. In our study,
meta-analysis of both cohort and case-control studies
revealed statistically significant effects, but high betweenstudies heterogeneity. This heterogeneity is important
to consider, because it may point to a variable effect
of statin use in different populations and in different
colorectal cancer subtypes. Colorectal cancer is a heterogeneous disease in terms of molecular subtypes[93], and
inherited genetic susceptibility plays a role in a significant
proportion of cases[94]. The observational studies analyzed were performed in diverse populations from eleven
countries, each of whom might have a different susceptibility profile and different molecular epidemiology
of colorectal cancer. Pharmacogenomics might play an
important role, and indeed evidence has emerged about
a particular gene polymorphism that modifies the effect
of statins on colorectal cancer[95]. Therefore, substantial

DISCUSSION
Cancer chemoprevention is an area of research that focuses on cancer prevention through pharmacological,
biological, and nutritional interventions[80,81]. In recent
years, a growing body of studies suggests that statins
may have chemopreventive potential against cancer[14,15].
However, these hypotheses have not been confirmed by
meta-analyses on the association between statin use and
most site-specific cancers[82-86]. On the other hand, concerns have also been raised about the safety of statins,
especially among elderly patients[87-89].
Meta-analysis is a systematic and quantitative integration of the results of a set of independent studies. It
allows for an objective appraisal of the epidemiological
evidence, which may lead to resolution of uncertainty
and disagreement[90]. We undertook this updated metaanalysis to examine the latest evidence on the association
of statin use and colorectal cancer risk. Our results again
exclude the strong protective effect (47% risk reduction) of statins first noted in the study by Poynter et al[25].
However, a more mixed picture emerges from the 40
studies included in the analysis; a modest (on the order
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differences may underlie the overall effect observed in
our meta-analysis.
When undertaking a meta-analysis of observational
studies, bias and confounding may always be an alternative explanation for the results. The 13 cohort and 19
case-control studies were statistically controlled for a
large number of potential confounders, but adjustment
for too many factors can itself introduce bias[96], and
adjustment for different factors in different studies may
also explain the substantial heterogeneity observed. In
any event, the possibility of residual confounding cannot
be excluded, either from unknown or unmeasured factors, or from imperfectly adjusted real confounders.
In this context, one such confounder of particular
interest is the socioeconomic status of patients[97], which
may underlie important differences between statin users
and non-users as regards lifestyle choices and healthseeking behaviors. Notably, despite the large number of
potential confounders controlled for by the 32 observational studies included in our analysis, only two studies[26,56] adjusted their results for socioeconomic status.
Selection bias and publication bias is another possibility that could affect both randomized and observational studies. Our literature search was as fully inclusive
as possible, and we did not exclude any study because
of methodological characteristics or subjective quality
criteria. Nevertheless, we did not search for unpublished
studies or original data. The Begg’s and the Egger’s tests
for all three study types did not show a high likelihood
of selective outcome reporting or publication bias, and
the funnel plot showed no obvious asymmetry for RCTs
and cohort studies, but a slight asymmetry for case-control studies. Thus selective publication of smaller casecontrol studies with statistically significant results might
have occurred to some extent. It should be noted, however, that the result of our meta-analysis of case-control
studies was fairly robust in the sensitivity analysis.
By similar reasoning, our sub-analyses of the effect
of statins on colon and rectal cancer should be interpreted with caution. A differential effect of statins by
colorectal cancer subsite is biologically plausible, due to
differences in embryology and physiology. In our analysis, however, available data were scarce (only 11 of 32
observational studies) and there is no way to evaluate
and control for outcome reporting bias.
In conclusion, it is safe to say that statins do not
appear to strongly reduce the overall risk of colorectal cancer in the general population, at the low doses
for managing hypercholesterolemia. However, there is
some evidence to suggest a modest overall risk reduction, which could be a composite of an effect of statins
in some populations and some colorectal cancer types,
and lack of effect in others. Therefore, we believe it is
not the end of the road, as has been suggested[98], for
statins and colorectal cancer; rather a new approach is
needed. One needs to focus more on basic research and
pharmacogenomics, and perform epidemiological studies and clinical trials on high risk populations that might
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be more likely to benefit from statins, either as primary
chemoprevention or as an adjuvant to treatment. In the
meantime, the use of statins should remain restricted to
the approved indications.
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META-ANALYSIS

Effectiveness of acupuncture to treat irritable bowel
syndrome: A meta-analysis
Guan-Qun Chao, Shuo Zhang
RESULTS: Six randomized, placebo-controlled clinical
trials met the criteria and were included in the metaanalysis. The modified Jadad score of the articles was
> 3, and five articles were of high quality. We analyzed
the heterogeneity and found that these studies did not
cause heterogeneity in our meta-analysis. Begg’s test
showed P = 0.707 and Egger’s test showed P = 0.334.
There was no publication bias in our meta-analysis
(Begg’s test, P = 0.707; Egger’s test, P = 0.334). From
the forest plot, the diamond was on the right side of
the vertical line and did not intersect with the line.
The pooled relative risk for clinical improvement with
acupuncture was 1.75 (95%CI: 1.24-2.46, P = 0.001).
Using the two different systems of STATA 11.0 and
Revman 5.0, we confirmed the significant efficacy of
acupuncture for treating IBS.
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statistically significant control of IBS symptoms.
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Abstract

Core tip: Irritable bowel syndrome (IBS) is not lifethreatening, but leads to significant impairment of
health-related quality of life. There is still no universally accepted satisfactory treatment for IBS. Nowadays,
acupuncture is increasingly popular in patients with
various diseases. Several studies showed an improvement in quality of life in IBS patients after acupuncture, but other studies showed no improvement. We
performed a meta-analysis to establish the therapeutic
efficacy of acupuncture for IBS.

AIM: To evaluate the efficacy of acupuncture for treatment of irritable bowel syndrome (IBS) through metaanalysis of randomized controlled trials.
METHODS: We searched MEDLIINE, PubMed, Scopus,
Web of Science, and Cochrane Central Register of Controlled Trials from 1966 to February 2013 for doubleblind, placebo-controlled trials investigating the efficacy of acupuncture in the management of IBS. Studies
were screened for inclusion based on randomization,
controls, and measurable outcomes reported. We used
the modified Jadad score for assessing the quality of
the articles. STATA 11.0 and Revman 5.0 were used for
meta-analysis. Publication bias was assessed by Begg’s
and Egger’s tests.
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ence, and Cochrane Central Register of Controlled Trials for studies investigating the efficacy of acupuncture
for IBS. Data published from 1966 to February 2013
were collected. The search terms were: “acupuncture” or
“acupuncture and moxibustion”, and “irritable bowel”,
“functional bowel diseases” or “irritable colon”. The
search was restricted to English-language literature.
We searched the references of reviewed articles for additional articles missed by the computerized database
search. All primary and review articles, as well as their
references, were reviewed independently in duplicate.

com/1007-9327/full/v20/i7/1871.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i7.1871

INTRODUCTION
Irritable bowel syndrome (IBS) is a functional gastrointestinal disorder characterized by chronic or recurrent
abdominal pain or discomfort, which is associated with
disturbed bowel function and feelings of abdominal distention and bloating[1]. It is the most common reason that
patients seek medical advice from primary care physicians
and gastroenterologists. The prevalence of IBS reaches
7%-10% worldwide depending on the criteria used for
diagnosis[2]. It is a common gastrointestinal disorder, affecting 10%-15% of the population in developed countries[3]. IBS is associated with a significant reduction in
health-related quality of life[4]. Estimates of annual direct
and indirect costs associated with IBS exceed 41 billion
dollars in major industrial countries[5].
IBS is caused by multiple factors, although its nosogenesis is not clearly known. The causative factors include intestinal motility and intestinal smooth muscle
functional disturbance, visceral paresthesia, alterations in
the brain-gut axis, psychological factors, gastrointestinal
hormones, and intestinal infection. The pathophysiology
of IBS includes alterations in intestinal motility, visceral
hypersensitivity, and abnormalities in the processing of
visceral information[6]. IBS affects all age groups and it
is believed that factors such as familial aggregation, early
life events, diet and psychosocial conditions might drive
disease development[7]. The disease is not life-threatening,
but leads to significant impairment of health-related quality of life, which causes physical role limitations as well as
pain and a lower perception of general health[8]. Despite
numerous studies targeting treatment of IBS[9,10], there is
still no universally accepted satisfactory treatment for this
condition. Systematic reviews of conventional medications for IBS have found that the evidence for drug efficacy is weak[11], and that no drug is effective in treating all
the symptoms of IBS[12].
Acupuncture has become increasingly popular in
patients with various diseases, including IBS[13]. Several
recently published studies of acupuncture showed improvement in quality of life, regardless of whether it was
traditional or sham acupuncture[14-16]. In patients with IBS,
no significant difference in quality of life improvement
was observed after treatment with true or sham acupuncture[17,18]. Another study[19] showed that acupuncture for
IBS provided an additional benefit over usual care alone.
We performed a meta-analysis of randomized controlled
trials to assess whether there was any benefit of acupuncture in improving symptoms or health-related quality of
life in patients with IBS.

Study selection
All controlled trials investigating the efficacy of acupuncture in patients with IBS were considered. Studies
were screened for inclusion, through review of the published article, based on the following criteria: randomization, controls, and measurable outcomes reported. Each
article was reviewed in duplicate for inclusion, with substantial inter-rater agreement. Trials were disqualified if
they were not controlled or their outcomes did not consider efficacy. Reviewers independently extracted data on
country, diagnostic criteria, IBS type, assessment, treatment and time.
Methodology quality assessment
We used the modified Jadad score for assessing the quality
of the article. Jadad score, which evaluates studies based
on their description of randomization, concealment of allocation, double blinding, and dropouts (withdrawals), was
used to assess the methodological quality of the trials. The
quality scale ranges from 0 to 7 points with a low quality
report of score ≤ 3 and a high quality report of score ≥ 4.
Statistical analysis
All analyses were performed using STATA 11.0 and
Revman 5.0. Data from selected studies were extracted
into 2 × 2 tables. All included studies were weighted and
pooled. Relative risk (OR) and 95%CI were calculated
and effect size (weighted mean difference) meta-analysis
was performed with STATA 11.0 and Revman 5.0. The
event rate in the experimental (intervention) group
against the event rate in the control group was calculated
using a L’Abbe plot as an aid to explore the heterogeneity of effect estimates. In case of homogeneity, a fixedeffect model was used for meta-analysis; otherwise a
random-effect model was applied. Publication bias was
assessed by Begg’s and Egger’s tests. P ≥ 0.05 indicated
that there was no publication bias.

RESULTS
Article selection
The literature search identified 64 citations involving
acupuncture and IBS, six of which met our inclusion criteria[6,17,19-22]. Of the 58 excluded articles, 14 were review
articles, 10 were not in English, 13 were observational
studies from which we could not extract the results, 15

MATERIALS AND METHODS
Search strategy
We searched MEDLINE, PubMed, Scopus, Web of Sci-
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64 articles were identified

Review articles, n = 14

Meta-analysis, n = 4

Experimental, n = 15

Articles from which the results could not be extracted, n = 13

Efficacy not studied efficacy, n = 2

6 articles were included

Figure 1 Flow diagram of the study selection process.

Table 1 Modified Jadad score of the articles
Study
MacPherson et al[19]
Forbes et al[17]
Sun et al[20]
Lembo et al[6]
Lowe et al[22]
Anastasi et al[21]

Randomization

Concealment of allocation

Double blinding

Withdrawal and dropouts

Total score

2
2
2
1
1
0

2
2
1
1
2
2

0
2
0
1
1
1

1
1
1
1
0
0

5
7
4
4
4
3

Publication bias assessment
The reason for publication bias was that positive results
could be published easily, whereas negative results could
not. Or, negative results caused the researchers to abandon their studies, which meant that the negative results
were not published, thus affecting the meta-analysis. In
our analysis, we performed Begg’s test (Figure 3A) and
Egger’s test (Figure 3B), and both the tests indicated that
there was no publication bias in our meta-analysis (Begg’s
test, P = 0.707; Egger’s test, P = 0.334).

were experimental studies, two did not study efficacy,
and four were meta-analyses (Figure 1).
Modified Jadad score assessment
The quality of the six articles was assessed by modified
Jadad score (Table 1). We found that the score of two
articles was > 4, the score of three articles was 4, and
one article had a score of 3. Therefore, five articles were
of high quality.
The total number, country, IBS type, diagnostic criteria, assessment mode, time and treatment for each study
are reported in Table 2. All subtypes of IBS (diarrheapredominant, constipation-predominant, and alternating)
were incorporated in the included studies. The Rome
criteria were used for diagnosis. The control treatment
of four studies[6,17,21,22] was sham acupuncture, one[20] was
medical treatment, and the other[19] was usual care only.
The six studies were conducted in different countries.

Merging and meta-analysis
The meta-analysis showed that the heterogeneity among
the six studies included was not significant (P = 0.59),
therefore, we used a fixed-effects model for the metaanalysis. From the forest plot, the diamond was on the
right side of the vertical line and did not intersect with
the line. From Figure 2A, we found that OR was 1.75
(95%CI: 1.24-2.46, Z = 3.19, P = 0.001) (Figure 2A),
which meant that acupuncture had an effect on IBS.
However, because the number of included articles was
small, further analysis should be done in the future. In
order to verify accuracy, we used STATA 11.0 to check
the analysis. Figure 2B shows that the diamond was on

Heterogeneity test
We performed the heterogeneity test using the χ 2 test (χ 2
= 3.72, P = 0.59) (Figure 2). We found that the included
studies did not cause heterogeneity in our meta-analysis.
Therefore, a fixed-effect model was used for meta-analysis.
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Table 2 Characteristics of papers included in the meta-analysis
Study

Country

n

Diagnostic criteria IBS type

Macpherson et al[19] United Kingdom 233

Forbes et al[17]

Assessment

Time

Rome criteria

IBS

IBS symptom
severity score

12 wk
(every 3 wk)

IBS

13 wk

IBS-D

Global symptom
score based on
patient diary
Symptom score
IBS adequate
relief
Symptom relief

3 wk

Clinical global
impression scale

4 wk (measured 3 wk)

China

63

Rome Ⅰ criteria
and Manning
criteria
Rome Ⅲ

Lembo et al[6]

United States

230

Rome Ⅱ

IBS

Lowe et al[22]

Canada

50

Rome

IBS

United Kingdom 59

Sun et al[20]

Anastasi et al[21]

United States

29 Rome Ⅱ or Rome

IBS

Ⅲ

4 wk

4 wk

Acupuncture

Control treatment

Offer 10 weekly indiUsual care only
vidualized acupuncture
sessions plus usual care
Individualized 10 sessions Sham acupuncture
over 10 wk
at non-acupoints
Fixed formula; 20 sessions Pinaverium broover 4 wk
mide (50 mg tid)
Flexible formula; 10 ses- Sham acupuncture
sions over 3 wk
at non-acupoints
Fixed formula; 8 sessions Sham acupuncture
over 4 wk
- tapping blunt
needle on the skin
then tapping the
needle in place
Flexible formula with
Sham acupuncmoxibustion at all points; ture - superficial
8 sessions over 4 wk
needles 2-3 cm

IBS-D: Irritable bowel syndrome (IBS) with diarrhea.

A
Study or subgroup
Anastasi 2009
Forbes 2005
Lembo 2009
Lowe 2000
Macpherson 2012
Sun 2011

Experimental
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Figure 2 Meta-analysis. A: Meta-analysis of acupuncture for treating Irritable bowel syndrome (IBS) with Revman 5.0; B: Acupuncture for treating IBS with STATA 11.0.

the right of the vertical line and did not intersect with
the line. Therefore, using the two different systems, we
confirmed the significant efficacy of acupuncture for
treating IBS.

based on the presence of a characteristic symptom profile (abdominal pain/discomfort, bloating/distension,
alterations in defecatory function) in the absence of a
demonstrable organic disease of the gastrointestinal
tract[24]. The burden of IBS is significant enough to contribute to considerable impairment of quality of life.
Patients with IBS have higher healthcare resource utilization than non-IBS patients in terms of more frequent
physician visits, more tests, greater medication use, and
increased rates of unnecessary surgery[25]. Although IBS
is common, its pathophysiology is not completely under-

DISCUSSION
IBS is defined as “abdominal pain or discomfort that
occurs in association with altered bowel habits over a period of at least 3 mo”[23]. The diagnosis of IBS, a highly
prevalent functional gastrointestinal disorder, is currently
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Figure 3 Publication bias. A: Begg’s funnel plot for publication bias; B: Egger’s publication bias plot.

stood, which poses problems in the search for effective
therapeutic approaches.
Although the pathogenesis of IBS is not fully known,
a multifactorial involvement of diet, gene mutations,
psychosocial factors, and immune-mediated processes is
hypothesized[26]. Visceral hypersensitivity and dysregulation of central pain perception in the brain-gut axis are
considered to play a pivotal role in the pathophysiology
of IBS. One theory regarding the pathophysiology of
IBS involves interference of neurotransmission between
the central nervous system and the intestines.
IBS can be classified as either diarrhea predominant,
constipation predominant, or a mixed form[27]. Due to
the wide range of symptoms that may be experienced,
the available pharmacological treatments are mainly targeted at symptom reduction. In many studies, we found
that pharmacological treatment of IBS varied from
antidepressants including tricyclic antidepressants and
selective serotonin reuptake inhibitors, to antispasmodics, 5-hydroxytryptamine (5-HT)-3 receptor antagonists,
5-HT4 receptor agonists, antibiotics, probiotics, and
melatonin[28]. Effective treatments for IBS are needed
to relieve symptoms, improve quality of life, and reduce healthcare utilization. However, acupuncture, a
3000-year-old traditional Chinese medical practice, is
receiving increasing acceptance in Western medicine for
treating certain medical conditions.
Acupuncture is one of the prominent methods in
alternative medicine that has been tried on various disturbances of the digestive tract. It can affect the visceral
system by stimulating the somatic system, in accordance
with the visceral hyperalgesia theory of the central
nervous system[29]. However, previous studies of acu-
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puncture in IBS have not provided conclusive evidence
of its efficacy[30]. A Cochrane review of six trials, with a
median sample size of 54, found insufficient evidence to
determine if acupuncture was an effective treatment for
IBS[31]. A systematic review[32] showed unspecific effects
of acupuncture for IBS compared with sham acupuncture. Another meta-analysis[33] showed that there was
no benefits of acupuncture relative to a credible sham
acupuncture control for IBS symptom severity or IBSrelated quality of life. A recent study[19] showed that acupuncture for IBS provided an additional benefit. In some
studies, acupuncture was believed to alter visceral sensation and motility by stimulating the somatic nervous
system and the vagus nerve in IBS[34-36]. Consequently,
the real efficacy of acupuncture for IBS is still unclear
because the quality of some of the articles included in
the systematic review and meta-analysis was poor.
Nevertheless, our meta-analysis of six randomized
controlled trials suggests that acupuncture improves the
symptoms of IBS, including abdominal pain and distension, sensation of incomplete defecation, times of defecation per day, and state of stool. One study[37] reported
that acupuncture might modulate pain in IBS by two
actions: (1) modulation of serotonin pathway at insula;
and (2) modulation of mood and affection in the higher
cortical center via the ascending pathway at the pulvinar
and medial nucleus of the thalamus. However, in our
analysis, only one article[19] showed a positive effect, so
the potential placebo effects of acupuncture should not
be dismissed. In our meta-analysis, five of the six articles
were of high quality, and there was no publication bias.
We used two different operating systems to perform the
analysis, and both showed significant differences. No
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complementary medicine including acupuncture. However, the efficacy of acupuncture to treat IBS is still unknown. Some studies of acupuncture treatment
of IBS have shown different results. This study was to confirm the effect of acupuncture by meta-analysis.

serious adverse events associated with acupuncture were
reported in the articles. The mechanism of action of
acupuncture for IBS is unclear at present. Most animal
experiments on the mechanism of action have been associated with electro-acupuncture. However, one study[38]
showed that improvement in pain in IBS was positively
associated with increased parasympathetic tone in the
acupuncture group.
In our meta-analysis, five articles showed no benefit of acupuncture for IBS, and only one[19] showed a
positive effect. However, the meta-analysis showed the
benefit of acupuncture. The reason why we obtained a
positive end result might have been that the sample size
of the positive study was large. The Jadad score of the
positive article was 5, and all six included studies were
from different countries, therefore, the result was credible. However, the analysis had some limitations. First,
the total sample size was not large enough. Second, the
treatment mode and the duration were not coincident,
thus, we could not confirm how long acupuncture treatment is required to achieve a benefit when treating IBS.
Third, because assessment of improvement was not the
same and not detailed, it was difficult to assess the effect of acupuncture accurately. Fourth, because the side
effects of acupuncture were not recorded in all studies,
we could not assess these during treatment of IBS. Fortunately, we did not find any publication bias, which increased the reliability of our meta-analysis. Although our
meta-analysis showed that acupuncture was beneficial for
IBS patients, we still need further research with larger
samples to achieve an accurate result and to explore the
functional mechanism of action of acupuncture.
This meta-analysis showed that acupuncture is beneficial for IBS patients. However, this review had some
limitations. The data are insufficient to recommend the
method as first-line treatment. Moreover, there are insufficient data to establish the long-term results. Therefore,
further research is required to assess more accurately
the results and mechanism of action of acupuncture for
treatment of IBS.

Applications

The results suggest that acupuncture reduces the symptoms of IBS, without
any serious adverse events. The mechanism of action of acupuncture for IBS is
unclear.

Terminology

IBS is defined as “abdominal pain or discomfort that occurs in association with
altered bowel habits over a period of at least 3 mo.”Acupuncture is one of the
prominent methods of alternative medicine that has been tried on various disturbances of the digestive tract. It can affect the visceral system by stimulating
the somatic system, in accordance with the visceral hyperalgesia theory of the
central nervous system. Jadad score, which evaluates studies based on their
description of randomization, concealment of allocation, double blinding, and
dropouts (withdrawals), was used to assess the methodological quality of the
trials.

Peer review

This is an interesting paper on the effect of acupuncture in IBS. There are few
data in this domain. This meta-analysis showed that acupuncture was beneficial
for IBS patients. Meta-analysis has some limitations. More research is required
so that accurate results can be assessed and the mechanism of action of acupuncture to treat IBS can be confirmed.
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Core tip: We describe a case of a 43-year-old woman
with a small hepatic artery pseudoaneurysm (HAP) that
was persistently symptomatic and avoided radiographic
detection at an early stage. High clinical suspicion and
close clinical/radiological follow-up is required for patients with risk factors such as previous liver biopsy,
even if an initial workup is negative. These small HAPs
may cause symptoms as late as several weeks after
a liver biopsy, and have the potential to afflict severe
complications such as hemobilia and thrombosis of the
hepatic artery branches, resulting in hepatic infarction
and abscess formation.

Abstract
Hepatic artery pseudoaneurysms (HAP) are rare events,
particularly after liver biopsy, but can be associated
with serious complications. Therefore a high suspicion is necessary for timely diagnosis and appropriate
treatment. We report on a case of HAP that potentially
formed after a liver biopsy in a patient with sarcoidosis.
The HAP in our case was virtually undetectable initially
by angiography but resulted in several complications
including recurrent gastrointestinal bleeding, hemorrhagic cholecystitis and finally hepatic infarction with
abscess formation until it became detectable at a size
of 5-mm. The patient remains asymptomatic over a
year after endovascular embolization of the HAP. In
this report, we demonstrate that a small HAP can avoid
detection by angiography at an early stage while being symptomatic for a prolonged course. A high clinical
suspicion with a close clinical/radiological follow-up is
needed in symptomatic patients with history of liver biopsy despite initial negative work up. Once diagnosed,
HAP can be safely and effectively treated by endovas-
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INTRODUCTION
Hepatic artery pseudoaneurysms (HAPs) are false aneurysms formed when a tear of a hepatic arterial wall leads
to a peri-artery hematoma and HAPs can be caused by
medical procedures, trauma, inflammatory or infectious
conditions[1]. Though well described, HAPs are rare occurrences[2-4], even more so when caused by a liver biopsy
and hence few liver biopsy related HAPs have been reported in the literature[5-8]. HAPs most commonly present
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with abdominal pain, hematemesis, anemia, hypovolemia
and jaundice[9,10]. In spite of being rare, HAPs can be a
deadly complication if not diagnosed and can lead to
massive gastrointestinal (GI) bleeding from hemobilia
and aortoenteric fistulas[4].
Diagnosis of HAPs require a high index of suspicion
especially after iatrogenic procedures, and angiography
should be performed when HAPs are suspected[4]. At
present, the most effective treatment for HAPs are endovascular embolization, with rare instances of surgeries
performed when embolization fails[1,7,11-14]. We report on
a patient with a small HAP following liver biopsy that
was initially undetectable by angiography and had been
increasingly symptomatic for three months before being
detected by angiography. This was treated successfully
with endovascular embolization.

was afebrile and hemodynamically stable. Her Hgb was
66 g/L, AST 93 IU/L, ALT 137 IU/L, ALP 716 IU/L,
T-BILI 1.2 mg/dL. Colonoscopy showed clotted blood in
the colon without any bleeding lesions and an upper endoscopy revealed an oozing gastric ulcer that was clipped
with successful hemostasis. She was discharged and one
week later she presented with severe RUQ pain with fever and chills, but without an overt GI bleed. Computed
tomography demonstrated a wedge shaped region of low
attenuation in the periphery of segments Ⅵ and Ⅶ of
the liver, suggestive of segmental hepatic infarction. Magnetic resonance imaging (MRI) and angiography (MRA)
demonstrated early abscesses within segments Ⅵ and Ⅶ,
with patent hepatic arteries and portal vein branches. The
aspirate showed Gram-positive cocci. She was started on
antibiotics with an improvement of her symptoms and
was subsequently discharged. Abdominal MRI after 1
week revealed improvement in the size of the abscesses,
but showed multiple filling defects within the common
bile duct (CBD) with mild enhancement of the CBD. She
presented with RUQ pain and hematemesis, with elevated
liver enzymes, but repeat ERCP was unremarkable. MRA
revealed a small 5-mm intrahepatic pseudoaneurysm
arising from the superior branch of the anterior division
of the right hepatic artery (RHA) with a hypoattenuated
lesion in segment Ⅶ, suggestive of infarction in the territory supplied by the RHA branch. This was confirmed
by subsequent angiography (Figure 1). In retrospect, the
review of the prior MRA revealed a less than a 1-mm
pseudoaneurysm in the same location. Coil embolization
of the pseudoaneurysm was performed with excellent angiographic result. One month later, MRI showed marked
improvement in the size and appearance of the abscesses.
The patient continued to do well with no further abdominal pain, GI bleed or any rise in her liver enzymes for one
and a half years after the embolization.

CASE REPORT
A 43-year-old woman presented with right upper quadrant (RUQ) pain and hematemesis. She had a past medical history of hypertension, hematemesis one year ago
from an endoscopically proven Mallory-Weiss tear and
sarcoidosis for several years involving her lungs and liver.
A month prior, she had a percutaneous liver biopsy for
persistent elevation of her alkaline phosphatase (ALP).
The pathology findings were consistent with hepatic
sarcoidosis. Subsequently, she was admitted to a local
hospital for epigastric pain and hematemesis and was
diagnosed by upper endoscopy with a Mallory-Weiss tear.
She was treated conservatively and was discharged after a
day of observation.
Upon admission, her hemoglobin (Hgb) was 99 g/L,
aspartate aminotransferase (AST) 360 IU/L, alanine aminotransferase (ALT) 299 IU/L, ALP 532 IU/L, and total
bilirubin (T-BILI) 2.7 mg/dL (direct bilirubin 1.9 mg/
dL). Ultrasonography showed heterogenous echogenic
material in her gallbladder suggestive of biliary sludge,
stones or hemorrhage. Magnetic resonance cholangiopancreatography (MRCP) showed nonenhancing material in
the gallbladder with no biliary ductal dilation. Endoscopic
retrograde cholangiopancreatography (ERCP) revealed
blood draining from the papilla indicative of hemobilia.
Hepatic angiography showed no source for hemobilia.
The patient’s symptoms resolved, her Hgb remained
stable and liver enzymes improved. She was discharged to
follow-up for a possible elective cholecystectomy.
Three weeks later she presented with RUQ pain and
hematemesis. ERCP demonstrated non-bleeding erythematous gastropathy and a normal cholangiogram.
MRCP showed heterogenous nonenhancing material
within the gallbladder, likely representing blood. Laparoscopic cholecystectomy was performed, her symptoms
and liver enzymes improved before discharge.
After one week, she re-presented with intermittent
hematochezia. She reported taking nonsteroidal antiinflammatory drugs (NSAIDs) for intermittent RUQ
discomfort and recently discontinuing pantoprazole. She
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DISCUSSION
HAPs are rare conditions[2-4] and are usually due to iatrogenic causes, including liver biopsies, cholecystectomy,
transhepatic biliary drainage, and inadvertent surgical
injuries[8,15-17]. Percutaneous liver biopsy (PLB) is a common and safe procedure with low mortality and morbidity rates[18,19]. There have been only a few case reports
on HAPs caused by liver biopsy, but they describe larger
pseudoaneurysms that are severely symptomatic shortly
after the procedure[5-7]. Angiography is the most sensitive
method that is available to detect HAP[4]. Our patient,
however, remained increasingly symptomatic for three
months before the HAP could be detected by imaging
and treated successfully. A review of the literature did
not reveal any case reports of HAPs as small as 1-mm
causing persistent and recurrent symptoms for a prolonged course. This diminutive HAP was complicated by
multiple episodes of hemobilia, hemorrhagic cholecystitis
requiring cholecystectomy, and RHA thrombosis, which
led to abdominal pain, elevation of liver enzymes, and
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4

5

6

7

Figure 1 Angiography findings. A 5-mm intrahepatic pseudoaneurysm (arrow)
was detected arising from the superior branch of the anterior division of the
right hepatic artery.

8

hepatic infarction complicated by liver abscess formation.
This case demonstrates that a small HAP can avoid
detection by angiography at an early stage. A high clinical suspicion and close clinical/radiological follow up
is needed in symptomatic patients with history of liver
biopsy despite an initial negative work up. In spite of the
rarity of HAPs, the high prevalence of liver biopsies and
the severity of the consequences of not detecting them
make the recognition of this complication crucial in clinical practice.
Therapeutic modalities to treat HAPs include open
surgery and endovascular approach. In light of the rarity
of the disease, there have been no randomized comparisons between the two approaches. Open surgical repair
is usually associated with complications such as intraabdominal infection and hepatobiliary diseases, leading
to higher morbidity and mortality associated with this
approach[20]. Therefore, the endovascular approach has
become the first line treatment for HAPs, leaving surgical
repair as the salvage therapy only if the former fails[21].
The most commonly used endovascular technique is the
endovascular ablation of the proximal feeding artery of
the HAP either by coil or glue[14]. After ablation therapy,
patients should be closely monitored for sac reperfusion
and any potential end-organ ischemia that responds to a
repeat endovascular treatment[22]. However, the risk of
end-organ damage is clinically significant only if the embolization procedure involves major arterial supplies[23].
In these cases, stent placement of the major artery followed by coil embolization of collateral feeding arteries
can be used to reduce the risk of ischemia[24].
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CASE REPORT

Pancreatic pseudocystocolonic fistula treated without
surgical or endoscopic intervention
Jae Choon Kwon, Bo Yean Kim, Ah Lim Kim, Tae Hoon Kim, Myung Il Park, Ho Jin Jung, Jang Hwan Lim,
Jae Kwon Jung, Hyun Soo Kim, Dong Wook Lee
revealed that the size of the pseudocyst had decreased
significantly from 9 to 5.3 cm. In addition, laboratory
tests were improved. The patient was able to resume
a normal diet and was discharged in good overall
health from the hospital, without aggravation of the
symptoms. A colonoscopy performed 3 mo later and a
follow-up CT performed 6 mo later confirmed that both
the fistula and pseudocyst had completely disappeared.
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Core tip: We present the case of a 76-year-old female
who was admitted to our institution with epigastric
pain and a fever. Abdominal computed tomography and
colonoscopy revealed a pseudocystocolic fistula. The
patient was treated with antibiotics and bowel cleansing was administered using a polyethylene glycol solution. Induction of spontaneous drainage into the colon,
through bowel cleansing, can treat small pseudocystocolic fistulas.

Abstract
We report here a case of pancreatic pseudocystocolic
fistula that was treated without surgical or endoscopic
intervention. A 76-year-old woman, presenting with a
fever and epigastric pain, was referred to our institution. Three months prior to this admission, the patient
had been admitted to the hospital for acute pancreatitis. Abdominal computerized tomography (CT) revealed
a 9 cm pseudocyst containing air, and a fistular opening was observed via colonoscopy. After colonoscopy,
the abdominal pain was slightly improved, the fever
subsided and laboratory results showed decreased
C-reactive protein levels. The observed improvement
was likely due to the cleansing of the bowel, which
induced spontaneous drainage from the pseudocyst
into the colon. Antibiotic therapy was administered and
daily bowel cleansing was performed using a polyethylene glycol solution. After three weeks, a follow-up CT
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INTRODUCTION
The clinical manifestation of acute pancreatitis can range
from mild to severe. Most cases of acute pancreatitis are
mild and improve within a few days. However, severe
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A

Figure 1 Fatty infiltration and fluid accumulation around
the peripancreatic area observed by computerized tomography. Computerized tomography scans taken upon the patient’s admission to the hospital. A: Axial view; B: Coronal view.

B

acute pancreatitis can lead to localized complications
such as the formation of a pseudocyst, necrosis or an
abscess, but it can also cause systemic complications,
such as multi-organ failure or death. In acute pancreatitis
complications, colonic involvement has a relatively low
incidence of approximately 3%[1]. Colonic complications
range from a localized pseudo-obstruction of the ileus to
necrosis, hemorrhage, ischemic colitis and fistula formation[2]. Pseudocystocolic fistula formation is especially
dangerous when it induces massive lower gastrointestinal
bleeding and sepsis, which require rapid diagnoses and
appropriate treatments[3]. Pseudocystocolic fistulas have
primarily been treated by surgery, but many successful
cases of nonsurgical intervention have recently been
reported[4-6]. Here, we present a unique case of a patient
with acute pancreatitis and a comorbid pseudocystocolic
fistula complication that was treated without any surgical
or endoscopic intervention. The treatment and a literature review are reported here.

cal of grade E pancreatitis, according to the Balthazar
classification system (Figure 1). Because AST and ALT
levels were markedly elevated, endoscopic retrograde
cholangiopancreatography (ERCP) was performed for
suspected gallstone pancreatitis, despite the fact that
gallstones were not observed in the CT image[7]. After
endoscopic sphincterotomy and nasobiliary drainage, a
plastic stent (5 Fr, 3 cm) was inserted into the pancreatic
duct. Seven days after the procedure, the patient no longer complained of abdominal pain and had good overall
health. Cholecystectomy was recommended to prevent
recurrence, but the patient refused surgical intervention
and was subsequently discharged.
Approximately 3 mo after the previous discharge, the
patient presented to the hospital again with a 2-wk history of epigastric pain and a mild fever (37.5 ℃). Laboratory results showed a WBC count of 9820/mm3 (neutrophils: 74.1%) and a CRP level of 10.27 mg/dL. Amylase,
lipase, and other liver function test results were within the
normal ranges. An abdominal CT showed an approximately 9.3 cm long pseudocyst that contained air. The
presence of air led us to suspect the presence of a fistula
on the right side of the colon (Figure 2). A colonoscopy
was thus performed to determine if a fistula was present
and assess the outcome of the antibiotic treatment. A
fistula opening was found in the hepatic flexure (Figure 3).
Two days after the colonoscopy, the patient’s fever was
reduced. Blood laboratory results showed improvements,
with decreased CRP levels. The patient’s pain was greatly
reduced without requiring any invasive treatment or additional oral medications. The antibiotic treatment was
continued. To maintain a clean colon and induce colonic
drainage of the pseudocyst, a bowel-cleansing regimen
was implemented using a polyethylene glycol (PEG) solution. A liter of PEG solution was administered orally
every morning and afternoon after which the patient was
monitored for the number of bowel movements. If two
or less bowel movements were observed, an additional
half-liter of the PEG solution was administered in the
evening.
After the bowel cleansing treatment, the patient was
put on a liquid diet. However, she complained of abdominal pain again and blood tests revealed an increased
WBC count and CRP level (Figure 4). A follow-up CT
scan showed that although the size of the pseudocyst was

CASE REPORT
A 76-year-old female patient arrived at the emergency department of our hospital with severe epigastric pain lasting for 3 d. With the exception of maintenance drugs for
insulin-independent diabetes mellitus and hypertension,
which she had been taking for approximately 20 years,
the patient had not taken any medications at the time of
admission. The patient had no history of alcohol abuse.
When she was admitted, the patient’s blood pressure was
112/68 mmHg, her pulse rate was 86 beats/min, her
respiratory rate was 23 breaths/min, and she had a body
temperature of 38.0 ℃.
An examination of peripheral blood at the time of
admission yielded the following values: white blood cell
(WBC) count of 20740/mm3 (neutrophils: 92.1%); hemoglobin: 15.5 g/dL; C-reactive protein (CRP): 30.52
mg/dL; total bilirubin: 3.84 mg/dL; aspartate aminotransferase (AST): 201 U/L; alanine aminotransferase
(ALT): 201 U/L; alkaline phosphatase: 127 IU/L;
r-glutamyltranspeptidase: 403 IU/L; amylase: 178 U/L;
lipase: 186 U/L; triglyceride: 149 mg/dL; and calcium:
10.0 mg/dL. Abdominal computerized tomography (CT)
revealed extensive accumulation of extrapancreatic fluid
along with peripancreatic fatty infiltration, which is typi-
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B

9.3 cm

sociated with fatal complications, with a reported mortality of approximately 17%-67%[9,10]. Such poor prognosis
can be attributed to the high possibility of bleeding or
sepsis induced by necrosis in peripancreatic tissues and
vessels caused by activated pancreatic enzymes mediated
by bacteria in the colon[3].
A CT colonography, performed with water-soluble
contrast agents, is a relatively safe and conventional
method to diagnose pseudocystocolic fistulas[1]. However,
because colonography has low sensitivity in detecting
a fistulous tract compared with ERCP, it is no longer
widely used[11]. Diagnosis can also be achieved using a
radiograph obtained after contrast agent injection via a
nasocystic drainage catheter or percutaneous catheter
inserted for pseudocyst drainage[10,12]. With the recent
advent of medical imaging technologies, noninvasive
radiologic modalities, such as abdominal CT or magnetic
resonance imaging, have also been used for diagnosis[10,13].
In the present case, the final diagnosis was made based
on colonoscopic findings under the impression of a
pseudocyst-associated fistula in the right side of the colon, as determined by a 64-channel multidetector CT.
In the past, surgical interventions, such as debridement, wide drainage or externalization of the fistula via
a temporary colostomy, were the treatment of choice
for pseudocystocolic fistulas[5]. Recent reports, however,
have described cases where large fistulas were successfully treated using endoscopic tools, such as an endoloop,
clips, and fibrin glue[6], or fibrin glue alone to treat small
fistulas[14]. Indications for such nonsurgical treatments
have not yet been clearly established. Although endoscopic treatments are considered for patients with welldefined pseudocysts that have been complicated by infection, close follow-up and repetitive interventions may be
needed and surgical treatments are recommended when
sepsis cannot be controlled[5]. Because the patient in
the case described herein had a well-defined pseudocyst
with non-life-threatening conditions and a small fistula
opening, we chose to treat the patient with a PEG solution. The patient’s symptoms and laboratory findings
improved after administration of the PEG solution during the colonoscopy. The bowel-cleansing regimen was
continued alongside antibiotic therapy without the need
for any invasive treatment.
Complete recovery of a pseudocystocolic fistula
can be confirmed by the disappearance of the pseudo-

Figure 3 Fistula opening identified by colonoscopy. There was a fistular
opening (arrow) that surrounded edematous and hyperemic mucosa at the hepatic flexure.

reduced to approximately 5.3 cm, air was still present inside. Thus, fasting and the bowel-cleansing regimen were
continued for an additional 3 wk.
After the 3 wk, the patient resumed a normal diet and
was discharged from the hospital in good health, without
aggravation of the symptoms. After 3 mo, a follow-up
colonoscopy confirmed complete disappearance of the
fistula. After 6 mo, a CT confirmed the complete disappearance of the pseudocyst. The patient is currently under outpatient follow-up with subclinical conditions.

DISCUSSION
A pseudocyst, a complication of acute pancreatitis, tends
to rupture in the abdominal cavity or form a fistula in the
gastrointestinal tract. Pseudocysts occur most frequently
in the stomach, accounting for approximately one-third
of all cases, followed by the colon and duodenum[8]. The
mechanism underlying fistula formation is thought to be
due to elevated internal pressure from fluid accumulation
within the pseudocyst and proteolytic enzymes within the
fluid that invade adjacent organs or vessels, inducing ischemic changes that enable penetration of the walls of the
most vulnerable organs and formation of a fistula[8]. Most
pseudocystoenteric fistulas that form in the upper gastrointestinal tract can be treated conservatively and have
a relatively good prognosis. In contrast, fistulas that form
in the colon rarely heal spontaneously and tend to be as-

WJG|www.wjgnet.com

Figure 2 A fistula and a pseudocyst identified
through computerized tomography. A: There
was a fistula in the right side of the colon (yellow
circle); B: There was a pseudocyst approximately
9.3 cm long (demarcated by double-headed arrow) that contained air.

1884

February 21, 2014|Volume 20|Issue 7|

Kwon JC et al . Pseudocystocolonic fistula treated with bowel cleansing

12

10000
8000
3

(mg/dL)

8

(/mm )

10

12000
CRP

6

6000
WBC

4

4000

2

2000

0

0
Adm.

1

Bowel cleanse

Done

Antibiotics

2

3
wk
Stop

NPO
and TPN

5

Done

Piperacillin/tazobactam

Meropenem

Nutrition

4

Liquid

NPO
and TPN

Liquid

Soft
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cell (WBC) count and C-reactive protein (CRP) value were decreased. After the initial bowel cleanse was stopped, we observed an elevated WBC count and CRP
level. The bowel cleanse was continued until 6 wk after admission. Adm: Admission; NPO: Nil per os; TPN: Total parenteral nutrition.
fistula can be treated by inducing spontaneous drainage to the colon through
bowel cleansing, without additional surgical intervention or fistula closure.

cyst and fistula with a follow-up CT scan and improved
clinical symptoms in the patient[4-6,12]. In this case, the
complete disappearance of the fistula was confirmed by
follow-up colonoscopy performed 3 mo after treatment.
The disappearance of the pseudocyst was confirmed by
CT imaging, 6 mo after the patient was admitted.
The present case indicates that when the fistula size
is small and the patient’s overall health status is good, a
pseudocystocolic fistula can be treated by inducing spontaneous drainage to the colon through a bowel-cleansing
regimen, without additional surgical intervention or fistula closure.

Peer review

This case report by Kwon et al of a 76-year-old woman presented with acute
pancreatitis and as a complication pseudocysttocolic fistula was successfully
treated with antibiotics and 3-wk bowel cleansing using polyethylene glycol
solution. The disappaearance of the pseudocyst and fistula was confirmed by
abdominal CT scan and colonoscopy.
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are invited to write high-quality diagnostic advances in their
field to improve the diagnostic skills of readers. The topic covers general clinical diagnosis, differential diagnosis, pathological
diagnosis, laboratory diagnosis, imaging diagnosis, endoscopic
diagnosis, biotechnological diagnosis, functional diagnosis, and
physical diagnosis; (4) Therapeutics Advances: The editorial
board members are invited to write high-quality therapeutic
advances in their field to help improve the therapeutic skills of
readers. The topic covers medication therapy, psychotherapy,
physical therapy, replacement therapy, interventional therapy,
minimally invasive therapy, endoscopic therapy, transplantation
therapy, and surgical therapy; (5) Field of Vision: The editorial
board members are invited to write commentaries on classic
articles, hot topic articles, or latest articles to keep readers at
the forefront of research and increase their levels of clinical
research. Classic articles refer to papers that are included in Web
of Knowledge and have received a large number of citations
(ranking in the top 1%) after being published for more than
years, reflecting the quality and impact of papers. Hot topic
articles refer to papers that are included in Web of Knowledge
and have received a large number of citations after being published for no more than 2 years, reflecting cutting-edge trends
in scientific research. Latest articles refer to the latest published
high-quality papers that are included in PubMed, reflecting the
latest research trends. These commentary articles should focus
on the status quo of research, the most important research
topics, the problems that have now been resolved and remain
to be resolved, and future research directions. Basic information
about the article to be commented (including authors, article
title, journal name, year, volume, and inclusive page numbers; (6)
Minireviews: The editorial board members are invited to write
short reviews on recent advances and trends in research of molecular biology, genomics, and related cutting-edge technologies
to provide readers with the latest knowledge and help improve
their diagnostic and therapeutic skills; (7) Review: To make a systematic review to focus on the status quo of research, the most
important research topics, the problems that have now been resolved and remain to be resolved, and future research directions;
(8) Topic Highlight: The editorial board members are invited to
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of readers; (9) Medical Ethics: The editorial board members are
invited to write articles about medical ethics to increase readers’ knowledge of medical ethics. The topic covers international
ethics guidelines, animal studies, clinical trials, organ transplantation, etc.; (10) Clinical Case Conference or Clinicopathological
Conference: The editorial board members are invited to contribute high-quality clinical case conference; (11) Original Articles:
To report innovative and original findings in gastroenterology
and hepatology; (12) Brief Articles: To briefly report the novel
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manuscripts. Authors should follow the relevant guidelines for
the care and use of laboratory animals of their institution or
national animal welfare committee. For the sake of transparency
in regard to the performance and reporting of clinical trials, we
endorse the policy of the ICMJE to refuse to publish papers
on clinical trial results if the trial was not recorded in a publiclyaccessible registry at its outset. The only register now available, to
our knowledge, is http://www.clinicaltrials.gov sponsored by the
United States National Library of Medicine and we encourage
all potential contributors to register with it. However, in the case
that other registers become available you will be duly notified.
A letter of recommendation from each author’s organization
should be provided with the contributed article to ensure the privacy and secrecy of research is protected.
Authors should retain one copy of the text, tables, photo
graphs and illustrations because rejected manuscripts will not be
returned to the author(s) and the editors will not be responsible
for loss or damage to photographs and illustrations sustained during mailing.

Referees are also asked to indicate any potential conflict they
might have reviewing a particular paper. Before submitting,
authors are suggested to read “Uniform Requirements for
Manuscripts Submitted to Biomedical Journals: Ethical Considerations in the Conduct and Reporting of Research: Conflicts
of Interest” from International Committee of Medical Journal
Editors (ICMJE), which is available at: http://www.icmje.org/
ethical_4conflicts.html.
Statement of informed consent
Manuscripts should contain a statement to the effect that all human studies have been reviewed by the appropriate ethics committee or it should be stated clearly in the text that all persons
gave their informed consent prior to their inclusion in the study.
Details that might disclose the identity of the subjects under
study should be omitted. Authors should also draw attention to
the Code of Ethics of the World Medical Association (Declaration of Helsinki, 1964, as revised in 2004).
Sample wording: [Name of individual] has received fees for
serving as a speaker, a consultant and an advisory board member
for [names of organizations], and has received research funding from [names of organization]. [Name of individual] is an
employee of [name of organization]. [Name of individual] owns
stocks and shares in [name of organization]. [Name of individual] owns patent [patent identification and brief description].

Online submissions
Manuscripts should be submitted through the Online Submission System at: http://www.wjgnet.com/esps/. Authors are
highly recommended to consult the ONLINE INSTRUCTIONS TO AUTHORS (http://www.wjgnet.com/1007-9327/
g_info_20100315215714.htm) before attempting to submit online.
For assistance, authors encountering problems with the Online
Submission System may send an email describing the problem to
bpgoffice@wjgnet.com, or by telephone: +86-10-5908-0039. If
you submit your manuscript online, do not make a postal contribution. Repeated online submission for the same manuscript is
strictly prohibited.

Statement of human and animal rights
When reporting the results from experiments, authors should
follow the highest standards and the trial should conform to
Good Clinical Practice (for example, US Food and Drug Administration Good Clinical Practice in FDA-Regulated Clinical
Trials; UK Medicines Research Council Guidelines for Good
Clinical Practice in Clinical Trials) and/or the World Medical
Association Declaration of Helsinki. Generally, we suggest authors follow the lead investigator’s national standard. If doubt
exists whether the research was conducted in accordance with
the above standards, the authors must explain the rationale for
their approach and demonstrate that the institutional review
body explicitly approved the doubtful aspects of the study.
Before submitting, authors should make their study approved by the relevant research ethics committee or institutional
review board. If human participants were involved, manuscripts
must be accompanied by a statement that the experiments were
undertaken with the understanding and appropriate informed
consent of each. Any personal item or information will not be
published without explicit consents from the involved patients.
If experimental animals were used, the materials and methods
(experimental procedures) section must clearly indicate that appropriate measures were taken to minimize pain or discomfort,
and details of animal care should be provided.

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample
margins. Style should conform to our house format. Required information for each of the manuscript sections is as follows:
Title page
Title: Title should be less than 12 words.
Running title: A short running title of less than 6 words should
be provided.
Authorship: Authorship credit should be in accordance with the
standard proposed by ICMJE, based on (1) substantial contributions to conception and design, acquisition of data, or analysis and
interpretation of data; (2) drafting the article or revising it critically
for important intellectual content; and (3) final approval of the version to be published. Authors should meet conditions 1, 2, and 3.

SUBMISSION OF MANUSCRIPTS

Manuscripts should be typed in 1.5 line spacing and 12 pt. Book
Antiqua with ample margins. Number all pages consecutively,
and start each of the following sections on a new page: Title
Page, Abstract, Introduction, Materials and Methods, Results,
Discussion, Acknowledgements, References, Tables, Figures,
and Figure Legends. Neither the editors nor the publisher are
responsible for the opinions expressed by contributors. Manuscripts formally accepted for publication become the permanent
property of Baishideng Publishing Group Co., Limited, and may
not be reproduced by any means, in whole or in part, without the
written permission of both the authors and the publisher. We
reserve the right to copy-edit and put onto our website accepted
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Institution: Author names should be given first, then the com
plete name of institution, city, province and postcode. For ex
ample, Xu-Chen Zhang, Li-Xin Mei, Department of Pathology,
Chengde Medical College, Chengde 067000, Hebei Province,
China. One author may be represented from two institutions,
for example, George Sgourakis, Department of General, Visceral, and Transplantation Surgery, Essen 45122, Germany; George
Sgourakis, 2nd Surgical Department, Korgialenio-Benakio Red
Cross Hospital, Athens 15451, Greece.
Author contributions: The format of this section should be:
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Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly
in the main text. Provide a brief title for each figure on a separate
page. Detailed legends should not be provided under the figures.
This part should be added into the text where the figures are applicable. Keeping all elements compiled is necessary in line-art
image. Scale bars should be used rather than magnification factors, with the length of the bar defined in the legend rather than
on the bar itself. File names should identify the figure and panel.
Avoid layering type directly over shaded or textured areas. Please
use uniform legends for the same subjects. For example: Figure 1
Pathological changes in atrophic gastritis after treatment. A:...;
B:...; C:...; D:...; E:...; F:...; G: …etc. It is our principle to publish
high resolution-figures for the E-versions.

Author contributions: Wang CL and Liang L contributed equally
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu
XM designed the research; Wang CL, Zou CC, Hong F and Wu
XM performed the research; Xue JZ and Lu JR contributed new
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the
data; and Wang CL, Liang L and Fu JF wrote the paper.
Supportive foundations: The complete name and number of
supportive foundations should be provided, e.g. Supported by
National Natural Science Foundation of China, No. 30224801
Correspondence to: Only one corresponding address should be
provided. Author names should be given first, then author title,
affiliation, the complete name of institution, city, postcode, province, country, and email. All the letters in the email should be in
lower case. A space interval should be inserted between country
name and email address. For example, Montgomery Bissell, MD,
Professor of Medicine, Chief, Liver Center, Gastroenterology
Division, University of California, Box 0538, San Francisco, CA
94143, United States. montgomery.bissell@ucsf.edu

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned
clearly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
but not duplicate the text. Use one horizontal line under the title,
a second under column heads, and a third below the Table, above
any footnotes. Vertical and italic lines should be omitted.

Telephone and fax: Telephone and fax should consist of +,
country number, district number and telephone or fax number,
e.g., Telephone: +86-10-59080039 Fax: +86-10-85381893

Notes in tables and illustrations
Data that are not statistically significant should not be noted.
a
P < 0.05, bP < 0.01 should be noted (P > 0.05 should not be
noted). If there are other series of P values, cP < 0.05 and dP
< 0.01 are used. A third series of P values can be expressed as
e
P < 0.05 and fP < 0.01. Other notes in tables or under illustrations should be expressed as 1F, 2F, 3F; or sometimes as other
symbols with a superscript (Arabic numerals) in the upper left
corner. In a multi-curve illustration, each curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.

Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision on
acceptance is made only when at least two experts recommend
publication of an article. All peer-reviewers are acknowledged on
Express Submission and Peer-review System website.
Abstract
There are unstructured abstracts (no less than 200 words) and
structured abstracts. The specific requirements for structured
abstracts are as follows:
An informative, structured abstract should accompany each
manuscript. Abstracts of original contributions should be structured into the following sections: AIM (no more than 20 words;
Only the purpose of the study should be included. Please write
the Aim in the form of “To investigate/study/…”), METHODS (no less than 140 words for Original Articles; and no less
than 80 words for Brief Articles), RESULTS (no less than 150
words for Original Articles and no less than 120 words for Brief
Articles; You should present P values where appropriate and
must provide relevant data to illustrate how they were obtained,
e.g., 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001), and CONCLUSION
(no more than 26 words).

Acknowledgments
Brief acknowledgments of persons who have made genuine
contributions to the manuscript and who endorse the data and
conclusions should be included. Authors are responsible for
obtaining written permission to use any copyrighted text and/or
illustrations.
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Coding system
The author should number the references in Arabic numerals according to the citation order in the text. Put reference numbers
in square brackets in superscript at the end of citation content or
after the cited author’s name. For citation content which is part of
the narration, the coding number and square brackets should be
typeset normally. For example, “Crohn’s disease (CD) is associated with increased intestinal permeability[1,2]”. If references are
cited directly in the text, they should be put together within the
text, for example, “From references[19,22-24], we know that...”.
When the authors write the references, please ensure that
the order in text is the same as in the references section, and also
ensure the spelling accuracy of the first author’s name. Do not list
the same citation twice.

Key words
Please list 5-10 key words, selected mainly from Index Medicus,
which reflect the content of the study.
Core tip
Please write a summary of less than 100 words to outline the
most innovative and important arguments and core contents
in your paper to attract readers.
Text
For articles of these sections, original articles and brief articles,
the main text should be structured into the following sections:
INTRODUCTION, MATERIALS AND METHODS, RESULTS and DISCUSSION, and should include appropriate Figures and Tables. Data should be presented in the main text or in
Figures and Tables, but not in both.
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section analysis in revision total joint arthroplasty. Clin
Orthop Relat Res 2002; (401): 230-238 [PMID: 12151900
DOI:10.1097/00003086-200208000-00026]
No volume or issue
9 Outreach: Bringing HIV-positive individuals into care.
HRSA Careaction 2002; 1-6 [PMID: 12154804]

in E-version of this journal.
Style for journal references
Authors: the name of the first author should be typed in boldfaced letters. The family name of all authors should be typed
with the initial letter capitalized, followed by their abbreviated
first and middle initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-Rong Pan as Pan BR). The title of the
cited article and italicized journal title (journal title should be
in its abbreviated form as shown in PubMed), publication date,
volume number (in black), start page, and end page [PMID:
11819634 DOI: 10.3748/wjg.13.5396].

Books
Personal author(s)
10 Sherlock S, Dooley J. Diseases of the liver and billiary
system. 9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11 Lam SK. Academic investigator’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York:
Marcel Dekker, 1991: 431-450
Author(s) and editor(s)
12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March
of Dimes Education Services, 2001: 20-34
Conference proceedings
13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V. Proceedings of the 5th Germ cell tumours Conference; 2001 Sep 13-15; Leeds, UK. New York: Springer, 2002:
30-56
Conference paper
14 Christensen S, Oppacher F. An analysis of Koza’s compu
tational effort statistic for genetic programming. In: Foster
JA, Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic programming. EuroGP 2002: Proceedings of the 5th
European Conference on Genetic Programming; 2002 Apr
3-5; Kinsdale, Ireland. Berlin: Springer, 2002: 182-191
Electronic journal (list all authors)
15 Morse SS. Factors in the emergence of infectious diseases.
Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05;
1(1): 24 screens. Available from: URL: http://www.cdc.gov/
ncidod/eid/index.htm
Patent (list all authors)
16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee.
Flexible endoscopic grasping and cutting device and positioning tool assembly. United States patent US 20020103498.
2002 Aug 1

Style for book references
Authors: the name of the first author should be typed in boldfaced letters. The surname of all authors should be typed with
the initial letter capitalized, followed by their abbreviated middle
and first initials. (For example, Lian-Sheng Ma is abbreviated as
Ma LS, Bo-Rong Pan as Pan BR) Book title. Publication number. Publication place: Publication press, Year: start page and
end page.
Format
Journals
English journal article (list all authors and include the PMID where applicable)
1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung F. Evaluation of quantitative
contrast harmonic imaging to assess malignancy of liver
tumors: A prospective controlled two-center study. World J
Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224 DOI:
10.3748/wjg.13.6356]
Chinese journal article (list all authors and include the PMID where applicable)
2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic effect of Jianpi Yishen decoction in treatment of Pixudiarrhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287
In press
3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M.
Signature of balancing selection in Arabidopsis. Proc Natl
Acad Sci USA 2006; In press
Organization as author
4 Diabetes Prevention Program Research Group. Hyper
tension, insulin, and proinsulin in participants with impaired
glucose tolerance. Hypertension 2002; 40: 679-686 [PMID:
12411462 PMCID:2516377 DOI:10.1161/01.HYP.00000
35706.28494.09]
Both personal authors and an organization as author
5 Vallancien G, Emberton M, Harving N, van Moorselaar RJ;
Alf-One Study Group. Sexual dysfunction in 1, 274 European men suffering from lower urinary tract symptoms. J Urol
2003; 169: 2257-2261 [PMID: 12771764 DOI:10.1097/01.
ju.0000067940.76090.73]
No author given
6 21st century heart solution may have a sting in the tail. BMJ
2002; 325: 184 [PMID: 12142303 DOI:10.1136/bmj.325.
7357.184]
Volume with supplement
7 Geraud G, Spierings EL, Keywood C. Tolerability and
safety of frovatriptan with short- and long-term use for
treatment of migraine and in comparison with sumatriptan. Headache 2002; 42 Suppl 2: S93-99 [PMID: 12028325
DOI:10.1046/j.1526-4610.42.s2.7.x]
Issue with no volume
8 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
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Statistical data
Write as mean ± SD or mean ± SE.
Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test
as χ2 (in Greek), related coefficient as r (in italics), degree of freedom as υ (in Greek), sample number as n (in italics), and probability as P (in italics).
Units
Use SI units. For example: body mass, m (B) = 78 kg; blood
pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, blood glucose concentration, c (glucose) 6.4 ±
2.1 mmol/L; blood CEA mass concentration, p (CEA) = 8.6
24.5 mg/L; CO2 volume fraction, 50 mL/L CO2, not 5% CO2;
likewise for 40 g/L formaldehyde, not 10% formalin; and
mass fraction, 8 ng/g, etc. Arabic numerals such as 23, 243, 641
should be read 23243641.
The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/1007-9327/
g_info_20100315223018.htm.
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Abbreviations
Standard abbreviations should be defined in the abstract and
on first mention in the text. In general, terms should not be abbreviated unless they are used repeatedly and the abbreviation
is helpful to the reader. Permissible abbreviations are listed in
Units, Symbols and Abbreviations: A Guide for Biological and
Medical Editors and Authors (Ed. Baron DN, 1988) published
by The Royal Society of Medicine, London. Certain commonly
used abbreviations, such as DNA, RNA, HIV, LD50, PCR,
HBV, ECG, WBC, RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP,
EDTA, mAb, can be used directly without further explanation.

language polishing; (3) Grade C: a great deal of language polishing needed; and (4) Grade D: rejected. Revised articles should
reach Grade A.
Copyright assignment form
Please download a Copyright assignment form from http://
www.wjgnet.com/1007-9327/g_info_20100315222818.htm.
Responses to reviewers
Please revise your article according to the comments/suggestions provided by the reviewers. The format for responses to
the reviewers’ comments can be found at: http://www.wjgnet.
com/1007-9327/g_info_20100315222607.htm

Italics
Quantities: t time or temperature, c concentration, A area, l length,
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

Proof of financial support
For papers supported by a foundation, authors should provide
a copy of the approval document and serial number of the
foundation.

Examples for paper writing
All types of articles’ writing style and requirement will be
found in the link: http://www.wjgnet.com/esps/NavigationInfo.aspx?id=15.

STATEMENT ABOUT ANONYMOUS PUBLICATION OF THE PEER REVIEWERS’ COMMENTS
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Core tip: We summarize the current state of knowledge
and recommended practice around post-treatment
surveillance of colorectal cancer survivors. In addition,
we describe relevant ongoing trials and the questions
which they will and will not answer regarding best surveillance practices. With that background as context,
we discuss related practice innovations and propose
a number of research questions whose answers could
inform more effective, personalized approaches to surveillance.
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Abstract
The accumulated evidence from two decades of randomized controlled trials has not yet resolved the
question of how best to monitor colorectal cancer
(CRC) survivors for early detection of recurrent and
metachronous disease or even whether doing so has its
intended effect. A new wave of trial data in the coming
years and an evolving knowledge of relevant biomarkers may bring us closer to understanding what surveillance strategies are most effective for a given subset of
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INTRODUCTION
Globally, over 1 million individuals develop colorectal
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cancer (CRC) each year[1]. Approximately two-thirds will
be treated surgically with curative intent[2]. Among those
treated curatively, around one-third will experience recurrence of the original cancer or a second primary (i.e.,
metachronous) colorectal cancer[3]. At least 80% of these
recurrences occur within the first three years following
initial treatment, while nearly all will have manifested by
year five[4,5]. Most patients who recur will survive less
than two years[6]. Ultimately, nearly 50000 patients in the
United States alone die each year from colorectal cancer[2], with mortality attributable to both advanced stage
at initial diagnosis and recurrent disease.
The majority of CRC survivors undergo some form
of surveillance to detect recurrence of original disease
or development of metachronous CRC. The primary
rationale for such surveillance is to improve outcomes by
detecting recurrent or metachronous disease before onset
of symptoms, at a point where curative reoperation is
more likely[7]. Other reasons for conducting surveillance
of survivors include psychological benefits to the patient,
monitoring patients for side effects of treatment, collecting
data on patient outcomes, and detecting other comorbidities.
Despite the theoretical benefits of CRC surveillance, substantial uncertainty still exists around the topic.
Though surveillance has been associated with a modest
overall survival benefit, improvements in cancer-specific
survival have not been shown. Furthermore, the body
of research in this area has not consistently pointed to a
set of specific best practices for follow-up. Most recurrences detected by surveillance are not curable[8], leading
to an increasing sentiment that a more customized, riskadapted approach to follow-up is needed[9-11]. In this
review, we will summarize the evidence which has been
gleaned from randomized controlled trials (RCTs) of
alternative surveillance testing strategies, provide updates
on ongoing trials which promise additional insight, and
compare professional society recommendations for surveillance. In addition, we will highlight potential innovations in surveillance-many of which will likely form the
basis for a more personalized approach to surveillance in
the future-and highlight areas where research is needed
to address key unanswered questions. The purpose of
this work is not to provide a systematic review or metaanalysis of CRC surveillance studies (others have done
so superbly in recent years[10,12-14]). The purpose, rather, is
to broadly describe the current state of knowledge and
practice around CRC surveillance, and to higihlight the
recent developments and key research questions that will
shape future practice.

WHAT THE TRIALS TELL US
Published data from seven completed randomized controlled trials comparing alternative surveillance regimens
describe the experience of some 1938 survivors of
Stage Ⅰ-Ⅲ (Dukes A-C) CRC. These subjects, enrolled
between 1983 and 2004, experienced 698 recurrences or
instances of metachronous CRC[15-21]. Table 1 summarizes the enrollment periods, settings, stage-based inclusion
criteria, and follow-up protocols examined in each of
these trials. Table 2 summarizes the subject make-up and
results of each trial.
Meta analyses by Tjandra et al[10] and Jeffery et al[12]
have incorporated results from these trials. The primary
outcome examined by both meta-analyses was overall
survival (OS). Tjandra et al[10] included all seven available
RCTs in their analysis of OS, plus preliminary results
from an ongoing trial[22]. Both analyses detected statistically significant improvements in all-cause mortality with
respective odds ratios (OR) of 0.74 (95%CI: 0.59-0.93)[10],
and 0.73 (95%CI: 0.59-0.91)[12] for the effect of intensive
follow-up relative to less intensive follow-up. However,
neither meta-analysis found that cancer-specific survival
was improved by intensive surveillance (although only
two of the constituent RCTs reviewed[15,17] included this
key endpoint as an outcome).
The two meta analyses revealed that both intensive
and less intensive surveillance led to detection of a similar number of recurrences but that detection occurred
between 5.91 mo (95%CI: 3.09-8.74) [12] and 6.75 mo
(95%CI: 2.44-11.06)[10] earlier with intensive surveillance. Both analyses also found that curative reoperation (“salvage surgery”) was significantly more likely in
those subjects who were followed up intensively (OR
= 2.41, 95%CI: 1.63-3.54)[10] and (OR = 2.81 95%CI:
1.65-4.79[12]). An earlier meta-analysis by Renehan et al[23]
included six of the trials described in Tables 1 and 2,
and estimated that only about one-fifth of the survival
benefit of intensive surveillance was likely due to curative
treatment of recurrence. The authors postulated that the
remainder of the survival benefit was most likely due to
some combination of increased psychological support
and well-being, improved health behavior, and improved
detection and management of comorbidities[13]. Thus, the
increased overall survival, earlier detection of recurrence,
and higher reoperation rates seen in trials provide only
circumstantial evidence that intensive surveillance extends life by making cure of recurrent disease more likely.

SEARCH STRATEGY

NEXT GENERATION OF CRC
SURVEILLANCE TRIALS

We identified relevant resources based on (1) PubMed
searches of randomized controlled trial comparing CRC
surveillance strategies; (2) ClinicalTrials.gov searches of
ongoing CRC surveillance trials; (3) the authors’ personal
databases of related publications; (4) related scientific
meeting presentations; and (5) the bibliographies of reviewed publications.

The body of RCT-based evidence in the area of CRC
surveillance to date has a number of limitations. First,
it consists of a series of small studies spanning a period
of more than two decades, with no two trials having
examined the same surveillance regimen in the same
setting (Table 1). Beyond this heterogeneity in interventions, a series of treatment innovations over the years

WJG|www.wjgnet.com
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Table 1 Five-year surveillance regimens tested in reviewed randomized controlled trials
Enrollment
period
Ohlsson et al[15]

Setting

Stages
included

Type of
regimen

Surveillance regimen

1983-1986 2 Swedish Dukes
centers
A, B, C

Intensive

History and physical exam, rigid proctosigmoidoscopy, CEA, Alk Phos, liver
function tests, fecal hemoglobin, and chest X-ray at 3, 6, 9, 12, 15, 18, 21, 24, 30, 36,
42, 48 and 60 mo; endoscopic visualization of the anastomosis at 9, 21, and 42 mo;
complete colonoscopy at 3, 15, 30 and 60 mo; pelvic CT (rectal cancer only) at 3, 6,
12, 18 and 24 mo
No structured follow-up. Advised to obtain fecal hemoglobin tests every 3 mo
for 2 years, then annually. Instructed to seek care if a series of warning signs/
symptoms were experienced
History and physical exam CEA, CBC fecal hemoglobin at 3, 6, 9, 12, 15, 18, 21,
24, 30, 36, 48, 54 and 60 mo; Flexible sigmoidoscopy (if rectal/sigmoid tumors)
every 3 mo; Liver ultrasound every 6 mo; Colonoscopy and liver CT annually
History and physical exam CEA, CBC fecal hemoglobin, CXR (and rigid
sigmoidoscopy if rectal cancer) at 3, 6, 9, 12, 15, 18, 21, 24, 30, 36, 42, 48, 54, 60 mo;
Barium enema at 12, 24, 36 48 and 60 mo
History and physical exam including digital rectal exam and gynecologic exam,
hemoglobin, erythrocyte sedimentation rate, liver enzymes, fecal hemoglobin,
colonoscopy, and chest X-ray at 6, 12, 18, 24, 30, 36, 42, 48, 54, 60, 120, 150 and 180 mo
The same investigations as above, but only at 60, 120, and 180 mo
History and physical exam, liver ultrasound, and CEA at 3, 6, 9, 12, 15, 18, 21, 24,
30, 36, 42, 48, 54, 60 mo; CT, Chest X-ray and colonoscopy annually
History and physical exam, liver ultrasound, and CEA at 6, 12, 24, 36, 48, and 60
mo; Chest X-ray and colonoscopy annually
History and physical exam, CEA, CBC, liver function tests, and fecal hemoglobin
at 3, 6, 9, 12, 15, 18, 21, 24, 30, 36, 42, 48, 54, 60 mo; Chest X-ray, liver CT, and
colonoscopy annually
History and physical exam, CEA, CBC, liver function tests, and fecal hemoglobin
at 3, 6, 9, 12, 15, 18, 21, 24, 30, 36, 42, 48, 54, 60 mo; Chest X-ray, liver CT, and
colonoscopy at 60 mo
History and physical, CEA, abdominal/pelvic ultrasound at 6, 12, 18, 24, 36, 48,
and 60 mo; Chest X-ray annually; Rectal cancer only: Rigid proctosigmoidoscpy
at 12, 24 and 48 mo
Telephone follow-up every 6 mo; History and physical exam annually
History and physical and CEA at 3, 6, 9, 12, 15, 18, 21, 24, 28, 32, 36, 42, 48, 54, and
60 mo; Abdominal/pelvic ultrasound at 6, 12, 18, 24, 30, 36, 48 and 60 mo; Rigid
proctosigmoidoscopy (rectal cancer only) and chest X-ray annually
Telephone follow-up every 6 mo; History and physical exam annually
History and physical, CEA, CBC, and liver function tests at 3, 6, 9, 12, 15, 18, 21,
24, 30, 36, 42, 48, 54 and 60 mo; Abdominal/pelvic CT (rectal cancer only) or
Abdominal ultrasound (colon cancer only) at 6, 12, 18, 24, 36, 48, 60 mo; Chest
X-ray and colonoscopy annually
History and physical, CEA, CBC, and liver function tests at 3, 6, 9, 12, 15, 18, 21,
24, 30, 36, 42, 48, 54 and 60 mo; Colonoscopy at 12 and 36 mo

Minimal

Mäkelä et al[16]

1988-1990

1 Finnish
center

Dukes
A, B, C

Intensive

Minimal

Kjeldsen et al[17]

1983-1994

Pietra et al[18]

1987-1990

Schoemaker et al[19]

1984-1990

A single
Danish
county

Dukes
A, B, C

Intensive

Minimal
1 Italian Dukes B, Intensive
center
C
Minimal
Multiple Dukes
Australian A, B, C
centers

Intensive

Minimal

Secco et al[20]

1988-1996

1 Italian
center

Lowrisk

Highrisk

Rodríguez-Moranta et al[21] 1997-2001 3 Spanish TNM Ⅱ
centers
and Ⅲ

Intensive
riskadapted
Minimal
Intensive
riskadapted
Minimal
Intensive

Minimal

CEA: Carcinoembryonic antigen assay; CBC: Complete blood count; Alk phos: Alkalilne phosphatase; CT: Computed tomography.

has changed the context of the problem by making
recurrence-free survival increasingly more likely (since
recruitment of the trials reviewed began in 1983, CRC
survival has improved by 5%-10% overall[24]). These innovations include emergence of total mesorectal excision
as a standard of care for rectal cancer in many settings,
widespread use of adjuvant chemotherapy in Stage Ⅲ
and many Stage Ⅱ patients, and the growing practice of
attempting to curatively treat oligometastatic hepatic recurrences[25,26]. Whether or not some of these innovations
have changed the behavior of recurrent disease itself is
difficult to know, but the possibility cannot be excluded.
Importantly, improvements in imaging technology have
also enabled earlier and more accurate detection of recurrent disease, while increasing the potential for false
positives[27,28].
This evolution of technology and practice throws into

WJG|www.wjgnet.com

question the relevance of much of the evidence behind
current recommendations for surveillance. Fortunately,
there are three large, ongoing RCTs (described below),
with targeted sample sizes totaling over 8000 subjects,
which will eventually shed additional light on the benefits
of CRC surveillance and the comparative effectiveness
of a handful of unique follow-up protocols.
FACS (Follow-up after Colorectal Surgery) Trial
The FACS trial (ClinicalTrials.gov identifier NCT00560365)
opened in 2004 with a target recruitment of 4890 patients. The primary objective of this factorial trial is to
examine the effect of augmenting symptomatic surveillance in primary care with two intensive methods of
surveillance [frequent monitoring of carcinoembryonic
antigen (CEA) in a primary care setting and intensive
computed tomography (CT) imaging in a hospital setting]
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Table 2 Results of reviewed randomized controlled trials of colorectal cancer surveillance strategies n (%)

Ohlsson et al[15]

Mäkelä et al[16]

Kjeldsen et al[17]

Type of
regimen

n

Intensive

53

Minimal

54

Intensive

52

Minimal

54

Intensive 290
Minimal 307

Pietra et al[18]

Intensive 104

Minimal 103

1

Stages

A/B/C:
19%/40%/41%
A/B/C:
17%/48%/35%
A/B/C:
24%/46%/29%
A/B/C:
28%/44%/28%
A/B/C:
23%/51%/26%
A/B/C:
23%/47%/30%
A/B/C:
0%/60%/40%
A/B/C:
0%/58%/42%

Schoemaker et al[19] Intensive 167

Secco et al[20]

RodríguezMoranta et al[21]

Rectal Follow-up Recurrences
cancer
time

2

Reoperated Overall Cancer- Survival of
Time to
Symptoms
survival related recurring
(% of
were first recurrence
recurrences) at 5 yr survival patients
(mo):
sign of
5 yr
at 5 yr
recurrence mean ± SD
after first
/median
treated

17 (32)

8 (47)

20

5 (29)

75%

78%

29%

31%

6.8 yr
median
(overall)

18 (33)

15 (83)

24

3 (17)

67%

71%

22%

31%

NR

22 (42)

3 (14)

10 ± 5

5 (22)

59%

NR

NR

28%

NR

21 (39)

4 (19)

15 ± 10

3 (14)

54%

NR

NR

46%

55% still
followed
at 5 yr
(overall)
100% still
followed
at 5 yr
(overall)

813 (28)

38 (47)

18

17 (21)

70%

78%4

NR

833 (27)

59 (71)

27

5 (6)

68%

78%4

NR

41 (39)

10.3 ± 2.75

21 (51)

73%

NR

38%

20.2 ± 6.15

6 (14)

58%

NR

0%

NR

56 (34)

105 (42%
of local
recurrences)
105 (83%
of local
recurrence)
NR

NR

6 (11)

77%4

NR

NR

NR

64 (41)

NR

NR

5 (8)

70%4

NR

NR

Median 42
mo

27 (32)

32%7

16

6 (22)

80%

NR

NR

NR

25 (40)

75%7

14

6 (24)

60%

NR

NR

Median
61.5 mo

74 (68)

32%7

13.5

25 (34)

50%

NR

NR

NR

58 (69)

75%7

8

7 (12)

32%

NR

NR

Median 49
mo
Median 45
mo

35 (27)

NR

39 ± 21

18 (51)

75%4

NR

NR

34 (26)

NR

38 ± 19

10 (29)

73%4

NR

NR

36%

49%
30%

36%

A/B/C:
28%
25%/47%/28%
Minimal 158
A/B/C:
26%
19%/48%/33%
Low84 A/B: 100%
NR
risk–riskadapted
Low risk– 61 A/B: 100%
NR
minimal
High- 108
A/B: 36%
NR
C: 64%
risk–riskadapted
High
84
A/B: 20%
NR
risk–
C: 80%
minimal
Intensive 127
23%
Ⅱ: 60%
Ⅲ:40%
Minimal 132
28%
Ⅱ: 61%
Ⅲ:39%

426 (41)

1

A, B and C refer to Dukes staging, while Ⅰ, Ⅱ and Ⅲ refer to TNM staging; 2Includes metachronous colorectal cancers (CRCs); 3Includes 7 cases of metachronous CRC in the intensive group and 3 in the less intensive group; 4Estimated visually from survival curve; 5Reported for local recurrences only; 6Includes 1 case of metachronous CRC; 7Reflects combined high-risk and low-risk groups. NR: Not reported; “Overall” describes all trial arms combined.

on survival of patients with stage Ⅰ, Ⅱ or Ⅲ colorectal cancer who have undergone curative resection[29]. In
2013, the FACS investigators presented interim results
summarizing a mean 3.7 years of follow-up for 1,202
participants. Only 6.0% of participants had recurrence
with subsequent attempted curative resection. Those
followed by frequent CEA monitoring had an adjusted
OR for attempted cure of recurrence of 2.7 (P = 0.035)
relative to the minimal follow-up group which received
only a single CT at 12-18 mo. Those followed by serial
CT’s had an adjusted OR of 3.4 (P = 0.007) relative to
the minimum follow-up group. No additional benefit was
seen in the group which received both frequent CEA and
frequent CT’s. In interim analyses, there were no differences seen in overall or cancer-specific mortality between
any of the intensive arms and the minimum follow-up
arm[30], though the final results are not yet available.

WJG|www.wjgnet.com

COLOFOL (Assessment of Frequency of Surveillance
after Curative Resection in Patients with Stage Ⅱ and
Ⅲ Colorectal Cancer)

This multicenter RCT (ClinicalTrials.gov identifier
NCT00225641) is comparing two surveillance regimens
involving CT-scan or MR scan of the liver, CEA, and CT
scan or X-ray of the lungs at intervals of either 12 and 36
mo, or 6, 12, 18, 24 and 36 mo. The study aims to include
2500 subjects[31]. Primary outcomes will be total mortality
and cancer specific mortality at five years, while secondary outcomes will include recurrence-free survival, quality
of life, and cost effectiveness. Centers from Denmark
(n = 15), Sweden (n = 20), Poland (n = 6), Hungary (n =
2) and The Netherlands are participating. Publication is
planned for late 2014[32].
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Table 3 Summary of United States and European colorectal cancer surveillance guidelines
[33]

ASCO
2005

[34,35]

ASCRS
2005

[36,37]

NCCN
2014

[38]

Denmark
2009

[39]

Norway
2012

United Kingdom
2010

[40]

Ⅱ-Ⅲ
Ⅰ-Ⅲ
Ⅰ-Ⅲ
Ⅱ-Ⅲ
Ⅱ-Ⅲ
Ⅰ-Ⅲ
q3-6 mo × 3 yr; q 6 mo At least q4 mo × q3-6 mo × 2 yr; q6 mo in year 3-5
At 1 mo
q6 mo × 3 yr, q12
None
in year 4-5
2 yr
mo in year 4-5
q3 mo × at least 3 yr At least q4 mo × q3-6 mo × 2 yr; q6 mo in year 3-5 At 1, 12 and 36 mo q6 mo × 3 yr, q12
None
2 yr
mo in year 4-5
CT chest
Annually × 3 yr if
None
Annually up to 5 yr if high risk At 12 and 36 mo
Annually × 5 yr
None
high risk
CT abdomen/
Annually × 3 yr if
None
Annually up to 5 yr if high risk At 12 and 36 mo
At 6 mo and 5 yr
Once within first 2
pelvis
high risk
yr
CEUS liver
None
None
None
None
At 12, 18, 24, 30, 36
None
and 48 mo
Colonoscopy
At 3 yr and q5
q3 yr
At 1 and 4 yr, then q5 yr
None
At 5 yr;or CT
q5 yr
thereafter
colonography at 5 yr
Stage
History and
physical
CEA

NCCN: National Comprehensive Cancer Network; ASCO: American Society of Clinical Oncology; ASCRS: American Society of Colon and Rectal Cancer
Surgeons; UK: United Kingdom 2010 guidelines; Nor: Norwegian 2012 guidelines; CEUS: Contrast-enhanced ultrasound; CEA: Carcinoembryonic antigen;
CT: Computed tomography.

GILDA (Gruppo Italiano di Lavaro per la Diagnosi
Anticipata)
Based in Italy, The GILDA group of investigators is
conducting a randomized trial of intensive versus less
intensive follow up in patients with Dukes B2-C CRC.
Varying between study groups are the frequencies of office visits, CEA and other blood chemistries, colonoscopies, liver ultrasound, chest X-ray, and-in the case of rectal
cancer survivors-proctoscopy and abdominal-pelvic CT.
Outcomes of interest include overall survival, CRC mortality, quality of life and time to detection of recurrence.
The GILDA investigators aim to enroll a minimum of
1500 patients across 45 centers. An interim analysis of
985 patients, published in 2004, did not demonstrate any
improvement in overall survival between the two surveillance arms, though mean follow-up at the time was only
14 mo[22].

ropean societies tending to prescribe much less intensive
surveillance-particularly in the case of the United Kingdom’
s National Health Service[40]-in comparison to United States
societies.
It is noteworthy that CEA assay represents the only
testing modality whose increased use is associated with
higher probability of detection of asymptomatic recurrence, higher curative reoperation rate, and greater mortality reduction in meta-analysis[10]. Ironically, studies of
guideline adherence suggest that, across testing modalities
used in surveillance, adherence to scheduled CEA testing
is among the lowest[41,42]. Future research might focus on
better outlining correlates and causes of this non-adherence[41].

INNOVATIONS IN SURVEILLANCE
In the last decade, a handful of investigators have reported on provider care models aimed at delivering more
patient-centered, cost-effective survivorship care. These
studies have explored alternatives to the conventional
model of surgeon-led follow-up in a hospital-based
clinic. For instance, Australian investigators randomized
203 recently-treated CRC survivors to identical follow-up
regimens led by either surgeons or general practitioners.
Rates of recurrence, time to detection, mortality, and
quality of life were similar between the groups, but surgeons tended to initiate significantly more colonoscopies
and ultrasounds, whereas general practitioners ordered
more fecal hemoglobin tests[43]. Similarly, a recent Norwegian trial randomized 110 CRC survivors to either
traditional hospital-based surveillance coordinated by
surgeons, or community-based surveillance coordinated
by general practitioners (GP’s). No differences were observed in patient quality-of-life or time to detection of
recurrence. Costs, however, were 16.7% lower (P < 0.001)
in the GP-organized group[44].
Between 2002 and 2005, a Swedish trial randomized
CRC survivors to post-treatment follow-up by either a
surgeon or a specially-trained nurse. Surgeons and nurses

SURVEILLANCE GUIDELINES
Based on the accumulated trial evidence, a number of
organizations have published surveillance recommendations[33-40]. These suggested regimens employ various
combinations of carcinoembryonic antigen assays, chest
CT, CT abdomen-pelvis, and contrast enhanced ultrasound of the liver. Chest X-ray and plain ultrasound of
the liver are not used as a recommended test modality in
any of the reviewed guidelines due to their low sensitivity and specificity. Some authors have argued for regular
use of Positron Emission Tomography scanning and increased use of tumor markers, but this is not commonly
accepted as a standard of practice[17,18]. Table 3 provides
a summary of surveillance recommendations from the
United States and Europe. There is a moderate amount
of variation between the United States recommendations published by the American Society of Clinical
Oncology[33], the American Society of Colon and Rectal
Surgeons[34,35], and the National Comprehensive Cancer
Network[36,37]. Internationally, though, the range in aggressiveness of recommended follow-up is striking, with EuWJG|www.wjgnet.com
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found similar numbers of recurrences with nearly identical levels of patient satisfaction. Nurses, however, spent
an average of eight minutes longer with patients than did
surgeons, requiring assistance from surgeons only 7% of
the time[45].
Despite these results, whether or not surgeons or
patients will allow generalists to direct CRC survivorship
care on a large scale remains to be seen. The relationships
developed during active treatment can make such handoffs difficult for providers and patients alike[46]. For those
adhering to the surgeon-led follow-up model, a promising innovation might be found in the work reported
by a British surgeon in the late 1990s[47]. This surgeon
developed and measured the impact of a dedicated “onestop shop” model for a CRC surveillance clinic. This model,
which facilitated completion of all scheduled imaging, blood
tests, and procedures in a single visit, yielded a substantial
improvement in timely receipt of recommended tests compared to the period before establishment of the clinic.

ing whether or not to commit these patients to adjuvant
chemotherapy[53-55]. Another application of this tool, and
an idea which deserves further study, is the use of the
recurrence score in individualized surveillance planning.
Patients and their providers might opt for more aggressive surveillance if the likelihood of recurrence was high,
whereas a low recurrence score might offer reassurance
that minimal surveillance was a reasonable course.
The ideal set of recurrence markers would include
one or more factors having low correlation with prognosis. In this way, patients could be categorized into four
categories based on the two dimensions of recurrence
risk and prognosis-given-recurrence. Patient with high
recurrence risk but good prognosis-given-recurrence
might be followed aggressively since probabilities of both
detecting and successfully treating a recurrence would be
high. Conversely, patients with low recurrence risk but
poor prognosis-given-recurrence might opt for little or
no follow-up.

Moving toward risk adapted follow-up
A series of authors over the last two decades have argued
for an approach to surveillance that involves tailoring surveillance plans based on recurrence risk[9-11,20,48,49]. Though
the idea is intuitively appealing as a way to spare certain
patients some of the morbidity associated with surveillance and to reduce costs, little data exists on the topic.
Secco and colleagues divided patients who had recently
undergone curative treatment for CRC into high-risk and
low-risk groups based on a number of prognostic factors.
Within each of these risk groups, patients were randomized to either very minimal follow-up or a risk-adapted
follow-up protocol (Table 1). Within each risk group,
the risk-adapted follow-up patients showed significantly
better five-year overall survival[20]. Unfortunately, there
was no comparison of an overall strategy of tailoring
follow-up to the risk of recurrence versus a one-size-fits-all
approach of following all patients using a uniform protocol.
Any version of risk-adapted follow-up in the future
will likely employ the use of molecular markers to target
patients who might benefit the most form a more intensive level of surveillance. Most work on biomarkers to
date has focused on prognostic markers of overall outcome or predictive markers of response to adjuvant chemotherapy. These types of markers hold great promise
in informing decision making around adjuvant chemotherapy. Certain prognostic markers which may predict
recurrence have the potential to inform surveillance planning after treatment. Vascular Endothelial Growth factor
overexpression[50,51] and interleukin-8 overexpression[52] in
tumor cells eventually may serve as such markers. Limited
evidence suggests that each may signal a heightened risk
of recurrence[50-52].
A “Recurrence Score” calculated based on a commercially available tumor gene expression panel (OncotypeDX - Genomic Health, Redwood City, CA, United
States) has been validated as a predictor of recurrence
in Stage Ⅱ CRC and is advocated as a tool for decid-

OTHER AREAS FOR FUTURE RESEARCH
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After decades of research on the topic, tremendous uncertainty remains concerning how to best monitor CRC
survivors for recurrence or metachronous disease. The
results of seven randomized controlled trials comparing
alternative surveillance strategies have led to a general
consensus that more intensive follow-up leads to increased curative treatment of recurrence via earlier detection and to improved overall survival. Whether or not
the latter is a result of the former, or whether improved
survival instead follows primarily from the benefits of
increased contact with healthcare providers in general,
remains unclear. In the coming years, we hope to see
publication of more trial data on the topic than has been
available to date thanks to three ongoing large trials. We
will hopefully have a clearer picture of the cancer-specific
survival benefit of intensive surveillance as well as the
cost-effectiveness and quality-of-life implications of different approaches to surveillance.
Beyond the research questions highlighted above, additional areas for further study are listed below.
Need for model-based research
Even with the new trial evidence, actionable knowledge
relevant for clinical practice will remain quite limited. We
will still have experimental data on only a tiny fraction
of the combinations and schedules of surveillance tests
that are possible. Nor will we have a strong translational
evidence base to guide risk-adapted follow-up. A promising possibility for leveraging the accumulated trial data
may lie in computer simulation modeling. Sophisticated
models could help researchers and clinicians examine
the impact of virtually any surveillance regimen on patients with differing risk profiles. An example of using
such modeling to synthesize what is known about testing
and disease progression in such a way that allows virtual
experimentation can be found in the numerous models
of CRC screening strategies. These models simulate the
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adenoma-carcinoma sequence by which benign polyps
transform to adenocarcinomas and adenocarcinomas
grow and invade healthy tissue, allowing experimentation
with a practically infinite number of candidate screening strategies[56-60]. Some of these screening models have
informed development of United States Preventive Services Task Force guidelines on colorectal cancer screening[56], have been applied by the Centers for Medicare and
Medicaid Services to compare the effectiveness of various CRC screening strategies[57,58], and have spawned vital
new research questions[59,60].
Simulating progression of recurrent CRC in such a
way that allows the testing of different surveillance regimens is perhaps a more difficult problem, owing to the
lack of direct observational data on unchecked recurrence progression (contrasted with the abundant data
available on polyp progression and transformation). A
few authors have developed recurrence models[61-65], but
this line of research has not yet advanced to the point of
being able to provide prescriptive recommendations for
optimized surveillance regimens as has been the case for
CRC screening in a healthy population. The loftiest ambition for applying simulation modeling to the problem
of CRC surveillance would be to develop models which
incorporate what can be inferred from RCTs about natural history of recurrence, information on test sensitivity
and specificity, our best estimates of major complication
risks (primarily from colonoscopy and ionizing radiation
exposure), and what is known about individual risk factors for recurrence into an individualized decision aid.
Such a tool could help providers and their patients reach
decisions which incorporate their preferences in light of
the estimated benefits and risks of specific surveillance
strategies.

nography, or “virtual colonoscopy”, may have the potential to provide a better balance of risks and benefits[71].
What are the quality of life implications of CRC
surveillance
A longstanding, and still unresolved, question is to what
extent CRC surveillance in general exacts a psychological
toll on patients. Such a toll might arise from increased
anxiety associated with testing or with the possibility of
detection of an unresectable recurrence. Despite these
theoretical harms, no negative quality of life impact has
yet been demonstrated in studies comparing differing levels of follow-up. The small amount of data available on
quality of life impacts of surveillance suggests a neutral
or even slightly positive effect[73,74]. A 1997 Dutch study
found no diminution in quality of life associated with
follow-up of 130 CRC survivors at four hospitals. In fact,
the average patient preferences tended to favor follow-up
as opposed to no follow-up[73]. Kjeldsen and colleagues
reported a slight trend toward increased quality of life
among Danish CRC survivors who were followed more
intensively compared to counterparts undergoing minimal follow-up[74].
The large surveillance trials underway[22,29,31] should
shed further light on the quality of life impacts of CRC
surveillance. An area in particular need of further study
is the quality of life impact associated with false positive test results. In addition to specific focus on the effect of false positive results, an important, and as-yetunaddressed question is the loss of quality time brought
about by the pre-symptomatic diagnosis of unresectable
recurrence. This represents an important concern since
a substantial majority of patients whose recurrences are
detected by surveillance before symptom onset will have
progressed beyond the point of curative treatment[15,16,75].

What role should colonoscopy play
The possible benefits of surveillance must be considered
in light of the potential harms. Colonic perforation and
post-procedure bleeding associated with colonoscopy
represent the most concrete and serious harms arising
from CRC follow-up. Endoscopic surveillance has been
endorsed by all reviewed national guidelines, primarily for
early detection of metachronous CRC’s (which develop
in 1.5%-7.7% of CRC survivors[10,66,67]) or adenomas
with advanced features. The procedure has a sensitivity
of 95% and a specificity of 100% for detecting highrisk polyps or tumors[68]. To date, however, no study has
reported increased survival associated with routine colonoscopy after resection. Furthermore, the procedure is
relatively invasive and has a major complication rate of
0.2%-1.2%[19,69,70]. This uncertain benefit and potential for
harm, as well as the considerable resource demands, have
led some to argue against routine endoscopic surveillance after curative CRC resection[71,72]. An area for future
research might be to evaluate strategies which select for
frequent colonoscopic examination only those patients at
high risk for second primary cancers or advanced adenomas. Also worthy of further study is whether CT Colo-
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For how long should crc survivors be followed
The treatment guidelines outlined in Table 3 focus primarily on the period spanning the point of initial treatment through five years post-treatment. There is no clear
evidence that this timeframe is the most appropriate,
however. Two opposing effects make the choice of an
optimal surveillance period difficult. First-arguing for
a shorter window-the majority of recurrences occur
early; at least 80% of recurrences are detected by three
years[4,5]. This fact would suggest that follow-up becomes
much lower-yield and that false positive test results would
increase drastically after three years of follow-up. On
the other hand, time to recurrence appears to be an important prognostic factor for the outcome of recurrent
disease[6]. Survival after curative treatment of recurrent
disease may increase with later recurrences[76-79]. As such,
some have suggested that longer follow-up-while detecting fewer recurrences-would detect a higher rate of curable recurrences[9,11]. The determinant of whether or not
such benefit might be realized with longer follow-up is
the extent to which late recurrences are treatable when
they are detected based on symptoms. The proportion of
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symptomatic recurrences which are considered curable
is generally quite low (Table 2), but it is possible that the
subset of patients whose recurrences manifest later may
be an exception. Hopefully the volume of new trial data
set to emerge in the coming years will permit this important subanalysis.

7

CONCLUSION

9

8

Optimizing colorectal cancer surveillance represents an
incredibly complex medical decision making problem.
A heterogeneous and far-from-completely-understood
disease occurring in a population with typically advanced
age and accompanying morbidity intersect with a surveillance testing framework involving numerous possible
combinations of imperfect follow-up modalities. It is not
surprising that the accumulation of trial data over the
past decades has failed to provide a consistent answer to
what strategy of surveillance-if any-most prolongs life by
increasing the likelihood that recurrences will be caught
early and successfully treated. Nor is it surprising that
surveillance recommendations differ considerably across
organizations and countries. A series of large, ongoing CRC surveillance trials will begin to produce muchanticipated results in the coming years. Not only will
these results shed light on effective follow-up for CRC
survivors diagnosed during a modern era of surgical and
systemic treatment, but they also promise vital qualityof-life and economic findings. These trials will still have
only looked at a small number of possible surveillance
regimens. Additional tools, including computer simulation modeling, are needed to synthesize and leverage this
new information in conjunction with knowledge of the
effects of known and emerging risk factors. By so doing, we can move toward more effective, efficient, and
patient-centered follow-up.
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Core tip: Colorectal (CRC) cancer stem cells are a theorized but poorly characterized cell population believed
to be crucial for tumor growth, spread, and tenacity.
CRC stem cells share many similar characteristics of
normal intestinal stem cells and are hypothesized to
originate directly from them. It appears, however, that
both the regulation of normal intestinal stem cells and
the development of CRC are far more complex than
previously imagined. Likely pivotal to the success of
both are plasticity pathways able to reverse cellular
fate, and stem cell niche signals, ultimately leading to
self-replenishment and sometimes also unwanted dissemination.

Abstract
Colorectal cancer (CRC) remains a highly fatal condition in part due to its resilience to treatment and its
propensity to spread beyond the site of primary occurrence. One possible avenue for cancer to escape
eradication is via stem-like cancer cells that, through
phenotypic heterogeneity, are more resilient than other
tumor constituents and are key contributors to cancer
growth and metastasis. These proliferative tumor cells
are theorized to possess many properties akin to normal intestinal stem cells. Not only do these CRC “stem”
cells demonstrate similar restorative ability, they also
share many cell pathways and surface markers in common, as well as respond to the same key niche stimuli.
With the improvement of techniques for epithelial stem
cell identification, our understanding of CRC behavior
is also evolving. Emerging evidence about cellular plasticity and epithelial mesenchymal transition are shedding light onto metastatic CRC processes and are also
challenging fundamental concepts about unidirectional
epithelial proliferation. This review aims to reappraise
evidence supporting the existence and behavior of CRC
stem cells, their relationship to normal stem cells, and
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INTRODUCTION
Colorectal cancer (CRC) remains a highly morbid and
fatal disease among both developed nations and globally[1-3]. Based on 2008 world data, CRC is the fourth
leading cause of cancer-related mortality behind lung,
stomach, and liver cancer, respectively[4,5]. Since Fearon
et al[6] introduced a model for colorectal tumorigenesis
in 1990, the study of the molecular basis of CRC has
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static lesions to acquire distinguishing mutations[7].

been rapidly evolving. While a handful of tumor suppressors and oncogenes (e.g., APC, KRAS, and P53) are
commonly found among CRCs, a vast number of lowfrequency somatic mutations have since been discovered
that are believed to contribute to CRC heterogeneity[7,8].
Given the expanded number of potentially functional
mutations, that no CRC therapy is completely curative
should come as no surprise[9].
More importantly, individual colorectal cancers can
themselves demonstrate phenotypic variability via subdelegation of constituent cells. Core to this notion are
cancer “stem” cells which act as ringleaders that drive
CRC proliferation and metastasis[10]. Like normal stem
cells, they self-perpetuate and expand in accordance with
stem cell hierarchy[10]. Much remains unknown about the
origins and regulation of CRC stem cells, though implicated in CRC inception are the signals expressed within
the normal intestinal stem cell niche. New light has also
been shed onto plasticity pathways that may perhaps be
pivotal to CRC metastasis and treatment. The aim of
this review is to reappraise current evidence supporting
the existence and behavior of CRC stem cells, their relationship to normal stem cells, and their possible dependence on the stem cell microenvironment.

NORMAL INTESTINAL STEM CELLS
Two functionally distinct populations of putative normal
epithelial stem cells have been identified in intestinal
crypts of humans and mice: Lgr5+ crypt base columnar
stem cells and quiescent label-retaining cells[13-17]. These
two cell types replenish and maintain the intestinal epithelium[13].
Lgr5+ crypt base columnar cells
Lgr5+ crypt base columnar cells (CBCs) are multipotent
stem cells located in crypts of the small intestine and
colon[14]. Lgr5 is an orphan G protein-coupled receptor
expressed during embryogenesis and among epithelial
stem cell populations in the adult intestine, hair follicles,
stomach, mammary glands, and taste buds[18]. CBCs were
first characterized in 1974 when an electron microscopy
study identified a population of crypt cells that shared
common secretory components with all differentiated
epithelial cell lineages in the mouse intestine[19]. More
recently, Barker et al[14] demonstrated that Lgr5-mediated
activation of a permanent cell-labeling gene identified
a line of cells originating from the intestinal crypt that
yielded three differentiated cell types. The authors surmised that enteroendocrine cells were too rare to be detected among labeled cells[14]. A subsequent in vitro study
demonstrated that organoids derived from single Lgr5+
cells form crypt domains containing all lineages of the
adult intestinal epithelium including enteroendocrine
and crypt paneth cells[20]. Taken together, these findings
strongly suggest that multipotent Lgr5+ CBCs are true
intestinal epithelial stem cells.
Quite contrary to expected stem cell behavior, evidence suggests that the expansion of Lgr5+ CBCs follows stochastic principles in which cells are equipotent
and segregate chromosomes randomly[18,21,22]. Lgr5+ cells
are also mitotically-active and demonstrate little asymmetric division [13,21]. Proliferation of these stem cells
can at times approximate a square root growth curve,
suggesting that they contain potential for rapid, yet very
random clonal expansion[13,21,23]. As a likely consequence
of their stochastic properties, Lgr5+ stem cells are subject to neutral drift, often resulting in monoclonal or
oligoclonal populations in the intestinal crypt[21].
It seems dangerous for a stem cell to propagate in
a manner dictated largely by chance. Random chromosomal segregation risks the introduction of genomic errors that can subsequently be passed to both daughters
and self-perpetuating clones. Lgr5+ cells also seem to
have little control over cell fate, suggesting that they are
likely critically regulated by the surrounding milieu.

FEARON AND VOGELSTEIN’S MODEL
FOR COLORECTAL CARCINOGENESIS
Fearon and Vogelstein’s model for colorectal carcinogenesis illustrates how genetic alterations may allow
colorectal cells to escape defined behaviors of the normal
intestinal epithelium. By the early 1990s, Fearon et al[11]
established three key features about colorectal cancer.
First, cells within a colorectal cancer are monoclonal in
nature, suggesting that CRC arises from clonal expansion of a small number of cells. Second, Fearon et al[6]
surmised that key genetic alterations found commonly
among CRC (e.g., RAS, P53, APC) confer functional traits
advantageous to the development and expansion of sporadic cancer and are acquired in a sequentially preferred
order. For instance, APC mutations often occurred early
prior to adenoma formation, whereas P53 mutations frequented tumor phases during the transition of adenomas
to overt carcinomas[6]. Finally, based on their own observations and those of others, Fearon et al[6] concluded that
the number of accumulated mutations in a tumor was the
most consistent feature associated with the clinical and
histopathological manifestation of CRC[12].
Fearon and Vogelstein’s original CRC model has since
been greatly expounded upon. Numerous low-frequency
candidate mutations have been identified among candidate CRC genes, likely contributing to CRC phenotypic
heterogeneity [7,8]. Also, carcinogenesis might not rely
strictly on Fearon and Vogelstein’s hypothesized mutational gateways. For example, one study found no genetic
change between genome-sequenced primary colorectal
cancers and their respective metastases, suggesting that
insufficient time passed to allow either primary or meta-
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Quiescent label-retaining cells
Quiescent DNA label-retaining intestinal stem cells (LRCs)
have remained controversial since the 1970s when these
mitotically-inactive cells were found at and around the
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+4 crypt position[24-26]. Although intestinal LRCs express
a number of stem cell markers including Hopx, Tert,
Lrig1, and Dclk1, they are widely identified by their
expression of Bmi1, a member of chromatin-silencing
polycomb-repressing complex 1[13,15,27]. Like Lgr5+ CBCs,
Bmi1+ LRCs can form spheroids in vitro containing all
differentiated epithelial cell types[13,20]. The multipotency
of Bmi1+ LRCs has also been confirmed in vivo through
lineage experiments[15]. In contrast to early reports of
the radiation sensitivity of +4 position crypt cells, recent
evidence suggests that quiescent stem cells are both resistant to and activated by moderate levels of radiation
damage, thus suggesting a crucial role in recovery following intestinal injury[13,28]. Notably, Bmi1+ LRCs can
single-handedly restore radiation-ablated mouse intestinal epithelium in the total absence of Lgr5+ stem cells[13].
Whether +4 quiescent LRCs are actually stem cells
remains a matter of debate. Quiescent stem cells have
only been found in the proximal small intestine and to
date no presence has yet been found of a corresponding
population in the colon[15,29]. Moreover, one study has
identified quiescent LRCs not as stem cells, but rather
as partially-differentiated secretory precursors[30]. Quiescent stem cell markers (including Bmi1, Tert, Hopx,
and Lrig1) have also been found among Lgr5+ stem cells
thereby questioning the validity of using such markers to
identify a uniquely separate stem cell population[31].

INTESTINAL STEM CELL NICHE
Like other tissues among higher organisms, all intestinal
cells reside within a carefully defined construct of chemical signals that directs genetically identical cell populations towards divergent behaviors[36]. Contained in and
around the intestinal crypt are a multitude of molecular
and cellular effectors that define a unique microenvironment - a “niche”- that directs the optimal function of
stem cells[10]. Components of the niche include the subepithelial stroma, adjacent epithelial cells, natural enteric
flora, and soluble epithelium-derived factors. Alteration
of niche effectors can also lead to aberrant and dysregulated crypt behavior, which in turn may foster neoplasia.
Wnt signaling pathway
A multitude of signals in the intestinal crypt affect the
function and growth of intestinal stem cells (Figure 2A
and B)[37]. Of these, Wnt proteins are one of the most
crucial for maintaining stem cell homeostasis[34,35,37,38].
Wnt promotes both cellular dedifferentiation and proliferation during embryogenesis and in many adult animal
tissues[39-42]. Inhibition of the Wnt pathway results in
crypt loss and a marked reduction in epithelial proliferation[43]. Among mice with inducible APC-knockouts, Wnt
results in intestinal mucosa populated by undifferentiated
cells[44]. Wnt activity is also among the essential signals
for the formation of crypt structures from single stem
cell cultures as well as for the reprogramming of somatic
cells into induced pluripotent stem cells (iPSCs)[20,34,39,41].
Cell-proliferative genes are activated by Wnt via nuclear
β-catenin intermediaries and include cell migration controllers (EPH), proliferative signals (c-myc, cyclin D1),
and stem and cancer cell markers (Lgr5, Bmi1)[10,14,35,45-47].
The Wnt pathway is also a highly influential mediator
of cancer (Figure 2C). APC mutations facilitate Wnt activity by dysregulating β-catenin-mediated gene expression[45,48]. APC mutations are common, occurring in over
80% of sporadic colorectal cancer[48]. Vermeulen et al[49]
showed that primary spheroidal cultures derived from
human CRCs are regulated by Wnt signals in the surrounding microenvironment, such as those secreted by
intestinal myofibroblasts. They also demonstrated that
extrinsic Wnt pathway activation was an important determinant in the cellular acquisition of cancer stem cell
features (e.g., formation of tumors when injected into
immune-deficient mice and in vitro recapitulation of xenograft isolate behavior to that of the original tumor)[49].

An evolving model of normal intestinal stem cell
behavior
In contrast to current single-lineage stem cell theories,
the coexistence of two putative intestinal stem cell types
may suggest a more complex pathway for the development of the intestinal epithelium (Figure 1)[10,32]. On one
hand, evidence exists supporting the subordinancy of
LRCs to LGR5+ cells: LRCs have been characterized as
secretory precursors and may not share markers unique
from Lgr5+ cells[30,31,33]. On the other hand, evidence also
exists conversely that Lgr5+ cells may be subordinate to
LRCs: Bmi1+ LRCs restore radiation-ablated Lgr5+ cell
populations[13,29]. These findings when taken together
suggest that LRCs likely interconvert with Lgr5+ CBCs,
regardless of whether LRCs are actually stem cells. Such
findings suggest that intestinal epithelial development
is neither as hierarchical nor as unidirectional as once
thought, though the extent of which is not yet known.
Based on the discussion thus far, perhaps the actions of the stem cell pool as we currently understand
it are comprised of the combined properties of Lgr5+
and quiescent stem cells in the crypt (Figure 1). Under
normal conditions, Lgr5+ stem cells could function to
self-sufficiently maintain epithelial homeostasis through
high-output cell production in response to trophic niche
signals (e.g., Wnt)[34,35]. However, Lgr5+ CBCs are likely as
sensitive to genetic damage as they are to injury. In these
situations, the quiescent LRC population may assist with
recovery from intestinal injury, either directly or by restoring Lgr5+ stem cells.
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Intestinal subepithelial myofibroblasts
Intestinal subepithelial myofibroblasts (ISEMFs), located
underneath the basement membrane in the crypt, are
stromal cells widely known to promote stem cell selfrenewal and differentiation (Figure 2A and B) [20,34,35].
ISEMFs originate from regional intestinal fibroblasts
and possibly trans-differentiated bone marrow cells[50].
Intestinal myofibroblasts function as anchors for cell adhesion and provide trophic signals to stem cells via cell-
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Figure 1 Origin and development of normal intestinal stem cells. Lgr5+ CBCs and +4 LRCs coexist in the crypt. Each stem cell is fully multipotent. Lgr5+ cells
likely maintain intestinal homeostasis under normal conditions. Following intestinal injury, the reserve population comprised of +4 LRCs and Dll1+ secretory progenitors restore both the epithelium and Lgr5+ CBCs. Tuft cells are Bmi1+ cells that may be synonymous with or descendants of +4 LRCs. CRC: Colorectal cancer; CBCs:
Crypt base columnar cells; LRCs: Label-retaining intestinal stem cells.

cell interactions and secreted mediators[51]. ISEMFs also
contribute to wound healing, mucosal protection, fluid
and electrolyte transport, and growth of the basement
membrane[50,52]. Secreted myofibroblast mediators are numerous: Wnt proteins, hepatocyte growth factor, fibroblast growth factor, TGF-β, keratinocyte growth factor,
matrix metalloproteinases, stem cell factor, VEGF, and
numerous interleukins, to name a few[52,53].
ISEMFs have long been implicated in promoting
colorectal cancer growth and invasion (Figure 2C)[51].
Little clarity exists regarding whether peri-CRC myofibroblasts are derived from normal ISEMFs. Based on
knowledge gleaned from other cancer systems, functional differences between normal and CRC fibroblasts
do likely exist[54]. Still, even normal myofibroblasts are
capable of facilitating CRC growth. Vermeulen et al[49]
found that normal colonic myofibroblasts prevented
both the morphological and molecular differentiation of
co-cultured colorectal cancer cells. Furthermore, these
myofibroblasts were shown to re-induce tumorigenic potential in subpopulations of CRC cells with low degree
of proliferative activity[49].

Paneth cells contribute to the preservation of the
stem cell compartment through the expression of Wnt
proteins and other secreted signals such as epidermal
growth factor and Notch ligands, all important in the
maintenance of the Lgr5+ CBC population[55]. Paneth
cells also secrete antimicrobial peptides[57]. Furthermore,
they facilitate epithelial repair by deactivating panethspecific genes and converting to a phase that promotes
Bmi1+ cell proliferation[58].
Paneth cells seemingly serve a redundant role in the
intestinal crypt. Wnt proteins released from Paneth cells
are also derived from other sources in and around the
intestinal crypt[59]. Notably, the complete removal of paneth cells in mouse model systems has not been shown
to affect the proliferation of Lgr5+ CBCs[60].

INTESTINAL TUMOR/CANCER STEM
CELLS
Cells of origin
Is there a population of cells in the intestinal epithelium
that reliably serves as the source for most, if not all of
colorectal cancers? Intestinal stem cells are prime suspects due to their pre-existing proliferative and self-restorative behavior, making them perhaps more sensitive
to overt carcinogenesis[10,35]. In support of this notion,
Barker et al[61] demonstrated that APC deletions only
among Lgr5+ stem cells (6.5% of tumor mass) promoted
the formation of adenomas, even in the setting of uniform tumor Wnt target gene activation. Barker and colleagues concluded that Lgr5+ stem cell transformationespecially via loss of APC function-is a highly efficient
pathway to neoplasia [61]. Multi-color reporter lineage

Paneth cells
Paneth cells are terminally-differentiated secretory cells
intermingled between Lgr5+ CBCs at the base of crypts
in the small intestinal mucosa[55]. Though unclear why no
Paneth cells have been found elsewhere in the intestine,
a population of c-kit+/CD117+ goblet cells in the colon
may perhaps function analogously[33,56]. Co-culture of
c-kit+ cells with Lgr5+ stem cells promotes the growth
of organoids in similar fashion to those produced from
Paneth/Lgr5+ cell co-cultures[55,56].
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Figure 2 Niche regulation of the normal intestinal epithelium and colorectal cancer. A: Intestinal subepithelial myofibroblasts (ISEMFs) surround the crypt. Along
with paneth cells (P), they supply the stem cell niche with trophic signals. Developing intestinal cells migrate upwards towards the villus apex, during which time they
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plasia. Early observations by Cole et al [63] reveal that
early adenomatous polyps are positioned at the top of
colonic crypts without contact with the stem cell compartment. Schwitalla et al[64] have also demonstrated that
Wnt-constitutive intestinal cells can re-acquire stem cell
properties in an NF-KB dependent manner and lead to
tumor formation. These findings are congruent with
iPSC research through which differentiated somatic cells
have been reprogrammed back to proliferative stemlike states on account of key genetic alterations[41]. As
with other non-intestinal cancers, no clear distinction yet

retracing experiments by Schepers et al[62] have also confirmed that early adenomas are mostly of monoclonal
origin, though occasionally oligoclonal. Schepers et al[62]
also identified stem-like Lgr5+ tumor origin cells at the
base of adenomas that shared organizational resemblances to normal stem cells and were 20-fold more efficient at forming cell colonies in vitro than Lgr5-poor cells
derived from the same population.
Still, evidence suggests that colorectal cancer may
also arise from non-stem cells, supporting the idea that
ultimately any cell harbors the potential to foster neo-
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and neoplastic intestinal stem cells. Dclk1 is a complex
multi-splicoform transmembrane serine-threonine kinase
involved in embryonic neuronal migration through intracellular signaling pathways[72,73]. In the digestive tract,
Dclk1+ cells have been found in the stomach and at the
+4 position of the intestinal crypt[74,75]. Intestinal Dclk1+
cells are functionally akin to quiescent stem cells via their
label retention and radiation-induced activity[74,76]. Some
studies contend that Dclk1+ cells are not intestinal stem
cells at all. Dclk1 expression may be shared not only by
stem cells but also among the enteroendocrine lineage[77].
Alternatively, Gerbe et al[78] propose that Dclk1+ cells are
actually novel differentiated tuft cells with unidentified
function.
Interestingly, cells aberrantly expressing Dclk1 have
been found among both mouse intestinal adenomas and
human colorectal cancers, suggesting a potential role for
Dclk1 to identify neoplastic stem-like intestinal cells[74,79].
Nakanishi et al [80] recently demonstrated that Dclk1
specifically identifies abnormal intestinal mucosa found
among tumors in the small intestine of APCmin/+ mice.
Not only did Dclk1+ tumor cells co-express Lgr5, they
also demonstrated higher expression of other cancer
stem cell markers versus non-tumor cells[80]. Furthermore,
ablation of Dclk1+ cells led to regression of the containing polyps without apparent effect to normal intestine[80].
These results concur with findings from our group
showing that siRNA-based Dclk1 interference leads to
growth arrest of xenoplanted CRC[81,82]. Also notable
is a recent study by Li et al[67] demonstrating increased
Dclk1+ expression among cell fractions with a higher
percentage stem-like HCT116 human CRC cells. Taken
together, these findings support the notion that Dclk1+
cells can identify colorectal cancer stem cells and that
Dclk1 is critical for tumor growth.

Table 1 Putative colorectal cancer stem cell markers
Marker

Function

ALDH1A1
ALDH1B1
b-catenin
Bmi-1
CD24
CD26
CD29
CD44
CD133
CD166 (ALCAM)
CDX-2
c-myc
Dclk-1
EpCAM
Klf-4
Lgr-5
Lin-28
Msi-1
Nanog
4-Oct
Sox-2

Enzyme
Enzyme
Protein (nuclear)
Protein (nuclear)
Cell surface glycoprotein
Cell surface glycoprotein
Cell surface glycoprotein
Cell surface glycoprotein
Cell surface glycoprotein
Cell surface glycoprotein
Transcription factor
Transcription factor
Serine-threonine kinase (?)
Cell surface glycoprotein
Transcription factor
Cell surface receptor
Transcription factor
Protein (nuclear)
Transcription factor
Transcription factor
Transcription factor

ALDH: Aldehyde dehydrogenase; Bmi-1: B lymphoma Mo-MLV insertion
region 1 homolog; CD: Cluster of differentiation; CDX-2: Caudal type homeobox 2; Dclk-1: Doublecortin-like kinase-1; EpCAM: Epithelial cell adhesion molecule; Lgr-5: Leucine-rich repeat-containing G protein coupled
receptor 5; Msi-1: Musashi-1.

exists identifying which CRCs, if any, are derived from
non-stem cells[65].
What are the triggers that stimulate a cell to progress
to cancer? Based on the discussion thus far, the neoplastic potential of a cell might be directly correlated with
the combined disruptive impact of affected genes. However, One might imagine a situation in which a cell lacking sufficient functional derangement can be driven to
cancer in response to external stimuli. Signals may come
from cell placement in a Wnt-rich intestinal crypt, or in
response to inflammation in light of concurrent genetic
Wnt derangements as Schwitalla et al[64] have explored.

Identifying CRC tumor stem cells
Despite the strong evidence suggesting that only a small
fraction of colorectal tumor cells is responsible for maintaining tumor growth, the isolation of “pure” colorectal
cancer stem cells has remained an ongoing challenge
due to numerous theoretical and practical reasons. In
fact, the term “cancer stem cell” may be somewhat of a
misnomer. There is no expectation that a dysregulated
colorectal cancer cell follows the exact biochemical principles of a normal intestinal epithelial stem cell, even if
they share common signaling pathways. So long as the
phrase “cancer stem cell” is used loosely to refer to cells
in control of the proliferative hierarchy demonstrated by
CRC, there is no perceived problem.
The first studies documenting a tumor-initiating CRC
subfraction came in 2007 with the identification of CD133+
cells comprising 2.5% of tumor mass[83,84]. However, the
significance of CD133 as a specific CRC marker has subsequently been debated[52]. Other markers have further assisted in the enrichment of CRC stem cell fractions (Table
1). Kemper et al[66] found that Lgr5+ cells comprised only
1.9%-11.1% of putative stem cells already marked by

Tumor stem cell markers
Not surprisingly, many normal stem markers such as Lgr5,
DCLK1, CD133, CD44, CD24, and ALDH1 have also
been found among highly proliferating fractions of colorectal cancers[10,52,66,67]. Given the apparent genetic heterogeneity among CRC[7,8], very few, if any, markers are both
specific to CRC stem cells and ubiquitous among all
CRCs[9]. Table 1 lists putative CRC stem cell markers as
previously covered by other authors[10,68-71]. What remains
unclear is whether such markers reflect carry-over from
intestinal stem cell precursors as with other cancers (e.g.,
leukemia)[35] or else a re-activation of stem cell pathways.
Regardless of the underlying reason, that CRC and normal intestinal epithelial stem cells express many of the
same cell surface markers poses a challenge to the isolation of tumor stem cells.
One putative stem cell marker, Doublecortin-like kinase 1 (Dclk1), may be a useful marker for both normal
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Epcam, although admittedly the Lgr5+ fraction was more
highly clonogenic. Isolation of DCLK1 among tumor
stem cells has been previously discussed, but even Nakanishi et al[80] did not find DCLK1 universally among all
tumors in their mouse experiments.
The current methods employed to identify CRC stem
cells are derived from non-exclusive properties shared by
all intestinal stem cells. These methods include: DNA label retention, in vitro and in vivo proliferation assessments,
and detection of cell surface markers[10]. Consequently,
the isolation of CRC stem cells is fraught with as much,
controversy as normal intestinal stem cells. Not the least
of which, subtle differences between humans and animal
models may consequently make experimental findings
difficult to generalize. The apparent genetic heterogeneity of CRC lends further worry that finding a universal
identification standard for CRC stem cells may long remain a daunting task[7,8].

an extreme disturbance of either genetic derangement
or environmental signals alone would also be a sufficient
trigger for carcinogenesis[36].

EPITHELIAL MESENCHYMAL
TRANSITION: PREVAILING METASTATIC
PROGRAM?
The presence of cancer cells in the lymphatic and systemic circulation have long been known to correlate with
poor prognosis, even despite the resection of primary
lesions and/or chemotherapy[89-95]. With the apparent
monoclonality of colorectal cancer[11], one might infer
that circulating cancer stem cells originate from a primary colorectal tumor. Because cell migration brings with it
certain constraints on adhesion and cellular interactions,
circulating cancer stem cells may be functionally divergent from primary tumor cells.
Epithelial-mesenchymal transition (EMT) is a critical
extension of cellular plasticity that is believed to govern
not only the development of normal tissues but also the
growth and spread of colorectal cancer. EMT is defined
as the process by which epithelial cells convert to a mesenchymal-like phenotype. Via EMT, a cell relinquishes
its native cell-cell interactions, loses tissue-specific polarity, and acquires migratory mesenchymal traits [96].
Important aspects of the EMT process such as the loss
of E-cadherin (a hallmark of EMT) is mediated by the
Wnt pathway[97]. This process is reversible and plays a
key role in normal embryonic development as well as
normal wound healing and fibrosis in the adult animal.
The opposing process of mesenchymal-epithelial transition (MET) likely occurs through inverse regulation of
EMT and is critical for final organ formation once embryonic cells have sufficiently migrated via mesenchymal
intermediates[96]. Boundaries demarcating the degree of
lineage reprogramming during the EMT process remain
vastly gray territory. In fact, cells undergoing EMT may
not necessarily have re-written fates, for such changes
might only involve alterations to cell mobility.
EMT is likely a dominant mechanism driving colorectal cancer metastasis (Figure 3). In fact, CRC cells that
display EMT characteristics have been shown to also
possess traits of stem cells[98,99]. Critical to both CRC
stem cell formation and EMT induction are Wnt mediators (e.g., nuclear β-catenin), most markedly active at the
invasive front of colorectal tumors[97]. Microarray analysis
has demonstrated up-regulation of EMT-mediating genes
among human CRC (e.g., VIM, TWIST 1 + 2, SNAIL,
and FOXC 1 + 2)[100]. EMT is also controlled via the microRNA miR-200 family[100,101]. MicroRNAs are small,
non-coding RNAs that regulate post-transcriptional gene
expression and serve to activate oncogenes and silence
tumor suppressors. The presence of miR-200 family
members (notably miR-200c and miR-141) is associated with a gain of epithelial cell characteristics[101]. In
contrast, down-regulation of miR-200 family members

Plasticity
It is becoming increasingly apparent that both the normal intestine and colorectal cancer are subject to “plasticity” processes that convert cells back to less-differentiated forms. Conventional stem cell theory holds that
cellular development follows a unidirectional and irreversible hierarchy through semi-differentiated intermediates and concludes with terminal differentiation[85]. The
implied goal of such a model is to produce cells capable
of specialized organ functions[86]. In the intestine, recent
evidence has revealed that short-lived Dll1+ secretory
progenitors can readily revert to Lgr5+ stem cells following radiation injury (Figure 1)[87,88]. The apparent conversion of quiescent Bmi1+ LRCs to Lgr5+ stem cells is another clear demonstration of cellular plasticity[30,31]. That
differentiated somatic cells, too, can fate-reprogram into
iPSCs carries profound implications regarding the exclusivity of stem cell traits and the potential for any cell in
an organism to participate in tissue regeneration[41].
Cellular plasticity processes may also depend largely
on the cellular microenvironment. For example, extrinsically-derived Wnt signals can sufficiently replace Myc
gene mutations during iPSC creation[39]. Also, non-proliferating CRC cells possessing low Wnt activity have been
shown to regain proliferative tumorigenic potential when
co-cultured with colonic myofibroblasts or the conditioned medium derived from myofibroblast cultures[49].
These results indicate that extrinsic signals -notably activators of the Wnt pathway- are perhaps sufficient to
induce behavioral reprogramming, especially in CRC[49].
That fate-reversal occurs in CRC suggests that CRC
expansion adheres to a proliferative pattern somewhere
in between the classical hierarchical and stochastic growth
models[49,85]. Admittedly, however, it is not known to what
degree cellular plasticity plays a role in the proliferation
of colorectal cancer. Perhaps even among different CRCs
there is variation in functional dependence on extrinsic
signals, ultimately affecting the growth patterns and behavior of the neoplastic phenotype. In this way, perhaps
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Figure 3 Epithelial-mesenchymal transition and mesenchymal-epithelial transition in colorectal cancer. In a primary tumor, CRC stem cells exist in a stationary phase that promotes growth. EMT transition to a migratory mesenchymal phase deactivates proliferative genes and cell adhesion molecules, generally allowing
for metastatic dissemination to occur. Once at distant targets, mesenchymal cells transition back to the stationary phase via MET thereby resuming tumor expansion.
EMT: Epithelial-mesenchymal transition; MET: Mesenchymal-epithelial transition; CRC: Colorectal cancer.

of EMT is still in its infancy.

promotes an invasive mesenchymal phenotype, possibly
through the activation of EMT mediators like ZEB1 and
ZEB2[96,102,103]. In turn, epigenetic methylation pathways
are in control of these miR-200 “switches” that altogether govern the shifting of CRC cells towards either mobile
or stationary phases[96,101].
The combined effect of EMT/MET activity is metastatic advancement of a colorectal cancer: EMT enables
primary tumor escape and spread by way of mesenchymal intermediates, and MET returns CRC to a highlyproliferative epithelial stem cell phenotype (Figure 3)[101].
In fact, these transitional phases may be the ultimate
defining characteristic of CRC and may help direct future CRC therapy. Loboda et al[100] demonstrated that
colorectal cancer, despite its vast mutational heterogeneity, can be organized principally as either epithelial or
mesenchymal subtypes. Admittedly, the extent that EMT
contributes to tumor spread remains unknown.
Interfering with EMT at critical phases of cancer
growth is thus seemingly an attractive goal. For instance,
anti-EMT therapy could be utilized to prevent primary
tumor metastasis in early-stage CRC by forcing cells out
of a mesenchymal phenotype or else preventing the entry into EMT (as is apparently the case with cetuximab
administration)[96,104,105]. However, one concern regarding
EMT/MET exploitation is that the two opposing processes may coexist inseparably. As such, unilaterally-directed therapy might lead to undesirable activity of cells
in the opposite transitional phase. For instance, EMT
processes are in part responsible for chronic resistance
to oxaliplatin[106]. Difficulties in controlling mesenchymal
processes may be further complicated by plasticity-mediated recruitment of additional CRC stem cells into the
mesenchymal pool. Suffice it to say, our understanding
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CONCLUSION
Much has been learned about the behavior of colorectal
cancer stem cells owing to knowledge gained about normal intestinal stem cell behavior. The limitations inherent in our current isolation methods of pure stem cell
fractions will likely bear heavily on how we observe and
understand CRC as well. Newer developments in the
field of stem cell research have provided insight into the
vast potential for stem cells to not only be controlled by
environmental factors but also be restored by its descendants. Also critical are core pathways such as Wnt that
play an integral role in stem cell function, mesenchymal
transition, and metastasis. Given the complexity of CRC
“homeostasis”, optimal CRC therapy will likely still
remain a multi-pronged attack: first by control and/or
alteration of trophic niche stimuli, second by the prevention of mesenchymal cell intermediates, and lastly by the
elimination of stem cell ringleaders.
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Management of locally advanced and metastatic colon
cancer in elderly patients
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tional status, several methods of functional assessment
including performance status and activities of daily
living (ADL) or instrumental ADL, or even a comprehensive geriatric assessment, may be used. There is
no ideal chemotherapy regimen that fits all elderly patients and so a regimen needs to be tailored for each
individual. Important considerations when treating elderly patients include convenience and tolerability. This
review will discuss approaches to the management of
elderly patients with locally advanced and metastatic
colon cancer.
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Abstract

Core tip: Despite survival benefit, fewer older patients
with colon cancer receive chemotherapy, likely due
to concerns regarding safety and efficacy of chemotherapy. The decision to treat elderly patients with advanced and metastatic colon cancer requires the incorporation of a thorough evaluation. Fit elderly patients
are especially appropriate for treatment and should be
offered the same regimens as their younger counterparts. Treatment related toxicities and quality of life
should be monitored very closely in elderly patients
receiving chemotherapy and more frequent follow-up
should be arranged. In frail elderly patients, sequential single agent chemotherapy may be more tolerable
than combination therapy.

Colon cancer is the second leading cause of cancer
mortality in the United States with a median age at diagnosis of 69 years. Sixty percent are diagnosed over
the age of 65 years and 36% are 75 years or older. At
diagnosis, approximately 58% of patients will have locally advanced and metastatic disease, for which systemic chemotherapy has been shown to improve survival. Treatment of cancer in elderly patients is more
challenging due to multiple factors, including disabling
co-morbidities as well as a decline in organ function.
Cancer treatment of elderly patients is often associated with more toxicities that may lead to frequent
hospitalizations. In locally advanced disease, fewer
older patients receive adjuvant chemotherapy despite
survival benefit and similar toxicity when compared to
their younger counterparts. A survival benefit is also
observed in the palliative chemotherapy setting for elderly patients with metastatic disease. When treating
elderly patients with colon cancer, one has to consider
drug pharmacokinetics and pharmacodynamics. Since
chronological age is a poor marker of a patient’s func-
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in this setting.
Chemotherapy for metastatic colon cancer markedly
improves outcomes over best supportive care alone[11].
The availability of newer agents, such as irinotecan, oxaliplatin, and targeted therapies, has markedly improved
response rates (RR), time to progression (TTP), and
overall survival (OS) [12]. Between 1995 and 2005, an
analysis of patients age 65 and older who received chemotherapy for metastatic colon cancer demonstrated a
6-mo improvement in OS[13].

INTRODUCTION
An estimated 142820 new cases of colorectal cancer,
including 102480 new cases of colon cancer will be diagnosed in 2013 with 50830 deaths expected in the United
States[1] Approximately 39% of these patients will have
locally advanced disease and 19% will be diagnosed with
metastatic disease. In both settings, systemic therapy has
been shown to improve survival[2].
Most cancer occurs in the elderly population[1]. Developed countries have accepted the chronological age
of 65 and older as a definition of an elderly population[3]. Currently, more than 50 percent of all cancer
diagnoses and over 70% of cancer deaths occur in those
over age 65[4]. Colon cancer has a median age of 69 years
at diagnosis, in which 60% are over the age of 65 and
36% are 75 years or older[1,5].
Adjuvant chemotherapy has been the standard of care
for stage III colon cancer following complete surgical resection. Palliative chemotherapy also improves progression
free survival (PFS) and overall survival (OS) in patients
with metastatic colon cancer. However, since fewer elderly
patients are included in clinical trials, establishing a standard
adjuvant or palliative treatment regimen may be challenging.
Treatment of cancer in elderly patients often requires
greater attention due to multiple factors, including disabling co-morbidities as well as a decline in organs function. Cancer treatment of elderly patients is often associated with more severe toxicities and hospitalizations
during treatment[6]. Elderly patients also have a shorter
life expectancy. These factors often influence physicians
decision to withold chemotherapy. A SEER database
analysis showed that the older the patient, the less likely
they received chemotherapy[7,8].

ACTIVE AGENTS FOR LOCALLY
ADVANCED AND METASTATIC COLON
CANCER
The following represent a list of active agents for colorectal cancer and their most common side effects. In general,
strategies to prevent toxicities are to identify the side effects early and provide immediate symptom management
as well as dose adjusment as necessary.
5FU/Leucovorin
Flurouracil (5-FU) in combination with leucovorin (LV)
has been used alone for decades before the introduction
of other agents in the late 1990s and early 2000. To date,
5-FU is still the backbone drug used in combination with
other newer agents. Flurouracil is a pyrimidine nucleoside analog that impairs DNA synthesis via inhibition of
thymidylate synthase and also inhibits RNA synthesis[14].
LV enhances 5-FU cytotoxicity by prolonging the 5-FU
enzymatic inhibition of thymidylate synthase[15,16].
The side effects of 5-FU may vary based on the
method of administration: Ⅳ bolus vs continuous Ⅳ
infusion. Bolus 5-FU is more likely to be associated with
diarrhea and myelosuppresion, which may be more pronounced in patients with dihydropyrimidine dehydrogenase (DPD) deficiency[17]. Continuous infusion 5-FU is
more likely to cause hand-foot syndrome and mucositis,
especially in older patients (> 70-year-old)[18,19].

Benefits of Chemotherapy in
Locally Advanced and Metastatic
Colon Cancer
Adjuvant setting in locally advanced disease
In the 1980s, the use of fluorouracil (5-FU) and leucovorin (LV) extended survival for stage III colon cancer, even in elderly patients[9,10]. The use of 5-FU/LV in
stage Ⅲ patients age 65 and older provided a survival
advantage[8]. Another SEER-Medicare database analysis
also found survival benefit for adjuvant therapy in patients age 75 and older[7]. The toxicities of 5FU/LV were
similar in older and younger patients.
However, fewer elderly patients received adjuvant
chemotherapy[7]. Since older patients are underrepresented in clinical trials, concerns regarding safety and efficacy of chemotherapy have always been raised.

Capecitabine
Capecitabine (fluoropyrimidine carbamate), an orally
administered chemotherapeutic agent, is a pro-drug that
is converted enzymatically to 5-FU following absorption[20]. Capecitabine is approved in the United States for
first-line treatment of metastatic colon cancer as a single
agent or in combination with other agents.
As monotherapy capecitabine has similar efficacy
when compared to 5-FU/LV for treatment of metastatic
colon cancer[21,22]. However, in patients who failed 5-FUbased regimens, replacing 5-FU with capecitabine as a
second line monotherapy is an inappropriate treatment
strategy due to a low objective response rate[23,24].
The most common side effect of capecitabine is
grade 3 or 4 palmar-plantar-erythrodysthesia (PPED)
also known as hand-foot skin reaction. Capecitabine
may also cause diarrhea and mucositis. However, there
is a lower incidence of grade 3 or 4 myelotoxicity when

Palliative chemotherapy in metastatic colon cancer
In metastatic disease, treatment options include metastatectomy (particularly in patients with isolated liver metastases) and systemic chemotherapy for palliation. For
many years, 5-FU/LV was the only active regimen used
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compared with infusional 5-FU. Therefore, it is generally
well tolerated. Dose tolerance is also different among
patients treated in the United States vs Europe (a lower
dose is often given in the United States)[25].

healing. Other significant side effects include hypertension and thromboembolic events (especially in patient
age 65 and older). Therefore, the use of this agent should
be avoided in high-risk patients (i.e. history of bowel perforation, non-healing wounds, history of recent cerebrovascular accident, or uncontrolled hypertension). Blood
pressure needs to be monitored and anti-hypertensive
agents are often required. Bevacizumab can also lead
to proteinuria and regular monitoring of urine protein
secretion with urine dipstick or 24-h urine protein to
creatinine ratio may be required. Holding the agent at
least six to eight weeks prior to elective surgery is recommended[43].

Irinotecan
Irinotecan, a topoisomerase Ⅰ inhibitor, is used alone
or in combination with 5-FU, as well as with targeted
agents. In metastatic disease, several phase Ⅲ trials demonstrated a survival benefit for combined irinotecan plus
5-FU/LV compared to 5-FU/LV alone[26-28].
Diarrhea and myelosuppression are the dose-limiting
side effects of irinotecan, which may be severe. Premedication with atropine sulfate (0.25-0.5 mg subcutaneous) often prevents the development of irinotecaninduced diarrhea. Early use of a antimotility agent such
as loperamide has been shown to decrease the severity
of diarrhea and is essential to prevent treatment-related
mortality[29]. Blood counts should be monitored and dose
modification may be required. Other toxicities include
nausea, vomiting, alopecia, and asthenia. Medications
for symptom management should be made available if
needed[30].

Aflibercept
Intravenous aflibercept is a recombinant fusion protein
consisting of VEGF binding portions from key domains
of human VEGF receptors 1 and 2 fused to the Fc portion of human immunoglobulin G1. It is approved in
the United States for use in combination with FOLFIRI
for the treatment of patients with metastatic colon cancer resistant to or who have progressed following an
oxaliplatin-containing regimen[44,45].
Due to a similar mechanism of action as bevacizumab (anti-VEGF), aflibercept shares a similar side effect
profile including hemorrhage, hypertension, thromboembolism, bowel perforation, and impaired wound healing. Identification of and early symptom management,
as well as dose modification as necessary are important
in managing toxicities. If patients develop recurrent or
severe hypertention, treatment needs to be withheld until blood pressure is controlled and then resumed with a
permanent dose reduction. Treatment should be discontinued if patients develop a hypertensive crisis, fistula
formation, GI perforation, or severe hemorrhage (see
manufacturer package insert).

Oxaliplatin
Oxaliplatin is a platinum analog approved for colon cancer in combination with 5-FU or capecitabine, with or
without a targeted agent. Three clinical trials have shown
a significantly greater RR and PFS but similar overall
survival for oxaliplatin plus short-term infusional 5-FU
and LV (FOLFOX regimen) compared to 5-FU plus LV
alone in the first-line treatment of metastatic colon cancer (mCRC)[31,32].
The dose limiting toxicity of oxaliplatin is peripheral
neuropathy. Patients should be closely monitored for
the development of neuropathy and educated to avoid
cold exposure to prevent worsening of this symptom.
Although proposed as a strategy to delay peripheral neuropathy, there is no firm evidence for the use of calcium
and magnesium infusions[33,34]. Dose modifications or
interruption is often required when symptoms start. Oxaliplatin can also cause pancytopenia, nausea, vomiting,
and fatigue. Therefore, complete blood counts should be
followed and dose modification may be required[35].

ANTI-EGFR MONOCLONAL ANTIBODIES
Cetuximab, panitumumab
Activation of epidermal growth factor (EGF) pathway
is dependent on ligand binding to its receptor (EGFR),
with subsequent homo- and heterodimerization leading to activation of signaling pathways. Cetuximab and
panitumumab are monoclonal antibodies directed against
EGFR. However, they exert their action on both malignant and normal cells. Cetuximab and panitumumab
are only effective in patients who have K-ras wild type
tumor[46-48]. While cetuximab is more commonly used in
combination with irinotecan based regimens, panitumumab is approved only as a single agent after failure of other
regimens[48,49]. Whether panitumumab is of benefit in patients who are refractory to cetuximab is unknown[50].
Since anti-EGFR monoclonal antibodies also bind
to EGFR receptors in normal tissue, these agents affect
organs with abundant receptors and may cause skin and
gastrointestinal toxicities (rash, dryness, pruritus, and
diarrhea). Of particular interest, early identification and

Anti-angiogenesis (anti-vascular
endothelial growth factor)
Bevacizumab
Bevacizumab is a humanized monoclonal antibody (MoAb)
targeting vascular endothelial growth factor (VEGF).
The addition of bevacizumab to first-line regimens used
for metastatic colon cancer improves outcomes modestly. It is usually given with fluoropyrimidines alone
or fluoropyrimidines in combination with oxaliplatin
(FOLFOX/XELOX) or irinotecan (FOLFIRI)[36-42].
Serious adverse events of this agent include hemorrhage, gastrointestinal perforation, and impaired wound

WJG|www.wjgnet.com

1912

February 28, 2014|Volume 20|Issue 8|

Kurniali PC et al . Colon cancer in elderly patients

5-FU (400 mg/m2 Ⅳ bolus on day 1 followed by 2400
mg/m2 continuous Ⅳ infusion over 46 h)[59]. The cycle is
repeated every two weeks for a total of 12 cycles in adjuvant setting.

proper grading of skin toxicity, as well as symptom management are important. Patients should be educated to
recognize the signs and symptoms of toxicity, as well as
general prevention strategies such as applying sunscreen
and alcohol-free moisturizing creams[51,52]. Hypomagnesaemia is another significant toxicity of this class of
drug. Frequent laboratory monitoring and repletion are
often required[53,54].

CAPOX/XELOX
In a randomized trial comparing capecitabine plus oxaliplatin (XELOX) vs FOLFOX regimen, XELOX was
found to be non-inferior as a first line treatment regimen
for mCRC[60]. In the adjuvant setting, the combination
of oxaliplatin and capecitabine has been shown to improve disease free and overall survival with less toxicity
when compared to standard bolus 5-FU/LV[61-63]. The
standard regimen is capecitabine 850-1000 mg/m2 orally
twice daily, from day 1 to 14, with oxaliplatin 130 mg/m2
Ⅳ on day 1 of every three week cycle.

RECEPTOR TYROSINE-KINASE INHIBITOR
Regorafenib
Regorafenib is a new oral multikinase inhibitor that
blocks the activity of several protein kinases, including the VEGF and EGFR pathways. It is approved as a
single agent for the treatment of patients with refractory
mCRC[55].
The most common side effects of Regorafenib are
grade 3 or 4 PPED also known as hand-foot skin reaction, fatigue, hypertension, diarrhea, and skin rash.
These toxicities tend to occur during the first treatment
cycle and then diminish over time[55]. Early identification,
intervention, and dose reduction, are key to managing
these side effects.

Single agent capecitabine
The approved dose of oral capecitabine is 1250 mg/m2
twice daily for 2 wk, every 21 d, either as monotherapy
or in combination with other agents[21,22]. The dose is
often reduced to 1000 mg/m2 twice daily (in combination with oxaliplatin) on days 1-14 of a three week
cycle[60,62,64]. No clinical trial has yet been done to compare these different dosing regimens. In one study of 51
elderly patients (mean age 76) with advanced CRC, treatment with capecitabine was well tolerated[65].

Active Regimen for Locally
Advanced and Metastatic Colon
Cancer

FOLFOX + bevacizumab
The benefit of adding bevacizumab to an oxaliplatincontaingin regimen has been addressed in several clinical trials and showed an improvement in RR, PFS, and
OS[38-40]. However, the use of bevacizumab also increased
the risk of bowel perforation, impaired wound healing,
grade 3 or 4 hypertension, and bleeding events[38].
In the TREE-2 trial, bevacizumab was added to oxaliplatin and fluoropyrimidine regimens. These regimens
were well tolerated as first-line treatment of mCRC with
similar overall toxicity. The first-line oxaliplatin and fluoropyrimidine-based regimen with bevacizumab resulted
in a median OS of approximately 2 years[38].
The dosing regimen is oxaliplatin 85 mg/m2 Ⅳ, bevacizumab 5 mg/kg Ⅳ, LV 400 mg/m2 Ⅳ, and 5-FU
400 mg/m2 Ⅳ bolus on day 1, followed by 2400 mg/m2
continuous Ⅳ infusion over 46 h; every 2 wk.

The following regimens are summarized in Table 1.
FOLFOX
A SEER-Medicare database analysis found that the addition of oxaliplatin to 5-FU/LV adjuvant therapy in
elderly patients with stage Ⅲ disease resulted only in a
small but non-significant OS benefit[7].
A subset analysis of major adjuvant therapy trials
also showed a lack of benefit with the addition of oxaliplatin in older patients. The NSABP C-07 trial found
that the addition of oxaliplatin to 5-FU/LV did not
prolong survival in patients age 70 and older with stage
Ⅱ or Ⅲ colon cancer. There was actually a trend toward
decreased survival[56]. A subset analysis of the MOSAIC
trial did not show survival benefit with the addition of
oxaliplatin for patients of age 70-75 with stage Ⅱ or Ⅲ
colon cancer[57]. However, the median age of patients
enrolled in the MOSAIC study was 59 with only onethird of these patients were over the age of 65. Due to
the small number of elderly patients included in this
retrospective analysis, the use of oxaliplatin as adjuvant
treatment in elderly patients remains inconclusive.
In the metastatic setting, however, the addition of
oxaliplatin to fluoropyrimidine-based regimens significantly improved outcomes without worsening toxicity in
elderly and frail patients[58].
If indicated, oxaliplatin 85 mg/m2 Ⅳ is usually given
in combination with LV 400 mg/m2 Ⅳ over 2 h and
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FOLFIRI + bevacizumab
A phase Ⅲ randomized clinical trial comparing the addition of bevacizumab to 5-FU-based combination
chemotherapies (irinotecan, bolus fluorouracil, and leucovorin [IFL]) showed improved objective RR, PFS, and
OS[42]. Another randomized trial comparing 5-FU given
as continuous infusion vs bolus (FOLFIRI vs IFL), both
with bevacizumab, showed a superior result with the former[66]. In the bevacizumab expanded access trial (BEAT),
bevacizumab added to first-line chemotherapy showed a
comparable efficacy and safety profile compared to chemotherapy alone[39].
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Table 1 Chemotherapy regimen in locally advanced and metastatic colon cancer
No.

Regimen

Dosing

Frequency

1

5-FU/LV

Leucovorin 400 mg/m2 Ⅳ over 2 h before 5-FU on day 1

Every 2 wk

Y

Y

Every 3 wk
Every 2 wk

Y
Y

Y
Y

Every 3 wk

Y

Y

Every 2 wk

N

Y

Every 2 wk

N

Y

Every 2 wk

N

Y

Every 3 wk

N

Y

Every 3 wk

N

Y

Every 2 wk

N

Y

Every 2 wk

N

Y

Every 2 wk

N

Y

Every 2 wk
Every 4 wk

N
N

Y
Y

2
3

4
5

6

7

8

9
10

11

12

13
14

5-FU 400 mg/m2 Ⅳ bolus on day 1, followed by 2400 mg/m2 Ⅳ over 46 h
Capecitabine
Capecitabine 1000-1250 mg/m2 by mouth twice daily for 2 wk, then 1 wk off
FOLFOX
Leucovorin 400 mg/m2 Ⅳ over 2 h before 5-FU on day 1
5-FU 400 mg/m2 Ⅳ bolus on day 1, followed by 2400 mg/m2 Ⅳ over 46 h
Oxaliplatin 85 mg/m2 Ⅳ on day 1
CAPOX
Capecitabine 850-1000 mg/m2 by mouth twice daily for 2 wk, then 1 wk off
Oxaliplatin 130 mg/m2 Ⅳ on day 1
FOLFIRI
Leucovorin 400 mg/m2 Ⅳ over 2 h before 5-FU on day 1
5-FU 400 mg/m2 Ⅳ bolus on day 1, followed by 2400 mg/m2 Ⅳ over 46 h
Irinotecan 180 mg/m2 Ⅳ over 90 min on day 1
FOLFOX + Bevacizumab
Leucovorin 400 mg/m2 Ⅳ over 2 h before 5-FU on day 1
5-FU 400 mg/m2 Ⅳ bolus on day 1, followed by 2400 mg/m2 Ⅳ over 46 h
Oxaliplatin 85 mg/m2 Ⅳ on day 1
Bevacizumab 5 mg/kg Ⅳ on day 1
FOLFIRI + Bevacizumab
Leucovorin 400 mg/m2 Ⅳ over 2 h before 5-FU on day 1
5-FU 400 mg/m2 Ⅳ bolus on day 1, followed by 2400 mg/m2 Ⅳ over 46 h
Irinotecan 180 mg/m2 Ⅳ over 90 min on day 1
Bevacizumab 5 mg/kg Ⅳ on day 1
CAPOX + Bevacizumab
Capecitabine 850-1000 mg/m2 by mouth twice daily for 2 wk, then 1 wk off
Oxaliplatin 130 mg/m2 Ⅳ on day 1
Bevacizumab 7.5 mg/kg Ⅳ on day 1
Capecitabine + Bevacizumab Capecitabine 850-1000 mg/m2 by mouth twice daily for 2 wk, then 1 wk off
Bevacizumab 7.5 mg/kg Ⅳ on day 1
5-FU/LV + Bevacizumab
Leucovorin 400 mg/m2 Ⅳ over 2 h before 5-FU on day 1
5-FU 400 mg/m2 Ⅳ bolus on day 1, followed by 2400 mg/m2 Ⅳ over 46 h
Bevacizumab 5 mg/kg Ⅳ on day 1
FOLFIRI + Cetuximab
Leucovorin 400 mg/m2 Ⅳ over 2 h before 5-FU on day 1
5-FU 400 mg/m2 Ⅳ bolus on day 1, followed by 2400 mg/m2 Ⅳ over 46 h
Irinotecan 180 mg/m2 Ⅳ over 90 min on day 1
Cetuximab 400 mg/m2 Ⅳ loading on treatment day 1, then 250 mg/m2 Ⅳ
every week
FOLFIRI + Ablifercept
Leucovorin 400 mg/m2 Ⅳ over 2 h before 5-FU on day 1
5-FU 400 mg/m2 Ⅳ bolus on day 1, followed by 2400 mg/m2 Ⅳ over 46 h
Irinotecan 180 mg/m2 Ⅳ over 90 min on day 1
Aflibercept 4 mg/kg, over 1 h on day 1
Panitumumab
Panitumumab 6 mg/kg Ⅳ
Regorafenib
Regorafenib 160 mg by mouth once daily for 3 wk, then 1 wk off

Adjuvant Palliative

5-FU: Fluorouracil.

The dosing regimen is irinotecan 180 mg/m2 Ⅳ, bevacizumab 5 mg/kg Ⅳ, LV 400 mg/m2 Ⅳ, and 5-FU 400
mg/m2 Ⅳ bolus on day 1, followed by 2400 mg/m2 continuous Ⅳ infusion over 46 h; every two weeks[67].

observed with the addition of bevacizumab[68,69].
The dosing regimen is bevacizumab 7.5 mg/kg Ⅳ on
day 1 with capecitabine 850-1000 mg/m2 by mouth twice
daily on day 1 to 14, every three weeks. When combine
with 5-FU/LV containing regimen, the dosing is bevacizumab 5 mg/kg Ⅳ, LV 400 mg/m2 Ⅳ, and 5-FU 400
mg/m2 Ⅳ bolus on day 1, followed by 2400 mg/m2 continuous Ⅳ infusion over 46 h, every two weeks.

CAPOX + bevacizumab
The addition of bevacizumab to either XELOX or
FOLFOX4 showed improved median PFS when compared to either regimen without bevacizumab[40].
The dosing regimen is oxaliplatin 130 mg/m2 iv, bevacizumab 7.5 mg/kg iv on day 1; capecitabine 850-1000
mg/m2 by mouth twice daily on day 1 to 14, every three
weeks.

FOLFOX + cetuximab
Several studies have shown higher RR and prolongation
in PFS with the addition of cetuximab, but without significant effect on OS[70]. However, other trials showed no
clear benefit in adding cetuximab to a first-line oxaliplatin-containing regimen in patients with K-ras wild-type
tumors with only a modest improvement in RR[71,72]. For
this reason, the benefit of adding cetuximab to a firstline oxaliplatin-containing regimen remains unclear.

Fluoropyrimidines + bevacizumab

Bevacizumab adds benefit to first-line 5-FU/LV or
capecitabine with improvement in RR, PFT, and OR[36,37].
The addition of bevacizumab to capecitabine also improves PFS compared to capecitabine alone in elderly
patients age 70 and older. However, more treatmentrelated adverse events, inlcuding hand-foot syndrome,
diarrhea, venous thrombotic events, and hemorrage were
WJG|www.wjgnet.com

FOLFIRI + cetuximab
Cetuximab can be used in combination with irinotecan
for patients with wild-type K-ras tumors. Multiple phase
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Ⅲ randomized controlled trials have shown improve-

vious studies with younger age groups.
Therefore, the management of potentially resectable
liver metastases in elderly patients with good performance status should be the same as in younger patients.
Older patients may also benefit from neoadjuvant chemotherapy to convert borderline resectable lesions to
resectable disease. Several studies showed a similar response rate and five-year OS among younger and older
individuals who received neoadjuvant chemotherapy followed by liver resection[80,81].
Although there is no firm data on solitary pulmonary
metastases, metastasectomy may be considered for fit
older patients with isolated pulmonary metastases[82].
Older age (> 60-year-old), male, and increased lung metastases are negative predictors for survival after pulmonary metastatectomy[83].

ment in RR and PFS, but failed to show significant OS
benefit[73-75]. Cetuximab is given as a weekly infusion, although some data support the safety and efficacy of every other week dosing, which is often done for patients
convenience.
The dosing regimen is cetuximab 400 mg/m 2 Ⅳ
loading on first treatment day 1, and then 250 mg/m2 Ⅳ
weekly, with irinotecan 180 mg/m2 Ⅳ, bevacizumab 5
mg/kg Ⅳ, LV 400 mg/m2 Ⅳ, and 5-FU 400 mg/m2 Ⅳ
bolus on day 1, followed by 2400 mg/m2 continuous Ⅳ
infusion over 46 h; every 2 wk.
FOLFIRI + aflibercept
Aflibercept in combination with FOLFIRI is approved
for treatment of patients with mCRC that is resistant
to or has progressed following an oxaliplatin-containing regimen. A placebo controlled trial compared FOLFIRI with or without aflibercept given in patients who
failed a oxaliplatin containing regimen. An improved
median PFS and OS were observed in patients receiving aflibercept[44].
The dosing regimen is aflibercept 4 mg/kg, followed
immediately by the FOLFIRI regimen (irinotecan 180
mg/m2 Ⅳ, bevacizumab 5 mg/kg Ⅳ, LV 400 mg/m2
2
Ⅳ, and 5-FU 400 mg/m Ⅳ bolus on day 1, followed by
2
2400 mg/m continuous Ⅳ infusion over 46 h) every 2
wk.

Tolerability of Chemotherapy in
Elderly Patients
When treating elderly patients with cancer one has to
consider drug pharmacokinetics and pharmacodynamics. Elderly patients have age related changes in organ
function as well as comorbidities. Drug toxicities may be
due to a reduction in renal or hepatic function. Also, impaired drug efficacy may be due to age-related decreased
intestinal absorption (for oral medications).

Assessing Functional Status of
Elderly Patients

Single agent panitumumab
Panitumumab as a single agent is approved for treatment
of K-ras wild-type mCRC. Studies evaluating the addition of panitumumab to either FOLFOX or FOLFIRI
have shown improvement in PFS, but no survival benefit. However, lower survival and increased toxicity were
observed when panitumumab was combined with other
agents, including oxaliplatin and bevacizumab [48,76-78].
For this reason, panitumumab is not indicated for use in
combination with chemotherapy. The dosing regimen is
6 mg/kg Ⅳ every 2 wk.

Since chronological age is a poor marker of a patient’s
functional status, several methods of functional assessment may be used.
Eastern Cooperative Oncology Group performance status
Eastern Cooperative Oncology Group (ECOG) performance status (PS) (Table 2) is useful to assess a patient’s ability to tolerate chemotherapy and their short-term prognosis. Patients with a poor performance status (PS) (e.g.,
ECOG PS > 2) usually tolerate chemotherapy poorly and
have shorter median OS. Older patients with poor PS
also often have more functional impairment[84].

Single agent regorafenib
Oral regorafenib is approved for patients with metastatic
colon cancer that has progressed after all standard therapies. In a randomized trial comparing regorafenib to best
supportive care, regorafenib showed a modest though
statistically significant improvement in PFS and median
OS[55].
The dosing regimen is 160 mg once daily for 21 d of
a 28-d cycle.

ADL and IADL scales
Activities of Daily Living (ADL) and Instrumental Activities of Daily Living (IADL) scales are more representative of a patient’s functional status. ADL refers to the
skills that are necessary for basic living such as self-care
and include feeding, grooming, transferring, and toileting. IADL refers to the skills required to live independently in the community including shopping, managing
finances, housekeeping, preparing meals, and the ability
to take medications.

Metastasectomy
In a large international multicenter cohort study evaluating the outcome of liver surgery for metastatic colon
cancer in patients age 70 and older, a 3-year survival rate
of 57% and a 60-d perioperative mortality rate of 4%
were observed[79]. These results were comparable to pre-
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Assessment of functional status with the ADL and IADL
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Table 2 Eastern Cooperative Oncology Group performance status
Grade
0
1
2
3
4
5

Description
Fully active, able to carry on all pre-disease performance without restriction
Restricted in physically strenuous activity but ambulatory and able to carry out work of a light or sedentary nature, e.g., light housework,
office work
Ambulatory and capable of all self-care but unable to carry out any work activities. Up and about more than 50% of waking hours
Capable of only limited self-care, confined to bed or chair more than 50% of waking hours
Completely disabled. Cannot carry on any self-care. Totally confined to bed or chair
Dead

scales is a component of the comprehensive geriatric
assessment (CGA) scale that is used by geriatricians to
identify frail older patients at high risk of adverse outcomes such as falls, hospitalization, and death. The task
force of International Society of Geriatric Oncology
recommends the use of CGA in the care of older cancer
patients[85].

Short term 5-FU/LV continuous infusion is preferable to a 5-FU bolus due to a favorable toxicity profile[88].
When patients progress, FOLFOX can be changed
to FOLFIRI, or vice-versa, while maintaining treatment
with bevacizumab[89]. If the patient is initially treated
with a fluoropyrimidine alone, then the addition of either oxaliplatin or irinotecan could be considered. This
is especially relevant if the patient has an improvement
in functional status. If the patient has a K-ras wild type
tumor, cetuximab can be added to FOLFIRI, especially
if a FOLFIRI-based regimen was not used first-line. Another alternative is to give FOLFIRI plus ziv-aflibercept
when a FOLFOX regimen has already been given as
first-line therapy and the patient has progressed.
If the patients functional status declines or does not
improve, therapy with single agent panitumumab, cetuximab, regorafenib, or even best supportive care (BSC),
are options.

Chemotherapy Selection in
Elderly Patients
There is no ideal chemotherapy regimen that fits all
patients and so a regimen needs to be tailored to each
individual. Important considerations when treating elderly patients include convenience and tolerability. While
using a 5-FU based regimen, patients will require a portable outpatient infusion pump and an indwelling venous
catheter. Otherwise, patients will have to be admitted to
the hospital for at least 48 h in order to complete a 5-FU
continuous infusion. In our institution, bolus 5-FU is
often omitted if there is a concern for increased toxicity
in the metastatic setting.
Capecitabine, on the other hand, is given orally.
Often times, this drug may be a better alternative for
selected patients. However, since capecitabine has to be
taken twice daily for 14 d, compliance may be an issue.
We recommend that patients who are treated with oral
capecitabine use a pill container with scheduled compartments to help with compliance. Nursing staff can also
monitor the frequency of refills. In our center, patients
are given an individualized chemotherapy calendar.
In the adjuvant setting, we recommend 5-FU continuous Ⅳ infusions or oral capecitabine alone for six
months for patients age 60 and older.
In the metastatic setting, FOLFOX has a comparable
activity to FOLFIRI[86,87]. The choice of which to use
should be based upon the expected toxicities of each
regimen and the patients comorbidities. If there are no
contraindications, bevacizumab may be added to either
regimen. A fluoropyrimidine can be given to a patient
either via an intravenous infusion (5-FU) or by an oral
route (capecitabine). If patients are not considered candidates for more intensive therapy due to a poor functional status, then oxaliplatin or irinotecan should not be
given. In that case, either an intravenous 5-FU infusion
or oral capecitabine with or without bevacizumab is an
appropriate option.
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Best Supportive Care
Many clinical trials were designed to compare drug therapy
versus BSC, especially for patients resistant to multiple
lines of chemotherapy[90]. BSC is palliative treatment
without using chemotherapy with the intent to maximize
quality of life (QOL). Appropriate BSC includes antibiotics, analgesics, antiemetics, thoracentesis, pleurodesis,
blood transfusions, nutritional support, and also focal
external-beam radiation for symptomatic control[91].
Symptom assessment and management is paramount
to provide BSC. Once assessed, symptoms should be
managed in accordance with one of the many existing
evidence-based guidelines[92].

Whom to Treat
There is a general agreement that frail older patients,
those with significant functional impairment or an
ECOG PS of 3 to 4, should be offered palliative measures aimed at maintaining QOL. Most of the time, they
have poor tolerance to aggressive treatment for their
cancer. However, active and fit older patients with minimal comorbidities should be treated in the same fashion
as younger patients with metastatic colon cancer[93]. Patients with metastatic colon cancer who have a PS of 2
or less should be considered for chemotherapy, particularly if their PS decline is believed to be cancer related.
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Table 3 Most common side effects of active agents in colon cancer and their management
Agent
Fluoropyrimidine
5-FU
Capecitabine
Oxaliplatin

Major side effects

Management

Stomatitis, diarrhea, hand-foot syndrome
Vomiting
Pancytopenia

Identification and early symptom management
Dose interuption or reduction if progression (grade 2 or worse)
Adjustment of route of administration: bolus vs continuous infusion
Predetermined treatment parameter
Education about exposure to cold, dose modification, “stop and go” strategy, and
use of neuromodulatory agents
Predetermined treatment parameter
Identification and early symptom management.
Dose interuption or reduction if progression (grade 2 or worse)
Premedication with atropine sulfate
Proper instruction for the use of anti-motility agent to control diarrhea
Predetermined treatment parameter
Identification and early symptom management
Proper instruction for the use of anti-motility agent to control diarrhea
Dose interuption or reduction if progression (grade 2 or worse).
Blood pressure monitoring and adding anti-hypertensive agent if needed
Avoid in high risk patients.
Close monitoring if used in patients at risk
Regular monitoring of urine protein secretion with urine dipstick or 24HR
urine protein to creatinine ratio
Holding medication prior to elective surgical procedure (6-8 wk)
Appropriate healing time before re-starting medication post-op
Identification and early symptom management
Dose modification

Peripheral neuropathy (dose limiting)
Pancytopenia
Nausea, vomiting, diarrhea, fatigue

Irinotecan

Diarrhea
Pancytopenia

Anti EGFR
Cetuximab
Panitimumab
Anti VEGF
Bevacizumab
Ziv-aflibercept

Receptor TKI inhibitors
Regorafenib

Skin toxicity (rash, dryness, pruritus)
Mucositis
Diarrhea
Wound healing impairment
Thromboembolism
Bowel perforation
Proteinuria
Hypertension

Hand-foot skin syndrome, rash
Diarrhea, hypertension

5-FU: Fluorouracil; EGFR: Epidermal growth factor receptor; VEGF: Vascular endothelial growth factor; TKI: Tyrosine-kinase inhibitor.

side effects occur. We summarize the most common side
effect profiles of active agents in colon cancer and their
managements in Table 3.

Although the incidence of postoperative morbidity
and mortality increases with advancing age, elderly patients still benefit from surgery and therefore should be
evaluated for resectability[94].

CONCLUSION

Strategies in Treating Elderly
Patients

Treating elderly patients with advanced and metastatic
colon cancer is often challenging due to a lack of strong
evidence from which to choose the most appropriate
regimen. Elderly patients with locally advanced and metastatic colon cancer will benefit from chemotherapy and
biologic agents. Fit elderly patients are especially appropriate for treatment and should be offered the same regimens as their younger counterparts. Treatment related
toxicities and QOL should be monitored very closely in
elderly patients. For this reason, more frequent followup of elderly patients receiving chemotherapy should be
arranged. In frail elderly patients, sequential single agent
chemotherapy may be more tolerable than combination
therapy.
The decision to treat elderly patients with advanced
and metastatic colon cancer requires the incorporation
of a thorough evaluation of the patients functional status, including ECOG PS and also ADL/IADL capacity
as well as estimated life expectancy. Chronological age
does not always correlate with a patient’s functional
status. If a patients decline in functional status is due to
cancer, chemotherapy should be considered since a treatment response may lead to clinical improvement.
Elderly patients with locally advanced and metastatic
colon cancer attain significant benefit from chemotherapy and biologic agents. Chronological age does not
always correlate with a patient’s functional status. Fit

After carefully selecting an appropriate chemotherapy
regimen for elderly patients, the following are additional
strategies to improve tolerability and successful completion of a planned treatment.
Prepare the patient for what to expect
Discussing chemotherapy and their side effects during an
office visit will encourage patients to read the drug fact
information sheets provided. When patients understand
what to expect during treatment and what actions to take
when they experience side effects they will be reassured
and less anxious. In our center, patients are encouraged
to participate in the chemotherapy teaching class led by
oncology certified nurses.
Early side effect management
Elderly patients are more susceptible to toxicities when
receiving chemotherapy. For example, patients age 70
and older with metastatic colon cancer on 5-FU-based
chemotherapy are more prone to diarrhea, vomiting,
stomatitis, and neutropenia[95,96]. Therefore, a follow up
appointment should be scheduled early, especially during
the initiation of a new regimen. Patients should have access to immediate medical attention when the expected
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elderly patients should be offered the same regimens as
their younger counterparts. A chemotherapy regimen
should be carefully selected based on patients characteristic and underlying medical problems. Frequent followup for elderly patients receiving chemotherapy is often
required. If a patients decline in functional status is due
to cancer, chemotherapy should be considered since a
treatment response may lead to clinical improvement.
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rapidly emerging and new types of controlled cellular
death have been identified. To meet this progress in
cell death research, the implication of autophagy and
necroptosis for colorectal carcinogenesis and therapeutic approaches will also be depicted. The main focus of
this topic highlight will be on the revelation of the complex cell death concepts in colorectal cancer and the
bridging from basic research to clinical use.

Abstract

Core tip: This review highlights current strategies targeting cell death signaling in colorectal cancer. The role
of apoptosis, autophagy and necroptosis in the normal
colon mucosa as well as in colorectal cancer onset and
therapy is defined. Relevant small molecule compounds
as well as antisense based approaches for the treatment of colorectal cancer are illustrated. Furthermore,
clinical trials investigating new cell death based compounds are discussed. Finally, future directions in translational cell death research are discussed.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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The evasion from controlled cell death induction has
been considered as one of the hallmarks of cancer
cells. Defects in cell death signaling are a fundamental
phenomenon in colorectal cancer. Nearly any non-invasive cancer treatment finally aims to induce cell death.
However, apoptosis resistance is the major cause for
insufficient therapeutic success and disease relapse
in gastrointestinal oncology. Various compounds have
been developed and evaluated with the aim to meet
with this obstacle by triggering cell death in cancer
cells. The aim of this review is to illustrate current approaches and future directions in targeting cell death
signaling in colorectal cancer. The complex signaling
network of apoptosis will be demonstrated and the
“druggability” of targets will be identified. In detail,
proteins regulating mitochondrial cell death in colorectal cancer, such as Bcl-2 and survivin, will be discussed
with respect to potential therapeutic exploitation. Death
receptor signaling and targeting in colorectal cancer
will be outlined. Encouraging clinical trials including cell death based targeted therapies for colorectal
cancer are under way and will be demonstrated. Our
conceptual understanding of cell death in cancer is
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CELL DEATH IN THE NORMAL
COLORECTUM
The crypts of the colorectal mucosa are organized in a
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polarized fashion. Very few stem cells at the base of a
crypt comprise the pool of the regenerative epithelium
in which cells travel from bottom to top of the crypt. On
the apical edge of the mucosa, about 1010 cells per day die
by apoptosis and are subsequently shed in the lumen[1].
This fact illustrates the essential need of a proper regulated cell death for the homeostasis of a normal colorectal
mucosa. However, defective signaling or dysbalanced regulation of apoptosis is a very likely cause for the initiation
and progression of an adenoma to carcinoma sequence
ending up in colorectal cancer (CRC). Of note, proteins
relevant for apoptosis (e.g., Bak or Bcl-2) are not equally
expressed in all parts of the colorectal mucosa pointing
on distinct regulation of death in the intestine[2,3].
In addition to apoptosis as the classical form of programmed cell death, autophagy, a controlled process of
cellular self digestion of great importance in situations
of cellular stress or upon energy deprivation, has been
shown to be active and relevant in colorectal glands. In
contrast to apoptosis, the autophagic flux intensity decreases in the crypt from bottom to top[4]. This has been
indicated by high expression levels of proautophagic
protein Beclin-1 and the conversion of LC3-Ⅰ to LC3-Ⅱ
in lower crypt cells. On their way to the apex of a crypt
the epithelial cells lose Beclin-1 expression and accumulate high levels of SQSTM1/p62, which is an ubiquitinassociated adaptor protein maintaining autophagic flux[4].
In summary, the integrity of the complex interplay of
cell death signaling is fundamental for mucosal development and homeostasis in the colorectum. Defective or
dysbalanced cell death signaling is involved in the pathogenesis of a variety of colorectal diseases from chronic
bowel diseases (Crohn’s disease as well as ulcerative colitis) to colorectal carcinoma.

for these contradictory reports might be due to the extraordinary heterogeneity of CRCs and the broad variety
of the carcinogenesis driving mutations[5,19,20]. The aim of
this review is to identify possible targets in the cell death
signaling network and discuss the compounds available to
foster killing of colorectal cancer cells.

TARGETING CELL DEATH IN
COLORECTAL CANCER
Apoptosis: Implications for therapy
Defects in apoptosis signaling are common in colorectal
cancers. An acquired resistance towards cell death may be
a key feature of both, carcinogenesis and therapy resistance[21]. However, proteins within the apoptosis signaling
pathways have been evaluated for their value as predictive
and or prognostic markers as well as targets for therapeutic approaches[18]. Figure 1 shows a synopsis of apoptosis
signaling and indicates relevant targets and compounds.

INTRINSIC PATHWAY
Mitochondria are in the very centre of the intrinsic pathway of apoptosis. The mitochondrial membrane integrity
is regulated by the Bcl-2 family of proteins. A tight balance of pro- and antiapoptotic Bcl-2 proteins governs
cell’s fate at the mitochondrial surface. In response to
several unfavorable conditions (e.g., growth factor withdrawal, DNA damage), this balance shifts towards death.
In this case, the proapoptotic proteins (e.g., BAX and
BAK) are released by their antiapoptotic relatives (Bcl-2,
Bcl-xL, Mcl-1, Bcl-w and A1)[22]. The proapoptotic proteins finally lead to mitochondrial outer membrane permeabilisation and the immediate release of cytochrome
C (cytC) into the cytosol. Together with APAF-1 and
Caspase 9, cytC forms a death inducing protein platform
called apoptosome which in turn leads to activation of
caspase 3 as the central downstream event of cell death
execution[23].

CELL DEATH IN INTESTINAL DISEASE
AND CARCINOGENESIS
Colorectal carcinoma can occur sporadically, the most
common situation, on the base of defined mutations
and also as a final consequence of chronic inflammatory
diseases of the intestine[5,6]. The intriguing field of cancer
related to chronic inflammation will not be in the focus
of this review and the reader might refer to comprehensive literature by others addressing this issue[7-11].
During the development of CRCs from benign polyps through adenomas and finally adenocarcinomas, cell
death plays a fundamental role. Key regulating proteins
of an appropriate mucosal cell death undergo changes
in expression during the transition of an adenoma-carcinoma-sequence[12-14]. For instance, antiapoptogenic Bcl-2
gets lost during the development from adenoma to carcinoma[14]. However, especially the value of cell death related proteins as biomarkers for prognosis and prediction
of CRC is of great interest, but the available literature is
inconsistent and controversial[15-17]. In summary, apoptosis signaling proteins are in the context of biomarkers
either ill defined or need further validation[18]. The reason
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BH3-mimetics
Within the intrinsic pathway of apoptosis, the antiapoptotic Bcl-2 proteins have been extensively studied as
“druggable” targets. Various small molecules targeting the
antiapoptotic proteins by binding to their BH3 cleft. This
mechanism of action causes a release of multidomain
proapoptotic Bcl-2 proteins (e.g., Bim, Bak or/and Bax)
which in turn promote cell death. ABT-737 and its orally
available derivate ABT-263 (navitoclax) are potent inhibitors of Bcl-2, Bcl-w and Bcl-xL. ABT-263 has recently
been shown to induce cell death in colorectal cancer cells
in vitro synergistically with the inhibition of the prosurvival kinase MAP kinase/ERK kinase 1/2[24]. This mechanism of death induction by ABT-263 was completely
dependent on Bax and Bim. Several phase I trials in solid
cancers have proven the safety of ABT263 in combination with established therapy regimes (www.clinicaltrials.
gov). ABT-737 has been shown to act synergistically with
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Figure 1 Apoptosis signaling and cell death relevant drugs. Cell death based cancer therapy can be approached by targeting proteins in the extrinsic or intrinsic
pathway. Relevant agents, currently under clinical investigation, are listed and placed to their targets. APAF1: Apoptotic protease activating factor-1; CytC: Cytochrome
C; IAP: Inhibitors of apoptosis; tBID: Truncated BID; FADD: Fas-associated protein with death domain; TNF: Tumor necrosis factor; TRAIL: Tumor necrosis factor related apoptosis-inducing ligand.

oxaliplatin on CRC cells in vitro[25]. An ex vivo evaluation
of ABT-737 in samples of ovarian tumors is under way
(www.clinicaltrials.gov). In addition, ABT-737 enhanced
apoptosis in CRC cells induced by cyclo-oxygenase-2 inhibitor celecoxib[26]. Importantly, the sensitivity of cancer
cells towards ABT-737 is dictated by the expression of
NOXA and its control by Mcl-1, which is not targeted by
ABT-737[27,28]. Interestingly, Mcl-1 sparing BH-3 mimetics such as ABT-737, ABT-199 and ABT-263, have been
shown to effectively induce apoptosis in hypoxic regions
of human colorectal tumor spheres. Hypoxia led to a
profound downregulation of Mcl-1 which is responsible
for ABT-737 resistance in many settings[29]. This work is
of great interest since few normal tissues are exposed to
hypoxia, but it is a common challenge for growing tumors[30]. HA14-1 is a highly selective small molecule targeting Bcl-2 only. HA 14-1 has been shown to overcome
TRAIL resistance in CRC cells by counteracting Bcl-2
overexpression[31,32].
Obatoclax is a first-in-class BH-3 mimetic with an
inhibitory profile including Bcl-2, Bcl-xL, Bcl-w, Mcl-1
and A1 (pan-Bcl-2-inhibitor)[33]. Given the crucial role of
Mcl-1 for resistance towards BH-3 mimetics, obatoclax is
a promising new agent targeting the complete antiapop-
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toic Bcl-2 protein family members at once. Few studies
investigated the potency of obatoclax for colorectal cancer treatment. It has been recently shown that cell death
induction through inhibition of the proproliferative protein Notch by gamma secretase inhibitors is fostered by
obatoclax[34].
Oblimersen is an antisense oligonucleotide targeting the first six codons of Bcl-2. Antisense technology
represents a highly specific approach for downregulation
of antiapoptotic proteins without off-target effects[35]. A
phase Ⅰ trial has shown the safety of oblimersen in combination with irinotecan when intravenously administered
in patients with metastatic CRC[36].
In summary, Bcl-2 proteins are context-sensitive targets in colorectal cancer treatment alongside established
chemotherapy or radiation. Future studies are urgently
warranted to reveal the potential of BH-3 mimetics in
colorectal cancer in the clinical setting.
IAP inhibitors
The inhibitor of apoptosis (IAP) family acts by blocking
caspase activity (primarily caspase 3). IAPs are found to
be overexpressed in several cancer entities including CRC
and are able to protect cancer cells from various death
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stimuli[37,38]. Several compounds inhibit IAPs (primarily
XIAP and Survivin). AEG35156 is a second generation
antisense oligonucleotide targeting XIAP. Preclinical and
early clinical data revealed a promising death-inducing
potential of AEG35156 in several solid tumor entities
including CRC[39-42]. Survivin is a second promising target
among the IAP family overexpressed in CRC. Survivin
antisense oligonucleotides strikingly cleared the way for
death induction in CRC cells in vitro[43]. Embelin, a naturally occurring benoquinone, has been proven effective
in various tumor entities by targeting survivin and other
antiapoptotic proteins (Bcl-2 and Bcl-xL)[44]. In the colon, Embelin was able to sufficiently attenuate colitis and
carcinoma development in rodents[45,46]. Finally, a double
edged approach targeting survivin and XIAP might be a
very promising approach for CRC treatment[47].

approved for regional treatment of melanoma and soft tissue sarcoma in Europe. The use of TNF-α as a systemic
approach is hampered by severe toxicity and adverse side
effects such as hypotension, organ failure and cachexia[57].
The efficacy of TNF-α for CRC treatment remains to be
clarified, but might be restricted due to TNF-α’s nature
as a proinflammatory cytokine. TNFerade® is an adenoviral delivered, intratumoral therapy with a proven safety in
rectal cancer patients[58,59]. In advanced pancreatic cancer,
TNFerade® was safe but did not prolong survival of patients[60]. The final investigation of TNFerade® for CRC
treatment remains elusive. Furthermore, human monoclonal antibody-cytokine fusion protein L19-TNF has
been shown to be safe in solid tumors and effective in
sarcomas[61,62]. Again, more studies addressing the efficacy
for CRC treatment are needed.

SMAC mimetics
Second mitochondria activator of caspases (SMAC)/
Diablo is a mitochondria derived, proapoptotic protein
acting by blocking IAPs thereby promoting caspase dependent cell death[48]. SMAC mimetics have been shown
to strongly sensitize CRC cells towards NSAID induced
apoptosis through a feedback amplification resulting
in the activation of caspase 3 [49]. In TRAIL-induced
apoptosis in CRC cells, SMAC/Diablo release from the
mitochondria plays a pivotal and role and is Bax dependent[50,51]. Further studies are warranted to clarify the
exact role of SMAC for colon carcinogenesis and CRC
therapy.

CD95 (Apo1/Fas)
CD95 and its ligand have a highly complex role in the
colorectal mucosa as well as in onset and progression of
CRC. In CRC tissue, CD95 has been shown to be expressed at higher levels compared to adjacent healthy mucosa[63]. Tumor stromal cells and infiltrating immune cells
should be considered as bystander targets of CD95 triggering[64,65]. There is some evidence for a metastasis promoting function of CD95 signaling in colorectal cancer
via induction of epithelial to mesenchymal transition[66].
As response to hypoxia and radiation, CD95 becomes activated on CRC cells and induces local invasion and promotes liver metastasis in mice[67,68]. In addition, invasive
properties of CRC cells have been linked to CD95 signaling[69,70]. At least in vitro, CD95 participates in the activity
of PEG-liposomal oxaliplatin induced death in CRC[71].
The anti-Fas monoclonal antibody CH-11 showed antitumor activity in CRC cells with high expression levels
of CD95. This death inducing effect was effectively
prevented by overexpression of Bcl-2 pointing on a pivotal role of mitochondria for CD95 signaling in CRC[72].
Moreover, there is evidence for a regulatory effect of
other antitumor drugs [5-fluorouracil (5-FU), mitomycin
(MM), cisplatin (CP) and all-trans retinoic acid] on CD95
expression of CRC cells. Here, MM and CP were able to
increase CD95-induced apoptosis. By contrast, 5-FU led
to a receptor downregulation causing immune escape of
CRC cells[73]. In summary, CD95’s value as a therapeutic
target in CRC is complex and might be limited due to the
multifaceted role of CD95 in immune-mediated tumor
surveillance[74]. As for TRAIL detailed below, several ways
of resistance to CD95-induced death further complicate
CD95-based therapeutic approaches[75-77].

EXTRINSIC PATHWAY
The extrinsic pathway of apoptosis becomes activated in
case of binding of a specific ligand to its surface death
receptor. Most engaged receptors belong to the tumor necrosis factor receptor family (TNFR, CD95/FAS, TRAIL)
and share broad similarity in structure and action[52,53].
In response to ligand binding, the receptor homotrimerises and an adaptor molecule (FADD, TRADD) containing a death domain (DD) is recruited to the cytosolic DD
of the receptor. Procaspase 8 is hereafter recruited and
catalytically activated in its active form. Finally, caspase 8
leads to an activation of caspase 3 where extrinsic and intrinsic pathways of apoptosis converge[54]. In addition to
this direct road to death via caspase 8 and caspase 3, there
is a possible detour integrating mitochondria to enhance
the death signal. The BH3 only protein Bid is a direct target of Caspase 8 and after cleavage of Bid truncated Bid
(tBid) is able to activate mitochondria herewith involving
intrinsic apoptosis[55,56].
The receptors involved in extrinsic cell death signaling
have been shown to be promising targets. Various compounds and approaches aim to induce apoptosis via direct
receptor activation.

Tumor necrosis factor inducing ligand-system
Tumor Necrosis factor inducing ligand (TRAIL) receptors have been considered as extraordinary promising
antitumor targets, since activation preferably kills tumor
cells while sparing healthy cells[54]. However, normal colon mucosa epithelium is resistant to TRAIL-induced
death[78]. TRAIL directly targets death receptor 4 (DR4)

Tumor necrosis factor-α /tumor necrosis factor receptor
Recombinant tumor necrosis factor-α (TNF-α) has been
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mitochondrial activation[90]. At the receptor level, mutations of caspase 8 have been reported to cause TRAIL
resistance[91]. Moreover, high expression levels of FLIP
counteract the interaction between the adaptor FADD
and Caspase 8 in CRC cells[92,93]. Pennarun and coworkers
presented proof of concept of a combined approach:
Downregulation of Mcl-1 and FLIP by multikinase inhibitor sorafenib and NSAID aspirin resensitized cells
towards TRAIL [94]. These data are indicative for the
feasibility of a combination approach of TRAIL receptor targeting and mitochondrial activation, e.g., by BH3mimetics.
Taken together, a final and clinical proof of concept
for individualized TRAIL tailored therapy for CRC is still
elusive and large cohort prospective trials addressing this
issue are needed. Table 1 provides an overview of strategies and trials targeting TRAIL receptors in CRC. The
awaited results from the Dulanermin trial in metastatic
CRC might gain important information for further study
designs using TRAIL based therapy.

Table 1 Targeting apoptosis in colorectal cancer: An overview of current clinical trials
Drug

Target

Smac mimetics
Survivin peptide
vaccine
Oblimersen
Dulanermin
Tigatuzumab
CS-1008
HGS-ETR1
HGS-ETR2
rhApo2L/TRAIL

IAPs
survivin
Bcl-2
DR4/5 dual
DR5
DR5
DR4
DR5
DR4/DR 5

Conatumumab
ABT-263

DR5
Bcl-2/Bcl-xl

ABT-737
Gossypol

Bcl-2/Bcl-xl
Pan-Bcl2

Clinical

1

Ref.

Phase Ⅰ (NCT01573780)
[49,139]
Phase Ⅰ-Ⅱ (NCT00108875) [140,141]
Phase Ⅰ (NCT00004870)
Phase Ⅰb (NCT00671372)
Phase Ⅰ
Phase Ⅰ (NCT01220999)
Preclinical in vivo
Phase Ⅰ (NCT00428272)
Phase Ⅰ-Ⅱ
(NCT00819169)
Phase Ⅱ (NCT01327612)
Phase Ⅰ (NCT00891605,
NCT01009073)
Preclinical in vivo
Preclinical in vivo

[142,143]
[86]
[144]
[145]
[79]
[79,146]
[147]
[148]
[24]
[25,26,30]
[149]

1

Further detailed information on clinical trials: www.clinicaltrials.gov.
The compounds included in the table directly target apoptotic proteins
and show antitumor effects in vivo. The phase of the clinical trials is stated
and trial identifier indicated in brackets where applicable. IAP: Inhibitors
of apoptosis; DR: Death receptor; TRAIL: Tumor necrosis factor related
apoptosis-inducing ligand.

ALTERNATIVE CONTROLLED CELL
DEATH IN COLORECTAL CARCINOMA
The conceptual understanding of cell death is under constant expansion and various subtypes of cellular death
have been defined[1,95,96]. Among the emerging cell death
concepts, this work will deeper discuss necroptosis and
autophagy in order to dissect the current knowledge concerning colorectal carcinogenesis and CRC treatment.

and death receptor 5 (DR5). The recombinant, soluble
ligand rhApo2L/TRAIL as well as several antibodies targeting DR4 and/or DR5 have been developed and tested
for clinical use.
The agonistic DR4 antibody HGSETR1 (Mapatumumab) and the agonistic DR5 antibody HGSETR2
(Lexatumumab) induced apoptosis in vitro as well as in
xenograft bearing nude mice when combined with radiation[79]. In addition, both agonistic antibodies have strong
synergistic effects with the mitosis disrupting agent paclitaxel in CRC cells in vitro and in vivo. This sensitizing
effect is due to an upregulation of the cognate receptors[80]. Several other antibodies targeting DR4 or DR5
have been shown to have strong antitumor potential on
CRC cells[81-85]. Dulanermin (rhApo2L/TRAIL), an optimized and soluble form of TRAIL, has been successfully
evaluated in early clinical trials[86]. A clinical trial with Dulanermin in combination with a chemotherapy backbone
(FOLFIRI) for patients with metastatic CRC has been
completed recently and data from this trial should be
available soon (www.clinicaltrials.gov).
It is important to have in mind that several CRC cells
show intrinsic or acquired resistance towards TRAILinduced apoptosis. Several proteins have been shown to
counteract TRAIL-induced apoptosis. For instance, two
decoy receptors within the TRAIL system can counteract
DR4 and DR5 activation[87]. Moreover, the interference
of antiapoptotic Bcl-2 proteins with TRAIL-receptormediated apoptosis has been reported[54,88]. Again at the
mitochondrial level, Bax is apparently mandatory for
TRAIL’s efficiency to kill CRC cells, since Bax deficiency
completely abrogates TRAIL-induced death [89]. Furthermore, high levels of XIAP block TRAIL-induced
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Necroptosis
Necrosis has long been considered as a passive, mainly
accidental and uncontrolled form of cellular death. To
date there is a growing body of literature implicating a
tight regulation of necrotic processes similar to apoptosis[97]. Therefore, a programmed form of necrosis, termed
necroptosis, has been defined. The signaling events
responsible for initiation and execution of necroptosis
have been studied best in the context of TNFR signaling.
Necroptosis is crucially mediated by receptor-interacting
protein 1 (RIP 1) along with its cognate kinase RIP3.
Upon TNF induction, a multimeric complex containing
FADD, caspase 3, RIP 1 and RIP 3 assembles[98]. This
complex is termed complex IIb or necrosome. The determination of cells’ fate is complicated by the observation
that the ubiquitination status of the engaged proteins (e.g.,
RIP) appears to be the master switch between apoptosis
and necroptosis[99]. Necroptosis has also been demonstrated after activation of TRAIL receptors on hepatocytes and colorectal cancer cells[100]. Mechanistically, there
are various central proteins involved in both, apoptosis
and necroptosis. Which form of cell death prevails, is cell
type and stimulus dependent[101-103]. Necroptosis and its
role in various diseases, including CRC and inflammatory
bowel disease, are currently under investigation[104-107].
There is evidence for a central role of caspase 8 as a key
switch from apoptosis to necroptosis in carcinoma re-
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Table 2 Targeting autophagy in colorectal cancer: An overview of current clinical trials
Drug
Hydroxychloroquine
Everolimus/rapamycin

1

Target

Clinical

Autophagosome
mTOR

Phase Ⅰ (NCT01206530) Phase Ⅱ (NCT01006369)
Phase Ⅱ (NCT00419159, NCT01387880)

Ref.
[122,150]
[126,127,151]

1

Further detailed information on clinical trials: www.clinicaltrials.gov. The compounds shown target relevant processes or proteins involved in autophagy signaling. The phase of clinical trials is stated and trial identifier indicated in brackets where applicable. mTOR: Mammalian target of rapamycin.

lated inflammatory bowel disease[104].
The relevance of necroptotic cell death for colorectal
cancer cells has been evaluated preclinically in the context
of azathioprine plus buthionine sulfoximine treatment
in CRC and HCC[108]. This work shows a necroptosis
phenotype with mitochondrial dependency illustrating
the interplay between necroptosis and apoptosis. Another study investigated the role of hypoxia for necroptotic death in colorectal cancer cells. In this study, RIPdependent necroptosis can be conferred by pyruvate
scavenging of mitochondria derived radicals[109]. Finally,
targeted approaches to induce necroptotic cell death in
cancer cells are still missing due to the absence of appropriate compounds for clinical usage so far. It has been
shown that TRAIL receptor ligation causes necroptosis
in an acidic extracellular milieu. Necrostatin-1, a chemical
inhibitor of RIPK1, sufficiently blocked TRAIL-induced
necroptosis in this experimental setting[100]. An indirect
or secondary activation of necroptosis has been reported
after treatment of CRC cells with TRAIL or inhibition
of the multifaceted kinase GSK3-β[100,110].

trials (www.clinicaltrials.gov, Table 2)[117]. Various other
compounds or drugs are known regulators of autophagy
and have been evaluated preclinically as treatment options for CRC[118-121]. In vitro, Chloroquine has been effective in overcoming 5-FU resistance in CRC cells[122,123].
Intriguingly, the approved chimeric anti-EGFR antibody
cetuximab exerts its antitumor effect at least partly via
autophagy-induced cell death[123].
Counterintuitive, drugs directly inducing autophagy
are under clinical investigation as therapeutic approaches
in CRC, too. Mammalian target of rapamycin is a prominent target to induce lethal autophagy in colorectal cancer cells[124]. The Rapamycin derivate Everolimus has
recently been established for the treatment of colorectal
neuroendocrine tumors[125]. A Phase Ⅱ study with Everolimus showed appropriate tolerability, but failed to show
meaningful efficacy in heavily pretreated patients with
metastatic CRC[126]. Another trial using a combination of
vascular endothelial growth factor receptor tyrosine kinase inhibitor tivozanib with everolimus resulted in stable
disease of 50 % of all patients with metastatic cancer enrolled[127,128]. These partly contradictory findings highlight
the important implication of autophagy in colorectal carcinogenesis.
Importantly, there is a broad overlap of the apoptosis and autophagy signaling network. Most prominently,
Bcl-2 proteins function as both, inhibitors of apoptosis and autophagy by binding proautophagic Beclin1.
Therefore, it has been shown that BH3-mimetics induce
apoptosis and autophagy. For instance, ABT-737 can
synergistically induce cell death with the COX2 inhibitor celecoxib in CRC cells by facilitating autophagy and
apoptosis[26,129].

Autophagy
Autophagy is an evolutionary conserved process by
which cells collect proteins and organelles, deliver them
to the lysosomal compartment where the cargo is finally
degraded for recycling[111]. The implications of autophagy
for cell physiology as well as for onset and progression
of various diseases including cancer are rapidly emerging[112,113]. A disruption of autophagic flux leads to an intracellular accumulation of organelles, protein aggregates
and lipid droplets. These accumulations may lead to the
production of reactive oxygen species and cause metabolic insufficiency. Especially in stressful situation and
in conditions of energy deprivation, a disruption of autophagic flux can promote carcinogenesis. For instance,
the allelic loss of the essential autophagy protein Beclin 1
(also known as Atg6) causes HCC in mice[114,115].
By contrast, autophagy is essential for the survival of
cancer cells and cancer cells show an extraordinary high
level of autophagy. However, autophagy induction promotes survival under conditions of hypoxia and growth
factor withdrawal[116]. Autophagosome formation is most
prominent in tumors growing in a hypoxic environment.
With regard to these findings, drugs inhibiting autophagy
are promising anticancer agents. The anti-malaria drug
Chloroquine is a known inhibitor of autophagy and is
currently being under investigation in several clinical
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CROSSTALK BETWEEN APOPTOSIS,
NECROSIS AND AUTOPHAGY:
MULTI-DEATH TARGETING STRATEGIES
The past decade of cell death research has shown that
necrosis, apoptosis and autophagy are regulated by similar pathways engaging the same proteins. It might be
worthwhile targeting the apoptotic and autophagic machinery in a combined approach, since a massive induction of autophagy is able to drive cancer cells in apoptotic death. Recently, various efforts in this direction have
been made in order to overcome cell death resistance in
colorectal cancer. For instance, silibin, a plant derived
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natural compound, is able to induce both, apoptosis and
autophagy[130]. In line with these observations, compound
C, a small molecule inhibitor of AMP-activated protein
kinase, is able to sufficiently suppress colorectal cancer
cell growth by inducing apoptosis and autophagy[131]. The
capability of such a double-edged approach has been
successfully proven in vivo in a model of hepatic metastasis in mice[132]. Future studies are needed to further exploit combinatorial approaches for cell death induction in
colorectal cancer.

2

3
4

5

CONCLUSION

6

From an oncological point of view, it is of outstanding
importance to further increase research efforts aiming at
more effective and individualized therapies. The effectiveness of monotherapeutic systemic approaches in colorectal cancer treatment is limited. However, combined
therapy regimes are now state of the art. Manipulation
of cell death represents a promising tool to further amplify response to chemotherapy. In addition to direct cell
death induction in cancer cells, triggering cell death via
cancer-directed immunotherapy or immunomodulation
with the aim to overcome major mechanisms of immune
resistance, is a newly arising field[133]. For example, recent
reports on long-term results from first-in-human clinical
trials using anti-PD1 antibody-based immunotherapy are
encouraging[134]. Future trials are warranted to identify the
best combinatorial approach yielding at cell death induction in cancer cells.
On the way to personalized oncology, it will be mandatory to broaden our knowledge concerning the selection of patients for a specific therapeutic setting. Having
in mind that cell death relevant proteins vary in their expression in different subsets and stages of CRC, a stratification of patients to identify those who benefit most of
a manipulation of apoptosis requires further research.
Finally, the question whether and how cell death
could be measured to monitor therapy in patients needs
further attention. There are some elegant and encouraging studies evaluating liquid biopsy markers for cell death
in cancer[135,136]. In addition, imaging of cell death on routine basis for non-invasive monitoring of tumor biology
and therapeutic response might open new windows for
therapy surveillance and outcome prediction in colorectal
cancer[137,138].
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recurrence and survival, and we suggest further multiinstitutional studies to evaluate new treatment strategies. Moreover, while current literature is sufficient to
consider positive IPCC as a pejorative prognostic factor,
further studies are also needed to propose adjuvant
treatment for patients with positive IPCC.

Guillaume Passot, Kayvan Mohkam, Eddy Cotte, Olivier Glehen, Departement of General and Surgical Oncology, Hospices
Civils de Lyon, 69495 Pierre Bénite, France
Guillaume Passot, Kayvan Mohkam, Eddy Cotte, Olivier Glehen, EMR 3738, Université Lyon 1, F-69364 Lyon, France
Author contributions: All authors contributed to the design and
editing for the manuscript; Mohkam K and Passot G wrote the
article.
Correspondence to: Olivier Glehen, MD, PhD, Departement
of General and Surgical Oncology, Hospices Civils de Lyon, CH
Lyon Sud, 69495 Pierre Bénite, France. olivier.glehen@chu-lyon.fr
Telephone: +33-7-8865742
Fax: +33-7-8863343
Received: September 27, 2013 Revised: November 28, 2013
Accepted: January 6, 2014
Published online: February 28, 2014

Passot G, Mohkam K, Cotte E, Glehen O. Intra-operative
peritoneal lavage for colorectal cancer. World J Gastroenterol
2014; 20(8): 1935-1939 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i8/1935.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i8.1935

Abstract

INTRODUCTION

Free cancer cells can be detected in peritoneal fluid
at the time of colorectal surgery. Peritoneal lavage in
colorectal surgery for cancer is not used in routine, and
the prognostic significance of intraperitoneal free cancer cells (IPCC) remains unclear. Data concerning the
technique of peritoneal lavage to detect IPCC and its
timing regarding colorectal resection are scarce. However, positive IPCC might be the first step of peritoneal
spread in colorectal cancers, which could lead to early
specific treatments. Because of the important heterogeneity of IPCC determination in reported studies, no
treatment have been proposed to patients why positive
IPCC. Herein, we provide an overview of IPCC detection
and its impact on recurrence and survival, and we suggest further multi-institutional studies to evaluate new
treatment strategies.

Intra-operative peritoneal lavage can be used to detect
intraperitoneal free cancer cells (IPCC) in order to determine the presence of peritoneal spread in intra abdominal malignancies. IPCC are considered as an important
prognostic tool in ovarian [1-3] and gastric cancers [4-7].
Colorectal cancer is one of the most frequent cancers
worldwide[8], with development of peritoneal carcinomatosis in 10%-30% of patients[9,10]. The development of
curative treatments for peritoneal carcinomatosis, such as
cytoreductive surgery and intraperitoneal chemotherapy
showed effective outcomes, especially in malignancies of
colorectal origin[11,12], and thus raised the interest for free
malignant cells detection. In colorectal cancer, different
therapeutic strategies could be proposed if IPCC were
confirmed to be an important prognostic factor. Several
techniques, such as pathological examination, immunocytochemistry (ICC) and polymerase chain reaction (PCR)
have been described to determine the presence of IPCC
and were used at various times before or after resection.
The heterogeneity of peritoneal lavage techniques, timing
and samples analysis were the main issues to clarify the
impact of IPCC on prognosis and risk to develop recurrence. The aim of this review was to report and discuss

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: We provide an overview of intraperitoneal
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the significance of IPCC detection in patients treated for
a colorectal cancer in a curative intent.

hMAM-B to conventional cytology enhanced diagnostic
sensitivity from 25.8% to 51.7% and could be considered
as the most effective association.

PERITONEAL CYTOLOGY TECHNIQUE

Timing of peritoneal lavage
Peritoneal lavage was mainly performed after the abdomen was opened and before any manipulation of the
tumor, but a few series also reported analysis after tumor
resection. Two studies reported both pre and postresection IPCC detection by PCR[17,33]. The detection rate before resection was similar in both studies (12%-14%), but
the post resection detection rate were contradictory, as it
was lower than the pre resection rate in one study (3%)[33],
and higher in the other (20%)[17]. Data are missing to
recommend a precise timing of sampling. However, the
evolution of IPCC detection rate between before and after resection could be a prognostic factor suggesting that
peritoneal lavage analysis should be performed before
and after resection.

Techniques used
Peritoneal cytology can be performed without lavage
when free peritoneal fluid is present. In the absence of
peritoneal fluid, a lavage with saline serum (NaCl 0.9%) is
needed. The volume of fluid used was extremely variable,
ranging from 50 to 1000 mL[13-25], but most authors proposed a small amount of liquid (100-200 mL) delivered
around the tumor, where most cells are supposed to be.
IPCC were usually sought in peritoneal fluid by conventional cytology. After peritoneal lavage, the collected
fluid was centrifuged and the sediment was smeared on
slides and stained by the Giemsa or/and Papanicolaou
methods. If at least one cancer cell was identified, cytology was considered positive. A clear-cut identification
between benign and malignant cases could be achieved
in most cases, but in 2% of cases, the analysis was still
inconclusive[26]. Yield rate of positive IPCC detection by
conventional cytology varied from 4% to 35.5%[14,15,20,26-30].
To increase the sensitivity of conventional cytology, ICC
has been proposed with various monoclonal antibodies evaluated Ks20.8, Lu5 and Ber-Ep4[18], C1P83, Ra96,
CA19-9[31], CK20[32] and 17-lA14 and Kl-1[22], along with
PCR or reverse transcriptase PCR to detect cytokeratin
20, carcinoembryonic antigen, laminin g2, ephrin B4,
matrilysin mRNA[17,33], Kras mutation on exon 1 or 2,
Braf mutation[34] or human mammaglobin (hMAM) and
hMAM-B expression[35], or even fluorescence in situ
hybridization[35]. Yield rate of positive IPCC detection
varied from 20%-30% and 8%-40% for ICC and PCR,
respectively. Bosch et al[18] reported one case of positive
ICC within a control group of benign lesion, resulting in
a specificity of 97% for ICC. PCR techniques present a
similar issue by detecting DNA from benign cells[36]. Other techniques such as immunofluorescence for epithelial
markers[37] or serosal stamp[38,39] have been proposed and
evaluated by a few teams. Even if serosal stamp cytology
appeared to be more sensitive than conventional cytology
to detect IPCC, its clinical impact was insufficiently evaluated, and its impact on recurrence or survival remains
uncertain[39].
To the best of our knowledge, no prior study has
compared the different techniques of IPCC detection.
Due to the important heterogeneity of these techniques,
conventional cytology may be proposed as the standard
IPCC detection technique in further clinical trials, given
that it is reproducible and widely used. Its specificity is
high (100%), while its sensitivity is variable. To improve
diagnostic accuracy and sensitivity of conventional cytology, inconclusive cases could be reviewed by an expert
panel as suggested by Piaton et al[26], or ICC could be associated as suggested by Yang et al[32] with the added risk
of decreasing specificity[35]. In a study detailing improved
effusion analysis, Fiegl et al[35] suggested that for gastrointestinal carcinomas, the addition of real time-PCR for

WJG|www.wjgnet.com

PROGNOSTIC IMPACT
For colorectal cancer, as well as in gastric and ovarian
cancer, the objective of IPCC detection was to evaluate
the impact on survival and local recurrence, in order to
discuss intraperitoneal treatment or adjuvant systemic
chemotherapy. Few studies[14,22,31,34,38,40], with less than 200
patients included in each, reported a trend between cancer stage and positivity of peritoneal lavage. The study by
Noura et al[13] on 697 patients reported a significant correlation between cancer stage and positivity of peritoneal
lavage.
Rekhraj et al[41] reported a meta-analysis in 2007 in
order to determine the impact of IPCC on local and
general recurrence of patients treated with curative intent. They analyzed 9 studies for a total of 1182 patients.
Three studies included patients with stage Ⅳ colorectal
cancer. They reported a significantly higher risk to develop overall recurrence for patients with positive IPCC.
The risk rose from 25% for negative pre-resection IPCC
to 46% for pre-resection positive IPCC and from 17%
for negative post-resection IPCC to 52% for post-resection IPCC. Pre-resection positive IPCC was a significant
risk factor for local recurrence (21% vs 12% for negative
post-resection IPCC), while the risk for post-resection
positive IPCC was not significant (18% for positive IPCC
vs 8% for negative IPCC). Two studies[28,42] demonstrated
a higher rate of peritoneal recurrence for positive IPCC
compared to negative IPCC.
Alex et al[43] reported a more recent meta-analysis that
a mean weighted yield of 8.4%, 28.3% and 14.5% for
conventional cytology, ICC and PCR, respectively, which
aimed to determine the outcome of patients with positive
peritoneal lavage treated for colorectal cancer with curative intent. The authors excluded studies that included
patients presenting with synchronous peritoneal carcinomatosis. Twelve studies including 6 published after
2007 were analyzed, with 1880, 1711 and 1096 patients
for mortality analysis, peritoneal recurrence analysis and
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Table 1 Demographic and outcome data from studies involved more than 100 patients
Patients (n )

Ref.

Method of IPCC
detection

Lavage

Timing of
sampling

Yield rate of
positive IPCC

Noura et al[13]

697

Cyto

100 mL NaCL

Before

2.20%

Nishikawa et al[21]

410

Cyto

200 mL NaCl

Before

7.60%

Fujii et al[15]
Kristensen et al[34]

293
237

Cyto
PCR

200 mL NaCl
200-600 mL NaCl

Before
After

6.00%
8.00%

Lee et al[16]

234

Cyto

1000 mL NaCl

Before

8.00%

Katoh et al[14]

226

Cyto

100 mL NaCl

Before

14.60%

Yamamoto et al[42]

189

Cyto

50 mL NaCl

Before

5.80%

Temesi et al[23]

145

Cyto

Before

17.00%

Vogel et al[31]

135

ICC

100 mL NaCl

Before

23.00%

Lloyd et al[17]

125

PCR

100 mL NaCl

Before
After

13.00%
20.80%

Schott et al[22]

109

ICC

1000 mL NaCl

Before

31.00%

Significant impact
Overall survival

Global recurrence

Yes
(5 yr 87% vs 50%)
Yes
(5 yr 68% vs 20.6%)
NS
Yes
(median 47 mo vs 22 mo)
Yes
(mean 32 mo vs 25 mo)
Yes
(5 yr 79% vs 14%)
Yes
(5 yr 76% vs 46%)
ND

ND

Yes
(5 yr 85% vs 23%)
NS pre
Yes post
(mean 88 mo vs 44 mo)
Yes
(4 yr 60 mo vs 28 mo)

Yes
(30% vs 60%)
NS
ND
ND
Yes
ND
(26% vs 55%)
ND
(23% vs 56%)
ND
ND
(4% vs 22%)
Yes
(47% vs 85%)

Global recurrence range at end of study follow up. IPCC: Intraperitoneal free cancer cells; ND: Not determinable; NS: Not Significant; Cyto: Conventional
cytology; PCR: Polymerase chain reaction; ICC: Immunocytochemistry.

the sensitivity for inconclusive cases.
Positive IPCC appeared to be a pejorative prognostic
factor of overall recurrence and survival. These findings
might be explained by cell exfoliation into the peritoneal
cavity along with systemic diffusion. According to this
hypothesis, the presence of IPCC during a curative surgery for stage Ⅰ, Ⅱ or Ⅲ colorectal cancer could be considered as a pejorative prognostic factor. Even if the rate
of patients with positive IPCC was variable among the
reported studies, adjuvant chemotherapy should be evaluated for these patients in a large multi-institutional study.
The other treatment that could be proposed for patients with positive IPCC could be prophylactic intraperitoneal chemotherapy. Local recurrences were not well
described and included lymphatic, anastomotic or peritoneal recurrences. However, the low sensitivity of morphological examinations for peritoneal carcinomatosis
diagnosis[45] could under-estimate the rate of peritoneal
recurrence in patients with positive IPCC. In a systematic
review, Honoré et al[46] assumed that patients with positive
IPCC have an unknown risk of developing peritoneal
carcinomatosis. One issue was the average risk to develop
peritoneal carcinomatosis for patient with positive IPCC,
with an important variability among reported studies.
But this risk remains probably under estimated because
of the low sensitivity of morphological examinations to
diagnose peritoneal carcinomatosis. Another issue was
the large heterogeneity in positive IPCC incidence in
reported studies with a mean yield rate of 8%-15%[41,43],
raising the question of the efficacy of conventional cytology in routine. Intraperitoneal chemotherapy combined
with surgery is an aggressive treatment[47] associated with

overall recurrence analysis, respectively. Positive peritoneal lavage was associated with an increase in all 3 parameters. Mohan et al[24] reported the same findings in a recent
review. Other studies reported opposite results[15,19,33,44],
but only one[15] of these included more than 200 patients.
All other studies including more than 200 patients[13,14,16,21]
found a significant impact of positive peritoneal lavage
on survival and recurrence. A large multi institutional
study is needed to confirm the impact of positive peritoneal lavage on survival and recurrence.
Table 1 reports lavage techniques, yield rate of positive IPCC detection and impact on survival and global
recurrences in the main studies.

HOW CAN PERITONEAL CYTOLOGY
BE INTEGRATED IN THE OVERALL
MANAGEMENT OF COLORECTAL
CANCER
Positive peritoneal lavage for stage Ⅰ , Ⅱ and Ⅲ of
colorectal cancer appears to be a prognostic factor of local recurrence, overall recurrence and poor survival, but
the studies discussed here present an important heterogeneity in lavage techniques and analysis. Standardization is
needed in order to integrate peritoneal lavage into routine
clinical practice. Peritoneal lavage might be realized twice,
after the abdomen has been opened and before closure
with 100-200 mL of saline (NaCl 0.9%). Conventional
cytology remains the standard to determine positive
IPCC, and a panel analysis or ICC or PCR could increase
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an increased morbidity, and therefore requires expertise.
Data available about peritoneal recurrence and the impact of intra-peritoneal chemotherapy are insufficient
to propose intraperitoneal chemotherapy routinely. The
risk to develop peritoneal carcinomatosis for this patient
population could be evaluated by a second look surgery,
as proposed by Sugarbaker[48]. In the author’s series, patients treated for stage Ⅰ, Ⅱ or Ⅲ colorectal cancer with
limited surgical history underwent a laparoscopic second
look in order to limit morbidity. The exploration enabled
the detection of limited carcinomatosis and could lead to
a curative treatment combining systemic chemotherapy,
cytoreductive surgery +/- intraperitoneal chemotherapy.
This study showed that patients with positive IPCC had a
higher risk of developing peritoneal carcinomatosis, and
could therefore benefit from a prophylactic treatment
with intra-peritoneal chemotherapy.

9

10

11

12

13

CONCLUSION
Positive intraperitoneal free cancer cells are a prognostic
factor of recurrence and survival for patients treated
for stage Ⅰ, Ⅱ and Ⅲ colorectal cancer. These findings should be supported by a large multi-institutional
study to determine the real prevalence of positive IPCC.
Moreover, while current literature is sufficient to consider
positive IPCC as a pejorative prognostic factor, further
studies are also needed to propose adjuvant treatment for
patients with positive IPCC.
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Telomeres, telomerase and colorectal cancer
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plays a role in the early steps of CRC carcinogenesis
by promoting chromosomal instability, the prognostic
role of telomere length in CRC is still under debate. The
activation of telomerase reverse transcriptase (TERT),
the catalytic component of the telomerase complex,
allows cancer cells to grow indefinitely by maintaining
the length of the telomeres, thus favouring tumour formation/progression. Several studies indicate that TERT
increases with disease progression, and most studies
suggest that telomerase is a useful prognostic factor.
Plasma TERT mRNA may also be a promising marker
for the minimally invasive monitoring of disease progression and response to therapy.
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Core tip: Telomere/telomerase interplay is an important
mechanism involved in both genomic stability and cellular replicative potential. Telomere shortening is an early
event that contributes to genetic instability, which plays
a key role in the early steps of carcinogenesis. The activation of telomerase, which preserves replicative potential by maintaining the length of telomeres, occurs
during the adenoma-carcinoma sequence and increases
during tumour progression. While the prognostic value
of telomere length is controversial, most studies agree
that the level of telomerase in tumours represents a
useful prognostic marker. Circulating telomerase reverse
transcriptase is a promising marker for the minimally
invasive monitoring of disease and response to therapy.

Abstract
Colorectal cancer (CRC) is the third most common cancer worldwide and, despite improved treatments, is still
an important cause of cancer-related deaths. CRC encompasses a complex of diseases arising from a multistep process of genetic and epigenetic events. Besides
heterogeneity in the molecular and biological features
of CRC, chromosomal instability is a hallmark of cancer
and cancer cells may also circumvent replicative senescence and acquire the ability to sustain unlimited proliferation. Telomere/telomerase interplay is an important
mechanism involved in both genomic stability and
cellular replicative potential, and its dysfunction plays
a key role in the oncogenetic process. The erosion of
telomeres, mainly because of cell proliferation, may
be accelerated by specific alterations in the genes involved in CRC, such as APC and MSH2 . Although there
is general agreement that the shortening of telomeres
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response (DDR), and the cells undergo replicative senescence and apoptosis[10]. If protective mechanisms, such
as that of the TP53 protein, are inactive, cells continue
to proliferate; the further erosion of telomeres impairs
their role in protecting chromosome ends and ultimately
causes chromosomal instability[12]. Thus, telomere erosion may play two conflicting roles: tumour suppression
by inducing cell death, and tumour promotion by causing genetic instability, a key event in the initiation of
carcinogenesis. It has been recently advanced that short
telomeres may also affect genome-wide DNA methylation, which may modulate oncogene and oncosuppressor
gene expression[13]. However, cell division-associated telomere shortening prevents unlimited cell proliferation and
thus tumour development/progression. To escape this
proliferation barrier, cells must stabilise their telomeres.
Most tumours maintain their ability to grow indefinitely
through the inappropriate expression of telomerase, a
ribonucleoprotein complex containing an internal RNA
component [telomerase RNA (TR), or telomerase RNA
component] and a catalytic protein with telomere-specific
reverse transcriptase activity [telomerase reverse trancriptase (TERT)][14]. TERT which synthesises de novo telomere
sequences by using TR as a template, is the rate-limiting
component of the telomerase complex, and its expression is correlated with telomerase activity[15]. While TR
has broad tissue distribution and is constitutively present
in normal and tumour cells, expression of TERT, which
is usually repressed in normal somatic cells, occurs in
germ-line cells and most cancer cells. TERT is essential
for unlimited cell growth and thus plays a critical role in
tumour formation and progression[16].
Regulation of telomerase operates at several biological levels: transcription, mRNA splicing, subcellular localisation of each component and the assembly of TR
and TERT in an active ribonucleoprotein. Transcription
of the TERT gene is most likely the key determinant
in the regulation of telomerase activity; notably, TERT
transcriptional activity is specifically up-regulated in cancer cells, but is silent in most normal cells. The TERT
gene consists of approximately 35 kb DNA and comprises 16 exons and 15 introns. At the transcriptional
level, more than 20 transcription factor-binding sites
that act as activators or repressors have been identified
within the TERT promoter. The cooperation of MYC
and SP1 is required for the full activation of the TERT
promoter, while TP53, through its interaction with SP1,
down-regulates TERT. TERT is also directly activated
by nuclear factor-κB, hypoxia-inducible factor (HIF)-1,
and the ETS/MYC complex. The histone methyltransferase SMYD3 also directly contributes to inducible and
constitutive TERT expression in normal and malignant
human cells. TERT expression is suppressed by the oncosuppressor genes WT127 and MEN1, and through the
MAD/MYC and TGF-β/SMAD pathways. The cell cycle
inhibitors p16INK4a and p27KIP1 have also been shown
to down-regulate TERT expression in cancer cells[17].
Regulation of TERT transcription may also involve
DNA methylation, because the TERT promoter contains

INTRODUCTION
Colorectal cancer (CRC) is the third most common cancer worldwide; over 1.2 million new cancer cases and
nearly 600000 deaths are estimated to have occurred in
2008[1]. Despite improved treatments, increased awareness and early detection, which have all contributed to
prolonged survival, CRC is still an important cause of
cancer-related deaths[1]. CRCs encompass a complex of
diseases with different molecular pathways and biological characteristics arising from a multi-step process that
involves several genetic and epigenetic events[2,3]. The
stepwise change in morphology from normal epithelium
to carcinoma occurs through a multi-step genetic model
with the loss of the functions of tumour suppressor
genes, such as adenomatous polyposis coli (APC) and
TP53, and the gain of the function of oncogenes, such
as KRAS. Recent genome-wide sequencing analyses have
estimated as many as 80 mutated genes in CRC. Although
a smaller number of mutations are considered drivers
of tumourigenesis, multiple genetic hits are required for
tumour onset and progression[4]. Many efforts have been
made to identify molecular markers that predict the outcome of CRC patients, and several genetic and epigenetic
alterations that are involved in the development of CRC
have been proposed as prognostic markers of disease
progression; however, no agreement has been reached[5,6].
Besides great heterogeneity of the molecular and biological features, chromosomal instability may play a key role
in the early steps of carcinogenesis[7]. Cancer cells may
also circumvent replicative senescence and acquire the
ability to sustain unlimited proliferation[8]. Telomere/
telomerase interplay is an important mechanism involved
in the genomic stability and cellular replicative potential,
and telomere/telomerase dysfunction has emerged as
playing a key role in carcinogenesis. Here, we review the
role of telomeres and telomerase in the genesis and progression of CRC.

TELOMERES AND TELOMERASE
Telomeres are specialised DNA structures located at the
end of chromosomes; they are essential for stabilising
chromosomes by protecting them from end-to-end fusion and DNA degradation[9]. In human cells, telomeres
are composed of (TTAGGG)n tandem repeats that are
associated with the capping proteins Telomeric Repeat
binding Factor (TRF)1, TRF2, Repressor/Activator Protein1 (RAP1), TRF1-interacting Nuclear protein 2 (TIN2),
TTP1 (also known as TINT1, PTOP, PIP1), and Protection Of Telomers 1 (POT1), which constitute the shelterin complex[10]. Telomeres are progressively shortened
during each cell division by replication-dependent loss of
sequences at the DNA termini, caused by the failure of
DNA polymerase to completely replicate the 3’ end of
chromosomes[11]. When telomeres become critically short
(i.e., the Hayflick limit), they are no longer protected by
the shelterin complex; at that point they are recognised as
DNA double-strand breaks that trigger a DNA damage
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cient DNA mismatch repair (MMR) system. Alterations
to one of the seven known MMR genes (MSH2, MLH1,
MSH6, PMS1, PMS2, MSH3, and MLH3) cause unrepaired errors in the nucleotide repeat sequences, known as
microsatellites. Methylation of promoters of MMR genes,
particularly MLH1, is the most frequent mechanism for
silencing MMR genes in sporadic CRCs, which in fact
is frequently associated with the GpG island methylator
phenotype[4,30]. While the significance of telomere alterations in MSI is unclear, telomere dysfunction may be considered a major driving force in the generation of CIN.
Several studies have demonstrated that telomeres are
shorter in CRCs than in the adjacent mucosa (Table 2).
While telomere length in somatic cells primarily reflects
cellular proliferation, in tumour cells it reflects the balance between cellular proliferation with telomere loss
and telomerase activity with de novo synthesis of telomeric
sequences. Evidence that telomeres are shorter in CRCs
than in adjacent mucosa, even in well-differentiated tumours, strongly supports the concept that telomere erosion is a critical initial event in colorectal carcinogenesis.
TRF1 is a main negative regulator of telomere length;
over-expression of TRF1 in colorectal cells is correlated with shorter telomeres[38]. Telomere shortening in
colorectal polyps was recently correlated with large-scale
genomic rearrangements[43]. Notably, telomere shortening
in adenomas is not correlated with polyp size. In addition, the great differences in telomere length (differences
of up to 4.6 kb between normal mucosa and polyps)
are too large to be explained by replicative telomere erosion alone. Thus, the telomere length in CRC may reflect
the short telomere length in the cells that originated the
tumours, and telomere erosion may even precede the
colorectal adenomagenesis[43]. Because this pattern has
been observed in colorectal adenomas from patients with
familial adenomatous polyposis, it remains to be established whether it also occurs in sporadic CRCs.
Approximately 15% of CRCs present MSI, whereas
the TP53 gene is the known major genetic alteration in
CRCs with chromosomal instability and stable microsatellites (MSS)[5,44]. A study performed on a large number
of CRCs demonstrated that both MSI and MSS tumours
have shorter telomeres compared with adjacent mucosa,
but MSI cancers have shorter telomeres than MSS cancers[41]. This result matches another study[45]. The MSI
pathway involves the failure of the MMR system [46],
which maintains genetic stability by repairing DNA replication errors and preventing chromosomal recombinations; a deficiency in MMR helps cells overcome cellular
crises caused by the critical shortening of telomeres[47].
Thus, cells from MSI cancers may undergo more replicative cycles and more pronounced shortening of telomeres
before stabilising compared with cells from MSS cancers.
The difference is particularly great and significant when
MSI tumours are compared with MSS tumours carrying
the wild-type TP53 gene. Notably, MSS tumours with a
mutated TP53 gene have slightly shorter telomeres than
MSS tumours with the wild-type TP53 gene do. In cells

Table 1 Telomeres and telomerase: outstanding questions regarding their role in the genesis and progression of colorectal
cancer
Is the shortening of telomeres an early or late event in colorectal carcinogenesis?
Does telomere shortening play a role in genomic instability?
Do telomere lengths correlate with telomerase expression/activity?
Do telomere lengths correlate with disease progression?
Do levels of telomerase expression/activity increase with disease progression?
Do telomere and/or telomerase act as prognostic markers for disease
outcome?

a cluster of CpG sites. At the post-transcriptional level,
modulation of telomerase may occur by alternative splicings that may be tissue-specific; at least 10 different variants of TERT mRNA have been described, and some
of these splicing products may exert a dominant negative
function by competitive interaction with components of
the telomerase complex[18,19]. Telomerase activity is also
controlled through post-translational modifications of
the TERT protein. Phosphorylation of the protein at
critical sites by the PI3K/AKT kinase pathway seems to
be crucial for telomerase activity[20]. Telomere-associated
shelterin plays a role in the activity of telomerase; TPP1
is heterodimerised with POT1 and the POT1-TPP1 complex can recruit and stimulate telomerase activity, thereby
regulating telomere length through the TPP1-telomerase
interaction[21]. Notably, recent studies have suggested
that, in addition to maintaining telomere length, TERT
is involved in several other cell functions. The expression
of TERT increases replicative kinetics[22,23], promotes cell
growth under adverse conditions and may also act as an
anti-apoptotic agent[24-26]. High levels of telomerase confer resistance to several antineoplastic drugs[27,28].
We direct our attention here to the questions listed in
Table 1. The answers to these questions are important in
defining the role of telomere/telomerase interplay in the
CRC carcinogenesis.

TELOMERES AND GENETIC INSTABILITY
IN THE GENESIS OF COLORECTAL
CANCERS
There are at least two major pathways by which molecular
events can lead to CRC; most CRCs (approximately 85%
of cases) are characterised by chromosomal instability
(CIN), while the other CRCs have a microsatellite instability (MSI) phenotype. CIN is a dynamic process of allelic
imbalance at several chromosomal loci, with chromosome amplification and translocation, and it is an efficient
mechanism for causing the loss of oncosuppressor genes,
such as APC, TP53, and SMAD family member 2 and 4
involved in the TGF-β signaling pathway, and the activation of oncogenes, such as KRAS and BRAF, which
activate the mitogen-activated protein kinase signalling
pathway[29]. The MSI phenotype is generated by a defi-
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Table 2 Telomere lengths and colorectal cancer
Ref.

Cases

Main findings

Hastie et al[31], 1990

23 (20 CRCs, 3 adenomas) and patient-matched TL
Decrease with age in non-cancerous cells (33 bp per year)
non-cancerous mucosa
Shorter in CRCs and adenomas than in normal mucosa
(frozen samples)
Engelhardt et al[32], 1997
80 (50 CRCs, 20 polyps, 10 colitis) and CRC TL
Shorter in CRCs than in normal mucosa
patient-matched non-cancerous mucosa
Shorter in CRCs than in polyps and colitis
(frozen samples)
Longer in late-stage cancer with higher telomerase activity
Do not differ between colon and rectum cancer
Takagi et al[33], 1999
61 CRC (including 12 non-ulcerating and 39 TL
Shorter in non-ulcerating CRCs than in normal mucosa
ulcerating tumours, according to Borrmann's
Shorter in non-ulcerating than in ulcerating tumours
classification) and patient-matched nonNot correlated with tumour stage or grade
cancerous mucosa
Not correlated with telomerase activity
(frozen samples)
Katayama et al[34], 1999
35 (26 CRCs, 9 polyps)
TL
Do not differ between CRCs and polyps
(frozen samples)
Nakamura et al[35], 2000
124 CRC and patient-matched non-cancerous TL
Shorter in CRCs than in normal mucosa
mucosa
Decrease with age in both cancer and non-cancerous cells (44 and 50 bp/yr)
(frozen samples)
Plentz et al[36], 2003
10 (adenoma-carcinoma transition)
TL
Shorter in high-grade dysplastic areas than in the surrounding adenoma
(paraffin-embedded samples)
Gertler et al[37], 2004
57 CRC and patient-matched non-cancerous TL
Shorter in CRCs than in adjacent mucosa
mucosa
Decrease with age only in non-cancer cells (19 bp per year)
(frozen samples)
Correlate with tumour stage, being longer in advanced tumours
Correlate with TERT mRNA levels
Lead to a poor prognosis if TL cancer/TL non-cancer > 0.9
Do not differ between colon and rectum cancer
Garcia-Aranda et al[38], 2006
91 CRC (23 right-colon, 13 left-colon, 55
TL
Shorter in CRC than in adjacent mucosa
rectum) and patient-matched non-cancerous
Shorter in right-colon cancers than in tumours located in other sites
mucosa
Shorter in poorly differentiated tumours
(frozen samples)
Tend to be longer in telomerase-positive CRCs
Have prognostic value (longer telomeres: poor clinical outcome)
Correlated with the expression of TRF1 protein
O’Sullivan et al[39], 2006
38 (26 adenomas, 12 CRCs)
TL
Shorter in adenomas than in adjacent and distant mucosa
(paraffin-embedded samples)
Similar in CRCs and adjacent and distant mucosa
Raynaud et al[40], 2008
15, each case with normal mucosa, low-grade TL
dysplasia, high-grade dysplasia and carcinoma Shorter in low-grade and high-grade dysplasia than in carcinoma
Inversely correlated with activation of the DDR pathway
(paraffin-embedded samples)
Rampazzo et al[41], 2010
118 CRC (53 right-colon, 30 left-colon, 35
TL
Shorter in CRCs than in adjacent mucosa
rectum) and patient-matched non-cancerous
Shorter in right-colon cancers than in tumours located in other sites
mucosa
Shorter in MSI than in MSS tumours
(frozen samples)
Decrease with age only in non-cancer cells
Not correlated with tumour stage or grade
Not correlated with TERT mRNA levels
Valls et al[42], 2011
147 CRC and patient-matched non-cancerous TL
Shorter in CRCs than in adjacent mucosa
mucosa
In cancer correlate with TL in normal mucosa
(frozen samples)
Do not differ between colon and rectum cancer
Not correlated with tumor stage
Have prognostic value (TL cancer/TL non-cancer ≤ 1: higher OS)
Roger et al[43], 2013
135 (85 polyps from 10 patients with FAP, 50 TL
Shorter in polyps than in normal mucosa
CRCs)
Correlated with genomic rearrangement in polyps
(frozen samples)
Independent of adenoma size
In polyps may reflect the TL of the originating cells
TL: Telomere lengths; CRC: Colorectal cancer; DDR: DNA damage response; OS: Overall survival; FAP: Familial adenomatous polyposis.

with mutated TP53, telomeres may protract their shortening with cell proliferation. However, TP53 is a wellknown negative regulator of the TERT promoter, and
mutated TP53 protein may also result in TERT activa-
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tion, so telomere stabilisation may occur earlier than it
does in MSI tumours[41].
The down-regulation of MSH2 is associated with
greater telomere shortening than in control cells; thus
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Genetic instability

Cell proliferation (MMR, APC)

Telomere shortening

TERT activation

Maintenance of telomere length
Tumor
progression

Increasing telomerase expression

Figure 1 Model of telomere/telomerase interplay in the carcinogenesis of colorectal cancer. Telomere shortening is mainly caused by cell proliferation in preneoplastic lesions. Erosion of telomeres may be accelerated by mutations in specific genes, such as the adenomatous polyposis coli (APC) gene or DNA mismatch
repair (MMR) system genes. The activation of telomerase reverse transcriptase (TERT), the catalytic unit of the telomerase, occurs during the adenoma-carcinoma
sequence; TERT and telomerase activity levels increase with tumour progression. Inserts: Immunohistochemical analysis of TERT expression in stage Ⅰ (left) and
stage Ⅳ (right) tumours. Mayer's haematoxylin counterstaining; original magnification × 20.

MSH2 deficiency may accelerate telomere shortening[48].
It is worth noting that the leukocyte telomeres of patients with Lynch syndrome, a hereditary CRC syndrome
caused by germline mutations in MMR genes are shorter
than those of age-matched controls[49]. Whether a shorter
telomere length in leukocytes is a risk factor for CRC or
a consequence of either disease treatment or disease burden is a controversial question[50-52], but there is general
agreement that telomere shortening is an early event in
colorectal carcinogenesis, even in sporadic CRC (Figure
1). Activation of the DDR is almost universal during the
earliest stages of carcinogenesis[53,54]. A recent study suggested that telomere length is inversely correlated with
activation of the DDR pathway, and telomere fusion may
lead to general genomic instability[40].
While there is general agreement that telomere
shortening, which is mainly caused by high proliferation
of preneoplastic lesions and most likely accelerated by
alterations in genes such as APC and MSH2, is an early
event in the CRC carcinogenesis, there is no agreement
concerning the role of telomere length as a marker of
disease progression. Only a few studies report that telomeres are longer in late stage cancer than in preneoplastic
lesions and/or early neoplastic stages; the activation of
telomerase and/or high levels of telomerase expression
may explain the increase in telomere length with disease
progression[37,38]. However, other studies have not indicated any correlation between telomere length and tumour
stage or grade (Table 2). Telomere lengths may stabilise
with tumour progression because of increased telomerase
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activity that compensates for replicative telomere loss[41,55].

TELOMERASE AS A MARKER OF
DISEASE PROGRESSION IN COLORECTAL
CANCER
Two main strategies are used to estimate telomerase
levels: quantification of TERT mRNA and quantification of telomerase activity. The telomerase level, even in
telomerase-positive tumour cells, is estimated to be relatively low (approximately 100 molecules per cell), so its
detection, either as mRNA or activity, requires methods
based on polymerase chain reaction (PCR) amplification.
In general, all quantitative data acquired with real-time
PCR must be normalised by a housekeeping gene. The
ideal housekeeping gene should not vary with disease
progression. The glyceraldehyde 3-phosphate dehydrogenase gene, which is often employed as housekeeping
gene, is activated by HIF and is thus expressed at higher
levels in advanced disease than in tumours at early stages.
Other genes, such as the hypoxanthine-guanine phosphoribosyltransferase 1 (HPRT1) gene, which does not vary
with tumour stage[56], allow a more reliable estimation
of TERT levels. In CRC, a study by real-time PCR with
HPRT1 as a housekeeping gene demonstrated that there
is a good relationship between the levels of all TERT
transcripts and the full-length TERT transcript; in addition, levels of TERT mRNA correlated with telomerase
activity, as estimated with a telomere repeat amplification
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protocol (TRAP) assay[54]. Although there are no clinically
approved telomerase assays, several promising approaches have recently been published[57].
There is general agreement that TERT levels and
telomerase activity increase with the adenoma-carcinoma
sequence[60,64,70], and are higher in CRCs than in adjacent
non-cancerous mucosa (Table 3). Normal adjacent mucosa may have some detectable TERT mRNA and telomerase activity, mainly because of intestinal crypt basal
cells[55,58]. These findings strongly support the hypothesis
that telomerase activation is subsequent to telomere erosion (Figure 1).
Most studies have demonstrated that TERT expression and/or telomerase activity increase with tumour
progression (Figure 2A and Table 3). Well-differentiated
and moderately differentiated tumours have significantly
lower TERT levels than poorly differentiated tumours
do, and late-stage tumours (Dukes C and D) show higher
telomerase activity than early-stage tumours[63,67]. Only a
few studies have found no correlation between levels of
telomerase activity, as assessed by the semi-quantitative
TRAP assay, and tumor progression[38,58,61]. Unlike telomere length, levels of telomerase expression/activity do
not correlate with MSI status and increase with disease
progression in both MSI and MSS tumours[68,73]. The
finding that TERT mRNA is higher in tumours bearing
TP53 mutations[66] may support the hypothesis that high
TERT expression is a marker of poor outcome and poor
response to therapy[27,73].

effect is independent of pathologic stage. In particular,
over a median follow-up of 70 mo, patients with high
levels of TERT mRNA (above the median) had approximately double the risk of death compared with patients
with low levels of TERT (below the median) did[73]. Only
two studies analysed stage Ⅱ patients in detail. In one
study, in which telomerase activity was determined with
TRAP assay, patients with telomerase-positive CRCs had
longer disease-free survival (DFS) than did patients with
telomerase-negative tumours[62]. In the second study,
TERT levels estimated using real-time PCR significantly
stratified stage Ⅱ patients; stage Ⅱ patients with high
TERT levels showed significantly worse median OS and
DFS than patients with low TERT levels did[73].
In recent years, great efforts have been made to identify markers for minimally invasive early diagnosis and/or
monitoring of disease. The expression of epithelial cell
adhesion molecules has been used primarily to detect
CRC cells in the hematopoietic milieu, and the detection of circulating cancer cells is a promising approach,
although its diagnostic/prognostic role needs to be established[79]. The detection of cancer-related RNA molecules
in plasma has recently been proposed as a marker of cancer onset and outcome, and ongoing studies indicate that
circulating microRNAs may be biomarkers for the early
detection of CRC[80,81]. Within this framework, recent
studies suggest that cell-free circulating TERT mRNA is
also a potential marker of disease.
Transcripts of TERT have been detected in the
plasma of patients with different tumours, including
CRC[82,83]. In a series of CRCs (stage Ⅰ to stage Ⅳ), the
TERT mRNA levels in plasma were related to those in
tumours[55] (Figure 2B). In addition, while 95% of patients with tumours had detectable cell-free circulating
TERT, aged-matched controls were negative in almost
all cases[55]. This finding suggests that TERT levels in
plasma reflect those in tumours. Very promising findings
have been reported in patients with rectal cancer who
underwent chemoradiotherapy (CRT) prior to surgery;
plasma TERT was significantly decreased in patients who
underwent a complete pathologic response, but remained
unchanged or increased in patients who did not respond
to CRT[84] (Figure 2C). These findings also suggest that
circulating TERT is a useful marker for monitoring the
response to therapy. However, further studies with a prospective design and with a large sample sizes are required
to clearly define the prognostic role of telomerase in
CRC patients and to ascertain the cut-off values and reliability of circulating TERT as a marker for monitoring
disease outcome and response to therapy.

TELOMERASE, BUT NOT TELOMERES,
MAY ACT AS A PROGNOSTIC FACTOR
IN COLORECTAL CANCERS
Pathologic tumour staging remains a key determinant
of CRC prognosis and treatment. Invasive cancers are
confined within the wall of the colon (stages Ⅰ and Ⅱ),
but if untreated they spread to regional lymph nodes
(stage Ⅲ) and then metastasise to distant sites (stage Ⅳ).
Although radical resection and adjuvant therapy are effective curative treatments, the risk of disease recurrence
cannot be foreseen, even among patients at the same
tumour stage. Although 5-fluorouracil-based adjuvant
chemotherapy is the standard care for stage Ⅲ patients,
the role of adjuvant therapy for stage Ⅱ is still debated.
The controversial results obtained in various studies[74-78]
may reflect the molecular and biological heterogeneity
of CRC and highlight the need for definitive prognostic
markers able to stratify patients.
While most studies do not confirm the prognostic
role of telomere length (Table 2), there is general agreement that high levels of TERT and/or telomerase activity are associated with poor prognosis (Table 3) Only two
studies do not confirm the prognostic value of TERT[72]
or telomerase activity[62]. High levels of TERT mRNA
and/or telomerase activity have been associated with
worse overall survival (OS) and this negative prognostic
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CONCLUSION
Besides extensive heterogeneity in the molecular and biological features of CRC, chromosomal instability plays a
key role in the early steps of carcinogenesis. The majority
of studies agree that telomere shortening is an early event
in the oncogenetic process and that telomere erosion
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Table 3 Telomerase as a marker of disease in colorectal cancer
Ref.

Cases

Main findings

Engelhardt et al[32],
1997

80 (50 CRCs, 20 polyps, 10 colitis) cancerous Telomerase activity
and 50 CRC patient-matched non-cancerous Absent in normal tissues
Higher in CRCs than in nonneoplastic lesions
mucosa specimens
Higher in late-stage than in early-stage tumours
Tatsumoto et al[58],
100 CRC and patient-matched nonTelomerase activity
2000
cancerous mucosa specimens
Higher in CRC than in adjacent non-cancerous mucosa
Detectable in adjacent non-cancerous mucosa derived from intestinal crypt basal cells
Not correlated with CRC stage or grade
Has prognostic value for OS and DFS (high telomerase activity: poor prognosis)
Niiyama et al[59], 2001
140 CRC and patient-matched nonTERT mRNA and telomerase activity
cancerous mucosa specimens; 20 adenomas Higher in CRCs than in adenomas
Higher in adenomas than in normal mucosa
Naito et al[60], 2001
66 (50 adenomas, 6 mucosal carcinomas, 10 Positive correlation between TERT mRNA and telomerase activity
TERT levels increase with adenoma-carcinoma sequence
invasive carcinomas) specimens
Gertler et al[61], 2002
57 CRC and patient-matched non-cancerous Both CRC and adjacent non-cancerous mucosa are positive for TERT
TERT levels lower in tumours than in non-cancerous mucosa in most cases
mucosa specimens
TERT levels not correlated with tumour stage
TERT has prognostic value for OD and DFS (high telomerase activity: poor
prognosis)
Kawanishi-Tabata
122 CRCs, stage Ⅱ
80% of CRC are telomerase-positive
Higher percentage of telomerase-positive tumours in the colon than in the
et al[62], 2002
(52 colon, 70 rectum)
rectum
High telomerase activity: Good prognosis
Ghori et al[63], 2002
30 CRCs and 20 patient-matched nonTelomerase activity
Higher in CRCs than in adjacent non-cancerous mucosa
cancerous mucosa specimens
Correlated with Duke's stage
Boldrini et al[64], 2002 36 CRC and patient-matched non-cancerous Telomerase activity
mucosa specimens, 8 adenomatous polyps, Absent in normal mucosa and adenomas
Higher in CRCs than in dysplastic polyps
9 dysplastic polyps
Higher in late-stage than in early-stage tumours
Maláska et al[65], 2004 41 CRC and patient-matched non-cancerous Telomerase activity
Present in 83% of CRCs
mucosa specimens
Absent or at very low level in normal mucosa
Higher in metastatic tumours
Boldrini et al[66], 2004
43 CRCs
TERT levels and telomerase activity higher in tumours with mutated TP53
Sanz-Casla et al[67],
103 CRCs
Telomerase activity increases with tumour progression (Duke's stage)
Higher percentage of telomerase-positive tumours in the colon than in the
2005
rectum
Telomerase activity has prognostic value for DFS (high telomerase activity:
poor prognosis)
Garcia-Aranda et al[38], 91 CRC and patient-matched non-cancerous Telomerase activity
Present in 81% of CRCs
2006
mucosa specimens
Present at very low levels in 15% of normal samples
Not correlated with tumour progression
No prognostic value
Vidaurreta et al[68],
97 CRCs
Telomerase activity
Present both in MSI and MSS tumours
2007
Has prognostic value for OS (high telomere activity: poor prognosis)
Bautista et al[69], 2007 108 rectal cancer and patient-matched non- Telomerase activity
Higher in rectal cancer than in normal mucosa
cancerous mucosa specimens
Not correlated with tumour stage and grade
Has prognostic value for DFS and OS
Terrin et al[55], 2008
85 CRC and 42 patient-matched nonTERT levels
Higher in CRCs than in adjacent non-cancerous mucosa
cancerous mucosa specimens, 49 plasma
Increase with tumour stage and grade
samples
Not correlated with MSI status
Not correlated with tumour location
Plasma TERT levels correlated with tumour TERT levels
Valls Bautista et al[70], 6 cases, each with cancer, polyps and normal Telomerase activity
Increases with adenoma-carcinoma sequence
2009
mucosa; 8 polyps and normal mucosa
Kojima et al[71], 2011
106 CRC and paired adjacent non-cancerous Elongation of the 3’OH of telomere by telomerase may increase Malignant
mucosa specimens
potential of cancer cells
Telomerase activity has prognostic values for OS (telomeraseactivated
without 3'OH shortened telomeres: poor prognosis)
Safont et al[72], 2011
48 CRC and adjacent non-cancerous mucosa Plasma TERT levels correlated with tumour TERT levels
Higher circulating TERT levels in stage Ⅳ tumours
specimens and 48 plasma samples
No correlation between telomerase expression and prognosis
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Bertorelle et al[73], 2013

137 CRCs

TERT levels:
Increase with tumour stage and grade
Not correlated with MSI status
Not correlated with tumour location
Have prognostic value for OS and for both OS and DFS for stage Ⅱ patients
(high TERT levels: poor prognosis)

CRC: Colorectal cancer; DFS: Disease free survival; OS: Overall survival; TERT: Telomerase reverse transcriptase; MSI: Microsatellite instability.
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Figure 2 Representative panels of telomere length and telomerase reverse transcriptase levels. A: Relative telomere length in tumours (K) and adjacent mucosa (N) according to tumour stages Ⅰ (30 samples), Ⅱ (45 samples), Ⅲ (29 samples), and Ⅳ (29 samples). The cases included those reported in Rampazzo et
al[41]. Telomere length was significant shorter in tumours than in adjacent mucosa (bP < 0.0001) at all tumour stages, but telomere lengths did not significantly differ
with tumour stage. Relative telomere length was estimated using real-time polymerase chain reaction (real-time PCR)[41]; B: Telomerase reverse transcriptase (TERT)
levels in tumours (K) and adjacent mucosa (N) according to tumour stages Ⅰ (K: 25 samples, N: 17 samples), Ⅱ (K: 35 samples; N: 10 samples), Ⅲ (K: 15 samples;
N: 5 samples), and Ⅳ (K: 30 samples; N: 22 samples). The cases included those reported in Terrin et al[55]. TERT levels were significantly higher in tumours than in
adjacent mucosa and significantly increased (bP < 0.01) with tumour stage. TERT levels were estimated using real-time PCR[41,55]; C: Plasma TERT levels before and
after the chemoradiotherapy prior to surgery in responders (35 samples) and non-responders (42 samples) with rectal cancer. The cases included those reported in
Pucciarelli et al[84]. TERT levels in plasma were estimated using real-time PCR[84]. Boxes and whiskers: 25th-75th and 10th-90th percentiles, respectively; the median is
the central line in each box.

leads to genetic instability. Telomerase, which maintains
telomere length and preserves the cell’s replicative potential, is activated during the adenoma-carcinoma sequence
and its activity increases during tumour progression.
While most studies do not confirm the prognostic
role of telomere length, there is general agreement that
high levels of TERT and/or telomerase activity are associated with poor prognosis. Emerging data also suggest that circulating TERT levels reflects tumour TERT
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levels. Overall, there is sufficient evidence to indicate that
telomerase is a useful marker for monitoring and predicting disease outcome. A caveat to the use of telomerase
as a marker is the availability of simple and reliable assays
to quantify telomerase expression and/or activity. The
use of reliable assays will allow researchers to compare
data and to define useful cut-off values to discriminate
between patients at low and high risk of disease progression. Further studies with a prospective design and large
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sample sizes are required to clearly define the prognostic
role of telomerase and to acertain its reliability as a circulating biomarker for the minimally invasive monitoring
of disease and the response to therapy.
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Core tip: Lymphadenectomy of colorectal cancer is a
decisive factor for the prognostic staging of the patient.
A limit of 12 lymph nodes (LNs) is still not the gold
standard and accessible only in highly specialized centers. There are different variables that can affect the
retrieval of LNs; some are non-modifiable and pose the
question of whether the minimum number of examined
LNs must be individually assigned.

Abstract
Lymphadenectomy of colorectal cancer is a decisive
factor for the prognostic and therapeutic staging of the
patient. For over 15 years, we have asked ourselves
if the minimum number of 12 examined lymph nodes
(LNs) was sufficient for the prevention of understaging.
The debate is certainly still open if we consider that a
limit of 12 LNs is still not the gold standard mainly because the research methodology of the first studies has
been criticized. Moreover many authors report that to
date both in the United States and Europe the number
“12” target is uncommon, not adequate, or accessible
only in highly specialised centres. It should however be
noted that both the pressing nature of the debate and
the dissemination of guidelines have been responsible
for a trend that has allowed for a general increase in
the number of LNs examined. There are different variables that can affect the retrieval of LNs. Some, like
the surgeon, the surgery, and the pathology exam, are
without question modifiable; however, other both patient and disease-related variables are non-modifiable
and pose the question of whether the minimum num-
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INTRODUCTION
In 1998, Curti et al[1] stressed that continually talking
about the lymphadenectomy of colorectal cancer makes
for incredibly monotonous reading. In fact, even though
it has been proven that the excision of lymph nodes (LNs)
in colorectal cancer is a crucial measure, in the last decade
the problem has mainly shifted its focus to the physical dimensions of the lymph nodal excision and, more
specifically, to the number of LNs to be removed. Even
if in this area there are precise indications, in reality, they
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are not always respected due to, above all else, the large
number of variables that can interfere with the sampling
of the LNs.

NUMBER OF LNs NECESSARY FOR A
CORRECT STAGING
Many authors[17,27,28,56] claim that in clinical practice there
should be no set limit to the number of LNs examined since
in addition to survival, as has already been mentioned, there
is a direct correlation between the number of examined
LNs and the number of LNs with metastasis[4,14,24,28, 57-59].
However, in light of this observation, we have to ask
ourselves what the minimum number of LNs is, beyond
which there is no change in the staging if not within acceptable limits. Therefore, along with McDonald et al[6]
we believe that a “ceiling effect may be reached”, above
all for the purposes of allowing pathologists to realize the
point at which they can feel satisfied with their search no
matter how many LNs may be left in the piece removed.
In fact, there is no doubt that in the “real world”, pathologists, with the methods that are presently available, do
not or simply cannot sample all removed LNs especially
when they are small[15].
In light of this, the number of LNs to be sampled
still varies widely even though it has been discussed for
over 20 years. In fact, since 1990, at the World Congress
of Gastroenterology in Sydney, 12 was established as the
minimum standard of LNs to be examined since this
number would allow for a correct diagnosis of N0 in
90% of cases[6,21,51,60].
This number, referred to as “magic”[50], was later included in many guidelines and has been endorsed by a
large number of United States and European organizations[7,9,17-19,36,40, 50,51,61,62].
In this regard, what Stocchi et al[41] have recently reported seems paradigmatic. He claims that, considering
only patients treated for stage II colon cancer, the examination of at least 12 LNs is associated with an improvement in results; this improvement reduces if a smaller
sample of LNs get examined, but it does not increase
with a larger sample of LNs.
Other data reported by Nelson et al[51], Norwood et al[19],
and Lee et al[58] show data compatible with Stocchi’s theory.
Nelson et al[51] report that by examining 12 LNs, the
lymph nodal positivity is correctly identified in 90% of
patients; Norwood et al[19] claim that only when the number of LNs is < 12 there is a reduction in the survival
rate; finally, Lee et al[58] reports that the examination of a
number of LNs ≥ 12 increases the chance of diagnosing
positive LNs by 30%.
In light of this data, the number 12 indeed seems correct, but this is not the case of course if in 2012 Fingerhut[4] still asked himself, “Why all the fuss?”
The debate is certainly still open if we consider that a
limit of 12 LNs is, as of today, still not the gold standard
mainly because the research methodology of the first
studies[40,63,64], which do not go beyond a level of Ⅲ or Ⅳ
and a grade C recommendation, has been criticized[6,51].
In fact, in the literature there is no uniformity in determining what the minimum lymph nodal sampling is to
allow for a greater diagnosis of positive LNs, a different

MEANING OF LYMPHADENECTOMY
All histological staging, even the recent seventh edition
of the AJCC[2], has considered the metastatic involvement of the LNs a determining factor for the staging of
the colorectal tumor[3-28] as long as examined in sufficient
numbers to ensure the “certainty” of a patient’s prognostic classification[13]. Actually, this is not the case, since as
we shall see, the lack of reliable data makes the current
staging systems inadequate. This lack creates episodes
of “stage migration,” which are likely responsible for the
20%-25% of the cases in which a node-negative patient
relapses[29-34], as well as for better prognoses for patients
staged IIIa than for those staged Ⅱb[31-34].
The correct staging of a patient treated for colorectal cancer is also critical in the planning of adjuvant
therapies that certainly, especially for stage Ⅲ, ensure
improved outcomes and may not be prescribed to a
patient who has a falsely-judged more “favorable” staging[3,8,10,11,15,17,19,22-24,27,31,33,35-37]. In this context, some authors
as well as some organizations such as the American
Society of Clinical Oncology (ASCO) and the National
Comprehensive Cancer Network (NCCN) recommend
adjuvant chemotherapy to patients for whom the LN
study proved insufficient[7,21,25,35,38,39].
In addition to its accuracy in staging, the LNs excision also seems to be an independent prognostic factor.
Many case-study reviews[3-5,10,11,14,19,20,24-28,35,40-49], particularly
in patients with stage Ⅱ, report a directly proportional
relationship between the number of LNs removed and
survival. In this regard, it seems appropriate here to refer to the systematic review of Chang et al[24] who report
that in 16 of 17 studies the increased survival of patients
with stage Ⅱ colon cancer was associated with increased
numbers of LNs evaluated. The most likely explanation
is that the higher the number of LNs examined the better select the group of node-negative patients with a better prognosis for which surgery alone should be curative.
Other authors[1,21,40,50], however, believe that in patients
with more advanced stages, the lymphadenectomy can
be therapeutic both by improving tumor clearance by the
surgeon and by reducing the metastatic spread through
lymphatic drainage. Not all authors agree with this latter
view[5,11].
Last but not least, it must be noted that organizations
such as the American College of Surgeons, the ASCO,
and the National Quality Forum consider the entity of
the lymphadenectomy as a way to gauge the quality of a
center dealing with this type of pathology[51-55]. Concerning this issue, not all are in agreement mainly because the
number of LNs removed may not reflect the quality of
the surgeon or the pathologist but, as we shall see later,
may be tied to unchangeable factors inherent in the patient or the tumor[6,50].
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Table 1 Minimum lymph node sampling recommended for a
correct staging

Table 2 What “could interfere” with the lymph node count
Modifiable factors

Under 12 LNs

LNs At least 12 LNs LNs Over 12 LNs

n
Caplin et al[65]
Maurel et al[66]
Mekenkamp et al[67]
Yoshimatsu et al[26]
Sarli et al[35]
Cianchi et al[68]

7
8
8
9
9
9

n
Nir et al[18]
Norwood et al[19]
Stocchi et al[41]
Wong et al[46]
Kukreja et al[50]
Nelson et al[51]
Lee et al[58]
Bilimoria et al[69]
Storli et al[70]

12
12
12
12
12
12
12
12
12

Surgeons
Pathologist
Specialization
Lack of training
Case volume
Lack of time
Surgical technique Techniques
Emergency
Extension
Laparoscopy
Unmodifiable factors Patient related
Disease related
Advanced age
Tumor site
Female
Tumor staging
Obesity
Pre-operative radiotherapy

LNs

n
Swanson et al[57]
Wong et al[71]
Tepper et al[72]
Wong et al[73]
Chen et al[48]
Mukai et al[74]
Goldstein et al[75]
Tsai et al[25]
Le Voyer et al[27]
Joseph et al[76]
03 (T3)
Joseph et al[76]
03 (T4)

13
14
14
14
15
15
17
18
20
30

equate in 48% to 63% of cases[79,80].
Similar experiences are also reported in Europe; in
fact, in Germany in 2009, the Dutch Surgical Colorectal
Audit[77] reported that in 73% of colon cancers and 58%
of rectum cancers, the number of LNs examined was
[81]
[82]
≤ 10; in England, Johnson et al and Mitchell et al
have recently pointed out that the limit of 12 LNs was
not reached between 33% and 50% of colorectal cancer
cases.
It should however be noted that both the pressing
nature of the debate and the dissemination of guidelines
have been responsible for a trend that, over the years,
has allowed for a general increase in the number of LNs
examined, thus enabling the U.S. to increase the number
of hospitals that reach the target of 12 LNs from 15% in
1995-96 to 38% in 2004-05[69] and in 2005-2008[52] reach
the figure of 92% albeit only in centers that are members of the NCCN and are thus made up of top institutions[69]. This, however, is probably not the case in smaller
hospitals[9,21].

40

LN: Lymph node.

staging that justifies adjuvant chemotherapies, or, ultimately, a better survival rate (Table 1).
This confusion is also documented by McDonald et
al[6] who, citing 10 observational studies that analyzed
more than 43000 patients, points out that not only is
there no agreement on what the LN cut-off point should
be, but that in a wide range of LNs examined (between 6
and 21) the actual cut-off point fluctuated. This range is
similar to the one reported by Valsecchi et al[21] (between
6 and 17) and lower than the one reported by Noura et
al[42] (between 6 and 40).
This variety of data leads us to ask what our main
objective is when we examine LNs? If the goal is to “certify” a node-negative patient, then evaluating a number
of LNs equal to 12 or perhaps even higher is likely to
be necessary; if instead metastatic LNs are identified, it
is then possible to “settle” for a smaller number of LNs
which, according to some authors[46], are easier to identify
as they are more visible and palpable. However, even in
this respect “everything and the opposite of everything”
can be said if considering what is reported by some authors[35,60,77] who claim that about 50% of enlarged LNs
are negative or only an expression of a vigorous immune
response, while 45%-78% of metastatic LNs have a less
than 5 mm diameter.
Gelos et al[78], however, focuse on yet another aspect,
arguing that in patients with a malignancy at an earlier
stage which can lead to a lower immune response, it is
likely that we can settle for a sample of less than 12 LNs.
The fact that even today the number “12” target is
“uncommon, “not adequate,” or accessible only in highly
specialized centers[21,41,50] is demonstrated by the fact that
in the United States in 2001[4], the number of 12 sampled
LNs was reached for only 44% of patients and that the
target of patients increased to 75% in only 38% of hospitals in 2004-05[69], 15 years after Sydney. Moreover, once
again in the United States, reports published between
2005 and 2010 revealed that, despite the “dense forest of
articles”[79] lymphadenectomy was still considered inad-
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WHAT CAN INTERFERE WITH LYMPH
NODAL COUNT
Ideally, the surgeon should remove all the LNs pertaining to the tumor and the pathologist should sample and
examine them thoroughly. However, even if this were
carried out, all authors agree that there would be “unmodifiable” factors patient-related and disease-related
that could make a node-count problematic (Table 2).
In our opinion, all the variables, modifiable and unmodifiable, that can affect lymph nodal sampling should
be examined so as to make the work of both the surgeon
and of the pathologist more efficient.
Modifiable factors
Surgeons and surgery: The extent to which a surgeon’s experience, specialization and case volume impact the quality of a performed surgery has often been considered a
possible factor which can affect the number of removed
LNs[3,11,21,23,41,83] (Table 3).
Even if this seems logical[35], if we consider Table 3
we can see that although the “surgeon variable” is considered an “independent factor”, there is no clear differ-
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Table 3 Surgeon’s experience vs lymph nodes harvested
Surgeon's experience

Statistical analysis

LN harvested (expert vs no expert)

> 15 yr
5 colon/yr
Colorectal surgeon
Largest case volume

MA: se independent factor (P < 0.05)
MA: se significant predictor (P = 0.001)
UA: se P = 0.002
MA: se independent variable (P = 0.018)

13 vs 11 LN
Not specified
11 vs 9 LN
86% vs 83.6% pts with ≥ 12 LN

Leung et al[11]
Valsecchi et al[21]
Shaw et al[23]
Stocchi et al[41]

MA: Multivariate analysis; UA: Univariate analysis; LNs: Lymp nodes; se: Surgeon’s experience.

bers of collected LNs[19,40,56,86], more reliable data is available with regards to the influence of laparoscopic surgery
on lymph nodal sampling, whose efficacy has been questioned. Actually, in addition to the COST[91], COLOR[92]
and CLASICC[93], other prospective randomized trials
have opted for an overlap of the two techniques (Table
4). More significantly, a recent meta-analysis[100] of 24
randomized trials has shown no significant differences
between the two approaches concerning the number of
LNs examined. On the contrary, Lujan et al[101] has reported advantages in favor of laparoscopic surgery with
regards to the number of LNs sampled in patients suffering from rectal cancer (13.63 vs 11.57, P = 0.026); similarly El-Gazzaz et al[102] have reported, a greater number
of metastatic LNs removed (2.2 ± 3.8 vs 1.6 ± 4, P = 0.03),
despite not being able to pin-point the exact reasons.

Table 4 Lymph node sampling in laparoscopic vs open
approaches
Laparoscopy

COST[91]
Veldkamp et al[92]
Guillou et al[93]
Kang et al[94]
Braga et al[95]
Hewett et al[96]
Liang et al[97]
Leung et al[98]
Benhaim et al[99]

Open

Patients

LNs

Patients

n

n

n

435
627
526
170
134
294
135
203
235

12
10
12
17
14.5
13
15.6
11.1
26.8

428
621
268
170
134
298
134
200
296

LNs

n
12
10
13.5
18
15.3
13
16
12.1
25.9

Only prospective or prospective randomized trials in over 250 patients.
COST: Clinical Outcomes of Surgical Therapy Study Group; LNs: Lymp
nodes.

Pathologists: A review of the literature, even if there
are still conflicting view points[22,41,84], soon reveals that
the diligence of a “pathology staff ” (pathologists,
pathology assistants, pathology residents, pathology
technicians) could affect the number of LNs sampled[10,11,21,35,50,53,60,61,79,86] and that the simple lack of time,
more than the lack of educational training, especially
seems to interfere with this data[6,8,27,60,77]. This is indeed
confirmed by the fact that, paradoxically, first-year “pathology residents”[8] or “pathologists’ assistants” who
have “more time with fewer distractions”[77] carry out better lymph nodal samplings than “pathologists”, especially
for cancer of the rectum.
Moreover, from the multivariate analysis of Leung et
al[98] we can deduce that pathologists and surgeons independently affect the lymph nodal sampling (P < 0.05 and
P = 0.01 respectively) and that pairing surgeon/pathologist does not serve to compensate for the differences.
Valsecchi et al[21] also, in his analysis, support Leung’s
data[98], but report for “surgeon’s experience” a major risk
factor (“OR = 2.33; 95%CI: 1.4-3.9, P = 0.001” vs “OR
= 1.9; 95%CI: 1.1-3.2, P = 0.01” respectively) in contrast,
Evans et al[86] find no significant differences among surgeons but does so only among pathologists.
The possibility of having more time may also be useful for the implementation of procedures which have
been widely recommended [7,27,30,40]. Such procedures
include the fat clearance technique or the intra-arterial
injection of blue methylene, among others, which seem
to improve performance. However, in addition to being
costly[11,23,27,60], these procedures are difficult to carry out

ence between surgeon with greater and lesser experience
compared to harvested LNs.
Indeed other authors consider this correlation inconsistent[8,19,22,53,78,84-86] as it does not record statistical differences related to surgeon expertise or between colorectal surgeons and general surgeons, thus giving other
authors[9,87,88] the opportunity to dwell, instead, on the
importance of an educational strategy that allows for a
more accurate surgical technique. From this perspective,
we must keep in mind that even though American studies[36,46,69] have reported that a hospital’s volume of surgery could affect lymph nodal sampling, Porter et al[37] and
Dejardin et al[89] have recently reported that the simple
implementation of guidelines within a center in addition
to recommendations or the application of audit strategies
may eliminate any differences between hospitals. This
leads us to believe that a correct approach to the problem
can bridge the “gap” between “current and best available
evidence.” The above authors’ implication seems to reveal that a diligent surgical technique, which above all else
ensures an adequate and “potentially measurable” sample
of mesocolon[21,41,87,88], can simply guarantee a sufficient
number of LNs to be sampled. Whether the greater
length of the intestine removed can determine more
lymph nodal sampling is, in fact, a matter of controversy.
While some authors lean toward this hypothesis[19,21,78],
others refute it completely[90].
Although, as of present, literature has not offered
conclusive data as to whether emergency surgeries are
responsible for limited resections and hence smaller num-
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in centers with a high case volume[3,23]. Therefore, while
the NCCN[39] recommends that if a pathologist samples
< 12 LNs, a greater amount of tissue must be examined,
the American College of Pathologists[103] adds that in
these cases the use of additional techniques is necessary
even though there is still no consensus on the precise
technique to be recommended.
In light of these considerations, especially for pathologists, it seems that, particularly in today’s society, the
“ceiling effect” must be reached (which is 12 or greater)
in order to optimize time, costs and human resources.

When we consider, instead, the non-advanced tumors
interesting is that recently report by Benhaim et al[99], the
first in the literature, that determine the total number of
LNs examined after colectomy for an endoscopically removed malignant polyp. In these patients the mean number of LNs examined was significantly lower compared
to both patients operated for colon cancer at any stage
(11.63 vs 26.23, P = 0.0006) and patients operated for colon cancer at pT1 stage (11.85 vs 19.21, P = 0.018). Considering the fact that none of the patients who underwent a colectomy after endoscopic polypectomy showed
a relapse, the authors suggest that the rule of 12 LNs can
not be applied to malignant polyps as more than 12 LNs
were examined in only 41% of patients who underwent a
colectomy for such lesions.
It is also generally agreed[3,56,80,86,107,111] that pre-operative radiotherapy is responsible for either a minor, absent,
or at best widely variable lymph nodal sampling, irrespective of the characteristics of the patients or treatment[17].
Evans et al[86], Deodhar et al[3], Tekkis et al[56] therefore
refer to an average lymph nodal sampling of 7, 9.54 e 9.8
LNs respectively, while Doll et al[111], Govindarajan et al[112]
and Rullier et al[113] report a statistically significant difference between patients treated with neoadjuvant radiochemotherapy or surgery alone (respectively 12.9 vs 21.4, P >
0.0001, 10.8 vs 15.5, P > 0.001, 13 vs 17, P > 0.001).
This appears to be due to inflammatory postradiotherapy processes which cause stromal fibrosis of
the LNs and of their subsequent reduction in size[6,17,67].
Rullier et al[113] report that for every Gy of radiation, the
sampled LNs number will be less than 0.21% and Norwood et al[19] show that this reduction is evident especially
when pre-operative radiotherapy is used in combination
with chemotherapy.
It is perhaps interesting to note that, in this case,
the reduction in the number of sampled LNs, although
oncologically favorable does not affect the survival rate
but rather must be viewed as a positive response to neoadjuvant treatment[6,111-113]. This has led some authors[17]
to conclude that the limit of 12 LNs is unrealistic for the
stage of rectal cancer of patients who are treated with
neoadjuvant therapy.

Unmodiafiable factors
Patient-related: The patient-related variables are among
those for which there is less debate and difference of
opinion. In the literature, in fact, it is agreed that advanced age could negatively affect lymph nodal sampling[10,40,41,44,48, 50,53,60,80,104-108], decreasing by 9% for every
10 years of age[107]. Among the hypotheses put forth, we
must remember that surgery performed on a patient of
advanced age cannot be extensive because of the presence of comorbidities[3,10,40], in addition to the physiological involution of LNs[10,40,56] and the weaker response of
the immune system[41].
Similarly, most authors[19,22,36,85,90,107], with regards to
gender, do not report a different LN retrieval while only
some[60,79,109] mention greater sampling in females.
Not all authors, on the other hand, are in agreement
on the role that obesity may have during lymphadenectomy; some authors[5,110], in fact, have shown either a
higher LN retrieval in non-obese patients or a lower one
in patients with high body mass index (BMI), probably
due to the more difficult surgical dissection[9,40,51,84]. Kuo et
al[5], which refer in his experience as the BMI is associated
with LNs harvest, highlights that the larger LN retrieval
in non-obese patients is due to a bigger number of right
colon cancers. However, the relationship between BMI
and LN sampling still remains an open question. In fact
many authors do not report such a correlation[9,22,61,84].
Disease-related: Also with regards to the unchangeable disease-related variables, the literature is mostly
consistent. All authors, in fact, agree that it is more difficult to achieve the target of 12 LNs when the tumor
is located in the rectum, possibly due to the smaller size
of the LNs, in spite of the higher percentage of malignant nodes retrieved[3,53]. With regards to the colon, the
number of LNs sampled is definitely higher in the right
colon[3,5,6,10,18,21,22,25,36,41,44,52,60,61,78,80,84,107,108] either because of
the greater length of the mesentery root[5,90] or due to a
different embryological development that would ensure a
greater number of LNs[78].
Tumor characteristics have often been thought to have
an effect on lymph nodal sampling; the greater the size
and the more advanced the tumor staging (T and grading),
the greater the number of LNs retrieved[9,10,21,22,25,31,78,86,107],
this probably due either to a greater immune response[78]
or to more aggressive surgery[9,10].
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CAN THE “LYMPH NODAL RATIO” BE
USEFUL IN THE EVENT OF INADEQUATE
SAMPLING?
The seventh edition of the AJCC classification[2], as mentioned previously, subdivides patients treated for colorectal cancer into prognostic categories according to the
number of metastatic LNs. The accuracy of the staging is,
however, influenced by the number of retrieved LNs that
must be ≥ 12. The lymph nodal ratio (LNR)[49], which is
the relationship between positive nodes divided by the total number of retrieved nodes, is in our opinion, justified
mainly because it means not having to reach the so called
“magic number.” The LNR prognostic validity could in

1955

February 28, 2014|Volume 20|Issue 8|

Li Destri G et al . Colorectal cancer and lymph nodes

fact be effective also in cases of reduced lymph nodal
sampling[12,16,45,114]. However, not all authors who have
written on the subject agree[6,43,49]. The LNR, independent
of the number of LNs sampled, is also justified since, taken with the AJCC classification, it would allow us to subdivide, according to the risk involved, stage Ⅲ patients
reducing the excessive prognostic heterogeneity[12,16,45].
In light of this, reviewing and taking into consideration the work of Bamboat et al[8], Qiu et al[12], Song et
al[13], and Greenberg et al[114] in 2011, the LNR seems to
be an independent prognostic factor in colorectal cancer, superior to the classification based only on N stage
(number of positive modes). In fact, based on the LNR
analysis, Greenberg et al[114] himself state that the survival
rate of stage Ⅲ patients with favorable LNR is similar to
that of stage Ⅱ patients.
Conversely, Noura et al[42] only one year before published an interesting and somewhat more cautious editorial. In fact, the author reported that even though the
LNR seemed to be a more reliable prognostic factor, its
validity, in actuality, could not be completely agreed upon.
In fact, clinical records were very different, randomized
and multi-centric studies were lacking, and, most importantly, a uniformly valid cut-off was missing.
One thing is certain, given the importance of both
the lymph nodal sampling and of the evidence of the
lymph nodal metastasis, it is unthinkable that a pathologist could stop after “having found” the first neoplastic
LN[78]. However, it is not exactly clear what the “ceiling
effect” is even in this case.

low for more involved and expensive techniques on only
a few LNs[29,30,32-34] which would reveal micrometastases
or isolated tumor cells.
The identification of the sentinel LNs, actually still
remains a controversy among those authors who consider the mesenteric lymph drainage, especially in the
rectum, too complicated[32,40], and the majority of authors who, on the other hand, maintain that an aberrant
lymphatic drainage occurs only in a small percentage of
cases[27,29,33,34].
As certainly interesting, the biological aspects of the
tumor still remain the subject of speculation. Some authors suggest that reduced survival is not necessarily due
to an inappropriate dissection performed by the surgeon
and the pathologist, but may be linked to a cancer that is
quite virulent and is hence responsible for a low immune
response from the patient[35,40,57,117]. Still, some other authors[11,40,41,46,47,118,119] maintain that an elevated sampling
could be determined by a vigorous immune response;
this, in turn, is determined by the molecular instability of
the tumor, which manifests itself as a high rate of “neoantigens” and therefore causes a more limited neoplastic
progression. Not coincidentally, these malignancies are
located in the right colon[41,44,118], where, as mentioned,
more LNs are found.
As has already been pointed out, the obsession with
the number 12 has its origins in studies which lack clear
statistical evidence. Just as Curti et al[1] asserted that, as
of 1998, not even a single prospective study had been
published, authors still today are calling for prospective
controlled studies that are, without question, difficult to
predict both for a number of ethical reasons and for the
sheer volume of clinical records. Hence, obtaining reliable data that would allow us to go beyond this obsession
with the number 12 will not be easy.

CONCLUSION
Despite the fact that numerous authors have expressed
their opinions on the number of LNs sampled, it can be
gathered that the number is between 6 and 40[42]. Therefore, only in light of this wide range, should we all refer
to the minimum number of LNs (now the obsessive “12”)
which can allow us to avoid the so-called “Will Roger’s
phenomenon”[115] responsible for understaging.
Even if the surgeon and pathologist, as variables in
the equation, could improve simply by standardizing
surgical technique and by increasing the amount of time
dedicated to this procedure, the other, more important
variables[22,31,114], namely patient and cancer-related, are
not as easily modifiable. It is with these latter two variables in mind that we still pose the question whether it is
possible, as we hope, to establish a universally valid cutoff node for all patients or whether it should instead be
varied according to individual cases[6,78].
Today, a valid perspective is still necessary for the
identification of the sentinel LNs (at least 3)[116]. This approach is based on the idea that the lymphatic flow originating from the tumor occurs “step by step”[35,117] and
the purpose of this technique in colorectal cancer would
be not so much to modify the size of the resection, as
has happened with other diseases, but for its “potential”
effects on improving the staging[29,31,40,41] since it would al-
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Abstract
Colorectal cancer (CRC) is one of the most frequent
neoplasms and an important cause of mortality in the
developed world. This cancer is caused by both genetic
and environmental factors although 35% of the variation in CRC susceptibility involves inherited genetic
differences. Mendelian syndromes account for about
5% of the total burden of CRC, with Lynch syndrome
and familial adenomatous polyposis the most common forms. Excluding hereditary forms, there is an
important fraction of CRC cases that present familial
aggregation for the disease with an unknown germline
genetic cause. CRC can be also considered as a complex disease taking into account the common diseasecommom variant hypothesis with a polygenic model of
inheritance where the genetic components of common
complex diseases correspond mostly to variants of low/
moderate effect. So far, 30 common, low-penetrance
susceptibility variants have been identified for CRC. Recently, new sequencing technologies including exomeand whole-genome sequencing have permitted to add
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registries[3]. Around 60% of cases are diagnosed in the
developed world[3]. The highest incidence rates are found
in Australia and New Zealand, North America and Europe, whereas the lowest rates are registered in Africa
and South-Central Asia[2] (Figure 1).
CRC survival depends on the stage of disease at diagnosis and typically ranges from a 90% 5-year survival
rate for cancers detected at the localized stage to 10%
for people diagnosed of a distant metastatic cancer[4].
The lifetime risk of CRC in the general population is
about 5% in Western countries, but the likelihood of
CRC diagnosis increases progressively with age, being
more than 90% in individuals over age 50, and 70% of
these over 65[4].
CRC is believed to develop from polyps, which have
been traditionally classified as either hyperplastic or adenomatous. Until recently, according to the adenomacarcinoma sequence proposed by Vogelstein et al[5] the
adenoma was considered the exclusive precursor lesion
while hypeplastic polyps were deemed to have no malignant potential. However, it is now recognized that
lesions, formerly classified as hyperplastic, represent a
heterogeneous group of polyps with a characteristic serrated morphology, some of which have a significant risk
of malignant transformation through the serrated neoplasia pathway[4].

a new approach to facilitate the identification of new
genes responsible for human disease predisposition. By
using whole-genome sequencing, germline mutations in
the POLE and POLD1 genes have been found to be responsible for a new form of CRC genetic predisposition
called polymerase proofreading-associated polyposis.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Colorectal neoplasm, genetic predisposition
to disease; Next generation sequencing; Genotypephenotype correlation; Genetic variant; Single nucleotide polymorphism
Core tip: Colorectal cancer (CRC) is caused by both
genetic and environmental factors although 35% of
the variation in CRC susceptibility involves inherited
genetic differences. Mendelian syndromes account for
about 5% of the total burden of CRC. Excluding hereditary forms, there is an important fraction of CRC
cases that present familial aggregation for the disease
with an unknown germline genetic cause. Recently,
new sequencing technologies have permitted to add
a new approach to identify new genes responsible for
human disease predisposition. By doing so, germline
mutations in the POLE and POLD1 genes have been
found to be responsible for a new form of CRC genetic
predisposition.

GENETIC AND ENVIRONMENTAL RISK
FACTORS

Esteban-Jurado C, Garre P, Vila M, Lozano JJ, Pristoupilova
A, Beltrán S, Abulí A, Muñoz J, Balaguer F, Ocaña T, Castells
A, Piqué JM, Carracedo A, Ruiz-Ponte C, Bessa X, Andreu M,
Bujanda L, Caldés T, Castellví-Bel S. New genes emerging for
colorectal cancer predisposition. World J Gastroenterol 2014;
20(8): 1961-1971 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i8/1961.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i8.1961

As other complex diseases, CRC is caused by both genetic and environmental factors. The role of environmental factors on colorectal carcinogenesis is indicated
by the increase in CRC incidence in parallel with economic development and adoption of Western diets and
lifestyles, responsible for the high incidence of CRC in
industrialized countries[7]. Although the majority of CRC
occur mostly in industrialized countries, their incidence
rates are rapidly rising in economically transitioning
countries in the world[8]. These observations highlight
the importance of environmental influences on CRC
development and suggest that Western lifestyle risk factors play an important role in the etiology of the disease.
However, although environmental causes such as smoking and diet are undoubtedly risk factors for CRC, twin
studies have shown that 35% of the variation in CRC
susceptibility involves inherited genetic differences[9,10].
In that sense, a minority of CRC cases (about 5%) show
strong familial aggregation and belong to the well-known
hereditary CRC forms mainly caused by germline mutations in APC, MUTYH and the DNA mismatch repair
genes[11]. Approximately 30% of CRC cases show some
family history of the disease but do not fit in the previous category and are regarded as familial CRC, whereas
a majority of cases do not show any familial aggregation
and correspond to sporadic CRC. For instance, familial
CRC accounted for about 30% of all CRC cases in an

INTRODUCTION
Colorectal cancer (CRC) is one of the most frequent
neoplasms and an important cause of mortality in the
developed world. Approximately 5% of the population develops CRC and this figure is expected to rise
as life expectancy increases[1]. For 2015, approximately
473200 new cases are predicted and 233900 individuals
will die from this disease in Europe[2]. When taking into
account both genders together, it corresponds to the
most frequent neoplasm in Spain. Although there has
been recent progress in CRC clinical management and
treatment that has permitted to reduce the number of
cases in the developed countries, it is foreseen that its incidence will increase worldwide with developing nations
bearing the brunt of the rise. The incidence of CRC varies widely between countries, depending on their degree
of development and also on the quality of their cancer
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Figure 1 Colorectal cancer in the world. A: Estimated age-standarized incidence rate per 100000 individuals (both genders and all ages); B: Estimated age-standarized incidence and mortality rate per 100000 individuals by genders (data adapted from Ferlay et al[2]).

epidemiological study in the Spanish population[12].

polyposis syndrome, which are further described below.
Hereditary Nonpolyposis Colorectal Cancer (HNPCC;
MIM No.120435), also known as Lynch syndrome, is
the most common form of hereditary CRC accounting for at least 3% of all CRC. HPNCC is an autosomal
dominant syndrome defined clinically by the Amsterdam
criteria (Table 2), which are used in clinical practice to
identify individuals at risk for this disease who require
further evaluation and are based on strong familial aggregation and early onset. It is characterized by earlyonset CRC (mean age at diagnosis, approximately 45
years), excess synchronous and metachronous colorectal
neoplasms and right-sided predominance compared to
sporadic neoplasms. In addition, there is an increased

HEREDITARY CRC
Mendelian cancer syndromes account for about 5% of
the total burden of CRC[11]. The genetic components involved in these less frequent hereditary forms were successfully identified using linkage analysis in the past two
decades and they correspond to rare highly penetrant
alleles that predispose to CRC. Two major subgroups
can be clinically divided on the presence or absence of
colorectal polyposis. An overview of all CRC syndromes
is provided in Table 1. The most frequent forms are
hereditary nonpolyposis colorectal cancer and familial
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Table 1 Hereditary colorectal cancer genes

Familial adenomatous polyposis
Hereditary non-polyposis CRC (Lynch syndrome)

Peutz-Jeghers
Juvenile polyposis
Cowden’s disease

Gene

Chromosome

Mendelian pattern

Function

APC
MUTYH
MLH1
MSH2
MSH6
PMS2
LKB1
SMAD4
BMPR1A
PTEN
KLLN

5q
1p
3p
2p
2p
7p
19p
18q
10q
10q
10q

AD
AR
AD
AD
AD
AD
AD
AD
AD
AD
AD

Regulation of canonical Wnt signaling pathway
Base-excision repair
Mismatch repair
Mismatch repair
Mismatch repair
Mismatch repair
Regulation of Wnt signaling pathway
TGFBR signaling pathway
TGFBR signaling pathway
Negative regulation of PI3K signaling
Apoptotic process

CRC: Colorectal cancer; AD: Autosomal dominant; AR: Autosomal recessive; TGFBR: Transforming growth factor beta receptor; PI3K: Phosphatidylinositol
3-kinase.

Table 2 Amsterdam criteria in Lynch syndrome
Amsterdam criteria Ⅱ

Amsterdam criteria Ⅰ
At least three relatives with CRC; all of the following must be
met:

At least three relatives with colorectal, endometrial, small bowel, ureter, or renal pelvis
cancer; all of the following must be met:

One affected individual is a first degree relative of the other
two
At least two successive generations affected
At least one CRC diagnosed before the age of 50 years
Familial adenomatous polyposis has been excluded

One affected individual is a first degree relative of the other two
At least two successive generations affected
At least one tumor diagnosed before the age of 50 years
Familial adenomatous polyposis has been excluded

CRC: Colorectal cancer.

incidence of extracolonic neoplasms (endometrial, small
bowel, gastric, upper urinary tract, ovarian, brain and
pancreatic tumors) being endometrial cancer the most
common malignancy associated with Lynch syndrome.
Indeed, Lynch syndrome is responsible for approximately 2% of all endometrial cancers[13]. The lifetime risk
for developing CRC in individuals affected with Lynch
syndrome have been estimated in approximately 66%
for men and about 43% for women. The cumulative risk
of endometrial cancer is approximately 40% and the
lifetime risk of endometrial cancer or CRC in women is
approximately 73%[14]. Lynch syndrome tumors develop
as a consequence of defective DNA mismatch repair
(MMR) associated with germline mutations in the MMR
genes, including MSH2 on chromosome 2p16, MLH1
on chromosome 3p21, MSH6 on chromosme 2p16,
and PMS2 on chromosome 7q11. In addition, germline
epigenetic inactivation of MLH1, by hypermethylation
of its promoter, can also lead to Lynch syndrome[15].
Recently, germline deletions of the 3’ region of EPCAM
gene were found in a subset of families with Lynch syndrome. This deletion leads to promoter hypermetilation
of MSH2, located upstream of the deleted gene[16]. The
MMR system is necessary to maintaining genomic fidelity by correcting single-base mismatches and insertiondeletion loops during DNA replication. As a consequence, Lynch syndrome tumors accumulate errors in
short repetitive sequences, a phenomenon called microsatellite instability (MSI), which is considered a landmark for this disease. It is noteworthy to mention that in
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sporadic MSI CRC cancers, loss of expression of MLH1
due to hypermethilation of its promoter is a frequent
event, and it is linked with the somatic mutation V600E
in the BRAF gene[17].
Familial Adenomatous Polyposis (FAP; MIM No.175100)
is the most common polyposis syndrome, classically characterized by the development of hundreds to thousands
of adenomatous polyps in the rectum and colon. FAP is
an autosomal dominant disease and accounts for approximately 1% of all CRC cases. In the majority of patients
polyps begin to develop during the second decade of life
and nearly 100% of untreated patients will have malignancy
by ages 40-50 years. Individuals with FAP can also develop
a variety of extracolonic manifestations, including cutaneous lesions such as fibromas, lipomas, sebaceous and
epidermoid cysts, facial osteomas, congenital hypertrophy of the retinal pigment epithelium, desmoid tumours
and extracolonic cancers (tyroid, liver, biliary tract and
central nervous system)[18]. Duodenal cancer is the second most common malignancy in FAP, with a lifetime
risk of approximately 4%-12%. Adenomatous polyps are
also found in the stomach and duodenum, especially the
periampullary area and can develop into adenocarcinomas.
After colectomy, periampullary carcinoma is the most
common malignancy, occurring in approximately 5%-6%
of the patients[19]. Some lesions such as skull and mandible osteomas, dental abnormalities and fibromas are
indicative of the Gardner syndrome, a clinical variant of
FAP where the extracolonic features are prominent. FAP
is caused by germline mutations in the APC gene on
1964
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chromosome 5q22, which encodes a tumor suppressor
protein that plays an important role in the Wnt signaling
pathway. Most patients have a family history of colorectal polyps and cancer, but de novo APC mutations are
responsible for approximately 25% of cases[11].

parallel sequencing, is based in sequencing millions of
DNA fragments at the same time[34]. It consists in a mix
of techniques of DNA shearing, PCR amplification and
sequencing through modified nucleotides attached to a
reversible terminator and a fluorophore, which permits
fluorescent detection with an imaging system. Once the
fragments are sequenced, they are assembled de novo
or aligned with a reference genome by bioinformatics
tools and positions that differ are designated as variants.
Variants are annotated assigning their position in a gene,
retrieving frequency information from genetic variation
databases and categorizing them by their functional class
(nonsense, missense, synonymous, frameshift, splicing,
intronic, untranslated regions, regulatory).
The advantage of NGS comparing with conventional
Sanger sequencing is that millions of DNA fragments
are sequenced at the same time which permits to have
an entire human genome sequenced in few days, and
the cost is greatly reduced. However, data analysis that
includes filtering of the false positives and prioritization of the candidate variants for the studied phenotypic
condition is the main bottleneck of NGS, being time
consuming and requiring different strategies that will be
discussed later. Another disadvantage of NGS is that
PCR amplification and sequencing reaction steps systematically introduce mistakes, producing base-calling
errors and shorter sequenced fragments that difficult
the mapability to the reference sequence. Due to recent
technology and variant calling algorithm improvements,
NGS is probably nowadays more accurate than conventional Sanger sequencing[35]. However, although there
is a very small error rate associated with NGS, a huge
amount of false positives are still detected since millions
of variants are sequenced per genome[36]. Thus, after
data analysis and selection of the candidate variants it is
necessary to validate them using a technology with a different systematic error associated, such as conventional
Sanger sequencing, which increases the costs and time
of the analysis.
In order to detect genomic sequence variation by
NGS, it is possible to sequence the entire genome (wholegenome sequencing, WGS) or capture and sequence
only specific regions of interest (targeted enrichment).
The most commonly used application for NGS target
enrichment in the human genome is whole-exome sequencing (WES) that captures and amplifies the entire
protein coding sequence (1% genome), flanking intronic
regions and some noncoding RNAs[37]. It is a cost effective approach for detecting rare high penetrance variants based on the fact that for Mendelian disorders over
the 85% of causative mutations are in coding regions.
One advantage of WES is that is about much cheaper
than WGS, which allows sequencing a larger number
of samples with better accuracy or coverage. The term
coverage corresponds to the read depth or depth and
it is the average number of times that a nucleotide has
been sequenced in a different sequencing read. Also,
the data analysis pipelines are simpler in WES than for

APPROACHES TO IDENTIFY GENETIC
VARIANTS FOR CRC RISK
Among CRC cases of unknown inherited cause, there
are large families with a clear positive family history of
CRC, which are likely caused by highly penetrant risk
loci. In the last few years, it has been described that approximately 40%-50% of CRC families that fulfill the
Amsterdam Criteria for Lynch syndrome do not show
evidence of MMR deficiency. Studying relatives in such
families showed that CRC risk is lower than in those
families with Lynch syndrome, that CRC diagnosis is in
average 10 years later and that there is no increased incidence of extracolonic malignancies[20,21]. The designation
of Familial CRC type X was proposed to describe this
type of CRC clustering[20]. Meanwhile, genes responsible
for this new entity are unknown, and most patients are
included in the heterogeneous group of non-syndromic
familial CRC.
Recently, there have been several efforts to identify
additional genetic factors that predispose to CRC with
uneven success. Linkage analysis in affected families
were able to pinpoint chromosomal regions of interest
such as 9q22 and 3q22 but no clear CRC predisposition
genes were identified after screening for interesting candidates within these areas[22,23].
Since the known high-risk syndromes only account
for a small minority of CRC cases, there has been an
intensified search for low-penetrance genetic variants
that probably underlie part of the hereditary predisposition and together with environmental interactions
are responsible for CRC as a complex disease. Therefore, the common disease-common variant hypothesis
has been also considered, being a polygenic model of
inheritance where the genetic components of common complex diseases correspond mostly to variants
of low/moderate effect (typically < 1.5-fold increased
risk) that appeared at an elevated frequency in the
population (> 5%), each exerting a small influence on
disease risk. In this regard, case-control genome-wide
association studies (GWAS) have been more successful
by discovering up to now 31 common, low-penetrance
genetic variants involved in CRC susceptibility [24-32]
(Table 3).

OVERVIEW OF NEW SEQUENCING
TECHNOLOGIES
Until recently, the Sanger method was the dominant
approach and gold standard for DNA sequencing [33].
Next generation sequencing (NGS), also called massive
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Table 3 Genetic variants associated with colorectal cancer susceptibility identified by genome-wide association studies (as for September 2013)
SNP
rs693267
rs4939827
rs16892766
rs3802842
rs4779584
rs10795668
rs4444235
rs9929218
rs10411210
rs961253
rs6691170
rs10936599
rs11169552
rs4925386
rs1957636
rs4813802
rs2736100
rs1321311
rs3824999
rs5934683
rs12080929
rs11987193
rs10774214
rs647161
rs2423279
rs11903757
rs10911251
rs3217810
rs3217901
rs59336

Region
8q24.21
18q21.1
8q23.3
11q23.1
15q13.3
10p14
14q22.2
16q22.1
19q13
20p12.3
1q41
3q26.2
12q13.3
20q13.33
14q22.2
20p12.3
5p15.33
6p21
11q13.4
Xp22.2
1p33
8p12
12p13.32
5q31.1
20p12.3
2q32.3
1q25.3
12p13.32
12p13.32
12q24.21

Gene
MYC
SMAD7
EIF3H
?
GREM1
?
BMP4
CDH1
RHNP2
BMP2
DUSP10
TERC
?
LAMA5
BMP4
BMP2
TERT
CDKN1A
POLD3
SHROOM2
SLC5A9
DUSP4
CCND2
PITX1
HAQ1
NABP1
LAMC1
CCND2
CCND2
TBX3

WGS. However, WES need for larger amounts of DNA
sample and only covering coding variants are among the
shortcomings for this technique. It is noteworthy mentioning that NGS target enrichment can also be used to
sequence a panel of known genes for clinical diagnosis[33]
or regions of linkage disequilibrium for a disease.
The election of individuals to sequence is a critical
process to take into account for further analysis and will
depend of the disease phenotype and pattern of genetic
inheritance. Also, it should be noted that is possible to
obtain good results with NGS when using carefully selected patients in contrast to GWAS, where number of
cases and controls that are compared needs to be much
higher in order to obtain statistically significant findings. For diseases with genetic heterogeneity as human
cancers, different strategies can be used including the selection of families with strong disease aggregation or sequencing sporadic cases with early onset for the disease.
Both situations are suggestive of the involvement of a
germline predisposition. When focusing in families with
several affected members, sequencing can be performed
in several cases in each family and only those shared
variants will be taken into account. On the other hand,
if sporadic early-onset cases are chosen, genes with variants in different individuals can be selected. Sequencing
non affected individuals of the same family can be useful to discard the variants shared with patients, as long as
the disease has complete penetrance or it is quite likely
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Sample size

Effect size

(cases/controls)

OR (95%CI)

8264/6206
8413/6949
18831/18540
14500/13294
7922/6741
18831/18540
20288/20971
20288/20971
20288/20971
20288/20971
18185/20197
18185/20197
18185/20197
18,185/20,197
24910/26275
24910/26275
16039/16430
21096/19555
21096/19555
21096/19555
2317/2447
2317/2447
11870/14190
11870/14190
11870/14190
15752/21771
15752/21771
13654/16022
15752/21771
15752/21771

1.21 (1.15-1.27)
1.18 (1.12-1.23)
1.25 (1.19-1.32)
1.12 (1.07-1.17)
1.26 (1.19-1.34)
1.12 (1.10-1.16)
1.11 (1.08-1.15)
1.10 (1.06-1.12)
1.15 (1.10-1.20)
1.12 (1.08-1.16)
1.06 (1.03-1.09)
0.93 (0.91-0.96)
0.92 (0.90-0.95)
0.93 (0.91-0.95)
1.08 (1.05-1.11)
1.09 (1.06-1.12)
1.07 (1.04-1.10)
1.10 (1.07-1.13)
1.10 (1.07-1.13)
1.07 (1.04-1.10)
0.86 (0.78-0.95)
0.78 (0.70-0.87)
1.04 (1.00-1.09)
1.07 (1.02-1.11)
1.07 (1.03-1.12)
1.16 (1.10-1.22)
1.09 (1.06-1.13)
1.20 (1.12-1.28)
1.10 (1.06-1.14)
1.09 (1.06-1.13)

that the non affected individuals will not express the disease in their lifetime.
Data filtering and prioritization in NGS
Based on several recently sequenced individual genomes
a pattern has been recognized that, in general, approximately 3-4 million variants are expected to be found in a
human genome by WGS[38] and 20000 single nucleotide
variants are to be found in a human exome by WES[39],
so it is necessary to do a filtering strategy in order to
eliminate as many false positives as possible. The first
filter to apply is for those variants that do not pass a
coverage threshold (typically 5-10x).
The second filtering process is based on the kind of
inheritance, penetrance and frequency of the disease.
Regarding the inheritance, for monogenic diseases where
unrelated affected individuals have been sequenced, it is
necessary to select only the genes that have variants in all
of them. If a disease with genetic heterogeneity is studied, variants shared between the affected members of
the same family and not shared by the unaffected ones
will be chosen. Also, if dominant inheritance is present heterozygous mutations will be expected, whereas
homozygous or compound heterozygous mutations will
be selected in the case of recessive inheritance. However, variants in the non pseudoautosomal regions of
X chromosome for dominant inheritance have to take
into account also. In men, they will be annotated as
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homozygous and it is necessary to select these variants
too and not filter them out. Regarding variant effect on
protein, it is assumed that high penetrance mutations
are causative of Mendelian disorders with a large effect
on protein function. Therefore, a positive selection for
variants with a strong effect on the protein is advised
including those affecting canonical splice sites, as well as
frameshift, nonsense and missense mutations.
Proportionally, more deleterious than polymorphic
variants are expected to be rare so a causative mutation
is not expected to be present at a high frequency in the
general population[40]. Thus, variants present at high frequency at reference genetic variation databases can be removed as potential candidates to be causative mutations.
However, many variants can still remain for each individual as putative causative mutations for the disease
after filtering. A logical approach to reduce the number
of candidate variants is to prioritize the mutations in
genes previously implicated with the studied disease.
Also, since the protein products of genes responsible
for the same disorder tend to physically interact with
each other so as to carry out certain biological functions,
another approach for the prioritization strategy will be
to include genes interacting with those previously implicated with the studied disease[41]. Finally, knowledge of
the pathways implicated in a disease can be helpful also
to prioritize those genes related with those pathways. After filtering and prioritization, a list of candidate variants
will be available.
Sequencing validation by Sanger sequencing or any
other PCR technology designed to detect a specific
nucleotide change is necessary after NGS to confirm
the prioritized variants and exclude sequencing artifacts.
Also, segregation analysis in families permits to check if
a candidate variant segregates correctly with the disease.
Therefore, affected members need to be carriers and
non-affected individuals old enough to be expressing the
disease should be non-carriers in order to find correct
segregation of the candidate variant with the studied disease. Additionally in the case of hereditary cancer, when
heterozygous candidate variants with correct segregation are identified, it is necessary to confirm if there is
loss of the second allele in the tumor DNA in order to
establish the candidate gene as a tumor suppressor gene.
Case-control screening studies can also be performed in
order to identify additional carriers of the candidate variants in ample disease cohorts and further demonstrate
its absence in controls. Finally, functional assessment of
the candidate variant and affected gene will be also necessary to further confirm the negative effect of the variant in the protein and prove its involvement in disease
development by in vitro studies and animal models.

permitted to add a new approach to facilitate the identification of new genes responsible for human disease
predisposition. Indeed, some seminal efforts have been
already completed very recently for CRC. However, before these high-throughput technologies have yielded
results in CRC families, some previous low-throughput
sequencing studies reported directed screening of some
plausible gene candidates for various reasons. Most studies have not been replicated in additional cohorts and,
therefore, there is a strong need to further validate them
before considering these genes as hereditary CRC genes
perse.
A truncating mutation was found in the CDH1 gene in
a family with predisposition to CRC and gastric cancer,
suggesting that germline mutations in this gene could
contribute to early onset CRC and gastric cancer [42].
Later on, the AXIN2 gene, a component of the Wnt
signaling, was found to be mutated in a Finnish family
with severe permanent tooth agenesis and CRC[43]. In a
subsequent study in patients with unexplained hamartomatous or hyperplastic/mixed polyposis, two early-onset
disease patients were found to have germline mutations in ENG, encoding endoglin, previously associated
only with hereditary hemorrhagic telangiectasia[44]. This
study suggested ENG as a new predisposition gene for
juvenile polyposis, however this gene was found to be
mutated in an additional study only in patients with ≥
5 cumulative lifetime gastrointestinal polyps but not in
juvenile polyposis[45]. EPHB2 was also evaluated as a
candidate tumor suppressor gene for CRC and found
mutated in 3 out 116 population-based familial CRC
cases, suggesting this gene may contribute to a small
fraction of hereditary CRC[46]. In 2009, the GALNT12
gene was also found mutated in the germline of 6 CRC
patients[47]. This gene encodes one of the proteins involved in mucin type O-linked glycosylation and it is located in chromosomal region 9q22, previously involved
in familial CRC. A more recent study detected additional
deleterious variants in this gene reinforcing its role as
a new candidate gene for hereditary CRC[48]. Also, an
inherited duplication affecting the protein tyrosine phosphatase PTPRJ and causing epigenetic silencing of this
gene was detected in a CRC family without polyposis
and MMR alteration, being indicative of its contribution to a fraction of hereditary CRC with unknown basis[49]. Afterwards, BMP4, a gene close to 2 of the CRC
genetic susceptibility variants identified by GWAS, was
also screened in 504 genetically enriched CRC and 3
pathogenic mutations were identified[50]. Then, it could
be plausible that some genes identified by CRC GWAS
could be also involved in hereditary CRC. In 2011, the
BMPR1A gene, previously involved in juveline polyposis
and mixed polyposis germline predisposition, was also
found mutated in familial CRC type X cases, expanding its phenotype also to this CRC hereditary form[51].
Finally, Cowden syndrome individuals without germline
PTEN mutations were found to carry germline mutations in PIK3CA and AKT1, expanding the genetic spec-

NEW GENES IDENTIFIED FOR CRC
GENETIC PREDISPOSITION
New sequencing technologies made available recently
including exome- and whole-genome sequencing have
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trum of this hereditary CRC condition[52].
Regarding NGS studies to identify new CRC predisposition genes, Palles et al[53] reported very recently
the identification of germline mutations in the POLE
(polymerase (DNA directed), epsilon, catalytic subunit) and POLD1 (polymerase (DNA directed), delta
1, catalytic subunit) genes in individuals with multiple
colorectal adenomas, carcinoma or both, using wholegenome sequencing[54]. POLE and POLD1 encode the
catalytic and proofreading activities of the leading-strand
DNA polymerase ε and the lagging-strand polymerase
δ. The proofreading capacity of the exonuclease domain
is essential for the maintenance of replication fidelity
and may act not only on newly misincorporated bases
but also on mismatches produced by non-proofreading
polymerases. They identified a heterozygous p.Leu424Val
missense variant in POLE DNA polymerase in a family affected with adenomas and CRC and a p.Ser478Asn
missense variant in POLD1 in a second family with CRC.
The same POLD1 p.Ser478Asn variant was also identified in the affected members of an independent family.
These findings were further validated in a screen of 3,085
individuals with CRC, enriched for a family history of
colorectal tumors, in which they detected 12 individuals
with the p.Leu424Val variant in POLE and one additional individual with the pSer478Asn in POLD1. Functional
assessment supported the importance of these mutations in POLE and POLD1. Mutagenesis studies of Polδ
and Pol3 in yeast showed that the mutation of the equivalent residue produces a mutator phenotype and loss
of the proofreading activity of the protein[53,55,56]. Also,
mice expressing proofreading-impaired Pole and Pold1
in a homozygous state developed spontaneous intestinal
adenocarcinomas or a spectrum of cancers[57]. Thus,
germline variants in POLE and POLD1 predispose to
individuals to either a multiple colorectal adenoma phenotype similar to that observed in MUTYH-associated
polyposis or a HNPCC phenotype, in which carriers
develop early-onset CRC. Although additional studies
will be needed to evaluate these rare germline variants in
POLD1 and POLE and their associated phenotypes, the
authors suggest that screening for these variants should
be considered in patients with an unexplained personal
or family history of multiple adenomas, early onset CRC
or both. On the other hand, carriers are potential candidates for regular and frequent colonoscopic surveillance
starting at an early age.
Two additional reports using exome sequencing have
also been published very recently but their results are
not as solid as those for the polymerase genes previously
mentioned. A cohort of 50 sporadic CRC patients was
sequenced including 18 early-onset cases with a relatively
low coverage in the first study[58]. Variants were biased
selected when found in a list of 1,138 genes likely to play
a role in CRC. Further selection to include only those
genes undergoing bialleic inactivation yielded FANCM,
LAMB4, PTCHD3, LAMC3 and TREX2 as potential tumor suppressor candidates. In the second study,
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exome sequencing was completed for 40 familial cases
from 16 families by selecting distant relatives to decrease
the number of shared, non-predisposition variants[59].
Data was analyzed firstly by an agnostic search for CRC
predisposition genes not taking into account a biased
list of candidates, and secondly by selecting genes previously involved in CRC predisposition or within CRC
linkage regions. Two missense variants in the CENPE
and KIF23 genes that complied with family segregation
and belong to regions on chromosomes 1 and 15 formerly linked to CRC were considered the more plausible
candidates for CRC predisposition but additional studies
are needed to further elucidate their role.

CONCLUSION
CRC is one of the most frequent neoplasms and an
important cause of mortality in the developed world.
CRC is caused by both genetic and environmental factors although 35% of the variation in CRC susceptibility
involves inherited genetic differences. Mendelian cancer
syndromes account for about 5% of the total burden of
CRC, being Lynch syndrome and familial adenomatous
polyposis the most common forms. Familial CRC type X
is an example of CRC with unknown inherited cause. A
clear positive family history of CRC is present (Amsterdam criteria for Lynch syndrome are fulfilled) although
MMR is proficient. When considering CRC as a complex disease, low-penetrance genetic variants probably
underlie part of the hereditary predisposition together
with environmental interactions. So far, 30 susceptibility
variants have been identified for CRC. New sequencing
technologies made available recently including exomeand whole-genome sequencing have permitted to add
a new approach to facilitate the identification of new
genes responsible for human disease predisposition.
Germline mutations in the POLE and POLD1 genes are
responsible for a new form of CRC genetic predisposition called polymerase proofreading-associated polyposis.
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Perioperative anemia management in colorectal cancer
patients: A pragmatic approach
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prove outcomes. Normalization of preoperative hemoglobin levels is a World Health Organization recommendation. Iron repletion should be routinely ordered
when indicated. Oral iron is poorly tolerated with low
adherence based on published evidence. Intravenous
iron is safe and effective but is frequently avoided due
to misinformation and misinterpretation concerning
the incidence and clinical nature of minor infusion reactions. Serious adverse events with intravenous iron
are extremely rare. Newer formulations allow complete
replacement dosing in 15-60 min markedly facilitating
care. Erythropoiesis stimulating agents may improve
response rates. A multidisciplinary, multimodal, individualized strategy, collectively termed Patient Blood
Management used to minimize or eliminate allogeneic
blood transfusion is indicated to improve outcomes.
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Abstract
Anemia, usually due to iron deficiency, is highly prevalent among patients with colorectal cancer. Inflammatory cytokines lead to iron restricted erythropoiesis
further decreasing iron availability and impairing iron
utilization. Preoperative anemia predicts for decreased
survival. Allogeneic blood transfusion is widely used to
correct anemia and is associated with poorer surgical
outcomes, increased post-operative nosocomial infections, longer hospital stays, increased rates of cancer
recurrence and perioperative venous thromboembolism. Infections are more likely to occur in those with
low preoperative serum ferritin level compared to those
with normal levels. A multidisciplinary, multimodal, individualized strategy, collectively termed Patient Blood
Management, minimizes or eliminates allogeneic blood
transfusion. This includes restrictive transfusion policy,
thromboprophylaxis and anemia management to im-
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Core tip: Anemia, usually due to iron deficiency, is highly prevalent among patients with colorectal cancer. Both
anemia and allogeneic blood transfusion are associated
with poorer outcomes. Anemia management, within a
multidisciplinary, multimodal, individualized strategy to
minimize or eliminate allogeneic blood transfusion, is
indicated to improve outcomes. Intravenous iron is safe
and effective but underused, despite the extremely low
risk of causing serious adverse events. Newer intravenous iron formulations allow complete replacement
dosing in 15-60 min markedly facilitating care. Erythropoiesis stimulating agents may improve response rates.
Muñoz M, Gómez-Ramírez S, Martín-Montañez E, Auerbach
M. Perioperative anemia management in colorectal cancer
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hemorrhage, neoadjuvant chemotherapy or radiotherapy,
and nutritional deficiencies. These may be exacerbated by
activation of the immune system with release of inflammatory cytokines such as tumor necrosis factor alpha
(TNF-α), interferon gamma (IFN-γ), and interleukins
(IL)-1, -6, -8 and -10[18-20]. These inflammatory mediators
cause anemia via a variety of pathophysiological mechanisms (Figure 1): (1) decreased red cell half-life due to
dyserythropoiesis with red cell damage and increased
erythrophagocytosis (TNF-α); (2) inadequate EPO response for the severity of anemia; (3) impaired responsiveness of erythroid cells to EPO (IFN-γ, IL-1, and
TNF-α); (4) inhibited proliferation and differentiation of
erythroid cells (IFN-γ, IL-1, TNF-α, and α-1-antitrypsin);
and (5) pathologic iron homeostasis due to increased divalent metal transport 1 (IFN-γ) and transferrin receptor
expression (IL-10) in macrophages, reduced ferroportin 1
expression (IFN-γ and IL-6-induced high hepcidin levels)
in enterocytes and macrophages, and increased ferritin
synthesis (TNF-α, IL-1, IL-6, IL-10).
Transferrin-bound iron is the primary iron source
for erythropoiesis, entering the erythroblast by a process
involving transferrin receptor-mediated endocytosis. This
iron may be obtained by absorption of dietary iron and/
or mobilization of iron stores at macrophages and liver.
Dietary non-hem iron primarily exists in an oxidised (Fe3+)
form which is reduced to the Fe2+ form by a ferrireductase enzyme, before being transported across the intestinal epithelium by a carrier protein called divalent metal
transporter 1. Dietary heme iron enters the enterocyte by
heme carrier protein, is metabolised by heme oxygenase
to release Fe2+, which enters a common pathway with dietary non-hem iron before being exported by ferroportin
1 across the basolateral membrane of the enterocyte (absorbed iron). Iron export from the stores at macrophages
and hepatocytes is also accomplished primarily by ferroportin 1. Iron is then oxidized, released into the circulation, bound to transferrin and transported to sites of use
(Figure 2)[19,20].
The amount of iron required for daily renewal of red
blood cells (20-30 mg) is provided mostly by senescent
erythrocyte iron recycling at macrophages. Therefore, as
daily absorption (1-2 mg) just balances daily loss, internal
turnover of iron is essential to meet the bone marrow
requirements for erythropoiesis.
Hepcidin, a 25-amino acid peptide produced mainly
by hepatocytes in response IL-6 levels, plays a major
role in dysregulation of iron homeostasis during inflammation. Once synthesised, hepcidin is secreted into the
bloodstream and interacts with ferroportin 1 (the only
known iron exporting protein) at enterocyte basolateral
membrane, hepatocytes and macrophages (Figure 2). The
binding of hepcidin to ferroportin 1 causes internalization
and lysosomal degradation of the carrier protein. Thus,
hepcidin regulates the rate of iron absorption by villous
enterocytes and the rate of iron recirculation from macrophages and hepatocytes, resulting in hypoferremia. In
addition, inflammatory mediators increased divalent metal
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PREVALENCE OF ANEMIA AND IRON
DEFICIENCY
Anemia is one of the most frequent extraintestinal manifestations of colorectal cancer (CRC), and may be present in 30%-75% of patients, predicated on the level of
hemoglobin (Hb) used to define anemia and tumor localization and stage[1-7]. A study on 358 patients with CRC
reported a 25% prevalence of moderate to severe anemia
(Hb < 10 g/dL). The multivariate analysis revealed that
age, tumor site (right colon), and tumor size (large size),
but not clinical stage or histological type, were significant
contributing factors[2]. These results were corroborated
by a study of 1189 Norwegian patients[7]. Lastly, a recent
study showed that iron deficiency (ID) in CRC was associated with poor performance and more advanced disease[8].

CONSEQUENCES OF ANEMIA
Preoperative anemia is the major predictive factor for
allogeneic blood transfusion (ABT) in surgeries with
moderate to high perioperative blood loss, which is causative in postoperative anemia and aggravates pre-existing
anemia[9]. In CRC resection, a hematocrit of less than
30% has been shown to be an independent risk factor for
perioperative ABT[6,7,10,11]. Even mild-to-moderate preoperative anemia has been linked to increased postoperative
morbidity and length of hospital stay as well as decreased
disease-free survival after resection[12-14]. This is supported
by a recent publication in which preoperative anemia
significantly worsened overall survival (P = 0.040) in the
univariate analysis[15]. However, in the multivariate analysis the difference did not approach statistical significance.
Both preoperative anemia and ID without anemia
increase the rate of postoperative nosocomial infection.
Following abdominal surgery, infections were significantly
more likely with low preoperative serum ferritins compared with normal levels. The data were especially poignant in that confounders including Hb level were taken
into account in the analysis[16]. Zago et al[17] evaluated the
relationship of vitamin and mineral levels to wound complications in 100 abdominal surgical procedures, and noted low plasma retinol (a marker of low vitamin A intake)
and high erythrocyte protoporphyrin (an early marker of
ID) to be surrogates of increased complications. Further
evaluation of the benefits of these measurements as a
standard of care appears warranted.

PATHOPHYSIOLOGY OF ANEMIA
In CRC, preoperative anemia can be attributed to chronic
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transporter 1 (IFN-γ), transferrin receptor expression
(IL-10) and ferritin synthesis (TNF-α, IL-1, IL-6, IL-10)
in macrophages leading to increased iron storage[18-20].
Hypoferremia and increased reticuloendothelial iron
result in decreased iron availability referred to as iron restricted erythropoiesis or functional iron deficiency (FID);
formerly referred to as anemia of chronic disease. This is
characterized by low serum iron and decreased transferrin
saturation, in the face of adequate body iron stores defined by the presence of stainable iron in the bone marrow and/or a serum ferritin value within or above normal
limits. Finally, when persisting decreased iron absorption
and/or chronic blood loss are present, FID may evolve
to absolute iron deficiency (FID + ID). While hepcidin
affects iron trafficking in FID and FID + ID, individuals
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suffering from FID + ID have significantly lower hepcidin levels than those with FID without ID[21]. Individuals
with both, in contrast to FID alone, absorb some dietary
iron from the gut and mobilize some iron from macrophages. Thus, hepcidin levels may be useful in differentiating between FID and FID + ID and in selecting appropriate therapy for these patients[21]. This is supported by a
recent presentation by Steensma et al[22] who noted a 92%
response rate to intravenous (iv) iron in chemotherapy
induced anemia patients with low pretreatment hepcidin levels. Hepcidin levels have been also shown useful
in predicting non-responsiveness to oral iron therapy in
patients with IDA[23]. Ward et al[24], in a cohort of 56 CRC
patients, measured hepcidin in urine and determined hepcidin mRNA expression and hepcidin cellular localization
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Table 1 Main laboratory tests for the assessment of iron depletion
Laboratory test

Normal values
Conventional units

Iron status in the body
Serum iron
Transferrin
Transferrin saturation
Ft
sTfR1
sTfR/log Ft
Iron deficient red cell production
Hb

50-180 g/dL
200-360 mg/dL
20%-50%
30-300 ng/mL
0.76-1.76 mg/L
<1

Mean corpuscular volume
Red cell distribution width
Mean corpuscular Hb
Hypochromic red cells
Reticulocyte Hb content

12-16 g/dL ♀
13-17 g/dL ♂
80-100 fL
11-15
28-35 pg
< 5%
28-35 pg

2

Conversion factor

SI units

× 0.179
× 0.01

9-32 mol/L
2-3.6 g/L

× 2.247

65-670 pmol/L
6.4-25.7 nmol/L

× 0.62063

7.5-10 mmol/L
8-10.5 mmol/L

1

Normal values may differ depending on the assay used; 2To convert the concentrations values in conventional unit into SI units multiply figures by the conversion factor; 3In fact, although widely used, this factor
allows for the calculation the molar concentration of hemoglobin subunits. Thus, the molar concentration
of hemoglobin (Mw 64 kDa) is 4-fold times lower (2-3 mmol/L). Ft: Ferritin; sTfR: Soluble transferrin receptors; Hb: Hemoglobin; sTfR/log Ft: Ratio of sTfR to serum Ft.

in CRC tissue. Hepcidin immunoreactivity was found in
34% specimens from patients with CRC and was correlated with ferroportin inhibition. Urinary hepcidin was
positively associated with increasing CRC tumor stage,
but not with anemia. This suggests that CRC hepcidin,
rather than hepatic hepcidin, is involved in a proportion
of cases of CRC-associated anemia more likely to be IDA
(or FID + ID) rather than FID and will respond to iv iron
rather than oral iron[25].

estimate of body iron stores (1 ng/mL of ferritin = 8 mg
of stored iron)[34]. ID is defined as a ferritin level < 30
ng/mL regardless patient’s inflammatory status.
In the presence of inflammation, TSAT < 20% and
ferritin 30-100 ng/mL suggest absolute ID, whereas FID
is generally defined by TSAT < 20% and ferritin ≥ 100
ng/mL[30,32,33,35] (Figure 3). However, though ferritin values > 100 ng/mL argue against concurrent absolute ID
in the setting of inflammation, this test is imperfect due
to its acute phase reactivity. Other tests can be utilized to
evaluate for a component of ID, which if present suggests a benefit toward iron supplementation. These tests
include measurement of the ratio of the sTfR to log ferritin and percent circulating hypochromic erythrocytes
(increased in IDA and FID + ID), and the reticulocyte
Hb content (low with IDA and FID + ID) (Table 1).
Where available, hepcidin will help the diagnostic evaluation in this regard; if suppressed, a component of absolute ID is implied. IDA should be considered if anemia
with a TSAT < 20% and/or ferritin 30 ng/mL, with or
without inflammation (Figure 3). Low MCV (< 80 fL)
is a reliable and routinely part of the automated CBC,
but is a late indicator. In addition, IDA without microcytosis may occur early in iron deficiency anemia prior to
the development of iron deficient erythropoiesis, when
there is coexistinmg vitamin B12 or folate deficiency, postbleeding reticulocytosis, initial response to iron treatment,
alcohol intake or mild myelodysplasia.
When anemia in CRC cannot be explained by IDA or
FID + ID, it is important to consider other causes that
would demand specific treatment. In these cases, further
testing should include B12, lactate dehydrogenase, and
serum creatinine in order to exclude other nutritional deficiencies, hemolysis or renal disease[29-33]. If malabsorption
or severe malnutrition, a red cell folate may also be useful.

DIAGNOSIS
The prevalence of gastrointestinal (GI) pathology among
IDA patients varies from 43% to 86%, the most common being benign erosive lesions in the upper GI tract,
accounting for 39%-57% of upper GI with CRC, accounting for 42%-69% of lower GI lesions[26]. IDA is a
known harbinger of CRC mandating evaluation. Whenever clinically feasible, at four weeks prior to elective
CRC surgery an anemia evaluation including standard
iron parameters should be performed. If indicated, appropriate intervention should be implemented, as they
decreases perioperative morbidity[27,28]. Laboratory screening for anemia in CRC should include, at least, a CBC,
reticulocytes and assessment of iron parameters (Fe,
TSAT, ferritin) (Table 1), and C-reactive protein (CRP),
which is useful in determining the presence or absence
of inflammation[29-33]. The presence of anemia should be
considered when the Hb level is < 13 g/dL for men and
< 12 g/dL for women. However, a normal Hb level does
not exclude ID, as blood loss is nearly always the cause
and a significant amount must occur before iron deficient
erythropoiesis begins. In non-anemic ID patients, the
symptom of chronic fatigue is non-specific and a laboratory finding of a low serum ferritin provides an indirect
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Hb <13 g/dL
Evaluate medical history, clinical status, co-morbidities and medication
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+ MCH < 27 pg

1
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3
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2
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1
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3
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Figure 3 An algorithm for anemia diagnosis. Modified from Muñoz et al[20]. ACD: Anemia of chronic disease; AUC: Anemia of unknown cause; CHr: Reticulocyte
hemoglobin; CKD: Chronic kidney disease; CRP: C-reactive protein; Ft: Ferritin; Hb: Hemoglobin; ID: iron deficiency; IDA: Iron deficiency anemia; MCH: Mean corpuscular hemoglobin; MCV: Mean corpuscular volume; sTfR: Serum transferrin receptor; TSAT: Transferrin saturation; FID: Functional iron deficiency.

onstrated that intraoperative ABT was a significant risk
factor for the development of VTE, increasing with increased number of units transfused[42,43]. In this analysis
the risk for VTE in women was statistically greater than
in men. Preoperative hematocrit did not enter the multivariable model as an independent predictor of VTE, or
did open versus laparoscopic resection or wound class[43].
The diagnosis of almost one third of postoperative VTE
occurred after discharge[44]. Subsequently, the Enhanced
Recovery after Surgery (ERAS) program recommends
extended postoperative prophylaxis with low-molecular
weight heparin for 28 d in CRC patients[45].
In summary, available data strongly recommend minimizing ABT in CRC surgery, using restrictive transfusion
policies and implementing ABT alternatives, with emphasis on thromboprophylaxis after discharge.

TREATMENT OPTIONS
Allogeneic blood transfusion
After CRC surgery, perioperative blood loss and postoperative blunted erythropoiesis, due to surgery-induced
inflammation, may lead to severe postoperative anemia,
especially in those presenting with low preoperative Hb.
In this context, ABT continues to be the most frequently
used treatment for acute intra- and post-operative anemia, although its quick and effective increase in Hb levels
is transitory, and is associated with poorer outcomes.
Subsequently, ABT should be restricted to those with
severe anemia, poor physiological reserve and/or acute
symptoms requiring immediate correction.
Perioperative ABT is associated with increased rates
of cancer recurrence[36,37]. In a meta-analysis, 23 out of
36 studies on 12127 patients showed a detrimental effect
of ABT. After ABT a higher rate of tumor recurrence
compared to those not transfused with a clustered OR
of 1.42[38] was observed. In a more recent meta-analysis,
ABT has been shown to increase all-cause mortality (OR
= 1.72), cancer-related mortality (OR = 1.71) and morbidity, such as wound infection (OR = 3.27), after CRC
resection[39]. Subsequently, many medical scientific societies recommend a restrictive approach for perioperative
ABT, in which the level of Hb below which an ABT unit
is transfused (i.e., the “transfusion trigger”) should be
intimately related to the ability to tolerate normovolemic
anemia relative to available cardiopulmonary reserve[40,41].
In non-bleeding, euvolemic anemic patients, ABT is recommended to maintain Hb levels between 7 and 9 g/dL
(8-10 g/dL for those with cardiac and/or central nervous
system dysfunction)[40,41].
Malignancy and surgery are known prothrombotic
stimuli, and perioperative ABT may further increase the
risk for venous thromboembolism (VTE). The analysis
of two databases of almost 3000 CRC resections dem-
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Pharmacologic treatment
Objectives: The goal of preoperative anemia therapy
should be normalization of the Hb levels, in accordance
with World Health Organization criteria. However, as
CRC resections are procedures with a moderate-to-high
blood loss, it would be desirable to achieve a Hb of 13
g/dL for both genders to minimize the risk for transfusion. Similarly, postoperative anemia treatment should
be aimed to attain Hb levels which avoid or reduce the
exposure to ABT, followed by its correction in the shortest possible period, to favourably influence sensitivity to
adjuvant treatments, facilitate the functional recovery and
improve quality of life.
Iron replacement: In CRC, ID with or without anemia
should be corrected pre-operatively by iv iron, with or
without an erythropoiesis stimulating agent (ESA), preferably two to four weeks prior the scheduled procedure.
While at least four studies explored the efficacy of preoperative oral iron[46-49] (Table 2), the results are routinely
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Table 2 Characteristics of the clinical studies examining the role of preoperative iron replacement in colorectal cancer included in
this review
Study
Oral iron
Okuyama et al[46]

Study design

Patients

Baseline Hb (g/dL)

Iron compound dose (mg)

Duration (wk)

Hb (g/dL)

ABT (% or U/pt)

OBS

Iron: 32
No iron: 84
Iron: 23
No iron: 22
Iron: 103
No iron: 167
FB: 12

8.1 ± 1.4
8.0 ± 1.6
13.4 ± 1.9
12.4 ± 2.1
12 (10-14)
NS
11.6 ± 1.6

≥2

2.0
0.9
-0.3
-0.6

8

11.3 ± 1.2

1 (2) mo
0.8 (1.4)
0.7 (1.4)

9.4%
27.4%
26.0%
59.0%
0.69 U/pt
1.69 U/pt
NS

FS: 12

Ferrous citrate
(200 mg/d)
FS
(200 mg TDS)
FS
(200 mg TDS)
FB
(28-14 mg/d)
FS
(105 mg/d)

Iron: 34
Placebo: 26
IS: 30

13.7 ± 0.5
13.4 ± 0.4
10.1 ± 1.2

2

-0.2
-0.5
0.9

14.7%
19.2%
7.0%

FCM: 15

9.2 ± 1.0

2.5

40.0%

Iron: 22

< 12

IS
(2 × 300 mg)
IS
(100-200 mg, 6 ± 3 doses)
FCM
(500-1000 mg, 3 ± 1 doses)
Iron isomaltoside-1000
(20 mg/kg bw)

0.7, 1-2 w
1.4, 3-4 w
3.1, 6-8 w

NS

Lidder et al[47]

RCT

Quinn et al[48]

OBS

Ferrari et al[49]

RCT

Intravenous iron
Edwards et al[57]
Bisbe et al[64]

Todman et al[68]

RCT
OBS

Case series

2-8
1-9

2-6

2-6

RCT: Randomized controlled trial; OBS: Observational cohort study; Hb: Increment from baseline; ABT: Allogeneic blood transfusion; FB: Ferrous bisglicinate; FS: Ferrous sulphate; IS: Iron sucrose; FCM: Ferric carboxymaltose.

inferior to those with the iv iron route[50].
Okuyama et al[46] compared preoperative Hb levels
and transfusion requirements of anemic patients (Hb
≤ 10 g/dL), 32 who received oral iron supplementation (sodium ferrous citrate, 200 mg/d) for at least 2 wk
preoperatively with those of 84 who did not. While iron
supplementation resulted in higher Hb levels immediately before surgery (+1.2 g/dL; P < 0.05), and fewer
required intraoperative ABT (9.4% vs 27.4%, P < 0.05),
there were no significant differences in postoperative Hb
levels or ABT volumes between the two groups. Lidder
et al[47] conducted a randomized controlled trial (RCT) of
oral ferrous sulphate (200 mg TDS) for a mean of 14 d
pre-operatively (12-56 d) vs no iron therapy in patients
with IDA or ID scheduled for CRC surgery. Oral iron
was found to prevent Hb decrease from recruitment to
admission, and to reduce ABT (25% vs 59%, for iron and
control, respectively; P = 0.031), although these differences were not statistically significant for patients with
IDA.
In a series of 103 patients receiving oral ferrous sulphate (200 mg TDS) for a median of 39 d pre-operatively
(interquartile range = 7-63 d) and no preoperative ABT,
Quinn et al[48] observed that: (1) fifty-eight (56.3%) patients who were anemic at presentation had a mean increment in Hb of 1.7 g/dL (P < 0.001); (2) those with rightsided tumors (lower mean Hb at presentation) responded
more often to oral iron than those with left-sided tumors
(P < 0.017); (3) increase in Hb was unrelated to tumor
stage, but was greater when iron was administered for
more than 14 days; and (4) ABT rate for all curative resections was 0.69 units/patient (compared to 1.69 units/
patient using an historical cohort).
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Several iv iron formulations are currently available
(Table 3). iv iron therapy, with or without ESAs, as a safe
and efficacious tool for treating anemia and reducing
transfusion requirements in surgical and medical patients,
has been extensively reviewed[51-54]. Randomized clinical
trials have shown superior efficacy of iv iron over oral or
no iron in reducing ABT, increasing Hb, and improving
quality of life in ESA-treated anemic cancer patients[53,55].
In contrast, studies examining iv iron as sole anemia
treatment in cancer patients are only just starting to
emerge, and the role of iv iron for correcting perioperative anemia is frequently overlooked in the surgical care
of cancer patients[56-60].
Two case series illustrates the potential benefits of
pre- or peri-operative iron supplementation in CRC resections. Campos et al[61] studied 43 CRC patients who
received preoperative oral iron (100 mg/d) if Hb > 14
g/dL and iron deficiency was present; iron sucrose (200
mg/wk) if Hb 10-14 g/dL; or iron sucrose (200 mg twice
a week) if Hb < 10 g/dL, during weeks 3-4. Seventeen
received postoperative iron sucrose (200 mg on days 0,
2, and 4). A retrospective series not receiving iron was
used as a control (n = 66). Despite a lower baseline Hb
(12.3 g/dL vs 11.5 g/dL; P < 0.05), iron therapy reduced
the transfusion index (4.0 unit/patient vs 1.3 unit/patient;
P < 0.05) and the percentage of patients who received
preoperative ABT (33% vs 9%; P < 0.05), but not the
percentage of patients administered perioperative ABT
(48% vs 35%; P = 0.161). However, the treatment was
ineffective in patients with a high transfusion index (> 5
units/patient).
Díaz Espallardo et al[62] analyzed data from 437 CRC
surgeries from 2005-2009. Patients presenting with Hb
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Table 3 Some characteristics of the different intravenous iron formulations
Iron gluconate

Brand name
Carbohydrate shell

Molecular weight (kDa)
Plasma half-life (h)
Direct iron donation to
transferrin (% injected
dose)
Test dose required1
Iron content (mg/mL)
Maximal single dose (mg)

Premedication
Life-threatening ADE
(× 106 doses)

Low molecular
weight iron
dextran

Iron sucrose

High molecular
weight iron
dextran

Ferrlecit®

Venofer®

Dexferrum®

No
12.5
125

Yes/No
20
200-300

Yes
50
20 mg/kg

Yes
50
20 mg/kg2

No
0.9

No
0.6

TDI only
11.3

No
3.3

Ferric
carboxymaltose

Iron
isomaltoside
1000

Ferumoxytol

Cosmofer®
Ferinject®
Monofer®
Rienso®
INFeD®
Injectafer®
FeraHeme®
Gluconate
Sucrose
Dextran
Dextran
Carboxymaltose Isomaltoside Polyglucose sorbitol
(monosaccharide) (disaccharide)
(branched
(branched
(branched
(linear
carboxymethylether
polysaccharide) polysaccharide) polysaccharide) oligosaccharide)
289-440
30-60
265
165
150
150
750
1
6
60
20
16
20
15
5-6
4-5
1-2
1-2
1-2
<1
<1

No
50
20 mg/kg (max
1000 mg in one
infusion)
No
??

No
100
20 mg/kg

No
30
5103

No
??

No
??

1

A test dose is no longer recommended by the European Medicines Agency (2013); 2Low molecular weight iron dextran can be safely administered at doses
of 1000 mg over 1 h[101]; 3Preliminary data indicate that Ferumoxytol may be administered at doses of 1020 mg over 15 min[102].

<13 g/dL and/or abnormal iron parameters, (group A, n
= 242) received preoperative iron supplementation (178
received a mean of 867 mg iv iron sucrose, and 64 oral
iron), whereas those presenting with Hb ≥ 13 g/dL and
normal iron status, received no treatment (group B, n =
195). From diagnosis to surgery, Hb increased by 0.6 g/
dL in group A, while it decreased by 0.8 g/dL in Group
B (P < 0.05). From diagnosis to discharge, Hb decreased
by 0.4 g/dL in group A, and by 2.5 g/dL in group B (P
< 0.05). This tendency to progressive anemia observed
in both groups may be secondary to the effects of CRC
on erythropoiesis, chemo-radiotherapy treatment, and
blood loss due to the tumor and later surgery. However,
the differences between groups strongly suggest that iron
therapy prevented patients from group A from reaching
low Hb levels. The overall ABT rate was 8.6% (32/244,
13.1% vs 6/195, 3.1%; P = NS) and no differences in
complications were observed.
In contrast, in a retrospective paired case-control
study, Titos-Arcos et al[63] observed that postoperative
administration of iv iron sucrose (592 ± 445 mg) did not
decrease ABT rates (28.8% vs 30.8%, for case and control, respectively). In addition, for patients not receiving
ABT, there were no differences in Hb concentration decrease between the first postoperative day and discharge
(0.88 g/dL vs 0.82 g/dL, for case and control).
Higher vs lower dose intravenous iron administration:
Bisbe et al[64] compared clinical and laboratory data of 15
anemic CRC receiving preoperative ferric carboxymaltose
(FCM, 500-1000 mg/session; 3 ± 1 sessions) to those
from a previous series of 30 CRC receiving preoperative
iron sucrose (100-200 mg/session; 6 ± 1 sessions). Even
though those in the FCM group had lower baseline Hb
levels (9.2 g/dL vs 10.1 g/dL; P < 0.05), those from the
FCM group showed a higher post-treatment Hb incre-

WJG|www.wjgnet.com

ment (+2.5 g/dL vs +0.9 g/dL; P < 0.05), and received
fewer perioperative ABT (7% vs 40%; P > 0.05). While
the total amount of iv iron infused in the FCM group was
higher (1550 mg vs 1140 mg; P < 0.05) most clinical trials
suggest 1000 mg is an adequate replacement dose[65-67].
Todman et al[68] administered a single dose iron infusion
(Iron isomaltoside-1000, 20 mg/kg body weight) to 22
major cancer surgery patients with IDA either 2-6 wk before surgery, or post-operatively. Hemoglobin levels were
monitored for up to 8 wk after infusion, or up to next
blood transfusion, whichever was earlier. Mean Hb rise at
1-2 wk was 0.7 g/dL, 1.4 g/dL at 3-4 wk and 3.1g/dL at
6-8 wk, and no serious adverse effects were noted (Table
2).
This apparent superiority of “higher dose” over
“lower dose” iv iron supplementation in improving erythropoiesis has been also reported for inflammatory bowel
disease[69], and several factors might have account for the
observed differences. Firstly, the “extra” amount of iron
administered to the FCM group could have compensated
for the ongoing blood loss from recruitment to surgery.
Secondly, macrophage iron loading may also inhibit proinflammatory immune effector pathways[18,70]. Lastly, in
iron balance, high hepcidin also reduces IL-6 production
by macrophages, thus limiting the potential damage of
an excessive inflammatory response[71]. As ID is highly
prevalent among CRC, it is possible that rapid repletion
with higher dose of iv iron can contribute in restoring an
adequate immune response, improving the erythropoietic
response.
As summarized in Table 2, initial results with preoperative oral or iv iron replacement therapy in CRC have
been mixed, highlighting the need for large randomized
controlled trials in preoperatively anemic patients.
Safety of intravenous iron: Although no serious ad-
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verse drug events (SAEs) have been reported in the studies reviewed, both the numbers and follow-up time were
not large enough to draw definitive conclusions regarding
the safety of iv iron agents in this clinical setting. In all
published evidence extant, including millions of dialysis
patients, no long term toxicity has been reported over the
last two decades[72].
As of June 28 th 2013, the European Medicines
Agency’s Committee for Medicinal Products for Human
Use (CHMP) concluded that the benefits of iv exceed
their risks, provided that adequate measures are taken to
minimize the risk of allergic reactions. Data on the risk
of hypersensitivity comes mainly from post-marketing
spontaneous reports and the total number of lifethreatening and fatal events reported is low, and cannot
be used to detect any differences in the safety profile of
the different iron formulations available in Europe (high
molecular weight iron dextran and ferumoxytol were not
included). The CHMP has issued recommendations for
health care professionals which include: (1) intravenous
iron medicines should only be administered when staff
trained to evaluate and manage anaphylactic and anaphylactoid reactions are immediately available as well as
resuscitation facilities; (2) a test dose is no longer recommended, as there are data indicating that allergic reactions may still occur in patients who have not reacted to
a test dose; (3) patients should be closely observed for
signs and symptoms of hypersensitivity reactions during
and for at least 30 min following each injection of an iv
iron medicine; and (4) intravenous iron-containing products are contraindicated in patients with hypersensitivity
to a specific active substance or excipients, or other parenteral iron products.
Early formulations of high molecular weight iron dextran were associated with rare occurrences of anaphylaxis
and even death. The newer formulations, LMW ID, ferric
gluconate, iron sucrose, ferumoxytol, iron isomaltoside
and ferric carboxymaltose are much safer with SAEs vanishingly rare. None the less minor infusion reactions still
occur and are often misinterpreted as SAEs[53]. Premedication with antihistamines has been reported to cause
the majority of perceived reactions to iv iron in one large
cohort[73]. Antihistamines can cause somnolence, diaphoresis, hypotension and tachycardia ostensibly attributed
to the administered iron. Tryptase a marker of mast cell
degranulation, levels are virtually always normal and subsequently the use of premedication with antihistamines
should be proscribed. In contradistinction, all of the
formulations can be associated with acute chest and back
tightness, without accompanying hypotension, tachypnea,
tachycardia, wheezing, stridor or periorbital edema[51,74].
These infrequent reactions abate without therapy and
rarely recur with rechallenge. The reactions are more frequent in those with allergic diatheses[65]. It is important
not to overreact in the event of these minor AEs. A few
patients will experience self-limited arthralgias and myalgias the day after iron infusions. These reactions abate
without therapy and never leave residua. Non-steroidal
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anti-inflammatory drugs may shorten their duration.
When these tenets are adhered to the administration of iv
iron is safe and much safer than most physicians realize.
Erythropoiesis stimulating agents: The role of iv iron
for CRC-related anemia remains unclear. It is possible that
the effectiveness of perioperative iron treatment could be
enhanced by concomitant ESA administration, although
in Europe this is an off-label use of these growth factors.
Pooled data from six trials (621 patients) showed that
perioperative treatment with recombinant human erythropoietin did not reduced ABT (33% vs 37%; OR = 0.89;
P = 0.206) in GI cancer surgery[75-80] (Table 4). Norager
et al[80] explored the effect of perioperative ESA administration in CRC surgery (Table 4). No significant benefits
were found for postoperative fatigue, quality of life,
muscle strength or ABT use, but improved work capacity
and early restoration of postoperative Hb concentrations
to preoperative levels were observed. The treatment was
uniformly well tolerated. Unfortunately, the impact of
ESA therapy on anemic CRC patients was not analyzed
separately. However, a reduction of both the percentage
of transfused patients and the number of transfused units
was only observed for those receiving ESAs plus iv iron.
Additionally, the use of iv iron allowed for a significant
reduction in the total dose of ESAs (Table 4).
Safety of erythropoiesis stimulating agents: ESA
prevent transfusions among chemotherapy-associated
anemia patients. An ESA-associated increase in mortality and/or disease progression has also been reported in
eight controlled studies conducted in CIA however in
each of these the ESA use was off-label. Another metaanalysis of 60 studies (15323 patients) showed no significant effect of ESAs on survival or disease progression,
but increased the risk for venous-thromboembolic events
(44 studies: OR = 1.48; 95%CI: 1.28-1.72)[81]. However,
venous-thromboembolic events in cancer patients receiving ESAs for chemotherapy induced anemia may be
linked to thrombocytosis due to ESA induced iron restricted erythropoiesis, which can be reversed by administration of iv iron[82,83]. Nevertheless, product labels advise
against administering ESAs with potentially curative
chemotherapy (United States) or to conduct risk-benefit
assessments (Europe/Canada) and, since 2007, fewer
chemotherapy-associated anemia patients in the United
States and Europe receive ESAs[84-87].
In CRC surgery, a recent systematic review and metaanalysis of 4 RCTs also found insufficient evidence to
support the use of ESAs in the preoperative and postoperative period for improving anemia and decreasing
ABT. There were no significant differences in postoperative mortality or thrombotic events between groups,
but no included study evaluated recurrences, survival, or
quality of life[88].
Vitamin replacement: Deficiencies of vitamin B12,
with or without anemia, should be appropriately managed. The intramuscular route is preferred (hydroxylcobalamin, 1 mg/wk, 4-6 wk), except for vegans (oral
route) or anticoagulated patients (iv route).
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Table 4 Effects of perioperative administration of erythropoietin and iron on transfusion requirements in patients undergoing
elective colorectal cancer resection
Study

+ESA

n

Placebo

ABT, n (%)

n

ABT, n (%)

Braga et al[75]

10

1 (10)1

10

5 (50)

Kettelhack et al[76]

48

16 (33)

54

15 (28)

Qvist et al[77]

38

13 (34)2

43

23 (53)

Kosmadakis et al[78]

31

9 (29)1

32

19 (59)

69 (a)
67 (b)

34 (49)
27 (40)2

68

35 (51)

75

10 (13)

76

9 (12)

338

110 (33)

283

106 (37)

Christodoulakis et al[79]

Norager et al[80]

Overall

Iron

ESA

(route, type, dose, d)

(type, total dose, route, day)

iv iron gluconate, 125 mg/d, 4 d

Epoetin alfa,
500 IU/kg, SC
(from day -12 to day +8)
Oral, NS, 5-10 d preOP
Epoetin beta,
iv, NS, 40 mg, 1 d postOP
3000-4500 IU/kg, SC
(from day -10 to day +4)
Oral, NS,
Epoetin alfa,
200 mg/d, 4 d
1350 IU/kg, SC
(from day -4 to day +7)
iv iron sucrose,
Epoetin alfa,
100 mg/d, 14 d
4200 IU/kg, SC
(from day -7 to day +7)
Oral, NS,
Epoetin alfa,
200 mg/d, 10 d
1800 IU/kg, SC (a)
3600 IU/kg, SC (b)
(from day -10 to day +1)
Oral, NS,
Darbepoetin alfa,
200 mg/d, 7d
750-1500 g, SC
(from day -10 to day +25)
OR = 0.89 (95%CI: 0.58-1.12; P = 0.206)

1

Reduction in both percentage of transfused patients and number of transfused units; 2Reduction in the number of transfused units only. ABT: Allogeneic
blood transfusion; ESA: Erythropoiesis stimulating agent; NS: Not stated; preOP: Preoperative; postOP: Postoperative; SC: Subcutaneous.

Adjuvant measures
Nutritional support: Poor pre-operative nutritional
status has been linked consistently to an increase in postoperative complications and poorer surgical outcome.
Patients should be screened for nutritional status and, if
deemed to be at risk of under-nutrition, given active nutritional support[45].
Meta-analyses were undertaken on trials evaluating
different preoperative nutritional interventions. Benefits
on post-operative complications and length of hospital
stay of preoperative immune enhancing nutrition or parenteral nutrition may not be generalized or are not applicable to current clinical practice, whereas trials evaluating
enteral or standard oral supplements were inconclusive[89].
Therefore, except for the severely malnourished, whether
or not nutritional intervention should be initiated earlier
in the preoperative period remains unclear.
In contrast, post-operative management in gastrointestinal surgery is becoming well established with ERAS
protocols starting 24 h prior to surgery with carbohydrate
loading, minimization of preoperative fasting and early
oral or enteral feeding given to patients the first day following surgery (with oral nutritional supplements if necessary). ERAS is aimed to reduce surgical stress, insulin
resistance, unnecessary protein losses and postoperative
complications. In comparison with traditional care, ERAS
programs were associated with significantly decreased
length of hospital stay and total and general complications, without affecting readmission rates, surgical complications, and mortality[90].
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Preventing perioperative hypothermia: Perioperative
maintenance of normothermia with a suitable warming
device and warmed iv fluids to keep body temperature >
36 ℃ decreased intraoperative blood loss and postoperative shivering, and it has been associated with lower rates
of postoperative infection and better pain scores[45,91-94].
Restrictive fluid replacement (fluid balance): Hypovolemia can lead to hypoperfusion of vital organs and the
bowel, which can lead to complications, and appropriated
fluid reposition with balanced crystalloid solutions should
be performed. However, administering too much may result in bowel edema, increased interstitial lung water, and
dilution anemia which can also lead to complications[95].
The evidence suggests that patients being in a state of
‘‘fluid balance’’ (goal-directed fluid replacement) fared
better than those with ‘‘fluid imbalance’’[96-99]. Postoperative iv fluids should be aimed to maintain normovolemia
and avoid fluid excess. The enteral route should be used
in preference and the drip taken down at the earliest opportunity (preferably no later than the morning after surgery)[45].
Perioperative supplemental oxygen: Although the role
of perioperative supplemental oxygen in anemia tolerance
has not been properly investigated, it has been proposed
to decrease the incidence of surgical site infection in
CRC surgery. This positive effect was not confirmed by a
recent meta-analysis of 5 RCTs[100]. However, supplemental oxygen appears to confer a mortality benefit, a previously unreported finding that needs to be confirmed.
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Iron deficiency without anemia

Hb ≥ 13 g/dL:
Ferritin < 30 ng/mL + CRP < 5 mg/L
Ferritin < 100 ng/mL + CRP > 5 mg/L,
TID: 500-600 mg

Oral iron
(100 mg/d)
Iron sucrose (3 doses)
200 mg/s
IV iron to cover TID
FCM, MNF or LMWID
(1 dose)
500-600 mg (≤ 20 mg/kg)

Moderate iron deficiency anemia
Oral iron
(100 mg/d)

2 wk
Hb increase ≥ 1 g/dL

Hb ≥ 10 g/dL - <13 g/dL:
Ferritin < 100 ng/mL
Transferrin saturation < 20%
TID: 700-1000 mg

No

IV iron to cover TID

Yes

Continue therapy

Iron sucrose (4-5 doses)
200 mg/s (max. 600 mg/wk)
FCM (1 dose)
max. 1000 mg/s (≤ 20 mg/kg)
LMWID or MNF (1 dose)
max. 2000 mg/s (≤ 20 mg/kg)

Severe iron deficiency anemia
Iron sucrose (> 5 doses)
200 mg/s (max. 600 mg/wk)
Hb < 10 g/dL:
Ferritin < 100 ng/mL
Transferrin saturation < 20%
TID > 1000 mg

FCM (2 doses)
max. 1000 mg/s (≤ 20 mg/kg)
LMWID or MNF
(1- 2 doses)
max. 2000 mg/s (≤ 20 mg/kg)

Surgery

Follow up

Figure 4 An algorithm for iron replacement. Modified from Muñoz et al[31]. FCM: Ferric caboxymaltose; Hb: Hemoglobin; LMWID: Low molecular weight iron dextran; MNF: Iron isomaltoside-1000; s: Session; TID: Total iron deficiency; CRP: C-reactive protein.

haptoglobin, lactate dehydrogenase, and serum creatinine
if other laboratory tests indicate their usefulness (Figure
3). These are low-cost, widely available tests which allow
for correctly classifying most cases of CRC-associated
anemia.

FROM LITERATURE TO BED-SIDE:
A PRAGMATIC APPROACH TO CRC
ASSOCIATED ANEMIA
“Time is gold for anemic patients waiting for CRC
resection”
Early and aggressive treatment of anemia in CRC enables
optimization of preoperative Hb, thus transforming a
high transfusion risk to a low transfusion risk, which improves outcomes. Therefore, we developed a pragmatic,
easy-to-follow protocol for diagnosis and treatment of
preoperative CRC associated anemia, which is based
upon the following considerations.

Treatment
Iron therapy: As IDA and FID + ID are the most frequent types of anemia in CRC, iron supplementation is of
paramount importance and can be accomplished by following the algorithm depicted in Figure 4. The estimated
total iron deficiency take into account the amount of iron
needed to restore a Hb level of 13 g/dL and to replenish
iron stores, as well as estimated iron loss due to ongoing
chronic bleeding and perioperative blood loss.

Diagnosis
Basic laboratory screening for anemia in CRC should
comprise Hb, full blood counts (including reticulocytes),
and assessments of body iron store (serum ferritin), iron
availability (TSAT) and level of inflammation (CRP).
Should anemia not be explained by initial work-up, further testing could comprise vitamin B12 and folic acid,
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Erythropoiesis stimulating agents: Until more safety
data in CRC are available, ESAs should be only used in
the approved indications and following the recommendations of international guidelines.
Restrictive transfusion protocol: In most surgical CRC
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patients, ABT could be considered for maintaining Hb
concentrations between 7 and 9 g/dL; for those with
cardiac and/or central nervous system dysfunction, ABT
could be considered for patients with symptoms or a Hb
level of 8 g/dL or less, and ABT given for maintaining
Hb concentrations between 8 and 10 g/dL[40,41] Carson
2011. However, whenever possible, avoidance of ABT is
preferable.

11
12

Adjuvant therapies: All of above mentioned measures
aimed to decrease blood loss, hemodilution and postoperative hyper-catabolism should also be implanted, as
they may contribute to reduce the severity of and to hasten the recovery from postoperative anemia.

13

14

Follow-up
Patients should be followed-up for documenting the recovery from postoperative anemia, especially if adjuvant
chemotherapy and/or radiotherapy were administered.

15
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as PER2 and PER3 is connected with poorer differentiation, increased aggressiveness and worse prognosis.
The implications of these molecules in DNA repair systems explain their involvement in the development of
CRC but at the same time provide us with novel targets
for modern therapeutic approaches for patients with
advanced CRC.
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Core tip: Clock genes are involved in numerous cellular
activities such as cell cycle and DNA repair with various
implications in the development of colorectal cancer.
Multiple clinical and epidemiological data support these
correlations and suggest that altered expression of
these genes may be critical for the initiation and progression of this disease while their levels may predict
bad response to traditional therapeutic approaches and
poor clinical outcome. Finally, the defective circadian
system may represent an attractive and currently unknown pathway which can be targeted by novel agents
in aggressive colorectal cancers.

Abstract
Clock genes create a complicated molecular time-keeping system consisting of multiple positive and negative feedback loops at transcriptional and translational
levels. This circadian system coordinates and regulates
multiple cellular procedures implicated in cancer development such as metabolism, cell cycle and DNA
damage response. Recent data support that molecules
such as CLOCK1, BMAL1 and PER and CRY proteins
have various effects on c-Myc/p21 and Wnt/β-catenin
pathways and influence multiple steps of DNA damage
response playing a critical role in the preservation of
genomic integrity in normal and cancer cells. Notably,
all these events have already been related to the development and progression of colorectal cancer (CRC).
Recent data highlight critical correlations between clock
genes’ expression and pathogenesis, progression, aggressiveness and prognosis of CRC. Increased expression of positive regulators of this circadian system such
as BMAL1 has been related to decrease overall survival
while decreased expression of negative regulators such
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INTRODUCTION
Colorectal cancer (CRC) is the third leading cause of cancer death in the United States and one of the most common types of cancer in the western societies[1]. Surgical
intervention remains the mainstay of therapy for patients
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without metastatic disease while adjuvant or neo-adjuvant
chemotherapy and radiation are considered to improve
the survival of patients with stage 2 and 3 disease[2]. Despite the improvements of secondary prevention and
surgical intervention, the prognosis for patients with
metastatic disease remains poor. The role of adjuvant
therapy for patients with stage 2 is still not clear suggesting that better stratification of these patients may be
critical to improve the survival rates[2]. Finally, therapeutic
approaches for patients with stage 4 are mainly palliative[3]
which clearly implies that better understanding of the
molecular biology of this disease may reveal new targets
for the development of novel agents for CRC patients
with poor response to the conventional chemotherapy.
Epidemiologic and genetic studies have shown that
there is a clear link between the disruption of circadian
rhythms and cancer development and progression in
humans including breast, endometrial, prostate and colon cancer[4,5]. Interestingly, alterations of the circadian
rhythm have been related to modulations of tumor
growth in animal models[6], differences in recurrence
rates, stage and prognosis in human cancers[7,8]. The master circadian clock generating and sustaining 24 h periodicity is located in the suprachiasmatic nucleus (SCN) in
the anterior hypothalamus orchestrating peripheral clocks
located in other organs and tissues[9]. The existence of a
circadian clock in the cellular level generating and regulating multiple activities related to metabolism, cell cycle,
DNA synthesis and repair has been recently identified. In
particular, the molecular mechanisms underlying circadian clock involve transcriptional and translational positive
and negative feedback loops[10].
Recent molecular and genetic data strongly suggest
that among the most important targets downstream of
circadian clock are molecules related to DNA damage
response (DDR) such as ATM, CHK2 [11] and BRCA1[12],
cell cycle progression such as c-Myc and p21[13,14] and
Wnt/β-catenin pathway[15]. Given that all these pathways
are involved in the molecular biology of CRC it is not
surprising that numerous epidemiological, genetic and
molecular studies highlight the implication of clock genes
not only in the initiation and progression of CRC, but
in the development of resistance to chemotherapeutic
agents as well. In particular, Soták et al[16] using a model
of chemically induced CRC, recently found that the circadian rhythmicity of critical mediators of the circadian
system, namely PER1, PER2, REV-ERBA is significantly decreased in CRC tissues while the rhythmicity of
BMAL1, another circadian rhythm component is completely abolished not only in the CRC tissues but in the
surrounding healthy colon tissue as well in tumor bearing
animals. These results clearly support that deregulation
of the Circadian system is strongly implicated in the development of CRC.
The aim of this review is to summarize the involvement of clock genes in the molecular pathways related
to the development and progression of CRC and the
implication of clock genes’ genetic alterations in the ag-
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gressiveness, therapeutic response and prognosis of the
disease.

MOLECULAR DETERMINANTS OF THE
CIRCADIAN RHYTHM
Recent data from expression pattern analysis and generation of transgenic mice with hyperactive clock genes such
as PER1, PER2 and BMAL1 have shown that the activity
of the SCN is not essential for the peripheral oscillation
but is critical for the synchronization of these “peripheral
clocks”[17,18]. These results suggest that each individual cell
exhibits an independent regulation of its own circadian
system.
As mentioned above the circadian system and its
downstream effects on various cellular activities are
regulated by positive and negative feedback loops which
are tightly connected. BMAL1, CLOCK1 and NPAS2
form heterodimers, which bind to the promoters of
PER, CRY, REV-ERBa, RORα, DEC1 and DEC2 genes
activating their transcription[19] (Figure 1). PER and CRY
proteins are negatively regulate the BMAL1/CLOCK1
and BMAL1/NPAS2 heterodimers activity suppressing
their own expression and inhibiting the circadian system[9]
(Figure 1). Moreover, the DEC1 and DEC2 proteins
compete with the above mentioned heterodimers for a
common DNA binding site and supress the expression
of clock genes[20]. It should be noted that PER proteins
can also form heterodimers with the TIM protein maintaining their own integrity[21]. Finally, being involved in an
additional pathway of the circadian system, REV-ERBα
and RORα compete each other for binding to RORE
elements inhibiting or activating the expression of the
BMAL1 gene respectively[22].
Interestingly, various posttranscriptional and posttranslational modulations of the above mentioned proteins further confer to the complexity of this system. In particular,
protein kinases CK1ε and CK1δ phosphorylate multiple
molecules implicated in this signaling altering their nuclear
translocation and subsequently their transcriptional activities[23] (Figure 1). Moreover, epigenetic modifications
through acetylation, deacetylation and methylation of histones in the promoter of various clock genes are critical
for the activation of this cellular clock. In particular, it is
known that the BMAL1/CLOCK1 heterodimers promote
the acetylation activating the expression of their downstream targets[24] while PER/CRY heterodimers induce
deacetylation and methylation of histones downregulating
the expression of the clock genes.

CIRCADIAN SYSTEM REGULATES CELL
CYCLE THROUGH c-MYC, P21 AND
WEE1
Recent studies support that the circadian system in the
regulates the cell cycle progression through c-Myc/p21
signaling which has been implicated in the development
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CLOCK1/BMAL1 NPAS2/BMAL1
+
PER

CRY
Regulation of cell cycle, cellular
metabolism and DNA repair

PER

Figure 1 The molecular mechanism of the cellular
circadian system. CLOCK1/BMAL1 and NPAS2/BMAL1
complexes promote the expression of PER and CRY. PER
is phosphorylated by CK1ε kinase resulting to its degradation while the accumulation of CRY leads to the formation
of PER/CRY/CK1ε complex which inserts to the nucleus
and down-regulates the CLOCK1 and BMAL1 activity.
Among the transcriptional targets of CLOCK1 and BMAL1
are some cell cycle mediators, tumor suppressor genes
and oncogenes regulating cell cycle, cellular metabolism
and DNA repair.

P
Degradation

CRY
PER

CK1e

CK1e
CRY

of CRC since c-Myc is found to be overexpressed in
70% of colon cancers[25]. In particular, microarray data
revealed that critical molecules involved in the cell cycle
machinery such as p21, cyclin D1, cyclin B1, c-Myc, p53,
Wee1 and Mdm2 are regulated by the circadian system[9].
BMAL1 deletion results in an imbalance in the expression of REV-ERBα and RORα which are positive and
negative regulators of p21 leading to inhibition and promotion of the cell cycle respectively[14]. It has also been
shown that Bmal1-/- transgenic mice exhibit dramatically
increased expression of p21 which is no longer rhythmic
in their liver cells suggesting that the peripheral oscillators
control critical biological processes such as cell cycle progression[14]. On the other hand, Zeng et al[13] showed that
downregulation of BMAL1 in colon cancer cells leads to
increased cyclin B1, CDC2, cyclin D1 and E expression
accelerating tumor growth. Finally, Alhopuro et al[12] using ChIP technology showed that one of the targets of
CLOCK1 gene is p21, while its regulation is believed to
be p53 independent.
c-Myc is a critical regulator of the cell cycle through
downregulation of p21 and activation of cyclin D1. Its
promoter contains multiple E-box sequences, which are
controlled by molecular components of the circadian
system including PER1 and PER2[26]. Of note, Per1-/- and
Per2Brdm1 mutant mice exhibit increased expression of
c-Myc leading to elevated cyclin D1 and induced cell cycle[27,28]. Moreover, overexpression of PER2 in K562 leukemic cells led to downregulation of c-Myc and cyclin B1
suppressing cell’s proliferation and inducing their apoptosis[29]. Finally, BMAL1/CLOCK1 and BMAL1/NPAS2
activate WEE1 expression activating the phosphorylation of CDK1/Cyclin B complex which leads to G2/M
arrest and inhibition of cell proliferation[30]. Consistent
with these data Clock1 deficient mice present significantly
decreased levels of WEE1 mRNA[9] while CRY1 and
CRY2 deletion leads to higher WEE1 levels inhibiting
cell proliferation[30,31]. Notably, WEE1 has been found
to be suppressed in colon cancer tissues and cell lines[32].
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Collectively these data suggest that potential alterations
of critical clock genes such as BMAL1 and CLOCK1 can
modulate the G2-to-M transition with subsequent effects
on cell cycle progression and cell proliferation through
c-Myc, p21 and Wee1.

WNT/β-CATENIN SIGNALING AND
CIRCADIAN SYSTEM
Wnt/β-catenin singaling is frequently de-regulated in
colorectal cancer and APC, a central component of this
pathway is mutated in 50% of sporadic CRCs[33]. Wnt
ligand binds the N terminal domain of a Frizzled family receptor, a G-protein coupled receptor. This interaction disrupts the function of the APC/Axin/GSK3β destruction complex inhibiting the degradation of
β-catenin. This results in increased nuclear accumulation
of β-catenin inducing the expression of several mediators of cell proliferation such as c-Myc and cyclin D1[34],
and activates cadherin cell adhesion complexes promoting migration and metastasis. Patients with Familial Adenomatous Polypodiasis harbor APC mutations resulting in dysfunctional destruction complex and sustained
β-catenin signaling. Overexpression of BMAL1 in NIH3T3 fibroblasts leads to increased β-catenin expression
and Wnt activation contributing to induced cell proliferation[15]. Moreover, it was found that downregulation of
PER2 in HCT116 and SW480 colon cell lines induces
β-catenin expression and accelerates cell proliferation
mediated by increased cyclin D levels[35]. Consistently, deletion of PER2 was related to increased colonic and small
intestine polyps formation in mice with APC mutation[35].
Interestingly, the same group showed that activation of
β-catenin signaling leads to destabilization of PER2 in
the intestinal mucosa of mice with APC mutation altering the circadian rhythm and its downstream targets such
as WEE1[36]. Finally, Sahar et al[37] showed that under Wnt
signaling activation, the absence of GSK-3β mediated
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upon genotoxic events[43,44]. Hoffman et al[45] found that
knockdown of the circadian gene NPAS2, which as described above creates heterodimers with BMAL1 and
CLOCK1, leads to impaired DNA repair and inhibition
of cell cycle delay upon mutagen treatment. Finally, loss
of circadian CRY1 and CRY2 genes increases the sensitivity to DNA damage induced apoptosis in p53 deficient
cancer cells through increased expression of the p53 related gene p73. These results suggest that impaired DNA
damage response, which is partially related to altered peripheral circadian function, promotes genomic instability
contributing to the development of CRC.

phosphorylation leads to increased BMAL1 stabilization and activity while active GSK-3β promotes BMAL1
ubiquitylation. These results suggest that Wnt/β-catenin
interacts with clock system probably through a positive
feedback mechanism maintaining and de-regulating colon
cancer cell proliferation. Further studies are needed to
validate the effect of circadian system on cell migration
and metastasis through de-regulated β-catenin pathway.

DNA DAMAGE RESPONSE AND CLOCK
GENES
It is known that 90% of hereditary non-polyposis colon
cancers and 10%-15% of sporadic CRCs carry inactivating mutations in genes involved in the mismatch repair
(MMR) system such as MLH1 and MSH2 leading to
microsatellite instability (MSI) related to deficient DNA
repair[38]. It should be mentioned that Alhopuro et al[12] in
a recent study showed that CLOCK1 gene is somatically
mutated in 53% of CRC characterized by MSI. According
to this study, CLOCK1 promotes growth arrest, DNA
repair and apoptosis upon genotoxic stress caused by UV
radiation suggesting that this molecule may represent an
important “caretaker” promoting cell cycle arrest upon
DNA damage. Further studies are needed to establish the
important effects of clock genes and circadian system on
the cellular responses following DNA damaging events.
Apart from MMR other components of DDR such as
repair of double strand breaks through ATM and CHK2
activation have been implicated in the development of
CRC. In particular, reduced expression of BRCA1 and
ATM, which are critical nodes in the double strand break
repair system, is more frequent in CRC compared to
normal colonic mucosa and related to decreased overall
survival in patients with CRC[39,40]. Moreover, Takabayashi
et al[41] showed that DNA damage response is significantly
reduced during CRC progression. These results suggest
that DNA repair and its defects are correlated to CRC
development, progression and potentially clinical outcome since the deficient DNA damage response can be
proved to be the Achilles’ heel of these cells.
Interestingly, Gery et al[11] showed that PER1, a critical
component of the circadian system promotes the ATM
mediated CHK2 activation upon exposure to radiation
leading to increased G1/S arrest in colon cancer cell lines
while PER1 levels are significantly reduced in human
colorectal cancer samples. Moreover, it has been shown
that TIM protein, another mediator of the circadian regulation at the molecular level, is also required for CHK2
activation promoting arrest of the cancer cell in the G2
phase upon DNA damage[42]. Collectively, these data support that circadian system regulates the ATM/CHK2
signaling which is critical for the repair of DNA.
More reports demonstrated that circadian system
modulates other aspects of DNA repair upon genotoxic
stimuli. In particular recent studies have also highlighted
the role of PER1/TIM complex in the ATR mediated
CHK1 activation which also leads to cell cycle arrest
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CLINICAL CORRELATIONS BETWEEN
CLOCK GENES AND COLORECTAL
CANCER
Multiple recent studies correlating the expression of
clock genes with clinical outcomes highlight the role of
Circadian system in the development and progression of
CRC. In particular, Mazzoccoli et al[46] demonstrated that
PER1, PER2, PER3 and CRY2 are significantly downregulated in CRC tissues compared to healthy colonic
mucosa while lower PER1 and PER3 expression was
associated with poorer survival rates. These results support the hypothesis that these genes act mainly as tumor
suppressors and their downregulation is implicated in
CRC development and progression. Consistent with
these data, Oshima et al[47] showed that PER1 and PER3
are downregulated in CRC tissue compared to adjacent
normal mucosa while reduced expression of PER1 is related to increased incidence of liver metastasis highlighting the potential negative impact of clock genes in the
aggressiveness of CRC. On the contrary the same group
showed that CLOCK1 and CK1ε are upregulated in CRC
compared to healthy mucosa, while increased expression
of BMAL1 is related to decreased overall survival. These
results were further supported by our group showing in a
recent study that CLOCK1 and BMAL1 are upregulated
while PER1 and PER3 are downregulated in CRC tissues
compared to healthy mucosa[48]. These conclusions suggest that different components of the circadian system
may have different effects on the development of this
disease based on their implications in different oncogenic
pathways.
It is known that the expression and activity of dihydropyrimidine dehydrogenase (DPD) which determine
the efficacy and outcome of 5-fluorouracil (5-FU) treatment in CRC are regulated by a circadian rhythm. This
conclusion led to the introduction of the “chronomodulated chemotherapy” with variable rate infusions of
5-FU for treatment of advanced CRC[49,50]. Interestingly,
Krugluger et al[51] found that reduced PER1 mRNA levels
are correlated with decreased DPD expression in undifferentiated CRC, a result which was more pronounced in
female patients. This result suggest that in advanced CRC
characterized by lower PER1 mRNA levels the circadian
regulation of DPD is probably lost making cancer cells
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by the CLOCK1/BMAL1 heterodimers[58]. miRNAs are
believed to be a novel reasonable therapeutic approach
in numerous cancerous diseases[59]. Based on the above
mentioned results showing that high BMAL1 is associated with poor prognosis in CRC the introduction of
mir-142-3p for high grade metastatic CRC could be considered as a novel therapeutic approach in the future.

more susceptible to 5-FU treatment especially in female
patients.
The role of PER2 as a negative regulator of circadian
system and potential tumor suppressor for CRC has been
supported by a study by Zeman et al[52] who found that
tumor staging is negatively correlated with PER2 gene
expression. Interestingly, a recent study demonstrated
that immunohistochemical staining for PER2 is weaker
in CRC cancer cells following a heterogenous pattern
compared to normal colonic cells[53]. In the same study,
the well differentiated cancer cells were found to have
comparable PER2 levels with that in non-cancerous cells
suggesting that loss of PER2 is related to increased aggressiveness of CRC[53]. Finally, the authors showed that
decreased PER2 mRNA and protein levels are correlated
with higher histological grade, deeper tumor invasion,
lymph node metastasis, advanced TNM stage and higher
Ki67 score, which suggests that reduction of PER2 may
lead to attenuated cancer cell growth[53]. Collectively these
data support that low expression of PER2 and potentially activated circadian system is implicated in the CRC
development and progression.
On the contrary, according to a recent report by Yu et
al[54], CRY was found to be upregulated in CRC cell lines
and human CRC samples while higher CRY expression
was associated with lymph node metastasis, increased
TNM staging and poorer prognosis. At the molecular
level the authors showed that upregulation of CRY increased CRC cell proliferation and migration while downregulation of CRY significantly decreased the colony
formation and migration in a CRC cell line[54]. Further
studies are needed to clarify the role of CRY since as
mentioned above it negatively regulates the BMAL1 and
CLOCK1 activities, which is more consistent with a role
of tumor suppressor in CRC.
In contrast to PER proteins which are important
negative regulators of the circadian system, CLOCK1,
NPAS2 and BMAL1 molecules are forming heterodimers
controlling the transcription of about 10% of genes
implicated in cell proliferation, apoptosis and cell cycle
such as c-MYC, p21 and WEE1[55]. As mentioned above,
CLOCK1 regulates a complicated response to DNA
damage caused by UV radiation protecting cells from
acquiring additional DNA alterations, which can promote
the development of a cancerous phenotype. Finally, it
has been shown that 2 single nucleotide polymorphisms
(rs3749474 and rs1801260) located in the 3’UTR of the
CLOCK1 gene decreasing its mRNA levels are related
to decreased overall survival of CRC patients[56]. In a
recent study evaluating the association between clock
genes polymorphisms and CRC susceptibility we showed
that the rs1801260 polymorphism in the 3’UTR of the
CLOCK1 gene significantly increases the risk for CRC
development but it does not alter the clinical outcome
in CRC patients[57]. It should be noted that BMAL1 is
the Clock gene most strongly related to poor prognosis
in CRC patients. According to a recent report by Tan et
al the micro RNA (miRNA) mir-142-3p directly targets
the 3’UTR of BMAL1 while its expression is controlled
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CONCLUSION
The aim of this review was to highlight the implications
of the circadian system to various intracellular events
related to CRC development and progression explaining multiple epidemiological findings correlating clock
genes’ expression with CRC progression. According to
the literature the oscillating circadian clock with its components regulates numerous cellular activities such as cell
cycle, cellular metabolism and DNA damage response
with known implications in carcinogenesis. In particular,
clock genes have been related to p21, c-Myc and Wee1
regulation explaining their effect on cell cycle progression
and proliferation while recent evidence suggest that the
circadian system influences the Wnt/β-catenin signaling
which is a critical pathway for the development and progression of CRC. Moreover, it has been shown that clock
genes have important implications in the regulation of
DNA damage response. A defective circadian system may
be related to impaired DNA repair which related to the
initiation and development of CRC but at the same time
may make these cells susceptible to various DNA damaging agents. Finally, we can conclude that clock genes are
implicated in the pathogenesis of CRC with important
correlations with prognosis but may constitute an important pathway for the identification of novel agents for
modern therapeutic approaches in this type of cancer.
In general, PER proteins are considered to be inhibitors of cell cycle progression and β-catenin activation
and mediators of DDR maintaining genomic integrity
explaining the clinical data suggesting that lower levels of PER2 are associated with poorer prognosis and
metastatic disease. BMAL1 on the other hand activates
cell proliferation, β-catenin pathway and is strongly associated with CRC initiation and poor clinical outcome.
Targeting BMAL1 with miRNA may be a reasonable
approach for patients with metastatic disease. CLOCK1
is more complicated since molecular data suggest that
it inhibits cell cycle progression and promotes DNA repair upon genotoxic stress but clinical correlations show
that CLOCK1 expression is higher in CRC tissues. It
should be noted though that polymosphisms related to
dysfunctional CLOCK1 have been shown to increase the
risk for CRC and are associated with poorer prognosis.
Further studies are needed to clarify the role of this gene
in CRC development but it could be hypothesized that
the role of CLOCK1 as an inhibitor of cell proliferation
upon genotoxic stimuli can be beneficial for cancer cells’
survival after the development of the disease. Finally,
the discovery of the biological roles of these genes in
disease’s initiation and progression may provide valuable
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prognostic biomarkers which can be particularly useful
for patients with stage 2 disease regarding the addition of
chemotherapy for their management.
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Core tip: Metastatic colorectal cancer patients have
many treatment options; however, the issue of best
treatment sequence remains a challenge in this population. This review involves an in depth analysis of previous and most recent clinical advances in this field and
aims to come out with treatment sequences that identify patient groups who are most likely to benefit from
such sequences based on the current available data.

Abstract
Colorectal cancer is a lethal disease if not discovered
early. Even though appropriate screening and preventive strategies are in place in many countries, a significant number of patients are still diagnosed at late
stages of the disease. The management of metastatic
colorectal cancer remains a significant clinical challenge
to oncologists worldwide. While cytotoxic regimens
constitute the main treatment of choice in this patient
population, addition of the five biologics (bevacizumab,
cetuximab, aflibercept, panitumumab and regorafenib)
to these regimens has improved clinical outcomes.
The most commonly used cytotoxic regimens include
doublet combinations (FOLFOX/XELOX or FOLFIRI).
Many clinical trials have been published and others
are underway to compare the biologic agents with one
another in order to prove the superiority of one regimen over another. Metastatic colorectal cancer patients
have many treatment options; however, the optimal
use and sequence of targeted agents remain to be determined. This review entails concise and updated clinical data on the management of metastatic colorectal
cancer. The aim of the review is to determine where to
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INTRODUCTION
Colorectal cancer (CRC) is a lethal disease if not discovered early. Even though appropriate screening and
preventive strategies are in place in many countries, a
significant number of patients are still diagnosed at late
stages of the disease. It is reported that approximately
20%-25% of patients present with distant metastatis at
diagnosis[1,2]. Treatment goals for these patients are usually palliative rather than curative with the exception of
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a small number of patients with stage Ⅳ disease, liverconfined disease who may be surgically cured.
Recent advances in chemotherapy-based regimens
have increased median overall survival (OS) for patients
with metastatic CRC (mCRC) from 11-12 mo in the
5-fluorouracil (5-FU) era[3] to more than 24 mo in the era
of biologic compounds and doublet/triplet chemotherapy regimens[4-6].
The continuum of care approach to the management
of patients with metastatic rectal cancer is the same as
that for patients with metastatic colon cancer. The three
active conventional chemotherapy agents for mCRC are
fluoropyrimidines, irinotecan and oxaliplatin. The most
widely used cytotoxic backbone involves double-agent
chemotherapy with either FOLFOX/XELOX or FOLFIRI with no significant differences between either regimen[7,8], while triple-agent chemotherapy (FOLFOXIRI),
although achieving better progression free survival (PFS),
response rate (RR) and OS than FOLFIRI in some trials[9,10], is only reserved to patients who can tolerate such
an aggressive regimen. 5-FU/LV or capecitabine, which
have been shown to be inferior to FOLFOX[11-13] and
FOLFIRI[14,15] in terms of OS (with FOLFIRI regimen),
PFS and RR, are still a treatment of choice in patients
who cannot tolerate treatment with oxaliplatin and irinotecan. The addition of biological targets to these four
cytotoxic regimens has shown better treatment outcomes
in the majority of patients; however, debate still exists
with regards to the best sequence of treatment, and
which agents to be used in first line and then following
progression. In the discussion that follows, we review the
literature of clinical trials to come out with treatment sequences that achieve the best outcome in mCRC patients.
Data for this review were compiled using MEDLINE/PubMed, American Society of Clinical Oncology
and European Society of Medical Oncology abstract
databases published before July 2013. The search terms
included colorectal cancer, bevacizumab, panitumumab,
cetuximab, aflibercept and regorafenib. Information
regarding ongoing clinical trials was obtained using the
United Stated National Institute of Health’s online resource clinicaltrials.gov. Only articles published in English
were considered.

OS was improved in the bevacizumab arm but did not
reach statistical significance[16]. In another phase Ⅱ trial
by Kabbinavar et al, patients were randomly assigned to
5-FU/LV/placebo (n = 105) or 5-FU/LV/bevacizumab
(n = 104). RR and OS were better in the bevacizumab
arm but they did not reach statistical significance. PFS
was significantly better in the bevacizumab arm with 9.9
mo vs 5.5 mo in the placebo arm (P = 0.0002)[17]. Patients
in this trial were non-eligible to receive irinotecan basedtherapy and were ≥ 65 years. In the recent phase Ⅲ
trial by Cunningham et al, addition of bevacizumab to
capecitabine in elderly patients ≥ 70 years was associated
with significantly prolonged PFS, the primary end point,
compared with capecitabine alone (9.1 mo vs 5.1 mo, P
< 0.001)[18]. RR was also significantly improved in the
bevacizumab plus capecitabine arm (19.3% vs 10.0%, P =
0.042). OS, a secondary endpoint, was longer in patients
in the bevacizumab arm (20.7 mo vs 16.8 mo, P = 0.182)
but did not reach statistical significance and the study was
not powered to show a difference in OS between treatment arms. Therefore, patients receiving fluoropyrimidine regimens as part of their first-line treatment have
prolonged PFS of about 9 mo from the addition of bevacizumab. The toxicity profile from adding bevacizumab
was generally well tolerated in all 3 trials.
First-line irinotecan-based regimens: What is the
evidence for the addition of targeted therapy?
Bevacizumab: In a phase 3 trial by Hurwitz et al[19], patients were assigned to either receive irinotecan, bolus
5-FU and leucovorin (IFL) plus bevacizumab or the same
cytotoxic regimen with placebo. Median OS (20.3 mo vs
15.6 mo, P < 0.001), PFS (10.6 mo vs 6.2 mo, P < 0.001)
and RR (44.8% vs 34.8%, P = 0.004) were all superior in
the bevacizumab group. Results from a phase Ⅲ study
that was initially meant to compare the safety and efficacy
of 3 different irinotecan containing regimens in the firstline treatment of mCRC was later amended to compare
FOLFIRI plus bevacizumab with mIFL plus bevacizumab. At the time when the results were first published,
the median OS was not reached in the FOLFIRI arm[20].
A year later, the authors report a median OS of 28 mo in
the FOLFIRI plus bevacizumab arm compared to 19.2
mo in the mIFL plus bevacizumab arm (P = 0.037). Differences in PFS and RR were not statistically significant
between the 2 arms[21]. Based on the results from this trial, FOLFIRI plus bevacizumab was found to be superior
to mIFL plus bevacizumab in the first-line treatment of
mCRC. Two other clinical trials, the PACCE and AVIRI
trials, of FOLFIRI plus bevacizumab thereafter reported
consistent data with PFS reported to be 11.7 and 11.1
mo, OS 20.5 mo and 22.2 mo and RR 40% and 53.1%,
respectively[22,23]. The median OS of 28 mo reported by
Fuchs et al[20] was the highest survival reported when bevacizumab was added to FOLFIRI. The cytotoxic regimen
FOLFIRI was shown to be superior to IFL, and addition
of bevacizumab to both regimens yielded better results
with FOLFIRI as is expected. Nevertheless, bevacizumab

FIRST-LINE THERAPY
Single-agent fluoropyrimidine regimens: Can the
addition of anti-angiogenic therapy improve outcomes?
Addition of bevacizumab to “weaker” cytotoxic regimens
such as 5-FU/LV or to capecitabine yielded better PFS
compared to the cytotoxic regimen alone in 3 clinical trials. The first phase Ⅱ trial assessing the efficacy of adding bevacizumab to 5-FU/LV revealed that bevacizumab
at 5 mg/kg every 2 wk resulted in increases of 3.8 mo
in PFS (from 5.2 to 9.0 mo; P = 0.005) compared with
5-FU/LV alone. A statistically significant increase in RR
was demonstrated for the bevacizumab arm compared
with the control arm (40% vs 17%, P = 0.029). Median

WJG|www.wjgnet.com

1994

February 28, 2014|Volume 20|Issue 8|

Temraz S et al . Sequencing of treatment in mCRC

and FOLFIRI in the first-line treatment of mCRC is a
superior regimen and is hence recommended in patients
who can tolerate such a combination.

cetuximab/panitumumab-based regimens. And hence,
FOLFIRI plus bevacizumab is a treatment option in patients with mutated KRAS tumors.

Panitumumab: In a single arm phase Ⅱ trial, FOLFIRI
plus panitumumab in the first line setting resulted in an
overall RR of 49%, PFS of 7.6 mo and an R0 resection
rate of hepatic metastasis of 7%. When stratified according to KRAS status, those with wild-type KRAS had
better PFS (8.9 mo vs 7.2 mo), RR (56% vs 38%) and R0
resection rate (8% vs 5%) than those with mutated KRAS
tumors[24].

First-line oxaliplatin-based regimens: What is the
evidence for the addition of targeted therapy?
Bevacizumab: Addition of bevacizumab to FOLFOX
or XELOX in the NO16966 trial reported only an increase in PFS when bevacizumab was added to FOLFOX or XELOX compared to the cytotoxic regimen
alone (9.4 mo vs 8.0 mo, P = 0.0023). Median OS was
21.3 mo in the bevacizumab group and 19.9 mo in the
placebo group (P = 0.07) and RR was similar between
the two arms (47% vs 49%, P = 0.31)[27]. Other trials suggest that the addition of bevacizumab to an oxaliplatinbased regimen yields a similar magnitude of efficacy to
that seen when bevacizumab is added to a FOLFIRI regimen. In four clinical trials, addition of bevacizumab to
XELOX or FOLFOX resulted in PFS ranging between
10.3-11.4 mo, OS ranging between 20.3-24.5 mo and a
RR ranging between 46%-50%[22,28-30]. However, in all
these trials, addition of bevacizumab to oxaliplatin-based
regimens was not compared to the cytotoxic regimen
alone. The NO16966 trial was the only trial that involved
this comparison and has shown that addition of bevacizumab improved PFS as reported in other phase Ⅲ
trials, but the observed trend in an improvement in OS
did not reach statistical significance, which may be attributed to a shorter treatment duration in the bevacizumab
arm (about 6 mo) as compared to other trials and that
treatment until disease progression may be necessary to
maximize the clinical benefit derived from bevacizumab
therapy.
Results of the large observational BEAT trial of
bevacizumab concluded that median PFS, TTP (time to
treatment progression) and OS were consistent across the
doublet regimens (FOLFOX, XELOX and FOLFIRI),
suggesting thatthe efficacy of bevacizumab is not related
to thechemotherapy regimen used[31]. Results of this have
been confirmed in doublet combinations but not in triplet regimens. In a recent phase 2 trial of a head-to-head
comparison between XELOX plus bevacizumab and
XELIRI plus bevacizumab, the addition of bevacizumab
to these two cytotoxic regimens yielded similar PFS (10.4
mo vs 12.1 mo, P = 0.3) and OS (24.4 mo vs 25.5 mo,
P = 0.45) with no superiority of one regimen over the
other[32]. Another clinical trial, MAVERICC, is underway
comparing FOLFIRI plus bevacizumab vs FOLFOX plus
bevacizumab. In this phase 2 prospective study, tumoral
excision repair cross-complementation group 1 and plasma vascular endothelial growth factor A are employed as
potential biomarkers for oxaliplatin- and bevacizumabcontaining regimens, respectively (ClinicalTrials.gov Identifier: NCT01374425). While the magnitude of effect
seems to be equivalent between FOLFIRI and FOLFOX,
only further clinical trials addressing biomarkers of response to these cytotoxic regimens could stratify patients
to either cytotoxic regimen.

Cetuximab: Cetuximab with FOLFIRI in the first line
treatment of mCRC demonstrated significant clinical
activity. In the CRYSTAL (Cetuximab Combined with
Irinotecan in First-Line Therapy for Metastatic Colorectal Cancer) trial, addition of cetuximab to FOLFIRI in
patients with KRAS wild-type resulted in significantly
better OS (23.5 mo vs 20 mo, P = 0.0093), PFS (9.9 mo
vs 8.4 mo, P = 0.0012), RR (57.3% vs 39.7%, P < 0.001)
and R0 resection rate (5.1% vs 2%, P = 0.0265) compared
with FOLFIRI alone[25]. However, patients with mutated
KRAS status failed to achieve improvement in survival
and RRs.
Cetuximab vs bevacizumab: The German AIO (Arbeitsgemeinschaft Internistische Onkologie) KRK-0306
(FIRE-3) phase Ⅲ randomized multicenter trial compared the efficacy of FOLFIRI-cetuximab to FOLFIRIbevacizumab in 592 patients with wild-type KRAS
mCRC who were not previously treated for metastatic
disease[4]. The primary endpoint was the overall RR.
Among the intent to treat (ITT) population, overall RR
(62% vs 58%, P = 0.183) and PFS (10.0 mo vs 10.3 mo, P
= 0.547) were similar between the cetuximab and bevacizumab arms, respectively. In those 526 patients assessable
for efficacy, the overall RR was significantly higher in the
FOLFIRI-cetuximab arm (72.2% vs 63.1%, P = 0.017).
OS was significantly longer in patients treated with
FOLFIRI-cetuximab (28.7 mo) compared with patients
who received FOLFIRI-bevacizumab (25 mo, P = 0.017).
The lack of correlation between PFS and OS in this trial
is unclear and may be related to the subsequent therapies
used after first-line treatment and also highlights the importance of choice of primary endpoint. In a subgroup
analysis of the same trial for patients with mutated KRAS
tumors, neither strategy demonstrated a clearly superior
outcome[26]. Results from the US intergroup phase Ⅲ
C80405 trial which randomized patients to either cetuximab or bevacizumab with FOLFOX or FOLFIRI will
help address this issue as well. But for now, and until data
from other trials become available, the optimum biologic
to be used with FOLFIRI based on the current available
data seems to be cetuximab. In patients with mutated
KRAS tumors, and even though bevacizumab did not
seem to incur additional benefits over cetuximab in the
subgroup analysis, it is still not recommended to use
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Aflibercept: In a phase Ⅱ trial assessing the efficacy
of aflibercept when added to FOLFOX in the first-line
treatment of mCRC, no significant improvement in RR
and PFS was achieved. OS in that trial was not reported[5]. Hence, for now, aflibercept is not recommended in
the first line treatment when added to a FOLFOX regimen. Its efficacy in the second-line setting was achieved
when added to FOLFIRI which may also be of benefit
if used in the first-line. However, no clinical trial has yet
addressed this issue and so aflibercept’s use is limited to
second-line treatment regimens that involve irinotecan
naïve patients.

KRAS wild-type in the cetuximab arm plus FOLFOX or
XELOX and 358 patients with KRAS wild-type in the
control arm (FOLFOX or XELOX without cetuximab).
The investigators reported no differences in OS (17 mo
vs 17.9 mo, P = 0.67) and PFS (8.6 mo vs 8.6 mo, P = 0.6)
between cetuximab arm and control group, respectively.
RR, on the other hand, was increased from 57% with
chemotherapy alone to 64% with addition of cetuximab
(P = 0.049)[35]. A post-hoc analysis; however, demonstrated improvement in PFS in the infusional FOLFOX plus
cetuximab (P = 0.037) but not in the XELOX plus cetuximab group (P = 0.88). A PFS benefit was restricted to
those patients with wild-type KRAS and those with no or
only one metastatic site treated with 5-FU infusion therapy (P = 0.011).The number of patients receiving XELOX (n = 240) far exceeded those receiving FOLFOX (n
= 117) which may have contributed to the negative outcomes seen in the cetuximab arms. Moreover, the COIN
trial reported significant dose reductions in infusional
5-FU in the FOLFOX plus cetuximab arm compared
to the control group (P = 0.016) and the XELOX plus
cetuximab group received significant dose reductions of
both oxaliplatin (P = 0.0018) and capecitabine (P = 0.004)
compared to the control arm which may explain in part
the lack of efficacy in the cetuximab arms. The Nordic Ⅶ
trial investigated the efficacy of cetuximab when added to
bolus 5-FU/LV/oxaliplatin (FLOX)[36]. The trial included
194 patients with wild-type KRAS; 97 patients received
FLOX plus cetuximab and 97 received FLOX alone. An
additional 130 patients with mutant KRAS tumors were
randomized between the two arms. In patients with wildtype KRAS, a trend towards worse outcome was seen in
terms of OS (20.1 mo vs 22 mo, P = 0.48) and PFS (7.9
mo vs 8.7 mo, P = 0.66) between the cetuximab arm and
the control arm, respectively. Additionally, the RR did not
differ between the two groups (46% vs 47%, P = 0.89).
On the other hand, patients with mutated KRAS tumors
exhibited a trend toward better prognosis when they were
treated with cetuximab; PFS (9.2 mo vs 7.8 mo, P = 0.07),
OS (21.1 mo vs 20.4 mo, P = 0.89) and RR (35% vs 23%,
P = 0.31). Hence, both the COIN and NORDIC Ⅶ trials
did not demonstrate an efficacy from the addition of cetuximab to oxaliplatin-based regimens. However, this was
not the case in the OPUS trial which demonstrated a significant improvement in PFS when cetuximab was added
to FOLFOX regimen. It seems that cetuximab is efficient
when added to infusional 5-FU as seen in the OPUS trial,
while capecitabine or bolus 5-FU are not associated with
significant improvement in PFS. The PRIME trial also
demonstrated a significant improvement in PFS when
panitumumab was added to the FOLFOX regimen. The
AIO KRK-0104 study randomly assigned 198 patients
to either cetuximab plus XELIRI (n = 93) or cetuximab
plus XELOX (n = 92)[37]. The trial was not powered to
compare the two treatment regimens; however, the RR
was similar for the two arms (46.1% in XELIRI vs 47.7%
in XELOX arm). The PFS reported in this trial is lower
than that reported in both the OPUS and CRYSTAL

Panitumumab: In the phase Ⅲ Panitumumab Randomized Trial in Combination with Chemotherapy for Metastatic Colorectal Cancer to Determine Efficacy (PRIME)
study, addition of panitumumab to FOLFOX in the firstline treatment of patients with KRAS wild-type significantly improved PFS (9.6 mo vs 8.0 mo, P = 0.02). The
overall increase in survival was not significant but was
higher in the panitumumab group (23.9 mo vs 17.9 mo, P
= 0.072) as well as the overall RR (55% vs 48%; P = 0.068)
and R0 resection rate (8.3% vs 7.0%)[5].
Wild-type RAS (wild-type KRAS exons 2, 3, 4 and
wild-type NRAS exons 2, 3, 4) was associated with significantly better OS (26 mo vs 20.2 mo, P = 0.04) and
PFS (10.1 mo vs 7.9 mo, P < 0.01) in the panitumumab
plus FOLFOX arm than the FOLFOX arm alone. In
patients with wild-type KRAS exon 2 but mutated other
RAS (KRAS exons 3, 4 or NRAS exons 2, 3, 4), the PFS
and OS were not different between the two arms. Hence,
patients with wild-type RAS have a statistically significant OS benefit when treated with panitumumab plus
FOLFOX vs FOLFOX alone. Panitumumab is unlikely
to benefit patients with any RAS mutations and BRAF
mutation had no predictive value[33].
Cetuximab: Unlike the synergy seen between cetuximab and irinotecan, data on the efficacy of cetuximab
with oxaliplatin-based regimens report conflicting results
ranging from additive to detrimental effects of these two
drugs. The phase 2 oxaliplatin and cetuximab in first-line
treatment of metastatic colorectal cancer (OPUS) trial
demonstrated that addition of cetuximab to FOLFOX4
regimen resulted in significant improvement in PFS (8.3
mo vs 7.2 mo, P = 0.0064), RR (57% vs 34%, P = 0.0027),
R0 resection rate (12% vs 3%, P = 0.0242) but only a
trend toward improvement in OS (22.8 mo vs 18.5 mo, P
= 0.39)[34]. However, two recent phase 3 trials, the Medical Research Council Continuous Chemotherapy plus
Cetuximab or Intermittent Chemotherapy with Standard
Continuous Palliative Combination Chemotherapy with
Oxaliplatin and Fluoropyrimidine in First-Line Treatment of Metastatic Cancer (MRC COIN) and Nordic
Colorectal Cancer Biomodulation Group Study 7 (NORDIC Ⅶ) trials have raised more questions with regards
to the efficacy of cetuximab with oxaliplatin-based regimens. The MRC COIN study involved 357 patients with
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cetuximab benefit in patients with G13D mutations was
not reproducible with panitumumab in other pooled retrospective analysis of 3 trials with the use of FOLFOX
with or without panitumumab in the first-line setting
(PRIME trial), FOLFIRI with and without panitumumab
in the second-line setting and best supportive care with
and without panitumumab in the salvage setting[43]. No
mutant KRAS allele was consistently identified as a predictive factor for PFS or OS in either the control arm or
the panitumumab arm[43]. Prospective randomized trials
in patients with G13D mutations are needed before any
conclusions could be made about the potential benefit
from cetuximab (or panitumumab). One such trial is currently open to accrual[44].

trials probably further indicating that cetuximab is more
efficient with infusional 5-FU regimens than either bolus
5-FU or capecitabine regimens. It is of note that the OS
reported in the trial was comparable to that observed
in OPUS and Crystal trials. A recent meta-analysis that
pooled results ofthe PRIME, OPUS, COIN, and NORDIC Ⅶ revealed that addition of cetuximab and panitumumab to oxaliplatin-based regimens in the first line
setting significantly improved PFS (P = 0.03) and RR (P
= 0.009) compared to chemotherapy alone but the difference in OS was not significant. OS and PFS were not significant when cetuximab and panitumumab were added
to bolus 5-FU or capecitabine-based regimens compared
with chemotherapy alone[38].
The recent results of the new EPOC study revealed
detrimental results with the addition of cetuximab to
chemotherapy (fluoropyrimidine and oxaliplatin) in patients with liver resectable metastases and KRAS wildtype tumors thus questioning the role of cetuximab in
upfront therapy with oxaliplatin based regimens in this
setting[39]. The study randomized 272 patients to chemotherapy alone or chemotherapy with cetuximab. The trial
was stopped when the study met a protocol pre-defined
futility analysis. PFS was significantly worse in the cetuximab arm (14.8 mo vs 24.2 mo, P < 0.048). The phase 2
OPUS trial was the only trial that supported the addition
of cetuximab to FOLFOX and so until a phase 3 trial of
cetuximab plus FOLFOX demonstrates superior clinical activity over FOLFOX alone, this cytotoxic regimen
is still not recommended in the first-line treatment of
mCRC patients and particularly in patients with resectable liver metastases.
In a pooled, retrospective analysis by Roock et al[40]
of 579 mCRC patients who received cetuximab, patients
with mutation in codon 13 (G13D) had significantly
longer OS (7.6 vs 5.7 mo; P = 0.005) and PFS (4.0 mo vs
1.9 mo, P = 0.004) than patients with other KRAS mutations. In addition, OS was similar between patients with
the G13D mutation and patients with wild-type KRAS.
Moreover, pooled data from 1378 evaluable patients from
the CRYSTAL and OPUS studies revealed significant
variations in treatment effects for RR (P = 0.005) and
PFS (P = 0.046) in patients with G13D-mutant tumors
vs all other mutations[41]. Cetuximab plus chemotherapy
vs chemotherapy alone significantly improved PFS (7.4
mo vs 6.0 mo, P = 0.039) and RR (40.5% vs 22.0%, P =
0.042) but not OS (15.4 mo vs 14.7 mo, P = 0.68) in patients with G13D-mutant tumors. However, the efficacy
of cetuximab in patients with G13D mutations was inferior to those with wild-type KRAS. A study by Gajate
et al[42] reported different results, patients with mutation
in G13D did not differ significantly in PFS (4.96 mo vs
3.1 mo, P = 0.72) and OS (8.2 mo vs 14.6 mo, P = 0.084)
from other KRAS mutations. Also, as seen in pooled
data from the CRYSTAL and OPUS studies, patients
with KRAS wild-type tumors have a longer PFS (7.3 mo,
P = 0.025) and OS (19.0 mo, P = 0.004) than patients
with G13D-mutated tumors[42]. Moreover, the finding of
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Panitumumab vs bevacizumab: The PEAK study was
the first prospective trial to compare bevacizumab to an
anti-EGFR monoclonal antibody in combination with an
oxaliplatin-based regimen[45]. Median PFS was 10.9 mo
with panitumumab and 10.1 mo with bevacizumab (P
= 0.35). Median OS has not been reached with panitumumab and was 25.4 mo with bevacizumab (P = 0.14).
The overall RRs were 58% and 54% and the resection
rates were 13% and 11% for the panitumumab and bevacizumab arms, respectively.
In a prospective-retrospective analysis of the PEAK,
patients with wild-type RAS receiving panitumumab had
a PFS of 13.1 mo while those receiving bevacizumab had
a PFS of 9.5 mo (P = 0.02)[46]. OS in the panitumumab
arm was not reached while in the bevacizumab arm OS
was 29 mo (P = 0.06). In patients with wild-type KRAS
exon 2 but mutated KRAS (exons 3 or 4) or mutated
NRAS (exons 2, 3 or 4), both the PFS (7.8 mo vs 8.9
mo, P = 0.44) and OS (not reached vs 21.6 mo, P = 0.5)
were comparable between the panitumumab and bevacizumab arms. In this first-line estimation study in patients
with wild-type RAS mCRC, PFS and OS favored panitumumab plus FOLFOX relative to bevacizumab plus
FOLFOX.
First-line FOLFOXIRI: Should targeted agents be added
to this chemotherapy combination?
Bevacizumab: Bevacizumab with triple cytotoxic regimens seems to be superior to doublet regimens. Recently,
Falcone et al[6] reported the results of the Tribe trial where
they sought to confirm the superiority of FOLFOXIRI
over FOLFIRI when bevacizumab is added to both
regimens. FOLFOXIRI plus bevacizumab significantly
increased PFS (median 9.5 mo vs 11.9 mo, P = 0.001)
and RR (53% vs 64%, P = 0.015) when compared to
FOLFIRI plus bevacizumab. Median OS for FOLFOXIRI/bevacizumab was 31.0 mo compared with 25.8 mo
in the FOLFIRI/bevacizumab group (P = 0.054). Grade
3-4 neurotoxicity, diarrhea, stomatitis, and neutropenia
were significantly higher (P < 0.05) in patients receiving
FOLFOXIRI/bevacizumab; while the incidence of febrile neutropenia, serious adverse events, and treatmentrelated deaths were similar among the two groups. Pre-
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liminary results of the OPAL trial assessing the safety of
FOLFOXIRI with bevacizumab in the first-line setting in
96 patients revealed that the incidence of adverse events
was as previously reported by Falcone et al[6] and that
the regimen was well tolerated among the patient population included in the study. An interesting activity of
FOLFOXIRI/bevacizumab was seen in BRAF mutated
cancers; however, the numbers were low to derive any
definite conclusions[6]. FOLFOXIRI regimen has been
shown to be superior to FOLFIRI alone in the first line
treatment of mCRC[9,10] and whether an additional benefit
is employed from the addition of bevacizumab is unclear.
The superiority of FOLFOXIRI plus bevacizumab over
FOLFOX plus bevacizumab has also been reported in
the phase 2 OLIVIA trial[48]. The R0 resection rate was
significantly higher (48.8% vs 23.1%, P = 0.017), RR was
higher but did not reach statistical significance and PFS
data are still immature but favor the FOLFOXIRI arm.
The results suggest that FOLFOXIRI-bevacizumab
improves resection rates, RR, and long-term outcomes
vs FOLFOX-bevacizumab in patients with initially unresectable colorectal liver metastases. Grade ≥ 3 adverse
events occurred in 84% of patients in the FOLFOX arm
compared to 95% in the FOLFOXIRI arm and included
neutropenia (35% vs 48%), febrile (8% vs 13%) and diarrhea (14% vs 28%).
A clinical trial comparing FOLFOXIRI plus bevacizumab to FOLFOXIRI alone could define the magnitude
of effect from the addition of bevacizumab. Moreover,
BRAF-mutated microsatellite stable tumors have a poor
prognosis[49] and could hence be good candidates to an
aggressive regimen such as FOLFOXIRI plus bevacizumab. Also, receiving FOLFOXIRI-bevacizumab as
first-line treatment limits choices in subsequent treatment
arms, an issue that questions the importance of second
and third line treatments. Among elderly Medicare metastatic CRC patients who survived at least 1 year after diagnosis, first-line therapy improved both short and longterm survival[50]. Second and subsequent chemotherapy
lines reduced short-term mortality (2 years); however,
they didn’t add any additional long term survival benefit
(5 years) as compared to first-line therapy. So, should we
worry about the sequential treatment strategy or should
we provide the best upfront treatment? Only clinical trials addressing the benefit of first and subsequent lines of
therapy between several treatment sequences can answer
this question.

SUBSEQUENT TREATMENT OPTIONS
Subsequent treatment options following progression on
the 4 aforementioned cytotoxic backbones and their associated targets are summarized in Figure 1.
Progression following treatment with 5-FU or
capecitabine plus bevacizumab: What are the options?
Patients progressing on 5-FU or capecitabine with bevacizumab in the first-line are unlikely to receive any regimen
containing irinotecan or oxaliplatin in subsequent lines of
therapy. Therefore, patients progressing on first line 5-FU
or capecitabine-bevacizumab have only the option of
EFGR monoclonal antibodies in the second line setting
if they have KRAS wild type tumors then regorafenib as
their last treatment line[53-56]. Patients with mutated KRAS
can only receive regorafenib as their second treatment
line since anti-EGFR therapy in this patient population is
not recommended.
Progression following FOLFOX plus bevacizumab: What
are the options?
Patients receiving the FOLFOX regimen with bevacizumab in the first-line setting receive the alternative cytotoxic regimen FOLFIRI following progression[57-59]. The
TML trial enrolled 820 patients with unresectable mCRC
who progressed within 3 mo after discontinuing first-line
treatment with a bevacizumab-containing chemotherapy
regimen. Patients were randomized to receive either oxaliplatin-based or irinotecan-based chemotherapy (depending on what they received first line) plus bevacizumab
(n = 409) or chemotherapy alone (n = 411). Results of
the primary analysis showed a significant improvement
in OS (11.2 mo vs 9.8 mo, P = 0.006) and PFS (5.7 mo
vs 4.1 mo, P < 0.0001) in favor of the bevacizumab plus
chemotherapy arm[60]. RR were comparable between the
two treatment arms (5.4% vs 3.9%, P = 0.3113). In a post
hoc subgroup analysis of the trial, patients progressing
on oxaliplatin-based chemotherapy with bevacizumab
and crossing over to irinotecan-based chemotherapy with
bevacizumab had a prolonged OS (12 mo vs 10 mo, P =
0.052) and PFS (6.2 mo vs 4.2 mo, P = 0.0005) compared
to the chemotherapy alone arm. The BEBYP trial, conducted by the Gruppo Oncologico Nord Ovest, also supported the results of the TML trial[61]. A significant clinical benefit was associated with continuing bevacizumab
after first-line bevacizumab-containing chemotherapy.
At a median follow-up of 18 mo, median PFS was 6.77
mo in the bevacizumab arm compared to 4.97 mo in
the chemotherapy-alone arm (P = 0.006). In the phase
3 VELOUR trial, addition of aflibercept to FOLFIRI
in patients who progressed on an oxaliplatin-based regimen resulted in significant improvement in OS (13.5 mo
vs 12.06 mo, P = 0.0032) and PFS (6.90 mo vs 4.67 mo,
P < 0.0001) compared to FOLFIRI plus placebo[62]. The
OS and PFS were comparable to those achieved with
bevacizumab and FOLFIRI and prove the superiority of
aflibercept with FOLFIRI over FOLFIRI alone. Hence,

Cetuximab: Data on cetuximab with FOLFOXIRI is
still premature. Two small trials reported high RRs of 79
and 81%, OS of 35 and 24.7 mo, and one trial reported
a PFS of 9.5 mo[51,52]. Toxicity will likely be a problem
with such a combination. But till now, the only biologic
target whose efficacy with FOLFOXIRI has been proven
in phase Ⅲ trials is bevacizumab. A trial comparing the
FOLFOXIRI regimen alone to FOLFOXIRI plus biologics is needed to assess the efficacy of biologics with
this cytotoxic regimen.
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aflibercept with FOLFIRI constitutes another treatment of choice in patients progressing on first-line FOLFOX plus bevacizumab. Following progression on this regimen and
having received all standard therapies, patients with mutated KRAS can be administered regorafenib monotherapy as their final treatment line.
A subset of patients with mutated RAS includes patients with wild-type KRAS. In this subset of patients, panitumumab or cetuximab plus FOLFIRI or irinotecan could
be a treatment option. FOLFIRI plus panitumumab resulted in significantly better PFS (5.9 mo vs 3.9 mo, P = 0.004) and a trend toward improved OS compared to FOLFIRI
alone that did not reach statistical significance and which may have been attributed to the large number of patients receiving anti-EGFR therapy following progression [63]. The
EPIC trial, which evaluated irinotecan monotherapy with irinotecan plus cetuximab in patients pre-treated with FOLFOX, revealed that cetuximab added to irinotecan significantly improved PFS (4.0 mo vs 2.6 mo, P ≤ 0.0001) and RR (16.4% vs 4.2%, P < 0.0001) but not OS[64]. In these trials, cetuximab and panitumumab resulted in significantly
better PFS and RR but not OS while bevacizumab and aflibercept were associated with significantly better OS compared to chemotherapy alone. In a head-to-to head comparison between panitumumab and bevacizumab with FOLFIRI following progression on oxaliplatin-based chemo and bevacizumab, the SPIRITT trial revealed no significant
difference in OS and PFS between the two arms. However, RR was higher in the panitumumab arm (28% vs 16%)[65]. The worst of grade 3/4 adverse events were recorded for
78% of the panitumumab arm vs 65% of the bevacizumab arm but this did not appear to impact discontinuation rates (29% vs 25% rates of discontinuation due to adverse
events, respectively). Another phase 2 trial is currently recruiting participants to compare the efficacy of cetuximab vs bevacizumab with chemotherapy following progression
on bevacizumab and chemotherapy in the first-line setting (ClinicalTrials.gov Identifier: NCT01442649). At this point, the choice of whether to use anti-EGFR therapy or bevacizumab with FOLFIRI partly depends on the patient’s clinical situation. If the patient is suffering from large tumor burden and is progressing rapidly, then panitumumab
may be a better choice since it is associated with a higher response rate. But if skin toxicity is a concern, bevacizumab should be used.
Patients with wild-type KRAS have two options; either bevacizumab/aflibercept with FOLFIRI or panitumumab/cetuximab with FOLFIRI. Patients receiving bevacizumab/afliberceptplus FOLFIRI have the chance to be given irinotecan plus cetuximab as a third treatment line. In this setting, 55 heavily pretreated patients whose disease had

Figure 1 Treatment sequences achieving best clinical outcomes in specified patient population based on current clinical data. Red circles show where biologic targets fit into the cytotoxic treatment sequence (shown in grey boxes) and
the specific circumstances that favor its use (shown in dashed comments). Bev: Bevacizumab; Cet: Cetuximab; Pan: Panitumumab; Reg: Regorafenib; Afl: Aflibercept; Cape: Capecitabine; WT: Wild-type; RAS WT: wild-type KRAS and NRAS. 5-FU:
5-fluorouracil.
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P < 0.0001) and OS (10.9 mo vs 9.3 mo, P = 0.0454) than
patients in the chemotherapy alone arm. The last line of
therapy available for these patients involves regorafenib
which yielded an OS of 6.4 mo compared to best supportive care alone which yielded an OS of 5.0 mo (P =
0.0052)[69].

progressed during or within an oxaliplatin-based first-line
chemotherapy and an irinotecan-based second-line regimen were given irinotecan and cetuximab. This regimen
in the third-line treatment resulted in a median PFS of 4.7
mo and median OS of 9.8 mo[66]. Finally, their last treatment line will involve regorafenib. On the other hand,
patients with wild-type KRAS receiving panitumumab or
cetuximab in the second line setting with FOLFIRI can
only be administered regorafenib following progression.

Progression following FOLFOXIRI plus bevacizumab:
What are the options?
Patients progressing on the FOLFOXIRI plus bevacizumab regimen and having wild-type KRAS status benefit from irinotecan and cetuximab in the second treatment line. In a phase 2 trial of 40 patients progressing
on at least one line of chemotherapy, biweekly cetuximab
biweekly and irinotecan resulted in a RR of 22.5%, PFS
of 3.4 mo and OS of 8 mo[70]. As their last treatment line,
patients could receive regorafenib. On the other hand, if
patients had mutated KRAS tumors, then their second
treatment option would be regorafenib.

Progression following FOLFOX plus panitumumab:
What are the options?
Patients with wild-type RAS who receive first-line therapy
with panitumumab and FOLFOX, are administered
either aflibercept or bevacizumab with the FOLFIRI
regimen which both have shown a survival benefit over
chemotherapy alone[60,62]. Following progression on either
of these lines, the last treatment of choice remaining for
these patients is regorafenib since they have progressed
on all standard therapies.

DISCUSSION

Progression following FOLFIRI plus cetuximab: What
are the options?
Patients with KRAS wild-type tumors progressing on
FOLFIRI plus cetuximab should receive the FOLFOX
regimen with bevacizumab. Aflibercept with FOLFOX
did not show any significant improvement in the first-line
setting and so it is not recommended in the second-line
setting. Moreover, the GOIM (Gruppo Oncologico Dell’
Italia Meridionale) trial is underway to assess the efficacy
of FOLFOX with or without cetuximab following progression on cetuximab plus FOLFIRI[67]. Until the results
of this trial become available, bevacizumab is used in this
setting with the FOLFOX regimen. The ECOG (Eastern
Cooperative Oncology Group) Study E3200 assessed the
efficacy of bevacizumab plus FOLFOX in patients previously treated with fluoropyrimidine and irinotecan to
FOLFOX alone and found that OS (12.9 mo vs 10.8 mo,
P = 0.0011), PFS (7.3 mo vs 4.7 mo, P < 0.0001) and RR
(22.7% vs 8.6%, P ≤ 0.0001) were all significantly higher
in the bevacizumab group compared to the FOLFOX
regimen alone[68]. Patients progressing on bevacizumab
and FOLFOX benefit from regorafenib monotherapy
in the third-line setting. Regorafenib is approved for the
treatment of mCRC patients who progressed on standard
therapies and was shown to be superior to supportive
care in the CORRECT trial[69].

First-line treatment involves four cytotoxic backbones
to which biologic targeted agents have been added. The
effect of these targeted agents ranges from synergistic to
detrimental and hence it is crucial to know where to fit
these compounds into the management of mCRC patients. 5-FU or capecitabine is a weak regimen limited to
elderly patients and those who cannot tolerate aggressive
regimens. The addition of bevacizumab to this cytotoxic
regimen yielded better PFS of up to 9 mo[16-18].
FOLFOX (or XELOX) is arguably the doublet
cytotoxic regimen most commonly used in the firstline treatment of mCRC. The combination of EGFRtargeted therapy with this regimen has shown conflicting
results with cetuximab but not with panitumumab. Addition of panitumumab to this regimen yielded an OS and
PFS benefit in patients with wild-type RAS compared
to bevacizumab[46]. Hence, patients with wild-type RAS
are good candidates for FOLFOX plus panitumumab
regimens while patients exhibiting any RAS mutation are
candidates for FOLFOX plus bevacizumab. The other
doublet cytotoxic regimen used in the first-line treatment
is FOLFIRI. In a head-to-head comparison between bevacizumab and cetuximab with this regimen, cetuximab
seems to be superior to bevacizumab[4]. Hence, cetuximab
with FOLFIRI is limited to patients with KRAS-wild
type and possible mutated KRAS with G13D mutations
while other mutated KRAS tumors are more likely to
benefit from FOLFIRI with bevacizumab. The results of
the Intergroup C80405 study are eagerly awaited and it
is hoped that results of this study will reveal the optimal
first-line regimen for chemotherapy doublet plus targeted
therapy. As for the triplet cytotoxic regimen FOLFOXIRI, and even though it was associated with significantly
more adverse events when added to bevacizumab than
either FOLFIRI or FOLFOX regimen, it resulted in the
longest reported PFS and OS[6,48]. Cetuximab with this

Progression following FOLRIRI plus bevacizumab: What
are the options?
Patients with mutated KRAS, who cannot receive antiEGFR therapy as part of their treatment, receive FOLFIRI plus bevacizumab and then cross over to FOLFOX
plus bevacizumab after progression. In the TML trial,
the post hoc analysis revealed that patients receiving
irinotecan-based regimens with bevacizumab and then
receiving bevacizumab with oxaliplatin-based regimens
after progression had prolonged PFS (5.4 mo vs 3.8 mo,
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regimen yielded very high RRs but the data are still immature in this setting[51,52].
As outlined in Figure 1, second and third-line treatment options will depend on the drugs used in the first
line setting. Biomarkers such as RAS mutation status remain of key importance. For patients with RAS wild-type
tumors who have received anti-angiogenic rather than
EGFR-targeted therapy in the first-line setting there is a
choice to be made whether to continue anti-angiogenic
therapy and switch the chemotherapy backbone, reserving EGFR-targeted therapy to the third line, or switch
both chemotherapy and targeted therapy. We have no
definitive data to guide this decision however there appears to be an advantage to the use of cetuximab in combination with irinotecan over oxaliplatin. Regorafenib has
shown a survival advantage over placebo in heavily pretreated patients and we are awaiting further work to identify biomarker that might help us select which patients
are more likely to benefit from this therapy.
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CONCLUSION
Current options for the management of metastatic CRC
involve the use of four cytotoxic chemotherapy regimens
and five targeted therapeutic agents. The optimal use and
sequencing of these agents has yet to be determined. A
major concern regarding clinical trials designed to compare one regimen with another is the large number of patients crossing over to the alternative regimen which may
hinder the exact interpretation of OS. To overcome such
a drawback, treatment sequences should be compared
from line one up to subsequent treatment lines. In such a
way, the efficacy of the whole treatment sequence is compared to another treatment sequence with the OS, PFS,
RR and R0 resection rates compared across all treatment
lines. Such trials are beginning to emerge and are currently underway (ClinicalTrials.gov Identifier: NCT01910610
and NCT01878422). As we learn more about the biology
of this disease and biomarkers for treatment selection,
we hope to improve outcomes for all patients.
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Core tip: Surgical treatment for oligo-recurrence of
colorectal cancer (CRC) within nodal area is not a widely accepted treatment due to due to their relative rarity
and high postoperative morbidity. High-dose stereotactic body radiotherapy (SBRT) can ablate the tumor
with an efficacy similar to that achieved with surgery,
especially for small tumors. Recently, several investigators successfully treated oligo-recurrence of CRC within
nodal area with SBRT. This article reviews the current
clinical status of and treatment methods for oligorecurrence within nodal area from CRC, with particular
emphasis on SBRT.

Abstract
Seo YS, Kim MS, Yoo HJ, Jang WI. Stereotactic body
radiotherapy for oligo-recurrence within the nodal area from
colorectal cancer. World J Gastroenterol 2014; 20(8): 2005-2013
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i8/2005.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i8.2005

Recurrence of colorectal cancer (CRC) often presents
as solitary metastases, oligometastases or oligo-recurrence. Surgical resection became the preferred treatment for patients with CRC lung and hepatic metastases. However, surgical treatment for oligo-recurrence
within nodal area is not a widely accepted treatment
due to due to their relative rarity and high postoperative morbidity. Stereotactic body radiotherapy (SBRT)
is one of the emerging radiation treatment techniques
in which a high radiation dose can be delivered to the
tumor. High-dose SBRT can ablate the tumor with an
efficacy similar to that achieved with surgery, especially for small tumors. However, there have been very
few studies on SBRT for oligo-recurrence within nodal
area, although several studies have evaluated the role
of SBRT in the treatment of liver and lung metastases
from CRC. This article reviews the current clinical status
of and treatment methods for oligo-recurrence within
nodal area from CRC, with particular emphasis on
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INTRODUCTION
Colorectal cancer (CRC) remains a major health problem worldwide and is the third most common cause of
cancer-related death globally[1]. It is more common in developed than in developing countries. However, in Asia,
the incidence of CRC is rising rapidly, and it is now the
third most common malignant disease in both men and
women[2-4]. Although surgery, chemotherapy, and radiotherapy (RT) for CRC have all developed rapidly in recent
decades, approximately 20%-50% of CRC patients still
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develop recurrence after definitive treatment[5-7]. This recurrence often presents as solitary metastases or oligometastases, and indeed a study by Tepper et al[6] found that
approximately 70% of CRC recurrences were solitary.
The term oligometastases, introduced in 1995[8] and
expanded upon more recently[9], describes an intermediate state of cancer spread between localized disease and
widespread metastases. The implication of this intermediate state is that metastatic disease might be cured using metastasis-directed therapy. As a further conceptual
reﬁnement, Niibe et al[10] suggested the concept of oligorecurrence as a disease stage in which there are a limited
number of metastases and in which the primary tumor
has been controlled. Patients with oligo-recurrence have
an improved prognosis compared to those with limited
metastasis but uncontrolled primary tumors.
Evidence from a number of clinical studies has suggested that surgical resection of lung and hepatic metastases from CRC prolongs survival[11-15]. As a result, surgical resection, became the preferred treatment for patients
with CRC lung and hepatic metastases. However, surgical
treatment for oligo-recurrence within the nodal area is
not a widely accepted treatment, even when lesions are
localized, due to their relative rarity, high postoperative
morbidity, and unsatisfied surgical margin etc. If patients
with oligo-recurrence do not receive treatment, their median survival is typically only 6-15 mo and the disease is
frequently accompanied by refractory pain[16-19].
Stereotactic body radiotherapy (SBRT) is one of the
emerging radiation treatment techniques in which a high
radiation dose can be delivered to the tumor. It allows for
high precision with tight planning margins and a sophisticated treatment plan allowing rapid dose fall-off away
from the treatment area. Therefore, this technique provides higher tumor dose description with smaller irradiated volumes of normal tissue. And high-dose SBRT in a
single or small number of fractions can ablate the tumor
with an efficacy similar to that achieved with surgery, especially for small tumors[16,20-24]. However, SBRT can correspondingly cause more damage to normal tissue if it is
included in the radiation field because repair mechanism
is not expected in high ablative radiation dose. Therefore,
it is important to select the optimal indication for SBRT,
and one of these may be nodal metastases as they usually have clearly demarcated margins and allow very little
movement. However, there have been very few studies
on SBRT for oligo-recurrence within the nodal area, although several studies have evaluated the role of SBRT
in the treatment of liver and lung metastases from CRC.
This article reviews the current clinical status of and
treatment methods for oligo-recurrence within the nodal
area from CRC, with particular emphasis on SBRT.

the pelvis or associated with operable oligo-recurrence
and are thus potentially amenable to curative re-operation[25-27]. Nevertheless, radical surgery is challenging, not
commonly performed, and historically associated with
high morbidity and mortality. The most important prognostic factor is whether R0 resection can be achieved.
Previous studies have reported 5-year overall survival
rate for R0 surgical resection ranging from 19% to 53%,
whilst the rate is only between 0% and 32% when complete resection cannot be achieved[28-37]. However, in most
cases, recurrence is detected as a ﬁxed mass that invades
the pelvic wall or sacrum. Pelvic sidewall recurrence in
particular is associated with the worst prognosis and the
least likelihood of achieving an R0 resection[38]. The disease often involves key structures such as the ureters, iliac
vessels, the sciatic nerve, or the bony pelvis itself, and
extensive involvement of the sidewall is a relative contraindication for the surgical treatment of recurrent rectal
cancer.
Isolated paraaortic lymph node (PALN) recurrences
are rarely encountered from CRC, and consequently its
treatment is not well established. Recently, Min et al[39]
categorized PALN recurrence as a retroperitoneal malignancy, which in turn is a type of locoregional recurrence.
Furthermore, several studies [16,40,41] have investigated
the therapeutic efficacies of surgery for retroperitoneal,
intraabdominal, and PALN recurrences, and several reported outstanding survival rates, which appear to have
resulted from the selection of patients with a resectable
mass at time of recurrence. In these studies, the reported
5-year survival rates approached a maximum of 56%
after complete resection, whereas they ranged from 0%
to 7% after incomplete resection. Because radical surgery
is rarely feasible for PALN recurrence, they have usually
been treated using chemotherapy.

SBRT FOR OLIGO-RECURRENCE WITHIN
THE NODAL AREA FROM CRC
Radiobiological aspects of SBRT
SBRT may differ biologically from conventional RT,
which is administered in small doses of 1.8-2 Gy per
fraction over 6-8 wk. In addition to the direct cell killing
within the high-dose region, vascular and stromal effects
also likely contribute to tumor control[42]. Experimental
models have demonstrated the importance of sphingomyelinase-mediated endothelial apoptosis of tumor cells
when high-dose RT is used[43,44]. Another host factor of
potential importance after a high single dose (or a few
doses) of RT is the activation of the innate and adaptive immune responses against the tumor[45-47]. Lee et al[47]
reported that a single ablative dose of radiation (20 Gy)
to the tumor dramatically increased T-cell priming in the
draining lymphatic tissues. This CD8(+) T-cell response
was essential for the antitumor effects of irradiation and
resulted in a reduction in primary tumor size and an abscopal effect[48,49] on distant metastases. The clearance of

SURGERY FOR OLIGO-RECURRENCE
WITHIN THE NODAL AREA FROM CRC
Approximately 50% of local recurrences are restricted to
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Figure 1 CyberKnife planning of stereotactic body radiotherapy for
paraaortic lymph node metastases from colorectal cancer. A: Axial view
1; B: Sagittal view; C: Coronal view; D: 3D view. Gross tumor volume (red
arrow) was defined as the visualized lymph node. The radiation dose, 48 Gy
in 3 fractions, was prescribed to the 80% isodose line of the maximum dose
in order to cover the planning target volume.

nonirradiated tumors after localized radiation therapy is
known as the abscopal effect. Activation of an antitumor
immune response has been proposed as a mechanism for
the abscopal effect. The abscopal effect has been reported in several malignancies[50-52]. Stamell et al[52] reported a
patient with metastatic melanoma who received palliative
radiation to his primary tumor with subsequent clearance
of all his nonirradiated in-transit metastases. Anti-MAGEA3 antibodies were found upon serological testing,
demonstrating an association between the abscopal effect
and a systemic antitumor immune response. While these
antitumor effects hardly observed with conventional
fractionated RT or with chemotherapy[53,54]. On the basis
of these findings, the authors suggested that a new therapeutic strategy may be developed that combines RT with
immunotherapy for oligometastasis.

tumor are required. These image-guidance procedures
substantially reduce treatment setup errors, using the tumor itself as a fiducial (frameless SBRT), and will in turn
enable the planning target volume to be reduced.
Patient selection
The use of appropriate selection criteria for SBRT in the
radical treatment of oligo-recurrence within nodal area
remains crucial. In general, indications for SBRT are the
same as those for metastasectomy, but without the limits
imposed by the need for patients to be fit for surgery. In
several reports, the eligibility criteria for SBRT for oligometastatic cancer were described as a limited number of
metastases (between 1 and 5), a tumor diameter less than
4 cm, a locally controlled primary tumor, and no additional metastatic sites[57]. Other more specific and recently
proposed criteria for the use of SBRT to treat patients
with various oligometastatic tumors include a controlled
primary tumor, a favorable histology, limited metastatic
disease, a metachronous appearance of metastases, young
age, and a good performance status[58-60].
As isolated or oligo-recurrence within nodal area
is a very rare in CRC cases, clinical trials of SBRT for
these recurrences are correspondingly also rare. Kim
et al[55] published the results of a study in which SBRT
was used to treat isolated PALN recurrence from CRC.
The patients criteria for this study included a single conglomerate recurrent node or 2-3 recurrent nodes within
1 cm of each other; and excluded a tumor attached to
the stomach or intestine (as determined by CT), or more
than 3 separate affected LNs affected. This criteria is
focusing to preserve normal tissue surrounding lymph
node metastasis.

Technical aspects of SBRT
Previously, the delivery of truly ablative doses of radiation has been limited by the risk to normal tissue, and the
need for extended fractionation. However, SBRT utilizes
stereotactic principles for dose localization and delivers
multiple beams to well defined targets in a few fractions.
As a result, this technique can deliver higher doses to tumors due to reduced mechanical error margins, and thus
cause less normal tissue damage[55] (Figure 1). Regardless
of the SBRT treatment delivery unit used, image-guided
therapy enables verification of the location of the tumor
or target volume before treatment delivery[56]. This imageguided therapy can be performed using three-dimensional
volume imaging, using for example cone beam computed
tomography (CT). If two-dimensional imaging is used,
invasive fiduciary markers positioned in or close to the
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Table 1 Streotactic body radiotherapy for oligo-recurrence within nodal area in colorectal cancer
Ref.

Study year

Bae et al[69]
Kang et al[68]
Kim et al[55]
Kim et al[75]
Hoyer et al[66]

2012
2010
2009
2008
2006

1

No. of
patients

Proportion of oligo-nodal
metastases

SBRTdose (Gy) ;
range (median)

41
59
7
23
64

44%
53%
100%
100%
5%

45-60 (48)
36-51 (42)
36-51 (48)
30-51 (39)
45 (45)

Outcomes
LC

OS

Severe GI toxicity

57% (5 yr)
24% (5 yr)
(-)
74% (4 yr)
63% (2 yr)

38% (5 yr)
29% (5 yr)
71% (3 yr)
25% (4 yr)
38% (2 yr)

7%
3%
14%
4%
5%

1

Three fractions of streotactic body radiotherapy were used in all studies. LC: Local control; OS: Overall survival; GI: Gastrointestinal.

A further important consideration is the identiﬁcation
of patients with truly oligo-recurrence. Most published
surgical oligo-recurrence series describe patients managed in an era before modern imaging techniques such
as Positron emission tomography (PET)/computerized
tomography (CT) became widely available. Thus, many
patients were probably understaged, potentially leading to
an underestimation of the effect of aggressive management on truly oligo-recurrence, since some of those patients treated aggressively would have had more extensive
disease than was visible on CT or magnetic resonance
imaging. Improved imaging will enable better selection of
patients. Indeed, these advanced imaging methods (PET/
CT scan) and molecular diagnostic techniques were used
in some of the most recent studies[14] and are likely to
have contributed to better patient selection and improved
5-year survival in this study compared with previous trials[15,61,62].

better survival in the cohort of 41 CRC patients with LN
(18), lung (12), and liver (11) metastases confined to a
single organ. The 5-year overall survival, disease progression free survival, and local control rates were to 38%,
40% and 57%, respectively. The difference of outcomes
between these studies may come from different dose of
SBRT. These will be discussed further in the section of
“SBRT dose”.
Despite the heterogeneous nature of these studies
with respect to the methods used to categorize oligometastatic disease from CRC, the ﬁndings indicate that
a substantial proportion of patients, generally over 20%,
remain disease-free 4-5 years after SBRT (Figure 2).
These ﬁndings support the idea of an oligometastatic
state in which aggressive local therapy could improve
cause-speciﬁc survival.
SBRT dose
The efﬁcacy of SBRT had primarily been investigated in
the context of the treatment of early stage non-small cell
lung cancer (NSCLC), in which disease a dose-control
relationship has been established. Onishi et al[70] reported
that the local control and survival rates for patients
with stage Ⅰ NSCLC were signiﬁcantly better using a
biologically effective dose larger than 100 Gy (α/β =
10 Gy). On the basis of this result, dose escalation was
performed in a number of primary and metastatic cancer patients, and there were also efforts to escalate the
SBRT dose to abdominal LN metastases from CRC. In
the study conducted by Kim et al[55], the SBRT dose was
escalated in a stepwise manner by 3 Gy from 36 Gy in
3 fractions. During escalation of dose, however, the 2
severe complication resulted in when 48 or 51 Gy was
delivered in 3 fractions. They therefore did not escalate
the radiation dose over 51 Gy during the treatment of
paraaortic LN or pelvic LN. They also found that the radiation dose to tumor was a signiﬁcant prognostic factor
of overall survival. The median survival time was 32 and
72 mo with a SBRT dose of ≤ 42 Gy and > 42 Gy in 3
fractions, respectively. Bae et al[69] also found that SBRT
dose was a signiﬁcant prognostic factor for local control
in multivariate analysis and that a dose of ≥ 48 Gy in 3
fractions resulted in a 5-year local control rate of 69%.
In several studies to evaluate SBRT result for oligometastases from heterogeneous primary cancers[71-75],
all reports did not suggest that the SBRT dose was a
prognostic factor of survival or local control. The SBRT

Clinical outcome
There is only a little published data on the treatment outcome of using SBRT for CRC oligo-recurrence within
nodal area. An overview of published case series and
phase 2 trials are presented in Table 1. However, several
studies included cohorts that were too heterogeneous to
evaluate the effect of SBRTs on these lesions. Greco et
al[63] and Milano et al[64,65] studied heterogeneous in terms
of the treated site or primary tumor histology. Hoyer et
al[66] and Kim et al[55] studied including only a very small
number of cases of nodal metastases although all enrolled patients had oligometastases from CRC.
In review of SBRT for oligometastases in all primary
and all treated sites, Tree et al[67] indicated that generally
around 20% of patients remain disease-free 2-4 years
after treatment. Kang et al[68] reported the results of a
study including 59 CRC patients with LN (31), lung (13),
liver (10), and other (5) metastases, which were confined
to 1 organ and treated by SBRT (median 42 Gy in 3 fractions). The 3-year overall survival, disease progression
free survival, and local control rates were 49%, 25% and
66%, respectively, and the 5-year overall survival, disease
progression free survival, and local control rates were to
29% and 19% and 24%, respectively. Focusing to the 31
patients with oligo-recurrence within nodal area, progression-free survival was 25% at 3 years and 19% at 5
years. In further study using high dose SBRT (median 48
Gy in 3 fractions) in same institute, Bae et al[69] reported
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Figure 2 Disease progression free survival in patients with oligo-recurrence within nodal area from colorectal cancer treated with streotactic body radiotherapy or surgical resection. The cohort of Kang and Bae’s studies are mostly composed of nodal metastases but additionally include lung and liver metastases.
The cohort of surgical series include not only oligo-recurrence within nodal area but also central recurrence at anastomosis site. Dot size was weighted for number of
patients in each cohort. SBRT: Streotactic body radiotherapy.

dose ranged from 30 to 51 Gy delivered in 3-6 fractions,
and the highest dose was 51 Gy in 3 fractions[76]. Lower
doses, such as those used successfully in the study by
Bignardi et al[72], might be sufficient to eradicate viable
tumor cells. Interestingly, Herfarth et al[77] performed a
separate analysis of patients with metastatic disease and
found that CRC metastasis had worse local control than
metastases from other histological tumor types (45% vs
95%, respectively). In particular, in patients who had previously undergone systemic chemotherapy, tumors may
have been radioresistant. Our data[55] support the radiocurative dose for metastases from CRC may be higher than
those from other primary tumors as a result of induced
cross-resistance from prolonged chemotherapy (discussed
above)[77-79]. One hypothesis to explain these phenomenon may be Epidermal growth factor receptor (EGFR),
which is reported to be overexpressed in approximately
70%-75% of CRCs[80]. A recent study using CRC-derived
cell lines showed that cells with high constitutive EGFRpositive cells within a colorectal adenocarcinoma may
have an intrinsic susceptibility to chemotherapy like oxaliplatin and 5-fluorouracil[81] as well as anti-EGFR agents.
While, Khalifa et al[78] reported that recurrences following
postoperative chemotherapy were approximately 5 times
more likely to have lower levels of EGFR expression. In
similar pattern, several studies have shown that an absence of EGFR expression is associated with radioresistance[82,83]. Furthermore, in a study of CRC treated with
preoperative RT, Zlobec et al[79] reported that a complete
pathological response was nearly 6 times more likely in
EGFR-positive tumors than in EGFR-negative cases. In
this point, the lower EGFR status of recurrent CRC after
intensive chemotherapy may induce radio-resistance, requiring higher SBRT dose to achieve local control.
Results from a study of patients with oligo-recurrence
within abdominopelvic nodal area suggested that a SBRT
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dose of more than 42 Gy in 3 fractions is a favorable
prognostic factor for overall survival and local control,
and dose escalation was recommended. However, there is
as yet no consensus on the optimal dose and number of
fractions, and further study with larger patient numbers is
therefore required[55,69].
Toxicity
When oligo-recurrence within nodal area in the abdominopelvic area is treated with SBRT, the gastrointestinal
tract is one of the most important dose-limiting organs.
Since Timmerman et al[84] complied unvalidated normal
tissue dose constraints for SBRT, most published studies have considered this recommendation or individual
empiric data to be the permitted dose constraints for
gastrointestinal toxicity. Surely, dosimetric parameters
such as maximal point dose (Dmax) and absolute volume
of gastrointestine to receive some radiation dose, or fraction number affect complication. Unfortunately, because
prospective study to control these variable factors were
not available till now, there was no definite conclusion
for gastrointestinal tolerance dose. Based on extensive
experience to give SBRT to tumor located in abdominopelvic site, using 3 fraction, we suggested the dose constraint for gastroduodenum and intestine[85,86]. For severe
gastroduodenal toxicity, Dmax was found to be the best
dosimetric predictor. A Dmax of 35 Gy and 38 Gy were
respectively associated with a 5% and 10% probability of
the development of severe gastroduodenal toxicity. For
intestinal toxicity, absolute volume to receive 20 Gy, 25
Gy, 30 Gy, or 35 Gy and Dmax of the intestine were all the
valuable predictor of severe toxicity. At Dmax below 37
Gy, no severe intestinal toxicity was not detected. These
tolerance dose are higher than expected for SBRT to
some extent. Based on limited individualized clinical data,
Kavanagh et al[87] and Rusthoven et al[88] suggested Dmax
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below 30 Gy in 3 fractions for stomach and intestine as
the constraint. Timmerman et al[84] suggested Dmax < 27
Gy in 3 fractions for the intestine and < 30 Gy for the
colon, which based on the data of the biological effective dose using universal model, not validated by clinical
data. One reason to cause discrepancy from these data
based on dosimetric uncertainty. Intrafractional and interfractional gastrointestinal movement make it difficult to
define accurate radiation dose of gastrointestine. In addition, as the volume of gastrointestine may vary according
to the food consumed and respiration, the dose-volume
histogram endpoint for pretreatment planning might not
accurately reflect the actual dose distribution. In spite of
these uncertainties, about Dmax of 30 Gy in 3 fractions in
gastroduodenum is supposed to be safe dose constraint

2
3

4
5

6

CONCLUSION
Oligo-recurrence within nodal area from CRC are rarely
lethal in themselves. However, aggressive local treatment
such as SBRT could prevent further extensive widespread
metastatic disease. Several investigators have suggested
that higher SBRT doses are associated with a better prognosis with respect to local control and survival. However,
there is still no consensus on the optimal dose, number
of fractions, or planning constraints. Given the radioresistant nature of CRC oligo-recurrence, increasing the
SBRT dose may be a necessity, although because LNs are
usually surrounded by radiosensitive normal tissue, the
possibility of complications, especially gastrointestinal
toxicity, should be carefully considered in treatment planning with SBRT for oligo-recurrence within nodal area in
the abdominopelvic area. The constraints for the gastrointestinal tract and colon, a Dmax of 30 Gy could prevent
severe gastrointestinal toxicity during SBRT for tumors
located in this area.
The outcomes of SBRT for oligo-recurrence within
nodal area from CRC appear to be similar to those obtained after surgery despite the fact most studies have
only included a small number of patients with a heterogeneous clinical profile. A substantial proportion of patients, generally over 20%, remain disease free 4-5 years
after SBRT. This ﬁnding supports the idea of an oligorecurrence state in which aggressive local therapy could
improve the cure rate in appropriately selected patients.
However, the general aim of oncological interventions
for metastatic disease is not cure, but improvement in the
quality of life and prolongation of overall survival. To
this end, the use of SBRT, which is less invasive, better
tolerated, and of a shorter duration than conventional
radiation therapy, could have a number of advantages.
These include the preservation of the quality of life
through delaying further systemic treatment or preventing pain and prolonging survival through reducing subsequent metastatic spread to important organs.
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CT colonography in the diagnosis and management of
colorectal cancer: Emphasis on pre- and post-surgical
evaluation
Nurhee Hong, Seong Ho Park
such as pericolic extension or nodal metastasis is found
in the proximal colon. A maximal diameter ≥ 15 mm
has been proposed as a criterion for surgical removal
of proximal lesions. However, this needs to be verified
in a larger cohort. In addition, the influence of presurgical CTC results on the current post-cancer resection
colonic surveillance timeline remains to be determined.
CTC can be readily added to the routine abdominopelvic CT in the form of contrast-enhanced CTC, which
can serve as an effective stand-alone tool for postcancer resection surveillance of both the colorectum
and extracolonic organs. Although the accuracy of CTC
has been demonstrated, its role in the current colonoscopy-based postoperative colonic surveillance protocols
remains to be determined. Readers of CTC also need
to be knowledgeable on the colonic lesions that are
unique to the postoperative colon.
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Abstract

Key words: Computed tomographic colonography; Colonic cancer; Rectal cancer; Surgery; Colonoscopy

This article addresses the use of computed tomographic colonography (CTC) for the diagnosis and management of colorectal cancer, focusing on presurgical
evaluation of the colon proximal to an occlusive cancer
and surveillance after cancer resection surgery. The
key evidences accumulated in the literature and future
work needed are summarized. CTC is a technically
robust and the most practical method to evaluate the
colon proximal to an occlusive cancer, which prevents
colonoscopic examination past the occlusion, either
before or after metallic stent placement. The high
sensitivity of CTC for detecting cancers and advanced
adenomas in the proximal colon can help prevent additional surgical procedures in patients showing negative
results. However, the accuracy of CTC for distinguishing intramural cancers from adenomas is low, and the
technique is limited in guiding management when a
medium-sized lesion that do not show invasive features
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Core tip: Computed tomographic colonography (CTC)
is technically robust and the most practical method to
evaluate the colon proximal to an occlusive cancer either before or after metallic stent placement. Contrastenhanced CTC may serve as an effective stand-alone
tool for post-cancer resection surveillance of both the
colorectum and extracolonic organs. However, several
issues discussed in this article should be addressed further and clarified.
Hong N, Park SH. CT colonography in the diagnosis and management of colorectal cancer: Emphasis on pre- and post-surgical
evaluation. World J Gastroenterol 2014; 20(8): 2014-2022 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
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use of CTC for post-cancer resection surveillance. The
review highlights key evidence accumulated in the literature and further work that needs to be done. This article
does not address the general technical issues or principles
of CTC, as these are already well explained in the literature elsewhere[1,2,21]. A few technical issues unique to the
practice of CTC for such non-screening indications will
be briefly addressed.

i8/2014.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i8.2014

INTRODUCTION
Computed tomographic (CT) colonography (CTC) (also
known as virtual colonoscopy) is a recently developed
radiological imaging technology for the evaluation of the
colorectum, enabled by advances in CT scan and threedimensional image processing technologies[1,2]. CTC is
less invasive and generally safer than optical colonoscopy[1,3]. CTC can visualize the lumen of the colorectum
in various three-dimensional views in addition to the
conventional colonoscopy-like endoluminal navigation
as well as in two-dimensional multiplanar cross-sectional
views[2,4,5]. This variety in visualization modes allows
for accurate and efficient evaluation of the colorectum.
Unlike optical colonoscopy, which is limited to the endoluminal examination of the colorectum, CTC enables
the evaluation of extracolonic organs, particularly when
performed with intravenous contrast enhancement. The
clinical usefulness of CTC has been studied extensively,
largely focusing on screening/surveillance of the general
population for colorectal cancer, and CTC has repeatedly shown acceptably high accuracy comparable to
colonoscopy for detecting clinically-relevant colorectal
neoplasms[6-12]. Accordingly, CTC has now been included
in the guidelines for colorectal cancer screening in several countries, for instance, the Joint Guideline from the
American Cancer Society, the US Multi-Society Task
Force on Colorectal Cancer, and the American College
of Radiology[13] and Korean guidelines[14]. On the other
hand, CTC has yet to be completely accepted as a tool
for population screening in terms of reimbursement
as CTC is only incompletely reimbursed in some countries[15,16]: the decision by the Centers for Medicare and
Medicaid Services in the United States to deny coverage
for CTC in the recent past was such an example[17,18].
Nevertheless, new clinical evidences and data have been
accumulated and are likely to resolve the prior concerns
regarding widespread adoption of CTC in population
screening for colorectal cancer [19,20]. Likewise, CTC is
steadily gaining clinical acceptance and increasingly utilized as a screening examination [13-15].
In addition to the role in general screening/surveillance for colorectal cancer, the dual function of CTC in
colorectal and extracolonic evaluation suggests that this
technique could be applicable to other clinical scenarios.
One particular area of interest is the role of CTC in the
management of patients who have already been diagnosed with colorectal cancer[21], and multiple studies have
addressed this use of CTC, albeit not as extensively as
the research on the general screening/surveillance role of
CTC. The present review summarizes and discusses the
results of such studies, placing emphasis on (1) the use of
CTC for presurgical evaluation of the colonic segments
proximal to an occlusive cancer preventing colonoscopic
examination beyond the level of occlusion, and (2) the

WJG|www.wjgnet.com

EVALUATION OF THE COLON PROXIMAL
TO AN OCCLUSIVE CANCER
Patients with colorectal cancer may present with an occlusive mass that prevents colonoscopic examination
beyond the level of the occlusion. Complete presurgical
evaluation of the entire colon is important in patients
diagnosed with colorectal cancer because identification
of synchronous cancers, which are present in 1%-7% of
these patients[22,23], may determine the extent of surgical
resection. The presurgical diagnosis of these synchronous
cancers is important to prevent a second surgery or even
failure of curative treatment. Various options are available for proximal colonic evaluation, including doublecontrast barium enema, CTC, intraoperative colonoscopy,
and surgical palpation. Of these, CTC is currently regarded as the standard procedure (Figure 1). Double-contrast
barium enema, despite its historical use for proximal colonic evaluation in occlusive colorectal cancers[24], has low
sensitivity even in the absence of an occlusive cancer[25],
in which case bowel preparation is relatively easier compared with in patients with occlusive cancer. In addition,
barium is associated with a risk of barium desiccation in
the colon proximal to an obstructing cancer. Intraoperative colonoscopy is possible but is not a practical option[26]. By contrast, CTC is a technically robust method
that can be performed successfully if the insufflated gas
can be delivered across the tumor-induced occlusion
to adequately distend the colonic segments proximal to
the occlusion. This is in contrast to colonoscopy, which
requires the passage of the scope across the narrowing.
Therefore, almost all cases of failed colonoscopy due
to occlusive cancer can be examined successfully with
CTC using the low-pressure carbon dioxide colon insufflation system widely adopted for screening CTC[27-29].
CTC is known to be a safe procedure, particularly when
it is performed using the low-pressure carbon dioxide
insufflation, as the reported rates of overall procedurerelated colonic perforations ranged from 0.009% to 0.06%
and nearly all the perforated cases were associated with
manual insufflation[3,30-32]. However, the data were largely
from screening CTC practices or from patients who did
not have colonic obstruction; and, in fact, there is no
large data regarding the risk of colonic perforation of
CTC performed for patients with an occlusive cancer.
The majority of the reported cases of colonic perforations associated with CTC had underlying colonic lesions
including inflammatory and/or obstructive lesions[31,33,34].
Also, according to a recent systematic review, large bowel
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Figure 1 A 55-year-old woman with occlusive cancer in the upper rectum and a 17-mm synchronous cancer in the sigmoid colon. A-C: Colonoscopic (A),
three-dimensional endoluminal computed tomographic (CT) colonographic (i.e., virtual colonoscopic) (B), and three-dimensional volume-rendered (C) images of the
colon show a luminal-encircling occlusive mass (arrowheads) in the upper rectum that impeded the passage of a colonoscope; D, E: Three-dimensional endoluminal
(D) and two-dimensional sagittal (E) CT colonographic images show a 17-mm polyp (arrowheads) unassociated with invasive features in the sigmoid colon. The lesion
was removed by surgery and pathologically confirmed as a cancer confined to the mucosa.

Table 1 Computed tomographic colonography accuracy for diagnosing synchronous cancers in the colon proximal to an occlusive
cancer
Patients with occlusive
cancer
Park et al[28]

284

Fenlon et al[35]
Neri et al[36]
Coccetta et al[37]
Galia et al[38]
Kim et al[39]

29
17
43
19
67

Sensitivity
Target lesions
Adenocarcinoma
Advanced neoplasia1
Adenocarcinoma
Adenocarcinoma
Adenocarcinoma
Adenocarcinoma
Adenocarcinoma

Specificity

Per-patient

Per-lesion

100% (6/6)
88.6% (39/44)
100% (2/2)
100% (3/3)
100% (1/1)
100% (2/2)
100% (3/3)

100% (8/8)
80% (52/65)
100% (2/2)
100% (3/3)
100% (1/1)
100% (2/2)
100% (3/3)

87.9 (181/206)
NA
NA
NA
NA
95 (NA)

Data are percentages with the actual numbers of patients and lesions are presented in parentheses. 1Advanced neoplasia includes both advanced adenomas
(≥ 10 mm in size or with a substantial villous component or high-grade dysplasia) and adenocarcinomas. NA: Not available.

obstruction is among the risk factors for colonic perforation following CTC[33]. Therefore, more careful attention
while performing the procedure would be prudent.
Several studies have investigated the accuracy of
CTC for detecting synchronous colonic lesions proximal
to an occlusive cancer, and have demonstrated a high
sensitivity of CTC for the detection of proximal synchronous cancers[28,35-39](Table 1). Most of these studies
were preliminary studies that included a small number of
patients[35-39]; however, one recent large study (the largest
report thus far)[28] included 427 consecutive patients with
stenosing colorectal cancer, of which 284 were ultimately
analyzed to determine the accuracy of CTC. The results
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showed 100% and 88.6% sensitivities of CTC for detecting patients harboring synchronous colorectal cancer and
advanced neoplasia (i.e., advanced adenoma[40] or cancer),
respectively, in the proximal colon. As a result, the corresponding negative predictive values of CTC (i.e., the
probability of the proximal colon being devoid of the
lesions when CTC is negative) were 100% for proximal
synchronous cancer and 97.4% for advanced neoplasia.
Therefore, negative CTC findings in the proximal colon
exclude the need for additional surgical procedures in
the proximal colon with high confidence. These results
are highly promising. Nevertheless, given the low prevalence of proximal synchronous cancers[22,23], future multi-
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institutional efforts aimed at accumulating additional data
and evidence would be indicated.
Another advantage of CTC to this particular group
of patients is that it can serve as a one-stop examination
for the proximal colonic evaluation as well as for overall
pretreatment cancer staging of the abdomen and pelvis
when performed with intravenous contrast enhancement.
Contrast-enhanced CTC is essentially the same imaging
method as the routine contrast-enhanced abdominopelvic
CT used for abdominopelvic staging of colorectal cancer[41,42], except for the use of gaseous colonic distention
in the former. Therefore, the two methods are expected
to be similarly effective and accurate for tumor staging,
although published data on the accuracy of contrast-enhanced CTC for general TNM staging of colorectal cancers are limited. According to several published studies,
the accuracy of contrast-enhanced CTC for tumor staging is 83%-95% for T-staging, 80%-85% for N-staging,
and 100% for M-staging[43-46].
Despite the high accuracy of CTC for detecting synchronous lesions in the colon proximal to an occlusive
cancer, the clinical impact of CTC in the management of
occlusive cancer patients remains a bit unclear. First, even
if CTC accurately detects proximal colonic lesions, unless
it can clearly tell which of the detected lesions should be
removed by surgery rather than endoscopy after resection
of the occlusive cancer, the patient management remains
ambiguous. The distinction would be straightforward for
small polyps (i.e., endoscopic removal) or large invasive
advanced cancers (i.e., surgical excision). However, it is
difficult for CTC to distinguish adenomas from relatively
small medium-sized cancers confined within the colonic
wall without pericolic extension or nodal metastasis[28].
Therefore, a certain degree of over-interpretation (i.e.,
overcalling noncancerous polyps as cancers) or underinterpretation (i.e., undercalling small cancers as noncancerous polyps) at CTC, which may result in unnecessarily
extensive surgery or repeat colonic surgery, respectively,
seems inevitable. Robust criteria for the selection of surgical removal versus postsurgical endoscopic resection
for a proximal colonic lesion detected by CTC remain
to be developed. One study[28] suggested a maximum lesion diameter of 15 mm or greater as the criterion for
surgical removal, which yielded 87.5% sensitivity and
70% positive predictive value for proximal synchronous
cancers. The need for specific characterization of the colonic lesions detected by CTC is a unique aspect of CTC
performed in occlusive cancer patients. By contrast, the
general screening/surveillance CTC is only concerned
with detecting colonic lesions, as its key clinical role is to
determine who should be sent for colonoscopy. Secondly,
it is unclear if and how the adoption of CTC in the presurgical evaluation of occlusive colorectal cancer patients
should affect the current postsurgical colonoscopic surveillance timeline. The current guidelines for the management of colorectal cancer (as proposed by The National
Comprehensive Cancer Network, the American Cancer
Society, and the US Multi-Society Task Force on Colorec-
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tal Cancer) stipulate that early postoperative follow-up
colonoscopy to evaluate the proximal colon should be
performed 3-6 mo after surgical removal of an occlusive
cancer in addition to the routine colonoscopic surveillance approximately 1 year after surgery or perioperative
clearance of the colon[41,42,47]. These “current” guidelines
are largely based on the data and experience from the
pre-CTC era. Given the higher accuracy of CTC compared with other methods, particularly the high sensitivity
of CTC for detecting cancer that is approaching 100%[48],
negative preoperative CTC findings in the proximal colon could potentially provide a confident clearance for
the proximal colon and could potentially eliminate the
need for early postoperative colonoscopy. If this notion
is proven, it would help reduce redundancy and the costs
of postsurgical colonic surveillance, and would also mean
a substantial convenience factor for patients who are recuperating from major surgery. Further investigations in
this area would therefore be worthwhile.

PROXIMAL COLONIC EVALUATION
AFTER METALLIC STENT PLACEMENT
Patients with advanced colorectal cancer causing acute severe colonic obstruction require urgent decompression to
avoid colonic perforation. Self-expandable metallic colonic stents are currently widely used in patients with acute
severe colonic obstruction caused by colorectal cancer, as
a bridging treatment to one-stage elective surgery[49,50]. In
these cases, proximal colonic evaluation requiring passage
through the metallic stent to find synchronous colonic
lesions becomes an issue [51-53]. Colonoscopy involving passage through the stent can be performed safely
without any major complications and a success rate of
88.9%-93.4% has been reported[51,52]. However, the extent
of clinical application of this procedure is unknown.
Among the concerns raised, long-term instrumental
damage to a colonoscope caused by passing it through a
metallic stent appears to be one important reason for the
reluctance in performing colonoscopy under these conditions[54]. CTC could provide an alternative tool for this diagnostic task. According to one study[53], which included
50 consecutive patients who underwent CTC after metallic stent placement for acute severe cancer obstruction,
CTC was performed adequately in 94% of the patients
using the standard techniques used for screening or other
indications and no procedure-related adverse events were
reported. Although the diagnostic performance of CTC
in this setting was not evaluated thoroughly because of
the small number of patients analyzed, the preliminary
results were promising. The per-patient and per-lesion
sensitivities for lesions 6 mm or larger in diameter in
the colon proximal to the stent were 90% and 85.7%,
respectively, and CTC correctly identified two proximal
synchronous cancers present in the study cohort[53]. One
potential diagnostic pitfall noted in the study was some
degree of lesion obscuration by colonic obstructionrelated mural edema[53], which may need further clarifica-
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Table 2 Computed tomographic colonography accuracy for colonic surveillance after colorectal cancer resection
Patients

n

Target lesions

(Peri) anastomotic recurrence
Metachronous polyps
(Peri) anastomotic recurrence
Metachronous polyps ≥ 5 mm
(Peri) anastomotic recurrence
Metachronous cancer and (peri)
anastomotic recurrence
Advanced neoplasia2
All adenomatous lesions3 ≥ 6 mm

Amitai et al[64]

29

Routine surveillance

Fletcher et al[65]

50

Routine surveillance

80
548

Suspicion of recurrence
Routine surveillance

You et al[67]
Kim et al[68]

Sensitivity
1

Characteristics

Specificity
Per-patient

Per-lesion

100% (2/2)
100% (NA)
100% (2/2)
60% (3/5)
100% (51/51)
100% (6/6)

100% (2/2)
93% (28/30)
NA
NA
100% (51/51)
100% (7/7)

81.8% (18/22)
80% (52/65)

80.8% (21/26)
78.5% (62/79)

NA
71% (NA)
94% (45/48)
84% (38/45)
83% (24/29)
93.1% (421/452)

Data are percentages with the actual numbers of patients and lesions are presented in parentheses. 1Histology and size are not specified unless provided
in the original studies; 2Advanced neoplasia includes both advanced adenomas (≥ 10 mm in size or with a substantial villous component or high-grade
dysplasia) and adenocarcinomas; 3Both adenomas and adenocarcinomas are included. NA: Not available.

tion. Furthermore, a technical consideration is that an
additional scout CT scan of the abdomen and pelvis using low-dose radiation prior to gaseous colonic distention
is recommended in this group of patients to detect any
clinically silent colonic perforation, given the relatively
high risk of colonic perforation associated with the metallic stent placement procedure (3.8% according to one
systematic review[50]). The scout scan would be a prudent
step to avoid the risk of exacerbating a clinically silent
perforation by inadvertently performing CTC.

preparation and colonic distention) to contrast-enhanced
abdominopelvic CT would not incur much extra cost,
another hospital visit, or other complexity in patient
management.
At present, a relatively small amount of data regarding the use of CTC as a tool for post-cancer resection
surveillance exists (Table 2), and most such research reports were feasibility studies in nature that only included
a small number of patients[64-67]. On the other hand, one
recent study[68] analyzed a large retrospective cohort of
742 consecutive patients who had no apparent clinical or
laboratory evidence of recurrent disease after curativeintent colorectal cancer surgery and underwent contrastenhanced CTC for postsurgical surveillance[68]. In the
study, the per-patient sensitivity of CTC was 100% for
metachronous or anastomotic recurrent cancers and
81.8% for advanced neoplasia. The corresponding negative predictive value of CTC was 100% for metachronous
or anastomotic recurrent cancers and 99.1% for advanced
neoplasia. The maximum referral rate for colonoscopy
after CTC in this asymptomatic postsurgical population
was 19%. These results imply that performing CTC as
an adjunct to the routine postsurgical contrast-enhanced
abdominopelvic CT could theoretically prevent surveillance colonoscopy in as much as approximately 80% of
the patients (on an assumption that colonoscopy is to
be performed at a similar time to CT) by confidently excluding those patients who would not need colonoscopy
because they do not harbor advanced neoplasia or cancer.
As the frequency and timing of surveillance colonoscopy
and surveillance abdominopelvic CT do not always coincide in the real-world clinical setting, the actual benefit of
contrast-enhanced CTC would be smaller. However, the
study at least demonstrated that CTC could be a viable alternative to colonoscopy for postsurgical surveillance and
may therefore help decrease the burden or redundancy
of the colonoscopic surveillance.
Although CTC may have diagnostically acceptable
accuracy for postsurgical colonic surveillance, how it
may fit into the current colonoscopy-based colonic
surveillance practice remains to be determined. The
current guidelines for colonic surveillance recommend

POST-CANCER RESECTION
SURVEILLANCE
Colorectal cancer is unique in that, unlike other gastrointestinal malignancies, timely second curative-intent treatment of the recurred/metastatic cancer that developed
after the initial curative-intent treatment can improve
the ultimate patient survival[55-57]. Therefore, preemptive
(i.e., performed for all postsurgical patients regardless of
their symptoms) surveillance for recurrent disease after
curative-intent treatment of colorectal cancer is crucial in
the management of this disease. Both colonic and extracolonic surveillance are important, as the recurrent disease may occur in any location. Most recurrences occur
as distant extracolonic metastatic disease and, in the case
of local or (peri-)anastomotic recurrence, more often
than not without an intraluminal colonic component[58-60].
As a result, current postsurgical surveillance guidelines
generally include a combination of clinical assessment,
serum carcinoembryonic antigen measurement, colonoscopy, and contrast-enhanced CT[41,42,61]. Considering that
contrast-enhanced abdominopelvic CT is already a standard postoperative surveillance examination[41,42], and that
CTC can be readily added to the routine abdominopelvic
CT in the form of contrast-enhanced CTC, which would
effectively cover both the colorectum and extracolonic
organs simultaneously, contrast-enhanced CTC may potentially represent an attractive stand-alone examination
for combined colonic and extracolonic postoperative
surveillance of colorectal cancer patients [62,63]. Adding the essential colonographic techniques (i.e., bowel
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Figure 3 A 66-year-old man with a 16-mm ulcerating anastomotic recurrence. Three-dimensional endoluminal computed tomographic colonographic (A;
U = Ulcer) and colonoscopic (B; U = Ulcer) images obtained 10 mo after cancer
resection surgery show an ill-defined elevated lesion with central ulceration
(arrowheads) at the anastomosis site. Subsequent surgical resection and pathologic analysis confirmed recurrent adenocarcinoma (reprint with permission[68]).

C

and CTC for postsurgical surveillance may be worth
investigating, as it could capitalize on their complementary strengths and may contribute to improved patient
survival. Another issue that may need to be addressed
for the successful implementation of CTC in post-cancer
resection surveillance is the reader familiarity with colonic lesions that are unique to the postoperative colon
and are unencountered in general screening practice, including anastomotic inflammatory polyps (Figure 2) and
anastomotic recurrences (Figure 3). Inflammatory polyps
are by far the most common type of polypoid lesion occurring in the anastomosis that do not require treatment
and typically manifest as well-circumscribed discrete 5- to
15-mm polyps located in the anastomotic line[62,71]. Anastomotic recurrent tumors may present as friable mucosa,
irregular mucosa with shallow ulceration, sessile-to-flat
infiltrative lesions, or luminal stenosis instead of showing
mass-like or polypoid appearance, as they do not develop
through the polypoid growth of the adenoma-carcinoma
sequence[62,72].

Figure 2 A 79-year-old man with a 9-mm inflammatory polyp at ileocolic
anastomosis. Three-dimensional endoluminal (A) and two-dimensional coronal
(B; I = Ileum and C = Colon) computed tomographic colonographic images and
a colonoscopy image (C) obtained 3 years after colorectal cancer resection
show a well-defined sessile polypoid lesion (arrowheads) at the anastomotic
line. Colonoscopic biopsy revealed nonspecific chronic inflammation with
edema and no evidence of tumor recurrence.

colonoscopy at 1 year after the curative-intent surgery or
after perioperative colonoscopic clearance of synchronous lesions, then in 3 years if negative at 1 year, and
every 5 years if negative at the prior colonoscopy[41,42,47].
However, as revealed in a recent study[69], postsurgical
colonoscopies are being performed more frequently than
recommended by the guidelines at many institutions.
Considering the relatively higher rates of metachronous
cancers in the early postsurgical period[47], the use of
colonoscopy for surveillance during the early postsurgical period, such as at 1 year, and CTC at later times may
be appropriate. In addition, because CTC is less sensitive for small and subtle lesions than colonoscopy, while
colonoscopy has a greater amount of blind areas compared with CTC[70], the alternating use of colonoscopy
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CONCLUSION
In summary, CT colonography has important current and
potential roles in the management of patients who have
been diagnosed with colorectal cancer. It is technically robust and the most practical method for the evaluation of
the colon proximal to an occlusive cancer, either before
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or after metallic stent placement. CT colonography may
also serve as an effective stand-alone tool for post-cancer
resection surveillance of both the colorectum and extracolonic organs.
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Core tip: In the era of preoperative chemoradiotherapy
for rectal cancer, issues such as treatment plan according to response which included application of organ
preserving strategies, prediction of response, and role
of adjuvant treatment were need to be discussed under
circumstances that preoperative chemoradiotherpay
spread widely as a standard treatment of rectal cancer.
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Abstract
In patients with locally advanced rectal cancer, preoperative chemoradiotherapy has proven to significantly
improve local control and cause lower treatmentrelated toxicity compared with postoperative adjuvant
treatment. Preoperative chemoradiotherapy followed
by total mesorectal excision or tumor specific mesorectal excision has evolved as the standard treatment for
locally advanced rectal cancer. The paradigm shift from
postoperative to preoperative therapy has raised a
series of concerns however that have practical clinical
implications. These include the method used to predict
patients who will show good response, sphincter preservation, the application of conservative management
such as local excision or “wait-and-watch” in patients
obtaining a good response following preoperative
chemoradiotherapy, and the role of adjuvant chemotherapy. This review addresses these current issues in
patients with locally advanced rectal cancer treated by
preoperative chemoradiotherapy.

INTRODUCTION
Preoperative chemoradiotherapy (PCRT) has been used
increasingly to treat locally advanced rectal cancer since
it was proven to be beneficial in reducing the rate of
local recurrence. A German trial[1] has reported that patients treated with PCRT had significantly lower local
failure rates and toxicity rates than those receiving postoperative chemoradiotherapy (CRT), and PCRT was also
found to produce a better outcome in terms of sphincter preservation. These findings led to a paradigm shift
from postoperative to preoperative CRT so that PCRT
has now become the standard treatment for cT3-4 and/
or node-positive rectal cancer. This shift has however
raised a series of concerns that have practical clinical implications such as a prediction of the responsiveness to
PCRT, the application of conservative management such
as local excision in patients obtaining a good response to
this intervention, sphincter preservation, and the role of
adjuvant chemotherapy. In this review, we discuss these
issues.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Table 1 Local excision after preoperative chemoradiotherapy for rectal cancer n (%)
Ref

Year

n

inclusion

Complete remission

Follow-up duration, mo

Overall survival

Kim et al[10]

2001

26

17 (65.4)

1 (3.8)

19

100%

Bonnen et al[11]

2004

26

14 (53.8)

2 (7.7)

46

5 yr OS; 85%

Huh et al[58]
Nair et al[59]

2008
2008

9
44

4 (44.4)
19 (43.2)

1 (11.1)
4 (9.1)

91
64

10 yr OS; 88.9%
5 yr OS; 84

Guerrieri et al[9]

2008

145

cT2-3
CR after PCRT
cT3N0 or N1
CR after PCRT
cT2-3N0 or N1
cT2-3N0 or N1
CR after PCRT
cT2-3N0

8 (4)

81

Kundel et al[60]
Yu et al[17]
Perez et al[61]

2010
2013
2013

14
40
27

CR after PCRT
cT2-3N0
cT2-3N0-2

All
19 (47.5)
3 (11.1)

0
4 (7.5)
4 (14.8)

47
38
15

100% (pT0-1)
90% (pT2)
77% (pT3)
100%
3 yr DFS: 85.9%
1 yr DFS: 68%

17

Local recurrence

CR: Complete remission; PCRT: Preoperative chemoradiotherapy (CRT); OS: Overall survival; DFS: Disese-free survival.

tial responses between the primary tumor and the mesorectal lymph nodes[12,13]. The proportion of lymph node
metastases reported in pathological complete response
(pCR) cases is low, with a median rate of 7% ranging
from 2% to 11%[12-14]. The potential caveat of using mural response as the only criterion for selecting patients
for local excision was highlighted in a retrospective study
of 242 patients following PCRT[15]. The incidence of
lymph node involvement was 3.2% in patients developing
mural pCR (ypT0) compared to 11% for ypT1 tumors
and increased further as the ypT stage increased (ypT2 =
29.2%; ypT3 = 37.3%). When nodal involvement is understaged and patients undergo local excision, the prognosis is poorer. Recently, the American College of Surgeons Oncology Group has completed the Z6041 phase
Ⅱ trial of patients with clinical T2N0 rectal cancer who
received PCRT (total dose, 54 Gy) with capecitabine and
oxaliplatin followed by transanal local excision 6 weeks
after the completion of PCRT[16]. Of the 77 patients in
that report who underwent local excision, 34 achieved a
pCR (44%), 49 (64%) had ypT0-1, and 4 (5%) had ypT3
tumors. All but one patient had negative margins. Acute
toxicity of at least grade 3 during PCRT occurred in 39%
of these patients, and rectal pain was the most common
postoperative complication. Colorectal Cancer Study
Group in Korea also reported results of multicenter
study for local resection after PCRT[17]. They reviewed 40
patients with cT2-3N0M0 treated with PCRT followed
by local excision retrospectively. Among them, Four patients (7.5%) had recurrence [local recurrence (1 patient)
and systemic metastasis (3 patients)]. The 3-year diseasefree survival rate was 85.9%. Only pCR was a recurrencerelated prognostic factor (P = 0.040). Based on these
findings, a longer follow-up is clearly needed to assess the
oncologic outcome. Moreover, local excisions need to be
performed with great care for sub-group of patients and
credible methods to measure the treatment response or
remaining disease after PCRT are required.

ORGAN PRESERVING STRATEGIES
Local excision
Although the standard management of locally advanced
rectal cancer treated by PCRT is radical surgical resection,
conservative management (local excision or close observation) has been used in some cases. The local excision
of rectal cancer has been employed as surgical procedure
for patients with early rectal tumors limited to the mucosa and submucosa. In early T1 tumors without high
risk features, full thickness local excision alone has been
shown to produce comparable long-term outcomes to
radical surgery[2]. Complete regression of the tumor was
reported to occur in up to 20% of patients with rectal
cancer after PCRT[3-6]. Some investigators have performed
local excisions to avoid possible morbidities such as permanent stoma formation and functional impairments
in patients who showed a good response to PCRT, with
many studies reporting that such cases subsequently had
acceptably low rates of local recurrence and long-term
survival outcomes comparable to radical surgery[7-11]. The
promising results from these studies have encouraged
interest in the possibility of avoiding radical surgery in
some patients after PCRT and thus preserving sexual and
urinary function, sparing rectal function, and, in cases of
low rectal cancer, avoiding permanent stoma (Table 1).
However, the interpretation of the above data is confounded by the predominantly retrospective nature of the
studies on rectal cancer to date. Moreover, these earlier
studies cannot be directly compared due to the significant heterogeneity with respect to patient and tumor
characteristics resulting from a lack of consistent staging
and selection criteria. In addition, no mesorectal lymphadenectomies were undertaken for these previous study
cohorts and the lymph node stages were undefined. More
importantly, the extent and quality of the local surgery
is likely to have significantly varied between studies, depending on the individual techniques used and the skills
of the surgeons involved.
One of the great uncertainties when conducting local surgery is the status of the mesorectal lymph nodes.
Some studies have confirmed that there can be differen-
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treatment regimens for rectal cancers is to try to preserve
not only the anal sphincter but also the whole organ.
Habr-Gama is proposing a strategy comprising PCRT
and “watch and wait” in cases of a clinical complete
response (cCR) with no radical surgery[18]. Data from a
Brazilian series have demonstrated excellent long-term
local control and OS rates in patients developing cCR after PCRT[18]. The long-term outcome of the observation
group (5-year OS 100%, DFS 92%) was similar to that
of the resection group (5-year OS 88%, DFS 83%) with
a histologic complete response.
The ability to identify patients with a cCR who are
also likely to have a pCR would have major clinical implications. If such information were available and accurate, it could obviate the need for radical surgery and
possibly prevent a permanent stoma in selected patients.
The limitations of clinical assessments after PCRT were
demonstrated in a prospective series of 94 patients who
underwent an assessment with digital rectal examination (DRE) and sigmoidoscopy both prior to and after
the completion of PCRT[19]. These clinical assessments
underestimated the pathologic response in 73 patients
and DRE was able to identify only three of 14 cases
(21%) with a pCR. The overall concordance between
clinical evaluation and actual pathologic response was
only 22%[19]. In another retrospective review of 488 patients with rectal cancer following PCRT, the cCR rate
for the entire cohort was 19%, but only 10% had a true
pCR[20]. Glynne-Jones et al[21] reviewed 218 phase Ⅰ/Ⅱ
and 28 phase Ⅲ trials of preoperative radiotherapy or
PCRT. They concluded that a clinical and/or radiological
response does not sufficiently correlate with the pathologic response to recommend a ‘wait and see’ approach
to surgery following preoperative therapy.
It is not surprising therefore that the Brazilian experience has generated intense debate with some investigators expressing concerns about employing a policy of
watchful expectancy based entirely on the presence of
cCR after PCRT[22,23].
It is notable that other investigators have been unable to reproduce these aforementioned results. Hughes
et al[22] reported a 60% intrapelvic recurrence rate in 10
cases with a cCR and concluded that a ‘wait and see’
policy could not be justified in T3 or 4 rectal cancers
after PCRT. Nakagawa et al[24] also reported a high (80%)
local recurrence rates and suggested that an exclusive
PCRT approach is not safe for treating patients with low
locally advanced rectal cancer. Such a strategy, however,
could be of specific interest in elderly and vulnerable patients who are not fit for conventional surgery. It is possible that (full thickness) trans-anal local excision could
be more relevant than observation alone after PCRT in
such cases. Some phase Ⅱ and Ⅲ trials (ACOSOG Z
6041; GRECCAR 2; CONTEM 2) are currently ongoing
to test this strategy.

and there currently is no effective method of predicting
which patients will respond favorably to this treatment.
Although positive responders to PCRT will experience the
benefits of this intervention approach, patients who do
not respond to PCRT will be exposed to unnecessary toxicities and surgery delay. It is therefore of the utmost importance to predict the treatment response and outcomes
before initiating PCRT. Although a number of postsurgical prognostic factors have been proposed, patients with
pCR after PCRT cannot at present be predicted by clinical
examination or radiologic imaging procedures. The identification of basal resistance biomarkers could offer great
help in this regard. Directed strategies that explore individual markers have not so far yielded clinically validated
assays[25-27]. Past efforts to develop a predictive assay of
tumor radio-sensitivity have been recently reviewed[28] and
can be grouped into three categories: assays to determine
intrinsic radiosensitivity (ex vivo determination of tumor
survival fraction at 2 Gy)[29-32]; assays to determine tumor
oxygen levels (electrodes to measure tumor pO2)[33,34];
and determination of tumor proliferative potential[35,36].
Unfortunately, although initial clinical data supported each
of these approaches, none has become routine. A central
reason for this has been that all of these approaches are
highly impractical as a routine clinical application. The
generation of high-throughput data sets has provided an
opportunity to address the identification of biomarkers
from a different perspective.

ADJUVANT CHEMOTHERAPY IN
ADDITION TO PCRT AND SURGERY
There is no uniform agreement regarding the role of
chemotherapy in addition to PCRT although current
guidelines recommend additional adjuvant chemotherapy after PCRT regardless of the tumor response. Since
most locally advanced rectal cancer patients have pathologically negative nodes following PCRT, some clinicians
have argued that systemic therapy is not indicated. This
argument is in part due to the lack of a proven survival
benefit of chemotherapy in node negative colon cancer
cases. The controversy is further illustrated by the fact
that the European Organization for the Research and
Treatment of Cancer (EORTC) is conducting a phase
III trial in which patients are randomized to receive either 5-fluorouracil (5-FU) based chemotherapy or no
further therapy following PCRT and radical resection.
The authors of the EORTC 22921 study reported
that subgroups of patients achieving a pCR or who were
downstaged to a ypT1-2 tumor category after preoperative radiation, benefited from adjuvant chemotherapy,
whereas those with residual ypT3-4 disease did not[37].
These authors suggested the beneficial effects of adjuvant chemotherapy based on pathologic results, but
they analyzed ypT and ypN categories separately. They
also reported that adjuvant chemotherapy provided a
benefit in patients who received a ypT downstage, but
not in ypN0 or ypN-positive patients. Some data did not

PREDICTION OF TREATMENT RESPONSE
The response to PCRT differs among individual tumors
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PCRT trials[42,52], no benefit has been evident in terms of
the sphincter preservation rate.
Two randomized trials[1,53] of preoperative and postoperative CRT for clinically resectable locally advanced
rectal cancer have reported opposing results. In a German trial[1], of the 194 patients assessed by the surgeon
before treatment as requiring APR, there was a significant
improvement in sphincter preservation with preoperative therapy. However, in the National Surgical Adjuvant
Breast and Bowel Project (NSABP) R-03 trial[53], based on
a prospective assessment by the operating surgeon, there
was no reported improvement in sphincter preservation
(PCRT: 47.8%; postoperative CRT = 39.2%; P = 0.227).
The results of the NSABP R-03 trial, however, were obtained from only 267 of the 900 intended patients. The
positive findings from the German trial were based on
results from a sufficient number of patients, and the possibility of improved sphincter preservation by preoperative CRT remains one of the important potential benefits
of this approach. In the recent Australian[54] trial where
the two treatment arms were quite different (short course
with immediate surgery vs chemoradiotherapy and delayed surgery) there was a reported increase in sphincter
preservation of 8% in the delayed surgery arm. However,
this was not significant because the number of patients
assessed was too small. Weiser et al[55] reported a benefit
of PCRT in terms of sphincter preservation from a retrospective analysis of 148 rectal cancer patients (within 6
cm of the anal verge).
The pooled data from 19 trials[56] favors PCRT, although not in a statistically significant way (0.94, 95%CI:
0.88-1.04) (Comparison 01:09). These data were borderline however in terms of homogeneity (P = 0.05),
indicative of variations in the magnitude of effect across
reports. In a recent review that analyzed the findings of
17 randomized trials the authors concluded that none of
the neoadjuvant treatments tested could demonstrate an
increase in the rate of sphincter-preserving surgery[57].
However, the effects of conservative treatments such as
local excision or “wait-and-watch” on sphincter preservation were not considered in these analysis.
Until now, the evidence has been that an improved
sphincter preservation benefit of PCRT was unclear.
As described earlier, however, the link between PCRT
and sphincter preser vation needs to be evaluated
with great care with consideration of tumor, patients
and surgeon factors together. In addition, the effect
of conservative management after PCRT need to be
considered under condition the oncologic safety of
this strategy is confirmed. The influence of PCRT on
sphincter preservation needs to be re-evaluated under
recent circumstances.

confirm results of EORTC 22921 especially in terms of
the effect of adjuvant chemotherapy on patients achieving pCR[38,39]. Chemotherapy is rarely indicated when the
5-year free-from recurrence rate exceeds 95%, which
occurs in a complete pathological response. Considering
the favorable outcome of patients with a complete response, survival outcomes with adjuvant chemotherapy
is difficult to be improved than those of patients without
adjuvant chemotherapy.
When evaluating subgroups of patients who may or
may not benefit from adjuvant therapy after PCRT followed by resection, the benefit of adjuvant therapy for
node-negative patients on final pathologic staging (ypN0)
would be expected to be especially questionable. There is
a paucity of information in the literature on whether adjuvant therapy improves survival for locally advanced rectal
cancer patients with a stage ypN0 tumor. These findings
are consistent with the suggestion by Fietkau et al[39] that
postoperative chemotherapy may be unnecessary in
ypN0 cases. Das et al[40] have insisted that postoperative
chemotherapy may be of greater benefit for high-risk
patients. However, their results are contrary to those of
Janjan et al[41], who found a significant improvement in
cancer-specific survival in response to PCRT and the addition of postoperative chemotherapy. In that study, it
was suggested that patients who responded to 5-FU during PCRT would probably also respond to 5-FU-based
postoperative chemotherapy.
Adjuvant chemotherapy for patients who do not
show a good response to PCRT needs to be different
from that administered to patients showing a good response to this treatment. Das et al[40] have recommended
adjuvant FOLFOX for high-risk patients, and adjuvant
FL or capecitabine for low-risk patients. This seems to
be a reasonable approach to the postoperative adjuvant
treatment of rectal cancer patients treated with PCRT.
Until now, however, oxaliplatin has been the drug of focus in terms of outcome benefits as part of a preoperative multimodality treatment regimen[42-44]. The role of
postoperative adjuvant chemotherapy following PCRT
and radical resection for patients with locally advanced
rectal cancer thus remains unclear.

SPHINCTER PRESERVATION
Avoiding permanent stoma is an important quality of life
issue for rectal cancer patients[45]. An advantage of tumor
shrinkage after PCRT is supposedly an increased chance
of sphincter preservation[46,47]. However, this is a very
complex issue involving the stage and location of the
tumor, the patient habitus and desire, and the surgeon`s
experience. Although an increase in the rate of sphincter
preservation was reported in early PCRT trials, no such
trials since 1980 have been able to demonstrate this. This
may be due to the immediateness of the surgery after
the end of a short-course of PCRT[48-51] which gives little
opportunity for tumor shrinkage. However, despite an
increased rate of pCR of up to 16%-19% in the latest
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CONCLUSION
PCRT for locally advanced rectal cancer has been established as a standard treatment, but some issues regarding
its practical application still need to be evaluated. In ad-
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dition, an accurate prediction of the response to PCRT
before administering this intervention, as well as an evaluation of nodal involvement after PCRT, remain important issues. An acceptable prediction of the response to
PCRT should be integral to the decision making regarding an extension or selection of this treatment option.
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Core tip: Magnetic resonance imaging in rectal cancer
is mandatory for a surgeon to plan neoadjuvant therapy. It also helps in planning surgical approach especially in low rectal cancer.
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imaging in rectal cancer: A surgeon’s perspective. World J
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Abstract
Magnetic resonance imaging (MRI) in rectal cancer was
first investigated in 1999 and has become almost mandatory in planning rectal cancer treatment. MRI has a
high accuracy in predicting circumferential resection
margin involvement and is used to plan neoadjuvant
therapy. The accuracy of MRI in assessing mesorectal
lymph nodes remains moderate, as there are no reliable criteria to assess nodal involvement. MRI seems to
be good in assessing peritoneal involvement in upper
rectal cancer; this however has been assessed in only
a few studies and needs further research. For low rectal cancers, mesorectum is thin at the level of levator
ani especially in relation to prostate; so predicting circumferential resection margin involvement is not easy.
However high spatial resolution coronal imaging shows
levator muscles, sphincter complex and intersphincteric plane accurately. This is used to stage low rectal
tumors and plan plane of surgery (standard surgery,
intersphincteric resection, Extralevator abdominoperineal resection). While most centres perform MRI post

WJG|www.wjgnet.com

INTRODUCTION
Over the last two decades outcomes of rectal cancer surgery has improved. The principle of sharp dissection in
the total mesorectal excision (TME) plane as advocated
by Bill Heald and implementation of national training
programmes have improved outcomes of rectal cancer
surgery[1,2]. The German Rectal Cancer Study Group trial
showed that preoperative long course chemoradiotherapy
(LCRT) improves 5-year locoregional recurrence rates
compared with postoperative LCRT in stage T3, T4, or
node-positive patients and with less toxicity[3].
The success of pre-operative therapy over postoperative treatments meant that a technique identifying
prognostic factors pre-operatively is of potential benefit
in modifying the intensity of pre-operative therapy ac-
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Special MRI: MR imaging of the rectum may be performed with either an endorectal coil or a phased-array
surface coil. While endorectal coil gets better resolution
of lesion, it is uncomfortable and cannot be used for stenosing lesion and rectosigmoid tumors. Hence standard
MRI includes images with phased-array body coil only.

cording to risk of local or distant failure. Careful staging
of rectal tumors results in selective pre-operative treatment strategies aimed at reducing local failure and distant
failure in high risk patients[4].
In rectal cancer staging, magnetic resonance imaging
(MRI) has played a crucial role. In this review, we discuss
in brief the history and relevance of rectal MRI through
a surgeon’s perspective.

Diffusion MRI: Diffusion-weighted MRI (DW-MRI) is
a functional imaging technique that displays information
about the extent and direction of random water motion
in tissues. Preclinical and clinical data indicate a number
of potential roles of DW-MRI in the characterization of
malignancy, including determination of lesion aggressiveness and monitoring response to therapy[11-13].

RESEARCH
A systematic search of PubMed, MEDLINE and the
Cochrane Library databases was performed from January
1995 to March 2013 using the terms: “MRI and rectal
cancer” to identify studies investigating role of MRI in
rectal cancer surgery. Using the criteria listed above 1231
articles were identified. After records were screened by
abstract, 137 articles were eligible for full text evaluation
and 72 were included in the reference list. This review
included brief history of MRI in rectal cancer with its
role in staging, selecting patients for neoadjuvant therapy,
classification rectal cancers and other relevant topics.

MRI with super paramagnetic iron oxide: In structures such as lymph nodes, insufficient contrast between
normal and diseased tissues requires development of
contrast agents. Super paramagnetic iron oxide (SPIO)
structure is composed of ferric iron and ferrous iron
(coated with a layer of dextran or other polysaccharide).
SPIO particles are taken up by phagocytic cells such as
monocytes, macrophages, and oligodendroglial cells but
not by tumor cells. This SPIO enhanced MRI to enhance
nodal resolution is under investigation and has shown
promising results in rectal cancer[14,15]. Use of this agent
in patients who have complete response after LCRT can
be potentially used to identify patients (no lymph node
involvement) who may be candidates for local excision
yPT0/T2[16]. This agent is not FDA approved for rectal
MRI.

History
The first MRI of human body was performed in 1977. In
1980 GE built the first high-field whole body MRI scanner. Blomqvist et al[5] in 1999, performed MRI on rectal
cancer specimens concluded that presence of tumor free
lateral resection margin could be predicted by MRI of
resected specimen when this exceeds 1 mm[5]. However
it is Brown et al[6] who used thin section MRI imaging to
identify mesorectal fascia in all patients and accurately
stage tumors especially T3 tumors. The same group performed MRI in cadaveric sections and in patients before
they underwent total mesorectal excision surgery to establish criteria for visualization of the structures relevant
to anterior resection of the rectum[7]. The MERCURY
(Magnetic Resonance Imaging and Rectal Cancer European Equivalence) Study Group is a multicenter multidisciplinary collaboration formed in 2001. This group
evaluated association between MRI and histopathology in
measuring depth of tumour invasion beyond the bowel
and involvement of the circumferential resection margin
(CRM) in rectal cancer specimens[8,9]. Low Rectal Cancer
study group (LOREC) is undertaking a study with the
primary aim to reduce rate of incomplete excision in
these patients from 30% to less than 10%[10].

Guidelines to perform MRI rectum
The technique for MRI in rectal cancer has been described by Taylor et al[17] (MERCURY study). The clinician provides location of tumor on rigid sigmoidoscopy.
There is need for bowel preparation or intravenous contrast. We use 1.5-T system with phased array coil with the
coil positioned from sacral promontory to 10 cm below
pubic symphysis. Rectal distention with water may improve the depiction of a primary rectal tumor and the assessment accuracy of a perirectal tumor extension, but it
does not improve the accuracy for determining the presence of regional lymph node involvement[18]. This however is not used routinely except selected centres: (1) the
first series-sagittal, T2-weighted, fast spin echo from one
pelvic sidewall to other, which locates tumor and relation
to peritoneal reflection; (2) the second series- large field
of view axial sections whole pelvis; (3) the third series-T2
weighted thin slice (3 mm) axial images through rectal
cancer perpendicular to long axis rectum; and (4) for low
rectal cancers, high spatial resolution coronal imaging to
show levator muscles, sphincter complex and intersphincteric plane.
There is no need for post contrast MRI. Only T2
weighted non-fat suppressed sequences in all three
orthogonal planes to tumor axial, coronal and sagittal
should be used (Figure 1). The findings on scan are re-

Principles of MRI scan
Clinical MRI uses the magnetic properties of hydrogen
and its interaction with both a large magnetic field and
radio waves to produce highly detailed image of human
body. By changing parameters on scanner a contrast between tissues can be obtained. T1 images-water and fluid
containing tissues dark and fat brighter, basic scan; T2
images-water and fluid containing tissues bright, fat dark
suited to show edema; FLAIR sequence-water dark but
edema bright.
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Figure 1 Magnetic resonance imaging technique. T2 weighted non-fat suppressed sequence in all three orthogonal planes to tumor axial, coronal, sagittal
should be used.

Figure 3 Mucinous adenocarcinoma of rectum. Sagittal T2 weighted MRI
image showing a circumferential rectal tumour with high signal intensity (arrows)
characteristic of a mucinous tumor. MRI: Magnetic resonance imaging.

Figure 2 T3 tumor, circumferential resection margin not threatened. T2W
axial magnetic resonance imaging image shows a mildly hyperintense proliferative tumor along the right lateral and posterior wall (black arrow). Arrow head
shows the tumor reaching upto the muscularis with spiculation in the adjacent
perirectal fat. The white arrows show the mesorectal fascia which is not involved/threatened.

is considered as closest distance from tumor to MRF
(mesorectal fascia and around the levator, tumor invading
the intersphincteric plane or extends to within 1 mm of
the levator muscle is considered to potentially involve the
CRM.
Besides normal anatomy, MRI pelvimetry can be used
to anticipate problems during TME dissection. Kim et
al[21] analysed factors related to difficult Laparoscopic
TME (pelvic dissection time). In a prospective study enrolling 74 patients, tumor and patient characteristics (including pelvic dimensions) were analysed with respect to
pelvic dissection time. Multivariate analysis showed that
patients with longer sacral length, narrow intertuberous
diameter and shallow sacral angle on MRI had longer pelvic dissection time but were not associated with increased
postoperative complications[21]. Also variations in pelvic
dimensions did not predict the risk of CRM involvement
in rectal cancer[22].
MRI rectal cancer
It is mandatory to have location of tumor on rigid sigmoidoscopy prior to performing a MRI scan. Location
of tumor on MRI and rigid sigmoidoscopy have a 10%
discrepancy in location, the difference being 3 cm for
anterior tumors while it is 1.2 cm for posterior tumors[23].
For upper rectal cancers, relation to peritoneal reflection
is looked out for. Mucinous and non--mucinous rectal
tumors can be differentiated with MR Imaging. Mucinous
tumors are hetrogenous with intermediate and high SI
(signal intensity) on T2-weighted FSE (fast spin echo)
images reflecting the mucin content[24,25] Figure 3.

corded on set proforma, which shows MRI based classification of rectal tumors, classification for low rectal
tumors, tumor regression grades after LCRT on MRI[19].
Normal MRI findings: Anatomy, T2-weighted MR
imaging sequences are the most suitable for depicting
the rectal wall anatomy. The rectal wall consists of three
different layers that can be recognized at MR imaging. Inner hyper-intense layer, which represents the mucosa and
submucosa (no differentiation is possible between these
two components); an intermediate hypointense layer,
which represents the muscularis propria; and an outer hyperintense layer, which represents the perirectal fat tissue.
The mesorectal fascia appears as a thin, hypointense line
surrounding the hyperintense perirectal fat (Figure 2). At
the level of levator ani/prostate mesorectum is thin anteriorly and mesorectal fascia is close to muscularis propria,
so accuracy is low[20]. At the level of anal canal, even if
the spatial resolution is low compared with endoanal
coil imaging, all of the major anatomic structures (levator ani muscle, puborectal muscle, internal and external
anal sphincters, anal canal) can easily be evaluated. CRM
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Staging: Tumor staging and EMD (extramural depth of
tumor) assessment, There is seldom any dispute about
Endo anal ultrasonography being more accurate when
compared to MRI for T1/T2 lesions[26]. A recent metanalysis of MRI staging of rectal cancer (T1/T2 vs T3/T4)
revealed a sensitivity and specificity of T staging to be
87% and 75%[27], Table 1. Previous studies have described
staging failures due to overstaging of T2 lesions with difficulty in the distinction of spiculation in the perirectal
fat caused by fibrosis alone compared with that caused by
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Table 1 Metanalysis of magnetic resonance imaging staging
[27]
of rectal cancer-Al-Sukhni et al
Sensitivity% (95%CI) Specificity% (95%CI) DOR (95%CI)
T stage
N stage
CRM

87 (81-92)
77 (69-84)
77 (57-90)

75 (68-80)
71 (59-81)
94 (88-97)

20.4 (11-37)
8.3 (4.6-14.7)
56.1 (15-205)

DOR: Diagnostic odds ratio; CI: Confidence interval; CRM: Circumferential
resection margin.

fibrosis that contains tumor cells[28]. Peritumoral fibrosis
is represented by spiculation while broad based nodular
growth is tumor spread.
Although tumor staging with use of the T component of the TNM classification is the traditional method
of prognostically stratifying patients, this approach has
limitations[26]. The main limitation of T staging is that T3
tumors comprise the majority of rectal cancers seen at
presentation, and the outcome of patients with these tumors depends on the depth of extramural spread.
The maximal extramural depth (EMD) of tumor
spread, defined on histopathologic analysis as the distance from the outer edge of the longitudinal muscularispropria to the outer edge of the tumor is more related to
tumor prognosis and preoperative therapy than T stage
alone. In one of the largest series published by a University of Erlangen group, T3 tumors with extramural
spread of more than 5 mm were associated with a 5-year
cancer-specific patient survival rate of only 54%, but T3
tumors with 5 mm or less of extramural spread regardless of whether lymph node involvement was present
were associated with a 5-year cancer-specific survival rate
of greater than 85%. T3 tumors with 5 mm or less of
extramural spread and pT2 patients showed very similar
5-year survival rates (both lymph node positive and negative patient)[29].
In a prospective study of 679 patients with rectal cancer, MERCURY group demonstrated EMD invasion to
be equivalent on MRI and histopathology to a mean difference of less than 0.5 mm[9]. Pederson et al[30] evaluated
168 patients with rectal cancer MRI and histopathological
examination and felt measurements of extramural tumor
spread are more reproducible among different observers
than are 5 mm distance measurements to the anticipated
CRM. This EM spread is the basis of classification of T3
tumors on MRI (T3a EMD < 1 mm, T3b 1-5 mm, T3c
5-15 mm, T4 > 15 mm).
NCCN guidelines recommend neoadjuvant LCRT
for all T3/T4 tumors irrespective of CRM involvement.
However in the United Kingdom, LCRT would be reserved for only T3 tumors with threatened CRM. However it can be suggested, that for T3 tumors with EMD
invasion > 5 mm (bad T3) but with clear CRM can undergo preoperative short course radiotherapy rather than
surgery alone.

Figure 4 T1 N+ tumor. T2W axial magnetic resonance image shows two small
nodes in the mesorectal fat on the left (white arrows) with irregular borders and
signal intensity similar to primary tumor along left lateral wall (black arrow).

nodes less than or equal to 5 mm on MRI were involved
with metastatic disease[31,32]. A suspicious nodebased on
an irregular border or mixed signal intensity had a superior accuracy with a sensitivity of 85% and a specificity of
97%[31] (Figure 4). However, these can be subjective with
inter observer variability. Distance of involved node to
CRM is important. If suspicious nodes are present, one
to three nodes is stage N1 and four or more is stage N2.
A metanalysis of MRI staging of rectal cancer revealed a sensitivity and specificity of N staging to be 77%
and 71%[27]. This indicates limitation of MRI in assessing
mesorectal lymph nodes, which is exacerbated by the lack
of agreement on optimal criteria to assess lymph nodes.
However, high-resolution pelvic MRI was more accurate than PET/CT for the prediction of regional nodal
status. Magnetic resonance imaging had a high sensitivity
and PET/CT had a high specificity for N staging in rectal
cancer[33].
Mesorectal fascia and CRM: Although the tumour
stage on MRI is an important prognostic factor, it alone
may not alter preoperative or operative management. Prediction of the CRM, by contrast, could be clinically useful to select patients for preoperative radiotherapy. MRI
prediction of CRM mesorectal fascia (MRF) with final
histology was performed by Beets-Tan et al[28]. They concluded that tumour-free margin of at least 1.0 mm could
be predicted when the measured distance on MRI was at
least 5.0 mm, and a margin of at least 2.0 mm when the
MRI distance was at least 6.0 mm. Inter observer agreement was better for CRM than for T stage. However
nodes threatening CRM can were difficult to evaluate.
CRM margin 5 mm or 1 mm: While the original study
by Beets-tan concluded that MRI prediction of CRM
involvement is reliable but suggested the use of a wider
threshold on MRI compared to pathology[28]. The MERCURY group based their predicted CRM involvement on
MRI to be less than 1 mm. A prospective study by Taylor
et al[34] also showed that a cutoff of 1 mm on MRI could
be used to predict clear margins with a low positive histologic CRM rate (3.3%)[34].

Nodes: Size is not a criteria for lymph node involvement[27]. In fact, one study found that 15% of lymph
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Table 2 Classification of low rectal cancers Shihab et al
Level Tumor height
1

2

Tumor height
between
levator
origin and
puborectalis
sling

[41]

Tumor depth

Operative plane

Confined to muscle

LAR/intersphincteric
APE
LAR/intersphincteric
APE
Extralevator APE

Beyond muscle

Tumor < 1 mm MRF/
levator
Tumor extending beyond
Extralevator APE
levator
Tumor at
Submucosal/partial
LAR/intersphincteric
or below
thickness muscle
APE
Full thickness muscle
Extralevator APE
puborectalis
In to intersphincteric plane
Extralevator APE
sling
In to external sphincter
Extralevator APE
Beyond external sphincter Pelvic exenteration
into ischiorectal tissue

Figure 5 T2 tumor coronol views with extramural venous invasion. Coronal T2W magnetic resonance imaging shows a cicumferential tumor in the
rectum (small arrows) reaching the muscularis with extramural venous invasion
(long arrow).

APE: Abdominoperineal excision; LAR: Low anterior; MRF: Mesorectal
fascia.

that improved with the use of preoperative therapy. Fiveyear DFS was 42% and 70.7% respectively for patients
with, and without suspicious PSW nodes (P < 0.001),
but the presence of suspicious nodes had no impact on
survival among patients who received preoperative therapy[38]. Based on this, most Mutidisciplinary teams would
advocate preoperative LCRT for patients with rectal cancer and suspicious PSW nodes. While most nodes shrink
with LCRT, management of persistent PSW nodes after
LCRT is not standardized. In South Korea, selective unilateral/bilateral LPLND is performed for persistent PSW
after LCRT[39]. From a surgeon’s perspective, localization
of these lymph nodes by preoperative MRI is important.
At Yonsei university, between 2007 and 2012, of 1686
patients who underwent TME for rectal cancer, 92 (5.4%)
patients underwent TME and LPND (unpublished). This
however is not evidence based and requires further research.

In the MERCURY group study, the accuracy for predicting the status of CRM by initial imaging or imaging
after treatment but before surgery in 408 patients was
88%. Of the 408 patients, 311 underwent primary surgery. The accuracy for prediction of a clear margin was
91% with a negative predictive value of 93%. This compared with an accuracy of 77% and negative predictive
value of 98% in patients who had received preoperative
chemoradiotherapy or long course radiotherapy[8].
A recent meta analysis to assess accuracy of MRI
staging rectal cancer based on 21 studies concluded that
MRI specificity was significantly higher for CRM involvement (94%) than for T category (75%) and lymph nodes
(71%)[27] Table 2. However MRI can overestimate the
CRM involvement in low and anterior tumor with the
risk of over treating the patients[35,36].
Extramural vascular invasion
Extramural vascular invasion is an important and independent prognostic feature that can be readily identified
on MRI. The morphologic features of extramural venous
invasion on baseline T2 weighed MRI range from discrete serpiginous or tubular projections of intermediate
signal intensity into perirectal fat following the course
of a visible vessel to, in more advanced cases, the vessel
being expanded by intermediate-signal-intensity tumor
and having an irregular contour, Figure 5. The degree of
extramural venous invasion system predicts relapse-free
survival, with a 3-year relapse-free survival rate of 35%
for patients with advanced extramural venous invasion,
compared with 74% for those with no or early extramural
venous invasion[37].

Peritoneal involvement: Burton et al[40] in a small study
showed that tumors of the distal sigmoid, rectosigmoid,
and upper rectum can be staged accurately using high
spatial resolution MRI and that those with poor prognostic disease including upper rectal cancer (anterior) may
benefit from preoperative therapy. However further trials
regarding this may be worthwhile.

MRI BASED CLASSIFICATION AND
PLANNING THE SURGICAL PROCEDURES
FOR LOW RECTAL CANCER
Currently, rectal cancer is classified based on the distance
from the anal verge (upper, middle and lower). However,
a selection of the optimal surgical procedures by tumor
height is not enough. Low rectal tumors especially those
treated by abdominoperineal excision (APE), have a high
rate of margin involvement when compared with tumors
elsewhere in the rectum. Correct surgical management
to minimise this rate of margin involvement is reliant on
highly accurate imaging, which can be used to plan the

Pelvic lymph nodes: While lateral pelvic lymph node
dissection (LPLND) is not performed routinely in United
Kingdom, this is a good prognostic indicator as evaluated
as part of MERCURY study. Patients with rectal cancer
and suspicious pelvic side-wall lymph nodes (PSW) on
MRI had significantly worse Disease free survival (DFS)
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Table 3 Classification low rectal cancer (Taylor et al
2008)

Poor prognostic tumors may benefit from: (1) preoperative extrastaging: Adverse features found on rectal
MRI identify patients at increased risk of synchronous
metastatic disease. Hunter et al[48] evaluated the incidence
of synchronous metastatic disease on FDG-PET/CT
and contrast-enhanced multiple-row detector computed
tomography in MRI-stratified high- and low-risk rectal
cancers. Incidence of confirmed distant metastases was
significantly greater in the MRI high-risk group, with
20.7% vs the low-risk group, with 4.2% (odds ratio 6.0).
This group may benefit from additional preoperative
investigation for synchronous metastases such as FDGPET/CT or liver MRI; and (2) trials involving Novel
therapies such as Neoadjuvant capecitabine and oxaliplatin followed by synchronous chemoradiation and
total mesorectal excision in magnetic resonance imagingdefined poor-risk rectal cancer[49].

[34]

Stage
1
2
3
4

Tumor confined to bowel wall, outer muscle intact
Tumor occupies muscle coat but does not enter intersphincteric
plane
Tumor enters intersphincteric space or lies within within 1 mm
of levator muscle
Invades external anal sphincter or is 1 mm or beyond levator
with/without adjacent organ involvement

planes of excision. Two staging systems for low rectal
cancers have been proposed[17,41] (Tables 2 and 3). Shihab
et al[42] reported a retrospective analysis of MRI and histopathology data of 33 patients with low rectal cancer.
They felt defining plane of surgery preoperatively would
be the best way to avoid a positive margin[42].
Similarly, based on Taylor classification, positive resection margins of patients undergoing APER/Low anterior
resections were analysed. Of 101 patients with low rectal
cancers (70 APER, 30 ant resection), positive resection
margin odds were higher for magnetic resonance Stages 3
to 4 than Stages 1 to 2 by a factor of 17.7 (P < 0.001)[43].
Based on this classification we can plan a tailored procedure as shown below: Stage 1-TME; Stage 2-TME +
intersphincteric resection; Stage 3-APER; Stage 4-APER
or pelvic exenteration.

MRI variation in countries
While there is good evidence supporting the role of MRI
in rectal cancer, resource limitations and lack of National
guidelines mean many patients with rectal cancer are
still operated upon without preoperative MRI leading to
suboptimal results. In United Kingdom in 2005, less than
50% of the units studied were able to offer preoperative
MRI to all of their rectal cancer cases[50]. This however
has changed to near 84% in 2012[51]. In an international
questionnaire regarding use of MRI in rectal cancer, only
35% respondents used MRI routinely[52]. In South Korea,
rectal MRI has been used for local staging since 2005,
now it is very popular (90%). Furthermore cost of MRI
is covered with national insurance system. In our institution, usually MRI and trans rectal USG are performed
together for all mid and low rectal cancer patients.

MRI for radiotherapy planning
CT scan remains a gold tool for planning radiotherapy
for rectal cancer (conformal radiotherapy using 3 dimensional views). Most Radiation oncologists would also have
access to MRI views to enable planning i.e., delineation
of target volume. Tumour volumes defined on MRI are
smaller, shorter and more distal from the anal sphincter
than CT-based volumes. For radiotherapy planning, this
may result in smaller treatment volumes, which could lead
to a reduction in dose to organs at risk and facilitate dose
escalation[44,45]. Co-registration of the images where MR
images are used for optimal outlining while retaining the
CT data for dose calculations is now considered the gold
standard in prostate cancer radiotherapy[46]. However for
rectal cancer, further research is required regarding this.

POST LCRT MRI
MRI in rectal cancer is sometimes performed after radiotherapy (MRI 2) to evaluate tumor response and to
choose alternative forms of surgery (Figure 6). With regards to MRI 2, there are two schools of thought.
MRI2 mandatory
MERCURY group believe MRI 2 should be mandatory for post treatment staging. This special radiology
group felt with appropriate training, radiologists were
able to differentiate tumor and fibrosis and even acellular mucin from cellular mucin on MRI scans. On post
CRT T2 weighted images areas of fibrosis have very low
signal intensity (similar to muscularis propria), whereas
areas of residual tumor have intermediate signal intensity
(similar to baseline tumor). Careful examination of highresolution images enables delineation of small foci of
intermediate signal intensity tumor in areas of low intensity fibrosis. Low intensity spicules in perirectal fat radiating from residual tumor represent desmoplastic reaction
whereas advancing tumor has more nodular intermediate
signal intensity. The guidelines for reporting MRI2 have
been published by Patel et al[53], Table 4. MRI for restaging

MRI as prognostic factors
Following can be used as a prognostic factors on MRI: (1)
tumor EMD/T4/CRM; (2) extramural vascular invasion;
(3) inflammatory reaction; (4) mucinous tumours; (5) pelvic lymphnodes; and (6) MRI assessment of TRG (tumor
regression grade) and CRM are imaging markers that predict survival outcomes for good and poor responders[47].
Practically it translates in to following.
Good tumor no adjuvant therapy: The preoperative
identification of good prognosis tumors using MRI allows stratification of patients and targeting of preoperative therapy. MRI can also identify T3 rectal cancer
patients who are likely to have a good outcome with primary surgery alone[34].
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A

Table 4 Post long course chemoradiotherapy magnetic
resonance imaging 2-Parameters are assessed on post
treatment magnetic resonance images
Pre
Post
treatment treatment
Height of tumor from anal verge
Length of tumor
Tumor stage
(sub stage based on extramural spread)
Nodal spread
Nodes pelvic sidewall
Involvement peritoneal reflection
Distance to potential CRM
Depth of maximum extramural spread
(distance from outer edge of muscularis propria)
tumor and fibrosis separately
Extramural venous invasion

B

MRI tumor regression grade, Grade Ⅴ: No response (same as original
tumor); Grade Ⅳ: Slight response (litte area of fibrosis/mucin, mostly
tumor); Grade Ⅲ: Moderate response (more than 50% fibrosis, mucin
but mostly tumor); Grade Ⅱ: Good response (dense fibrosis, no obvious
residual tumor); Grade Ⅰ: Radiological complete response (no evidence of
ever treated tumor); CRM: Circumferential resection margin.

MRI2 optional/unnecessary
MRI accuracy is poor after LCRT, T stage (43%), N stage
(71%), On MRI it is difficult to differentiate tumor cells
in scar tissue[58]. In a recent multicentric evaluation of
MRI post neoadjuvant chemoradiotherapy (MERRION)
found limited use of MRI post therapy[59]. In a small series of 16 patients with locally advanced cancer MRI before and after LCRT (MRI 1 and MRI 2) were compared
to final histology. The accuracies of both MRI before
and after radiotherapy were moderate, with no additional
value of MRI after radiotherapy. They concluded that
morphological assessment of pelvic MRI after preoperative radiotherapy does not provide any significant new
information about tumor extent in patients with locally
advanced rectal cancer[60]. Similarly, in another study, authors felt that accuracy of MRI 2 in distinguishing tumor
delineation might be difficult due to fibrosis[61]. Post
treatment MRI is a poor predictor of final histology and
should not be relied upon to guide the extent of surgical
resection. Larsen et al[62] felt that to achieve R0 resection,
optimal surgery should be based on pre-treatment MRI.
The study has initiated a new approach to histopathological classification of the removed specimen where they
introduce a MRI assisted technique for investigating the
areas at risk outside the mesorectal fascia in the specimen[62]. Kang et al[63] concluded that the tumor volume reduction ratio was not significantly associated with T and
N downstaging. MRI is unable to detect the majority of
patients who have a complete histopathological response
as MRI appearances of ypT0 tumours are heterogeneous[64].
There is little consensus on the use of MRI after
LCRT. Martellucci et al[65] suggested against restaging with
MRI and recommended TRUS. They found that regarding the depth of invasion after treatment, TRUS agreed

Figure 6 (A) Pre-chemoradiotherapy and (B) postchemoradiotherapy
status. Arrows point to tumor along left lateral wall tumor which is mildly hyperintense in A that has become darkly hypointense in B indicating response
(fibrosis).

has established accuracy of involvement of intersphincteric plane[42,43,47]. Another argument on which MRI was
based was that endoluminal USG cannot differentiate tumor and fibrosis[54,55]. In a study by this group, the negative predictive value of CRM for MRI 2 was 98%. In this
study both posttreatment MRI T staging and posttreatment MRI assessment of tumor regression grade showed
statistical correlation with pathologic T stage, which in
turn was strongly associated with overall and disease-free
survival as well as local recurrence[56].
As a consequence, reassessment of MRI scans after
preoperative therapy has implications for surgical planning, the timing of surgery, sphincter preservation[53,56].
Patients with CRM positivity on MRI 2 may require excision of adjacent organs (exenteration). While it has been
suggested development of further preoperative treatments for radiologically identified poor responders and
deferral of surgery for good responders, this can happen
only in context of a trial. Phase Ⅱ trials are currently
evaluating the safety of deferring surgical resection in
patients with a good response as shown on MRI[57]. However there are drawbacks, while MRI 2 has an negative
predictive value of 98% for CRM, its specificity for CRM
was 73% (compared to 92% for MRI 1)[8]. This would
mean, excision performed based on MRI2, chances of
involved margin would be less, but at the same time,
you would be likely to overtreat and excise outside TME
plane/exenteration. Sphincter preservation (ISR) would
also be less likely.

WJG|www.wjgnet.com

2036

February 28, 2014|Volume 20|Issue 8|

Saklani AP et al . MRI role in rectal cancer management

with histopathology in 25/37 patients (67.5%), CT
agreed in 22/37 cases (59.5%), and MRI in 12/20 cases
(60%). They therefore suggested limiting the use of MRI
for restaging to selected cases. There however is uniform
consensus on current guidelines, which advocate removing areas of fibrosis on MRI 2, as they could harbor tumor cells.
Even in United Kingdom, ACPGBI guidelines do not
enforce MRI 2[8] prior to surgery. Ultimately it would be
a joint decision by individual MDT as there seems to be
no uniform consensus across the board. In low resource
economies MRI 2 may be performed only in selected
cases for locally advanced unresectable cases to plan operability, extent of resection or consideration of more
non-cross resistant chemotherapy prior to surgery.

it with preoperative MRI sphincter morphology and
anal manometry. They found only puborectalis thickness showed a significant (P = 0.01) relationship with the
number of adverse symptoms suffered postoperatively[67].
MRI in recurrent cancers
MRI scans of pelvis are mandatory for selection for
exenterative surgeryfor recurrent cancers, as CRM corelates with survival. In primary cancers, assessing the
preservation of fat plane can be used to predict invasion. However this is difficult in post-operative/postradiotherapy pelvis, where fat planes are often grossly
distorted or absent. Pelvic oncology unit in Leeds consider definite invasion in three specific circumstances on
MRI: (1) when tumour tissue is clearly seen to invade
or destroy adjacent anatomy; (2) when signal change in
adjacent tissue is comparable with the signal intensity of
the recurrent tumour; or (3) where muscle enlargement
is evident. In their experience when patients are assessed
between 21 and 48 mo post-primary surgery, muscle
enlargement seen on MRI is related to recurrence rather
than haematoma/inflammatory changes[68].

Timing of MRI 2: There remains some controversy
regarding the optimum time for imaging prior to surgery
after the chemoradiotherapy treatment has been completed. As surgery is planned for approximately 6-8 wk after
the final chemoradiotherapy treatment, the MRI needs to
be performed during this time, too early and the oncologists will argue that the chemoradiotherapy will still be
having effects and potentially decrease the tumour size
further; therefore the closer to surgery the better. Many
centres aim for approximately 1 mo after LCRT to enable
the surgery to be planned/organised.

MRI directed MDT: MRI directed MDT improves outcome and is mandatory for recognition as a cancer centre. In 2006, Burton et al[69] compared CRM involvement
of rectal cancer patients who were operated with/without MDT discussion and found low CRM involvement in
patients discussed at MDT. This opinion however is not
uniform. Review By Danish MDT team found increased
detection of metachronous cancers through MDT but no
difference in overall survival. Similar results were shown
by Department of Health care policy, Harvard Medical
school[70,71].

MRI for surveillance
Surgical treatment offers the best prospect of survival for
patients with recurrent colorectal cancer. Unfortunately,
most local recurrences are diagnosed at an advanced
(unresectable) stage, when traditional follow-up methods
are used. The impact of MRI surveillance on the early
diagnosis of local recurrences has been evaluated by Titu
et al[66] In this unique study, 226 patients who underwent
curative surgery for rectal and left-sided colon tumors
were included in a program of surveillance using pelvic
MRI in addition to standard follow-up protocol. Twentysix (13%) local recurrences were identified. These were
then analyzed based on mode of diagnosis, resectability,
and overall survival. Recurrent pelvic cancer was diagnosed by MRI with a 87% sensitivity and 86% specificity.
In 19 (63%) cases, CEA was abnormally elevated, and 9
patients (30%) were symptomatic. Surgical resection was
possible in only 6 patients (20%). There was no difference between MRI and conventional follow-up tests in
their ability to detect cases suitable for surgery. Hence
they concluded, pelvic surveillance by MRI is not justified
as part of the routine follow-up after a curative resection
for colorectal cancer and should be reserved for selectively imaging patients with clinical, colonoscopic, and/or
biochemical suspicion of recurrent disease[66].

CLINICAL APPLICATION OF MRI FOR THE
SURGEON
T1/T2 cancer. MRI can’t differentiate, hence need endorectal usg to identify T1 cancers. Theses may be candidates for local excision (transanal or TEO) (Figure 4).
T3 minimal (no CRM involvement) can go for surgery either per primum or after shortcourse radiotherapy
(Figure 2).
T3/N0, + (Figures 3, 7 and 8) with circumferential
margin involvement and T4 tumors (Figure 9) are treated
with LCRT and reassesses with MRI 2.
All rectal cancer with pelvic side wall nodes needs to
undergo LCRT as this leads to improved survival and
avoids need for lateral pelvic node dissection (Figure 8).
All low rectal cancers (5 cm from anal verge) are assesses with coronal images of MRI T2 sequences, to see
involvement of intersphincteric plane and extension to
levator ani: (1) those tumors free from intersphincteric
plane and more than 1 mm from levator plate can be
subjected to intersphincteric dissection and sphincter
saving procedures (Figure 10A); (2) tumors involving
intersphincteric space and external sphincters undergo

Functional outcome: MRI pelvis may predict functional
outcome in patients undergoing anterior resection. In a
small series of patients undergoing anterior resection,
How et al[67] evaluated functional outcome and co-related
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Figure 9 T4 lesion rectum involving prostate.

Figure 7 T3 tumor with spiculation reaching mesorectal fascia. Peritumoral fibrosis. T2W axial magnetic resonance imaging shows rectal tumor along
anterior wall with spiculations (small white arrows) into the perirectal fat. The
spiculation reaches up to mesorectal fascia (black arrow) at 12’ o’clock position
(long white arrow) causing focal fascia retraction.

A

*

*

*
*

B

Figure 8 T3 tumor with lateral pelvic nodes. Axial T2W magnetic resonance
imaging shows a large right lateral pelvic wall node (arrowhead). Short arrow
shows perirectal node. The primary rectal tumor (asterisk) is seen extending
into left mesorectal fat upto the mesorectal fascia (long arrow).
*

standard APER (Figure 10B); and (3) tumors involving
levators need extralevator APER (Figure 11).

DISCUSSION

Figure 10 Coronal section T2 weighted magnetic resonance imaging to
see level of tumor for planning surgery. A and B show tumor (asterisk) along
the left lateral wall, that reaches up to the internal sphincter (short white arrows)
in B, but spares it in A. The uninvolved external sphincter (darkly hypointense)
is shown by black arrows. The long white arrows in A and B shows the spared
levator ani.

One of the most important factors that governs the success of TME surgery is the relationship of tumour to
the CRM. Tumour involvement of the CRM in patients
undergoing TME surgery is related to poor survival and
local recurrence. Tumor relation to CRM on MRI (predicted CRM) helps in planning preoperative LCRT in
selected cases. MRI may help plan plane of resection for
low rectal tumors and may decreases CRM involvement
and ultimate outcome (LOREC project).
While not in line with NCCN (National comprehensive cancer Network) guidelines, it helps avoid radiotherapy for T3 patients where predicted CRM is not
threatened. This will mitigate radiotherapy related complications and improve bowel function. In addition, MRI
will identify tumours exhibiting other poor prognostic
features, namely, extramural spread > 5 mm, extramural venous invasion by tumour, nodal involvement, and
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peritoneal infiltration who may be candidates for trials regarding intensive chemotherapy/biological therapy along
with radiotherapy to improve DFS/OS/LR.
For advanced tumors (Non-resectable) on MRI, targeted preoperative therapy may not only reduce the size
of the primary tumour and render potentially unresectable tumour resectable. This would also enable patients
at high risk of systemic failure to benefit from intensive
combined modality therapy aimed at eliminating micrometastatic disease[72]. The Role of MRI post LCRT is
uncertain but is often used in selected centres planning to
offer sphincter preservation based on tumor response.
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10
11

12
Figure 11 Low rectal cancer involving left levator.

CONCLUSION
MRI should be mandatory in planning radical surgery for
rectal cancer. This improve R0 resection rates, decreases
local recurrences with improved oncological outcomes.
There is uncertainty over the role of MRI post LCRT.
While MRI directed MDT has shown improved outcome
in most studies, this however is debatable. The role of
MRI in early rectal cancer seems to be limited, and needs
complimentary endorectal ultrasound.
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MINIREVIEWS

Targeted therapy in gastric cancer: Personalizing cancer
treatment based on patient genome
Sun Min Lim, Jae Yun Lim, Jae Yong Cho
not all patients can be tested for biomarkers, and numerous challenges hamper implementation of targeted
therapy in clinical settings. Indeed, the scale of tumor
genomic profiling is rapidly outpacing our ability to appropriately synthesize all the information in order to
optimally refine patient care. Therefore, clinicians must
continue to educate themselves regarding new tools
and frameworks, and to utilize multidisciplinary team
science, comprised of oncologists, geneticists, pathologists, biologists and bioinformaticians, to successfully
implement this genomic approach therapeutically.
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Core tip: Understanding the molecular mechanisms
governing carcinogenesis, progression and prognosis
of gastric cancer is a prerequisite for development of
effective management strategies. Analysis of genomic
and proteomic expression profiles of oncogenic signaling pathways have revealed different molecular
subtypes of gastric cancer. Development of personalized cancer therapy regimens will specifically target
aberrations that drive tumor growth and survival.
Therefore, identifying and administering the appropriate drug based on genetic profiling will improve clinical outcomes and decrease toxicity. We anticipate that
identification of novel cancer targets will further aid in
understanding of cancer heterogeneity and in refinement of personalized therapeutic strategies.

Abstract
Gastric cancer is the second leading cause of cancerrelated deaths worldwide. Conventional cytotoxic chemotherapy has limited efficacy for metastatic gastric
cancer, with an overall survival of approximately ten
months. Recent advances in high-throughput technologies have enabled the implementation of personalized
cancer therapy for high-risk patients. The use of such
high-throughput technologies, including microarray
and next generation sequencing, have promoted the
discovery of novel targets that offer new treatment
strategies for patients lacking other therapeutic options. Many molecular pathways are currently under
investigation as therapeutic targets in gastric cancer,
including those related to the epidermal growth factor
receptor family, the mesenchymal-epithelial transition
factor axis, and the phosphatidylinositol 3-kinase-AKTmammalian target of rapamycin factors. Advances in
molecular diagnostic tools further support the discovery
of new molecular targets. Limitations exist, however;
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Trastuzumab extended the median overall survival from
11.1 to 13.8 mo (HR = 0.74; P = 0.0046). This finding
satisfied the primary objective of the trial and was later
referenced in the National Comprehensive Cancer Network guideline.
In addition to the HER2 pathway, there are many
other pathways abnormally regulated in gastric cancer.
These include the fibroblast growth factor receptor
(FGFR) family, the hepatocyte growth factor (HGF)mesenchymal epithelial transition factor axis, the phosphatidylinositol 3-kinase (PI3K)-AKT-mammalian target
of rapamycin (mTOR) factors, and the RAS/RAF/
MEK/mitogen-activated protein kinase factors.
Genetic amplification, translocation or mutation of
FGFR accelerates growth in a variety of cancers. More
specifically, FGFR2 has been reported as amplified in
9% of gastric cancer specimens[9]. For the HGF/Met
pathway, dysregulation can occur by aberrant paracrine
and autocrine activation via inappropriate ligand production, activating mutations, genomic amplification,
increased transcription, or Met receptor overexpression.
Overexpression of Met has been detected in human
gastric cancers and is associated with a more aggressive
phenotype[10-12]. Notably, rilotumumab (a monoclonal
antibody targeting the Met-HGF axis) yielded superior
overall survival rates in a subgroup analysis of a phase
Ⅱ randomized study. Patients with high levels of Met
expression were treated with either epirubicin, cisplatin,
and capecitabine (ECX) in combination with rilotumumab or ECX alone in the first-line setting (11.1 mo vs 5.7
mo, HR = 0.29; 95%CI: 0.11-0.76, P = 0.012)[13]. Activation of the PI3K/Akt/mTOR signaling pathway is correlated with poor prognosis and has also been studied as
a therapeutic target[14,15]. A phase Ⅲ trial that evaluated
supportive care in combination with either everolimus
(an inhibitor of mTOR) or placebo for patients with
advanced stage gastric cancer yielded negative results,
where there was no significant difference in overall
survival between the treatment arms (5.4 mo vs 4.3 mo
for the everolimus and placebo groups, respectively)[16].
Histone deacetylase and poly (ADP-ribose) polymerase
(PARP; a family of proteins involved in a number of cellular processes involving DNA repair and programmed
cell death) have been investigated as treatment targets
for gastric cancer[17,18]. Angiogenesis is essential in cancer
development, growth, and proliferation, and the vascular endothelial growth factor (VEGF) and receptor
(VEGFR) have been spotlighted as therapeutic targets.
Recently, the REGARD Trial reported that ramucirumab
(a VEGFR-2 monoclonal antibody) improved both progression-free survival and overall survival (vs placebo)[19].
Many clinical trials have evaluated molecular targeting
agents that correspond to the various aforementioned
signaling pathways (Figure 1), and many of them are ongoing (Table 1)[8,18-23].
Due to large-scale molecular techniques, our understanding of the molecular complexity underlying gastric
cancer has increased, and the development of prognostic

INTRODUCTION
Advances in high-throughput technologies, such as microarray and next generation sequencing (NGS), have
led to the discovery of novel therapeutic targets and
revealed the power of predictive and prognostic markers
in patient care. In addition, such comprehensive genomic
approaches have increased our understanding of critical
cellular and molecular mechanisms of cancer[1,2]. To date,
hundreds of cancer-causing mutations have been discovered by genome-wide sequencing of the entire exome of
more than 3000 tumors[3-5]. Most of the mutated cancercausing genes may already have been identified, as the
more recent NGS studies have reported previously
identified mutants from different tumor types[5]. Because
of this depth of knowledge regarding cancer genomes,
we can now target specific aberrations that drive tumor
growth and survival and customize drug combinations
for individual patients. Despite the feasibility and clinical
advantages of personalized cancer therapy, only a small
minority of patients are being tested for biomarkers and
treated accordingly. Moreover, most emerging drug candidates with no predictive biomarkers fail in clinical trials. Therefore, it is essential to determine which specific
targeted therapies are most efficacious for particular sets
of patients, and optimization of these treatment regimens should be a priority of future research.
Gastric cancer is one of the most common malignancies worldwide and is the most frequent cancer diagnosed in East Asian countries[6]. Since gastric cancer is
a heterogeneous disease, both histologically and genetically, it is difficult to predict patient outcomes using classical histologic and molecular classifications[7]. Surgery
is the only curative treatment strategy; yet, even when
the primary tumor is resected, some early gastric cancer
patients will ultimately succumb to the disease as a result of recurrence of local or distant tumors. Although
not necessary in all patients, adjuvant chemotherapy has
been shown to benefit some patients with early gastric
cancer, whereas conventional chemotherapy has limited
efficacy for advanced gastric cancer, with an overall survival of approximately ten mo. Therefore, to improve
prognosis of these high-risk patients, it is important to
identify predictive biomarkers and to develop refined
treatment strategies.

MOLECULAR HETEROGENEITY OF
GASTRIC CANCER
Human epidermal growth factor receptor 2 (HER2;
also known as ERBB2) is a receptor associated with cell
survival, proliferation, migration, adhesion, and differentiation. In the trastuzumab for gastric cancer trial, 594
patients with gastric cancer with overexpression of the
HER2 protein were randomly assigned to two treatment
groups, chemotherapy (capecitabine/fluorouracil plus
cisplatin) or chemotherapy in combination with trastuzumab (a monoclonal antibody that inhibits HER2)[8].
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Figure 1 Molecular targeting agents for different signaling pathways in gastric cancer. PI3K: Phosphatidylinositol 3-kinase; HER: Human epidermal growth factor receptor; FGFR: Fibroblast growth factor (FGF) receptor; mTOR: Mammalian target of rapamycin; HGF: Hepatocyte growth factor; VEGFR: Vascular endothelial
growth factor (VEGF) receptor; EGF: Epidermal growth factor; MAPK: Mitogen-activated protein kinase.

Table 1 Recent phase Ⅲ clinical trials investigating molecular targeting agents in gastric cancer
Biomarker

n

Results

Achievement of primary objective

Ref.

HER2

584

Positive

[8]

Capecitabine/oxaliplatin ± lapatinib (LOGiC)
Paclitaxel ± lapatinib (TYTAN)
EGFR inhibitor
Capecitabine/cisplatin ± cetuximab (EXPAND)

HER3
HER4

545
261

PFS 6.7 mo vs 5.5 mo, P = 0.0002
OS 13.8 mo vs 11.1 mo, P = 0.0046
Enrollment done
OS 11.3 mo vs 8.8 mo, P = 0.2088

NP (NCT00680901)
Negative

[20]

NA

904

Negative

[21]

Epirubicin/oxaliplatin/capecitabine ± panitumumab (REAL-3)

NA

553

Negative

[22]

Negative

[23]

Positive

[19]

Clinical trial
HER2 inhibitor
Capecitabine/cisplatin ± trastuzumab (ToGA)

PFS 5.6 mo vs 4.4 mo, P = 0.3158
OS 10.7 mo vs 9.4 mo, P = 0.9547
Increased toxicity
PFS 6.0 mo vs 7.4 mo, P = 0.068
OS 8.8 mo vs 11.3 mo, P = 0.013
Increased toxicity

Angiogenesis inhibitor
Capecitabine/cisplatin ± bevacizumab (AVAGAST)

NA

774

Ramucirumab vs placebo (REGARD)

NA

355

Paclitaxel ± ramucirumab (RAINBOW)
Afatinib vs placebo
C-MET/HGF pathway inhibitor
Epirubicin/cisplatin/capecitabine ± rilotumumab
(RILOMET-1)
Fluorouracil/folinic acid/oxaliplatin ± onartuzumab (MetGastric)
PI3K/Akt/mTOR pathway inhibitor
Everolimus vs placebo

NA
NA

Paclitaxel ± everolimus (AIO-STO-0111)

PFS 6.7 mo vs 5.3 mo, P = 0.0037

665
270

OS 12.1 mo vs 10.1 mo, P = 0.1002
PFS 2.1 mo vs 1.3 mo, P < 0.0001
OS 5.2 mo vs 3.8 mo, P = 0.0473
Enrollment done
Enrolling

NP (NCT01170663)
NP (NCT01512745)

MET

450

Enrolling

NP (NCT01697072)

MET
HER2

800

Enrolling

NP (NCT01662869)

NA
NA

648 PFS 1.68 mo vs 1.41 mo, P < 0.00001
OS 5.39 mo vs 4.34 mo, P = 0.1244
480
Enrolling

Negative

[16]

NP (NCT01248403)

NA: Not applicable; NCT: ClinicalTrials.gov identifier; NP: Not published; OS: Overall survival; PFS: Progression-free survival; PI3K: Phosphatidylinositol
3-kinase; HER: Human epidermal growth factor receptor; mTOR: Mammalian target of rapamycin.
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Figure 2 Prognostic expression signatures of genes associated with survival. A: Hierarchical clustering of gene expression data from 65 gastric cancer and 6
gastrointestinal stromal tumors patients in the Yonsei gastric cancer (YGC) cohort; B: Kaplan-Meier plots of 3 gastric cancer clusters in the YGC cohort; C: KaplanMeier plots of stage III patients in 2 clusters (C1 and C2) in the YGC cohort. RFS: Recurrence-free survival.

CCL5, and LXTR1). Next, a scoring system based on
the six genes was developed that independently predicted the likelihood of relapse after curative resection. This
suggested that the distinct gene expression signature accurately reflected the clinical differences between patient
subgroups and that such screens can provide information on disease trajectory. In the future, the efficacy of
the risk score will be evaluated as a predictive marker for
clinical response to adjuvant chemotherapy.
In another study using a gene expression microarray,
the M2 isoform of pyruvate kinase (PKM2) was found
to be overexpressed in gastric cancers at both the mRNA
and protein levels relative to normal gastric tissues. Its
expression was negatively correlated with survival in
signet-ring cell gastric cancer patients. PKM2 expression
may be an adverse prognostic factor for signet-ring cell
carcinomas, and the biological role of PKM2 in gastric
cancer development and its prognostic value need to be
further elucidated[31].

classifications based on gene expression profiles is rapidly evolving[24-28]. For example, two distinct gastric cancer subclasses that were strongly associated by prognosis
were linked by analyzing gene expression profiles[29]. Interestingly, whole exome sequencing of a gastric adenocarcinoma revealed recurrent somatic mutations in both
cell adhesion and chromatin remodeling genes[30]. The
characterization of more molecular processes and interactions will yield effective tailored therapies to improve
patient outcome and reduce drug toxicity.

GENE EXPRESSION MICROARRAY
A recent study by Ahn et al[29] identified the prognostic
gene expression signatures of six genes significantly associated with survival and relapse and developed a scoring system based on these genes. Specifically, reverse
transcriptase polymerase chain reaction was performed
on paraffin-embedded tissues, and microarray was used
to generate and analyze gene expression profiling data
from 65 gastric cancer patients. Two distinct subgroups
were strongly associated with prognosis (Figure 2). The
C1 subgroup was linked with a poor prognosis, and six
genes were identified whose expressions were unique
to this subgroup (CTNNB1, EXOCS3, TOP2A, LBA1,
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MICRORNA MICROARRAY
MicroRNA (miRNA) play a role in the pathogenesis
of various human cancers[32]. Although some miRNAs
have been shown to function as oncogenes and oth-
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Figure 3 Simple scoring analysis of Asian gastric cancer. Three criteria were used to select key genes: (1) Genes that were identified in both 5-group and 4-stage
differential expression analysis; (2) Target genes of six key differentially expressed miRNAs, where the target genes were predicted by TargetScan (Rs < -0.4, P < 0.05);
and (3) Genes with recurrent somatic mutations or their interactors (Ingenuity Pathway Analysis program annotation). Only two genes met two criteria, and PRKAA2
was the only gene that met all three criteria. miRNA: MicroRNA.

ing analysis found that only PRKAA2 (AMPKα2) was
identified as a potential key modulator of gastric cancer
progression. Importantly, the translational relevance
of this gene as a target for early-stage gastric cancer
was suggested by functional studies in gastric cancer
cell lines[44]. Relative to previous RNA-seq studies, this
whole-transcriptome RNA-seq approach has several
advantages. First, two protocols were used that complementarily covered RNA fragments of different sizes. In
this manner, quantification of mRNA, long noncoding
RNA and miRNA expression could be conducted simultaneously. Second, ribosome-depleted RNA samples,
rather than poly A-enriched RNA samples, were sequenced, thereby generating a less biased population of
transcribed molecules. Third, strand-specific short reads
were used, and this allowed for more accurate quantification of gene expression. In the future, further functional
studies will be necessary to elucidate whether AMPKα2
is an effective therapeutic target.

ers as tumor suppressors, their mechanisms remain to
be elucidated [33,34]. The relationship between miRNA
expression profile and gastric cancer prognosis[35,36] and
pathogenesis[37,38] has been actively explored. For example, miR-196b may be a useful marker, as overexpression
of miR-196b has been linked to leukemia and several
solid cancers, including gastric cancer[39,40]. Whether miR196b is an oncogene or tumor suppressor and whether
it has a role in gastric carcinogenesis and progression
have not yet been confirmed[41]. Recently, miR-21, miR106b, miR-17, miR-18a and miR-20a were identified as
the five most consistently identified miRNAs in screens
of gastric cancer. The association between expression
level of these miRNAs and clinicopathological features
of gastric cancer was significant, and these miRNAs are
potential diagnostic and/or prognostic markers that warrant further investigation[42].
RNA-sequencing
RNA-sequencing (RNA-seq) technology enables investigators to simultaneously quantify gene expression
levels, assess alternative splicing and gene fusion events,
and detect nucleotide variations in transcribed regions.
In particular, whole-transcriptome RNA-seq provides a
detailed view of the spectrum of expressed transcripts
of both coding and noncoding mRNA[43]. Recently, a
central metabolic regulator AMP-activated protein kinase
(AMPK) was identified as a potential functional target in
Asian gastric cancer. As seen in Figure 3, a simple scor-
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CONNECTIVITY MAP
The Connectivity Map is a web-based interface (http://
www.broadinstitue.org/cmap) that contains more than
7000 expression profiles representing effects of 1309
compounds on several cultured human cells[45]. Analyses
using the Connectivity Map reveal functional connections between drugs, genes, and disease and provide a
novel approach for cancer treatment. Candidate agents
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Figure 4 Schematic for genomics-driven cancer medicine where the cancer treatment regimen is adjusted according to each patient’s genome.

sparing the patient from the considerable toxicity associated with conventional “trial and error” therapy. However, the genome era also poses clinical challenges. This
unprecedented flow of tumor and germline genomic
information needs to be supported by clinical-grade data
interpretation. Oncologists will be required to conduct
a new generation of evidence-based clinical trials to accommodate smaller numbers of patients with discrete
genetic alterations. To aid in this discovery, platforms
for repeat biopsy and tissue banking should be established. Moreover, the roles of personalized surgery and
radiotherapy should not be underestimated. Defining
a subgroup of patients who benefit from radiotherapy
and the potential interactions between patient characteristics and the efficacy of radiotherapy should be further
explored in the future. We believe this confluence of
science, technology, drug discovery, and clinical trial will
lead to successful implementation of informed personalized cancer medicine.

against a specific disease can be recognized by applying
disease-specific gene expression profiles to Connectivity
Map analysis[46]. Recently, a gastric cancer gene signature was applied to the Connectivity Map, and analysis
revealed that histone deacetylase inhibitors, including
vorinostat and trichostatin A, were potential drugs for
the treatment of gastric cancer. These findings were
validated in vitro using gastric cancer cell lines, wherein
vorinostat significantly inhibited cell viability in a dosedependent manner[17]. Therefore, application of unique
gene expression profiles to the Connectivity Map may be
a viable strategy for the discovery of novel therapeutic
agents for gastric cancer.

CONCLUSION
Advances in molecular diagnostics rely more on classifying tumors based on the pathways that drive the oncogenic process, rather than by the tissue of origin. Such
molecular tumor classification schemes are very useful
in selecting the appropriate pathway inhibitor to apply to
an individual patient. Genomic technologies enable robust tumor genomic profiling in the clinical arena (Figure
4) and make it possible to match plausible genetic alterations with rational therapeutic regimens. This means that
data from cancer genomes may dictate rational treatment
decisions that are tailored for a specific tumor. Importantly, the patients benefit from use of these biomarkers,
as the most effective therapy would be selected upfront,
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Longitudinal analysis of inflammation and microbiota
dynamics in a model of mild chronic dextran sulfate
sodium-induced colitis in mice
Luigia De Fazio, Elena Cavazza, Enzo Spisni, Antonio Strillacci, Manuela Centanni, Marco Candela,
Chiara Praticò, Massimo Campieri, Chiara Ricci, Maria Chiara Valerii
ministration of the sulfated polysaccharides DSS. The
murine DSS colitis model has been widely adopted to
induce severe acute, chronic or semi-chronic colitis,
and has been validated as an important model for the
translation of mice data to human inflammatory bowel
disease (IBD). However, it is now clear that models
characterized by mild intestinal damage are more accurate for studying the effects of therapeutic agents.
For this reason, we have developed a murine model
of mild colitis to study longitudinally the inflammation
and microbiota dynamics during the intestinal repair
processes, and to obtain data suitable to support the
recovery of gut microbiota-host homeostasis.
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RESULTS: All plasma cytokines evaluated, except
IL-17, began to increase (P < 0.05), after 7 d of DSS
administration. IL-17 only began to increase 4 d after
DSS withdrawal. IL-1β and IL-17 continue to increase
during the recovery phase, even when clinical signs of
colitis had disappeared. IL-6, IL-10 and IFN-γ reached
their maxima 4 d after DSS withdrawal and decreased
during the late recovery phase. TNFα reached a peak
(a three- fold increase, P < 0.05), after which it slightly
decreased, only to increase again close to the end of
the recovery phase. DSS administration induced profound and rapid changes in the mice gut microbiota.
After 3 d of DSS administration, we observed a major
reduction in Bacteroidetes/Prevotella and a corresponding increase in Bacillaceae, with respect to control
mice. In particular, Bacteroidetes/Prevotella decreased
from a relative abundance of 59.42%-33.05%, while
Bacillaceae showed a concomitant increase from 2.77%
to 10.52%. Gut microbiota rapidly shifted toward a
healthy profile during the recovery phase and returned
normal 4 d after DSS withdrawal. Cyclooxygenase 2 expression started to increase 4 d after DSS withdrawal (P
< 0.05), when dysbiosis had recovered, and continued
to increase during the recovery phase. Taken together,

Abstract
AIM: To characterize longitudinally the inflammation
and the gut microbiota dynamics in a mouse model of
dextran sulfate sodium (DSS)-induced colitis.
METHODS: In animal models, the most common
method used to trigger colitis is based on the oral ad-
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that permits clinical monitoring of colitis using parameters such as weight loss, stool consistency and blood
in the stool. Together these parameters yield an average
clinical score that is a powerful comparable number for
identifying potential differences among groups over the
total duration of the experiment. However, the devastating intestinal injuries caused by 3% DSS remain for up
to ten days after DSS administration. Therefore, they
do not provide a sensitive system to evaluate the role of
therapeutic agents with different efficacies[5], or the role
of the various parameters involved in intestinal repair. By
contrast, the milder seven-day 1% DSS treatment model
seems to be a powerful means of evaluating the effect of
most therapeutic agents and the repair phase of colitis.
However, the 1% DSS model would not be characterized
as a disease according to traditional disease activity indices
and hence prevents clinical monitoring[5]. Histopathology,
with quantification of morphological and immunological
changes in the colon during and after 1% DSS treatment,
is necessary to identify differences among groups.
The molecular events taking place after DSS ingestion and those leading to established colitis are not completely understood, but are of primary importance to
understand the strengths and weaknesses of this model.
DSS is a sulfated polysaccharide with a variable molecular
weight (MW) ranging from 5 to 1400 kDa. DSS is rapidly
depolymerized in the stomach, reaching the cecum with
a MW between 750 and 5000 Da, and it is reasonable to
assume that these smaller sulfated polysaccharides are
responsible for the observed colon damage[6]. Hence, the
MW of DSS is considered a major factor in the induction of colitis. The most severe colitis was obtained in
BALB/c mice using DSS with a MW of 40 kDa; higher
or lower MWs resulted in milder forms of colitis[7]. For
this reason, some companies have developed DSS specifically designed for the induction of colitis, and these
specific products are strongly recommended to obtain
much more repeatable results. DSS metabolism in the
gut also involves the formation of complexes between
DSS fragments and medium-chain fatty acids (MCFA),
which are enriched in the large bowel[8]. The high toxicity
of DSS-MCFA complexes explains why only the large
bowel, and especially the terminal colon, is inflamed by
the DSS moieties. Once it enters into colonocytes, DSS
impairs major cellular functions by inhibiting the activity
of cellular enzymes, such as ribonuclease[8] and iNOS[9],
and ultimately causes cell cycle arrest and apoptosis in
colonocytes[6], and probably in other colonic wall cells.
By interfering with the intestinal barrier function, DSS
is also able to stimulate local and systemic inflammation
by locally increasing the expression of cyclooxygenase-2
(COX-2) and by inducing the secretion of a variety of
cytokines and other inflammatory mediators that spread
from the colon to the blood[10].
The importance of the microbiota and microbe-mucosa crosstalk in the pathogenesis of IBD is supported
by several animal model studies. Colitis severity is dependent on the commensal bacterial strains maintained in
gnotobiotic animals[11], and DSS treatment has been asso-

these data indicated that a chronic phase of intestinal
inflammation, characterized by the absence of dysbiosis, could be obtained in mice using a single DSS cycle.
CONCLUSION: Dysbiosis contributes to the local and
systemic inflammation that occurs in the DSS model of
colitis; however, chronic bowel inflammation is maintained even after recovery from dysbiosis.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Colitis, Dysbiosis; Dextran sulfate sodium;
Inflammation; Cyclooxygenase 2
Core tip: Experimental animal models of colitis are important for investigating the physiopathological mechanisms underlying inflammatory bowel disease (IBD) in
humans. Murine dextran sulfate sodium colitis models
have been widely adopted and validated as relevant
models for the translation of mice data to human IBD.
Nevertheless, it is clear that models characterized by
mild intestinal damages are more accurate for studying
the effects of therapeutic agents. In this study, we developed a reproducible mild chronic colitis model, which
allows the evaluation of the intestinal repair processes,
the modulation of systemic inflammation and the recovery of the gut microbiotic homeostasis.
De Fazio L, Cavazza E, Spisni E, Strillacci A, Centanni M, Candela M, Praticò C, Campieri M, Ricci C, Valerii MC. Longitudinal analysis of inflammation and microbiota dynamics in a model
of mild chronic dextran sulfate sodium-induced colitis in mice.
World J Gastroenterol 2014; 20(8): 2051-2061 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i8/2051.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i8.2051

INTRODUCTION
Inflammatory bowel disease (IBD), comprising Crohn’s disease (CD) and ulcerative colitis (UC), is more common
in the populations of developed countries. Assessment
of the efficacy of novel and adjunct IBD therapies requires experimental animal models resembling human
IBD. There is no ideal animal model for IBD, and myriad
methods have been designed to induce colitis in mice, rats
and other animals. Dextran sulfate sodium (DSS)-induced
colitis is one of the most commonly used models. DSScolitis reflects many of the clinical features of UC[1-3]. For
example, changing the DSS concentration or administration cycles can easily induce acute, chronic or relapsing
colitis. Moreover, the dysplasia that frequently occurs after
the chronic phase of DSS colitis resembles the clinical
course of human UC[4]. Recent reports have focused on
the multifunctional role of DSS for in vivo colitis modeling[5]. In the most widely used DSS murine model, animals
are treated with 3% DSS in their drinking water for seven
days. This provides a model of acute intestinal injuries
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ciated with a major shift in the composition of the intestinal microbiota, whose dynamics rapidly shift toward an
unhealthy state[12-14]. Moreover, antibiotic administration
has been shown to improve both IBD and DSS-induced
colitis[15], indicating that the microbiota play a critical role
in this disease, as well as in the DSS model system. This
view is supported by evidence showing that the simple
ingestion of a lysate of microbial cells belonging to the
Firmicutes, considered a healthy-type phylum, reduced
DSS-induced experimental colitis in mice[14].
The present study aimed to characterize longitudinally
the inflammation and the gut microbiota dynamics in a
highly sensitive DSS-induced murine model of colitis.

Table 1 Disease activity index score parameters
Bleeding

Weight loss

0 = Formed
1 = Mild-soft
2 = Very soft
3 = Watery stool

0 = Normal color stool
1 = Brown color
2 = Reddish color
3 = Bloody stool

0 = No weight loss
1 = 5%-10% weight loss
2 = 11%-15% weight loss
3 = 16%-20% weight loss
4 ≥ 20% weight loss

RPM for 10 minutes, and the plasma was collected and
stored at -80 ℃ until BioPlex analysis. Cytokine levels
were determined using a multiplexed mouse bead immunoassay kit (Bio-Rad, CA, United States). The six-plexed
assays (IL-1α, IL-6, IL-10, IL-17A, IFN-γ and TNFα)
were performed in 96-well filter plates, as previously
described[16], following the manufacturer’s instructions.
Microsphere magnetic beads coated with monoclonal
antibodies against the different target analytes were added
to the wells. After incubation for 30 min, the wells were
washed and biotinylated secondary antibodies were added.
After incubation for 30 min, the beads were washed and
incubated for 10 min with streptavidin-PE conjugated
to the fluorescent protein, phycoerythrin (streptavidin/
phycoerythrin). After washing, the beads (a minimum of
100/analyte) were analyzed in the BioPlex 200 instrument
(BioRad). The concentrations of the samples were estimated from a standard curve using a fifth-order polynomial equation and expressed as pg/ml after adjusting for
the dilution factor (Bio-Plex Manager software 5.0). Samples below the detection limit of the assay were recorded
as zero. The intra-assay coefficient of variance averaged
15%.

MATERIALS AND METHODS
Animal treatment
Twenty-four male 8-week-old C57BL/6 mice were purchased from Charles River Laboratories (Lecco, Italy).
The animals were housed in a controlled environment
in collective cages at 22 ± 2 ℃ and 50% humidity, under
a 12-h light/dark cycle. Mice were allowed to acclimate
to these conditions for at least 14 d before inclusion in
the experiments and had free access to food and water
throughout the study. Colitis was induced in 12 mice by
oral administration of dextran sulfate sodium (DSS for
colitis, TdB Consultancy, Sweden, MW 40000). DSS was
added at a concentration of 1.5% in tap water. DSS-tap
water was freshly prepared every day and administered
to the mice for 9 d (day 0-9), followed by 21 d of tap
water (day 10-29). The average amount of DSS taken was
recorded daily. The control group (n = 12) received only
tap water. A schema of the experimental design is shown
in Figure 1. The experiment, which was approved by the
institutional review board of the University of Bologna
and performed according to Italian and European guidelines, was repeated three times.

RNA extraction and real-time polymerase chain reaction
Total RNA from colon samples was extracted using the
Trizol® reagent (Life Technologies, CA, United States),
according to the manufacturer’s instructions. Extracted
RNA samples were treated with DNase Ⅰ to remove
any genomic DNA contamination using DNA-free kit
(Ambion, United States) and reverse-transcribed using
RevertAid™ First Strand cDNA Synthesis Kit (Fermentas, Canada). COX-2 and β-actin mRNAs were reversetranscribed using random hexamer primers (Fermentas,
Canada). Real-time polymerase chain reaction (PCR) was
used to analyze COX-2 and β-actin mRNA levels using
the SYBR® Select Master Mix (Life Technologies, CA,
United States) and StepOnePlusTM system (Applied
Biosystems, CA, United States), according to the manufacturer’s instructions. The melting curve data were collected to check PCR specificity. Each cDNA sample was
analyzed as triplicate. COX-2 mRNA levels were normalized against β-actin mRNA and relative expressions were
calculated using the 2-2ΔCt formula. The COX-2 primer
pair was: 5’- TTC TCT ACA ACA ACT CCA TCC TC
-3’ and 5’- GCA GCC ATT TCC TTC TCT CC -3’ (247
bp product); the β-actin primer pair was: 5’- ACC AAC
TGG GAC GAC ATG GAG -3’ and 5’- GTG GTGGTG AAG CTG TAG CC -3’ (380 bp product).

Disease activity index
The disease activity index (DAI) was calculated by the
combined score of weight loss, stool consistency and
bleeding, as detailed in Table 1. All parameters were
scored from day 1 to day 29.
Histological evaluation of colitis
Mice (n = 2) were anesthetized and sacrificed by cervical
dislocation on day 3 (after 3 d of DSS intake), 7 (after 7 d
of DSS intake), 13 and 19. The colon was excised, rinsed
with saline solution, fixed in 4% formalin and embedded
in paraffin. Of 4 µm sections were obtained, stained with
hematoxylin-eosin and observed for a histological assessment of epithelial damage by a pathologist who was
blinded to the samples’ origins.
Determination of plasma cytokine levels
Blood samples (200 μL) were taken from the tail vein on
days 3, 7, 13, 19, and 29. Blood, collected in Eppendorf
tubes containing sodium citrate, was centrifuged at 1000
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DSS 1.5%

H2O

Faeces
Blood
Tissue
0

9

29
Experimental day

Figure 1 Experimental design of the study. Feces, blood and tissue collection are indicated (dark blue) in the grid. DSS: Dextran sulfate sodium.

was determined using a NanoDrop ND-1000 instrument
(NanoDrop Technologies). A nearly full-length portion
of the 16S rDNA gene was amplified using universal
forward primer 27F and reverse primer 1492R, according
to a protocol described previously[17]. PCR amplifications
were performed in a Biometra Thermal Cycler T Gradient (Biometra, Göttingen, Germany). The PCR products
were purified using the High Pure PCR CleanupMicrokit
(Roche, Mannheim, Germany), eluted in 30 µL of sterile water and quantified using a NanoDrop ND-1000.
Slide chemical treatment, array production, the LDR
protocol and hybridization conditions were performed as
reported previously[19,20]. Briefly, LDR reactions were carried out in a final volume of 20 µL containing 500 fmol
of each LDR-UA HTF-Microbi.Array probe[18], 50 fmol
of PCR product and 25 fmol of the synthetic template
(5’-AGCCGCGAACACCACGATCGACCGGCGCGCGCAGCTGCAGCTTGCTCATG-3’). The LDR
products were hybridized on Universal Arrays, setting
the probe annealing temperature at 60 ℃. All arrays were
scanned and processed according to the protocol and parameters described previously[17]. Fluorescence intensities
were normalized on the basis of the synthetic ligation
control signal[18]. The relative abundance of each bacterial
group was obtained by calculating the relative fluorescence contribution of the corresponding HTF-Microbi.
Array probe as a percentage of the total fluorescence.

8

Disease activity index (DAI)

7
6
5
4
3
2
1
0
7

8

9

11

12 13
14
15
Experimental day

18

23

28

Figure 2 Disease activity index score of colitis in 1.5% dextran sulfate
sodium-treated mice. At day 28, an average disease activity index (DAI) score
of 0.5 is still present.

Immunohistochemistry
Tissue sections (4 µm) were mounted on slides, sections
were deparafﬁnized with xylene and rehydrated through
a series of graded alcohols, and then incubated overnight
at 4 ℃ with anti-COX-2 antibody (Cayman Chemicals,
Ann Arbor, MC, United States) at a 1:200 dilution in
PBS/BSA-1.5%. The primary antibody was omitted from
control slides. Sections were then incubated with secondary anti-rabbit antibody for 15 min at room temperature
and then reacted with 3,3-diaminobenzidine tetrahydrochloride for 1 min. Sections were then counterstained
with hematoxylin.

Statistical analysis
Al data were expressed as the mean ± SEM of at least
three independent determinations. Statistical differences
between groups were determined by one-way ANOVA
by using GraphPad Prism 6 (GraphPad Software Inc.,
San Diego, CA, United States). Differences were considered statistically significant at P < 0.05.

Characterization of the intestinal microbiota by HTFMicrobi.Array
The intestinal mice microbiota were characterized using the fully validated diphylogenetic DNA microarray
platform, HTF-Microbi.Array[17]. Targeting 33 phylogenetically related groups, this ligation detection reaction
(LDR)-based Universal Array covers up to 95% of the
mammalian gut microbiota[18]. Gut microbiota analysis was
performed at day 3, 7, 9, 13 and 19. The QIAamp DNA
Stool Mini Kit (Qiagen) was used to extract total DNA
from fecal material, according to the modified protocol
reported previously[17]. The final DNA concentration
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RESULTS
Colitis activity indexes
Mice started to show mild clinical signs of disease after
the end of the 1.5% DSS treatment (day 9), as indicated
by the simultaneous increase in stool consistency and
bleeding index (maximum DAI score = 2). The most
evident clinical signs were recorded between days 11 and
15 (Figure 2), with a significant weight loss that peaked

2054

February 28, 2014|Volume 20|Issue 8|

De Fazio L et al . A new murine model of colitis
14
12

Weight loss %

10
8
6
4
2
0
-2
-4
-6

0

2

4

6

8

10
12
14
Experimental day

16

18

20

22

Figure 3 Weight loss in dextran sulphate sodium-treated mice. The maximum weight loss (11%) was recorded between days 9 and 12. Weight recovery ended at
days 19-20.

A

B

C

D

E

F

Figure 4 Differences in histological parameters during experimental colitis. Colons were collected from DSS-treated mice on days 3 (B), 7 (C) 13 (D), 19 (E)
and 29 (F). In comparison to control mice (A), histopathological changes in individual crypts are shown in representative hematoxylin and eosin-stained sections. Loss
of crypt architecture associated with epithelial damage and flattened villi (red arrows) and leukocyte infiltration (black arrows) are evident following DSS treatment (bar
= 200 µm).
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Figure 5 Plasma cytokine variations during experimental colitis. Data are expressed as mean ± SEM of at least three animals. aP ≤ 0.05 with respect to controls.

between days 9 and 12 (Figure 3) with a maximum DAI
score = 7.

mucosa showed the same features of spotted focal leukocyte infiltrations, with a prevalence of lymphocytes,
showing the colitis had shifted toward a chronic status,
with mucus discharge, architectural abnormalities and
depletion of goblet cells. At day 13 (Figure 4D), the
lymphocyte infiltration was widespread, and epithelial
damage was evident, with complete crypt disappearance,
mucosal erosion in some areas and a mild thickening of
the muscularis mucosa. During weight recovery, at day
19 (Figure 4E), leukocyte infiltration tended to return to
being focalized. Mucosal erosions were still evident, with
flattened villi. At day 29 (Figure 4F), significant focal infiltration, also involving the glands, was still present, with
villi that still appeared flattened.

Histological evaluation of colitis
Histological evaluation of the colon was made from the
colocecal junction to the anus. Overall, the tissue damage
tended to be limited to the terminal colon and rectum
regions, and could be classified as mild to moderate colitis (Figure 4). After 3 d of DDS treatment (Figure 4B),
the colonic mucosa appeared normal, except for focal
inflamed areas in which we observed leukocyte infiltration, with a prevalence of granulocytes, indicating active
inflammatory colitis, and solid lymphatic follicles. After
7 d of DDS treatment (Figure 4C), the terminal colonic
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COX-2 mRNA relative expression

A

(a 4.2 fold increase), after which it decreased to resume
a physiological level at the end of the experiment (day
29). IL-17 (Figure 5D) started to increase at day 13 and
continuously increased to a peak at day 29 (a three-fold
increase), which was the end of the experiment. IFN-γ
(Figure 5E) increased at day 7, reaching a peak at day 13
(a six-fold increase) and then rapidly decreased to resume
a physiological level at the end of the experiment (day
29). Finally, TNFα (Figure 5F) increased at day 7, reaching a peak at day 13 (a three-fold increase), after which it
slightly decreased at day 19 to increase again to the peak
level at the end of the experiment (day 29). At the end
of the recovery (day 29), IL-1β, IL-17 and TNFα were at
their maximum levels, indicating that colitis had become
chronic.
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Colitis induces COX-2 overexpression in colonocytes
and in the colon wall
COX-2 plays a crucial role in the production of many
lipid mediators involved in intestinal inflammation and
is one of the targets of IBD pharmacological therapy;
therefore, we analyzed COX-2 mRNA expression in
colon tissue during DSS-induced colitis. Interestingly,
COX-2 mRNA started to increase (by two-fold) only 5 d
after DSS removal and continue to increase (up to sevenfold) until the end of the recovery phase, a trend that
mirrored the chronicization of the inﬂammatory process
(Figure 6).

C

Intestinal microbiota modifications induced by colitis
To characterize the reaction of the gut microbiota in our
DSS murine model of mild colitis, the temporal dynamics of the fecal microbiota of DSS-treated mice was
compared with that of healthy controls. In particular, for
DSS-treated mice, the gut microbiota was characterized in
control mice and at day 3, 7, 9, 13, 19 (Figure 7). The fecal microbiota of healthy control mice was sampled at the
same time points. According to our data, DSS administration prompted profound and rapid changes in the mice
microbiota (Figure 7). After 3 d of DSS treatment, we
observed a major reduction of Bacteroidetes/Prevotella
and a corresponding increase in Bacillaceae, with respect
to control mice. In particular, Bacteroidetes/Prevotella
decreased from a relative abundance (rel.ab.) of 59.42%
to 33.05%, while Bacillaceae showed a concomitant increase from 2.77% to 10.52%. During the course of colitis, from day 7 to day 9, there was a progressive increase
in the rel.ab. of Bacillaceae (from 10.52% to 17.90%),
Lactobacillaceae (from 2.07% to 6.55%), Verrucomicrobiae (from 0.82% to 1.07%), Enterococcales (from 1.52%
to 2.07%) and Enterobacteriaceae (from 0.66% to 1.18%),
and a parallel progressive reduction of members of the
Clostridium cluster XIVa (from 23.79% to 7.19%). On
the other hand, the progression of colitis did not affect
Bacteroidetes/Prevotella, which remained constant at the
low rel.ab value detected 3 d after DSS administration.
Unlike DSS-treated mice, healthy control mice showed
a constant gut microbiota profile throughout the study.
Interestingly, during recovery from DSS-induced colitis,

Figure 6 Evaluation of cyclooxygenase-2 mRNA during dextran sulfate
sodium-induced colitis. On days 3, 7, 13, 19 and 29 colon tissue was collected and processed for real-time PCR. The COX-2 mRNA significantly increased
during the recovery phase (A). aP ≤ 0.05 vs control. Immunohistochemical
analysis confirmed that COX-2 expression is limited to the apical mucosa in
healthy mice (B), while it is increased and spreads over the entire thickness of
the mucosa at day 29 (C).

Inflammatory cytokine profile of colitis
All cytokines evaluated, except IL-17, started to increase
after 7 d of DSS administration (Figure 5). The IL-17
plasma level started to increase at day 13. IL-1β (Figure
5A) had a sudden four-fold increase at day 13, when
colitis reached its maximum DAI score, and slightly increased until day 29, when clinical signs of colitis had
disappeared, reachingβ its peak plasma level. IL-6 (Figure
5B) started to increase at day 7 and reached a peak at day
13 (a 4.5 fold increase), after which it decreased to reach
a value twice the normal level by the end of the experiment (day 29). IL-10 (Figure 5C) reached a peak at day 13
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Figure 7 Temporal dynamics of the fecal microbial community of dextran sulfate sodium-treated mice and healthy controls. Cl: Clostridium cluster.

at day 13 and 19, we observed a rapid shift of the gut
microbiota toward a healthy profile, comparable to that
shown by healthy control mice. In particular, 5 d after the
interruption of DSS administration, the mice microbiota
recovered a rel.ab. value of Bacteroidetes/Prevotella and
Bacillaceae similar to that observed in healthy controls
(71.08% and 1.79%, respectively).

this model are much easier to follow compared with
those observed in the 3% DSS model, in which epithelial
architecture is constantly lost for many days[5].
Circulating cytokine levels are indicative of the whole
inflammatory profile. While studies in IBD patients have
focused on serum cytokines, most investigations in mice
models tended to evaluate tissue-derived cytokines, losing
information on systemic inflammation. Circulating IL-1β,
IL-6, IL-17 and TNFα play a key role in the pathogenesis of IBD[22]. IL-1β and IL-6 levels correlate with IBD
activity. IL-17 is a delayed-type immune reaction cytokine
produced by Th17 and by CD8+ T cells during chronic
inflammation. Even if its role in IBD remains controversial[23], it seems to have a prominent pro-inflammatory
role in the DSS model[24,25]. IL-10 is the most important
antinflammatory cytokine in humans. Its role has been
extensively studied in IL-10 knockout mice, and IL-10
mRNA expression in the inflamed mucosa is increased
in UC patients, but decreased in CD patients[26,27]. IFNγ
secretion has been linked to IL-17 secretion[28] in experimental colitis and its relative mRNA expression transiently increases during DSS-induced acute colitis, with a peak
close to the maximum DAI score[5]. TNFα is a master cytokine in IBD pathogenesis, and its orchestrating role in
colonic inflammation was verified by the efficacy of antiTNFα therapy in IBD[29]. The serum TNFα level correlates with clinical activity both in UC and CD[29]. Alex and
collaborators[30] reported that acute DSS colitis in mice
significantly increases circulating IL-1β, TNFα, IL-6 and
IL-17, while chronic colitis increases IL-4, IL-10, IL-6
and IFNγ; however, they only analyzed a single time
point for each condition. In our model, while IL-6, IFNγ

DISCUSSION
The DSS murine model described here induces a milder
colitis than the classical 3% DSS model, with a mortality
rate very close to zero. Moreover, the signs and symptoms of colitis induced by this model are much more
homogeneous in all the treated mice. We are aware that
the responses to DSS observed in laboratory animals
not only depend on DSS type and treatment protocol[21];
however, in our hands, this model has proven to be highly reproducible.
Histological examination of the colon of 1.5% DSStreated mice showed that the mucosal damage starts to be
evident 6 d before the DAI started to increase. This early
damage was limited to the terminal colon mucosa and
ascended toward the proximal colon when colitis severity
increased. Colitis showed peak histological damage at day
13, in association with the maximum DAI. Histological
damage remained evident even when the DAI score had
returned to zero and the weight loss had been completely
recovered. The persistence of histological damage, lymphocyte infiltration and COX-2 overexpression after
complete clinical recovery (day 29) mimics the features
of chronic UC in humans. The histological changes in
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and IL-10 peaked at day 13 (maximum DAI score) and
decreased during the recovery of colitis, IL-1β, IL-17 and
TNFα levels remained high, even when the symptoms
and signs of colitis had disappeared. Thus, while circulating IL-6, IFNγ and IL-10 levels seem to correlate with
the major clinical signs, IL-1β, IL-17 and TNFα mainly
correlate with histological damage that persists and becomes chronic.
DSS (2%-5%) administration for 5-7 d has been used
to develop an acute form of colitis, while an inflammatory condition reminiscent of human chronic IBD can
be induced by repeated DSS cycles[31]. Our model permits
the development of chronic colitis using a single DSS
cycle.
To the best of our knowledge, this is the first study
to characterize the gut microbiota trajectory in a mouse
model of DSS-induced colitis. In particular, the longitudinal approach allowed the assessment of microbiotic
changes immediately after the induction of colitis, during the course of disease progression and during the
recovery phase. According to our data, the induction of
colitis rapidly compromises the homeostasis of the gut
microbial ecosystem, leading to a dramatic reduction of
Bacteroidetes/Prevotella, a major mutualistic group of
the mice gut microbiota, and a corresponding increase in
Bacillaceae. Confirming these findings, a rapid decrease
in Bacteroidetes was previously observed in mice models
of DSS-induced colitis[32]. Moreover, disease progression
in our model was associated with a gradual, but weak,
increase in the pro-inflammatory gut microbiotic components Enterococcales and Enterobacteriaceae, the minor
symbiotic member Lactobacillaceae, and the mucusdegrading Verrucomicrobiae Akkermansia muciniphila. On
the other hand, during the progression of colitis, we also
noted a gradual decrease in members of the Clostridium
cluster XIVa. As a major component of a healthy gut
microbiota, this cluster is involved in the production of
short-chain fatty acids, which are microbial metabolites
essential for several aspects of the host physiology: nutrition, immune modulation and protection from pathogen
colonization[33]. Taken together, these data demonstrate
a progressive impairment of the gut microbiota with
advancing colitis, resulting in a dysbiotic profile that can
violate mutualism and support the disease. Interestingly,
at the end of DSS administration, during weight recovery,
we observed a rapid shift of the gut microbial community toward a healthy profile. Within two days of the end
of DSS administration, the mice gut microbiota showed
rel.ab. values of Bacteroidetes/Prevotella, Bacillaceae,
Enterococcales, Enterobacteriaceae, Lactobacillaceae,
Verrucomicrobiae and Clostridium cluster XIVa similar
to those observed in healthy controls. These data demonstrated the high degree of resilience of the gut microbiota, which showed a potential for rapid recovery of its
healthy mutualistic profile after DSS-induced dysbiosis.
One of the unanswered questions regarding IBD and
DSS-induced colitis is to establish to what extent the dys-
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biosis is a contributory cause of the local and systemic inflammation, especially during the recovery phase. Dysbiosis can cause increased mucus secretion[7] and exacerbate
intestinal inflammation, which further contribute to the
microbiota shift. In DSS-colitis, microbiota homeostasis
is rapidly compromised. After 3 d of DSS treatment, the
microbiota is profoundly changed, and this alteration is
maintained during DSS administration. When the maximum DAI was reached, the microbiota were observed to
be returning to a healthy composition. Thus, dysbiosis
precedes the systemic inflammation that starts to increase
after 7 d of DSS treatment, reaching its maximum when
the maximum DAI is reached and remaining high until
the late recovery phase.
COX-2 is a very good marker of colonocytes and colon mucosa inflammation. Its expression in the colon of
DSS-treated mice starts to increase only when the maximum DAI is reached and remains very high until the late
recovery phase. The 10 d delay between the dysbiosis and
the increased COX-2 expression in colonocytes suggests
that dysbiosis alone is not able to trigger COX-2 expression. On the other hand, recovery from dysbiosis is not
sufficient to ameliorate the inflammatory profile of DSS
colitic mice, nor the inflammation of their colonocytes.
These results emphasize that the microbiota certainly
contribute to intestinal inflammation, but also that the
pro-inflammatory response elicited by DSS in the colon wall continues even when the animals recover from
dysbiosis. It is therefore reasonable to assume that the
observed deviations in the gut microbiota structure can
foster changes in cytokine expression[34]. However, the
interactions between the microbiota and the immune
system are very complicated, and remain to be elucidated
in detail[35]. More studies are required to be able to draw
conclusions regarding this point.
The overexpression of COX-2 in colonocytes associated with leukocyte mucosal infiltration creates a proinflammatory loop from which it is difficult to escape.
Moreover, circulating IL-10, one of the major antiinflammatory cytokines, decreases during the recovery
phase until it returns to basal levels at the end of the
recovery, when both COX-2 expression and circulating
IL-1β, IL-17 and TNFα are at their maximum levels. It is
very likely that this kind of pro-inflammatory loop, which
is responsible for the chronicity of DSS-induced colitis,
is also activated in UC patients.
Concluding remarks
Decreasing the DSS concentration to 1.5% and increasing the treatment’s duration to 9 d induces chronic colitis with a short milder acute phase, followed by a mild
chronic active disease. This mild disease is a much more
accurate condition for studying the dynamics of colitis
during clinical remission. This model also represents a
step forward in reducing the suffering of animals and,
given the very low mortality rate, it allows a reduction in
the number of animals required to obtain statistically significant results.
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protein levels of IL-6, TGF-β and α-SMA in liver tissue were significantly higher than those in the control
group at 12 wk (P < 0.05). Compared with the control group, the frequency of Th17 cells in the model
group was increased but the frequency of Treg cells
decreased gradually. Furthermore, at 4, 8 and 12 wk,
there were significant differences in the number of
Th17 cells (0.52% ± 0.16%, 1.46% ± 0.24%, and
2.60% ± 0.41%, respectively, P < 0.05) and Treg
cells (2.99% ± 0.40%, 2.16% ± 0.50%, and 1.49% ±
0.34%, respectively, P < 0.05). In vitro , Th17 cells promoted, whereas Treg cells inhibited the expression of
α-SMA, both in a dose-dependent manner, compared
with the control group.

Abstract

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

AIM: To investigate the effect of T helper (Th) 17/T
regulatory (Treg) cells on hepatic fibrosis in mice and
its possible mechanism.

Key words: T helper 17 cell; Treg cell; Carbon tetrachloride; Hepatic fibrosis; Hepatic stellate cell

CONCLUSION: Th17/Treg imbalance exists in mice
with liver fibrosis, which potentially promotes liver fibrosis via HSC activation.

METHODS: Hepatic fibrosis was induced by intraperitoneal injection of carbon tetrachloride. Hepatic pathological changes were observed by hematoxylin and
eosin staining; the protein levels of interleukin (IL)-6,
transforming growth factor (TGF)-β and α-smooth
muscle actin (SMA) in liver tissue were determined
by Western blotting; and the frequency of Th17 and
Treg cells in the liver was estimated by flow cytometry.
In addition, hepatic stellate cells were isolated from
healthy mouse liver and co-cultured with Th17 or Treg
cells. Immunofluorescence staining and Western blotting were performed to determine the change in HSC
activation.

Core tip: It has been reported that T helper (Th) 17/T
regulatory (Treg) cell imbalance is closely related to
many autoimmune diseases. The role of Th17/Treg imbalance in liver fibrosis has seldom been reported. Our
study focused on the change in Th17/Treg balance in a
liver fibrosis model in mice, and explored the possible
mechanism through which the development of fibrosis
is regulated. The frequency of Th17 cells increased,
while the frequency of Treg cells decreased in liver fibrosis. These changes promote the occurrence of liver
fibrosis via hepatic stellate cell activation.
Sun XF, Gu L, Deng WS, Xu Q. Impaired balance of T helper 17/
T regulatory cells in carbon tetrachloride-induced liver fibrosis in
mice. World J Gastroenterol 2014; 20(8): 2062-2070 Available

RESULTS: In the model group, there were different
degrees of fibroplasia, degeneration and necrosis. The
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(n = 30) and model group (n = 30), and then the mice in
each group were randomly divided into 4, 8 and 12-wk
groups of 10 mice each.

from: URL: http://www.wjgnet.com/1007-9327/full/v20/i8/2062.
htm DOI: http://dx.doi.org/10.3748/wjg.v20.i8.2062

Liver fibrosis model and sample collection
Mice in the model group were injected intraperitoneally,
twice a week, with 10 µL/g of 30% CCl4 (Shanghai Jiahe
Biotechnology, Shanghai, China) dissolved in olive oil.
Mice in the control group were given the same volume
of olive oil for the indicated time intervals. Mice were
sacrificed 72 h after the final CCl4 injection at 4, 8 and 12
wk, and liver tissues were collected. The liver tissues were
divided into two parts. One part was kept for histological examination and Western blotting, and the other was
used for the detection of Th17 and Treg cells.

INTRODUCTION
Liver fibrosis is a chronic progressive disease that is
characterized by the formation and accumulation of
extracellular matrix that lead to the remodeling of the
hepatic architecture. It is the final common pathway in a
variety of chronic liver diseases that can be reversed at an
early stage, but when it is irreversible, the patients with
liver fibrosis are at increased risk of developing cirrhosis.
However, the pathogenesis of fibrosis is not entirely clear
at present.
Helper CD4+ T cells can orchestrate host immune responses through the release of distinct cytokine profiles.
Recent studies have described two additional subsetsinterleukin (IL)-17-producing CD4+ T helper (Th) 17
cells and T regulatory (Treg) cells[1]. Th17 cells expressing retinoic-acid-related orphan receptor (ROR)-γt play
critical roles in the development of autoimmunity and
allergic reactions by producing IL-17[2-4], while Treg cells
expressing the forkhead/winged helix transcription factor
P3 (FoxP3) have an anti-inflammatory role and maintain
tolerance to self-components[5] by contact-dependent
suppression or releasing anti-inflammatory cytokines
[IL-10 and transforming growth factor (TGF)-β][6,7]. Recently, many studies have found that imbalance of Th17/
Treg cells is closely related to a variety of autoimmune
diseases[8-11]. However, the role of Th17/Treg imbalance
in liver fibrosis has seldom been reported.
The objectives of this study were to evaluate whether
Th17/Treg balance is disrupted in mice with liver fibrosis, and to explore the potential mechanism through
which Th17/Treg imbalance promotes the development
of liver fibrosis. We used carbon tetrachloride (CCl4) to
induce liver fibrosis in a mouse model, and mice were
sacrificed at 4, 8 and 12 wk. We first measured the protein
levels of IL-6, TGF-β and α-smooth muscle actin (SMA)
by Western blotting, and the frequency of Th17 and Treg
cells in the liver was evaluated by flow cytometry. Finally,
we investigated the effect of Th17 and Treg cells on the
activation of hepatic stellate cells (HSCs) in vitro.

Histological examination
The liver tissues were fixed in 10% neutral buffered formalin and embedded in paraffin. Slices 4-μm thick were
prepared and stained with hematoxylin and eosin (HE)
according to standard procedures. The degree of fibrosis
was assessed based on Scheuer’s scoring system[12].
Western blotting
Total protein was extracted according to the manufacturer’s instructions (Pierce, United States) and the protein concentration was determined. Proteins were separated by 12% SDS-PAGE and then transferred onto a
polyvinylidene difluoride membrane. The membrane
was blocked with 5% non-fat milk for 2 h followed by
incubation with primary antibody in Tris-buffered saline
with Tween overnight at 4 ℃ (anti-IL-6 1:300 dilution;
anti-TGF-β 1:300 dilution; and anti-α-SMA 1:500 dilution); all the antibodies were purchased from Abcam
(Cambridge, United Kingdom). The membrane was
incubated with a horseradish peroxidase-conjugated
secondary antibody (1:10000 dilution, LI-COR, Lincoln,
NE, United States) The membrane was scanned by
Odyssey machine and quantified using Image J version
1.4.3.67 software.
Flow cytometric analysis of T cell subsets
Single-cell suspensions were prepared from liver by
dissecting the tissue into small pieces, grinding them,
and then filtering them through stainless steel meshes.
Lymphocytes were obtained through Percoll density
gradient centrifugation (Beijing Dingguo Biotechnology, Beijing, China) from the cell suspensions. For
Th17 cell detection, lymphocytes were stimulated for
5 h with 50 ng/mL phorbol myristate acetate (PMA),
1 µmol/L ionomycin (both from Sigma, St Louis, MO,
United States) and 10 µg/mL brefeldin A (eBioscience,
San Diego, CA, United States) in RPMI-1640 (Hyclone,
Logan, UT, United States) supplemented with 10% fetal
bovine serum (FBS; Hyclone). Upon harvest, cells were
first stained with fluorescein isothiocyanate (FITC)-antiCD4 at 4 ℃ for 20 min, then fixed in paraformaldehyde,
permeabilized in Perm/Fix solution, and finally stained

MATERIALS AND METHODS
Animals
Male C57BL⁄6 mice (aged 6-8 wk, 18-21 g) were purchased from the Shanghai Slac Experimental Animal
Centre (Shanghai, China). Mice were maintained under
specific pathogen-free conditions with a 12-h light/dark
cycle and unlimited supplies of food and water. The
experimental procedures conformed to the guidelines
outlined in the Guide for the Care and Use of Laboratory Animals and were approved by the Research Ethics
Committee of Renji Hospital [SYXY (hu) 2011-0121].
Sixty mice were randomly divided into a control group
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d and expression of α-SMA was determined by Western
blotting and immunofluorescene staining.

Table 1 Dynamic changes in hepatic fibrosis score in mice
Time
4 wk
8 wk
12 wk

Group
Model
Control
Model
Control
Model
Control

Number
9
10
8
10
6
10

Liver fibrosis score
-

+

2
10

7
2

++

Immunofluorescence staining
Immunofluorescence staining was performed as described previously[16,17]. The fixed cells were stained with
rabbit anti-mouse α-SMA monoclonal antibody (1:100
dilution; Abcam) followed by CY3-conjugated goat antirabbit antibody (1:400 dilution) (Jackson ImmunoResearch, West Grove, PA, United States). DAPI was used
for nuclear staining. Expression of α-SMA was observed
under fluorescent microscopy and fluorescence intensity
was determined by Image Pro Plus software.

+++

6

10
1
9

5

1

intracellularly with PE-anti-IL-17A. For Treg cell detection, lymphocytes were incubated with FITC-anti-CD4
and APC-anti-CD25 at room temperature for 20 min[13].
Cells stained with IgG isotype control were used as controls. All antibodies and fixation/permeabilization agents
were purchased from Bioscience. Cells were analyzed by
FACSCalibur flow cytometer. The percentage of positive
cells was determined using CXP analysis software.

Statistical analysis
Statistical analysis was performed using SPSS version
17.0 software. The results were presented as mean ± SD.
One-way analysis of variance was applied, and P < 0.05
was considered statistically significant.

Isolation of HSCs
Mouse HSCs were isolated from the livers of C57BL⁄
6 by in situ collagenase perfusion and differential centrifugation on Percoll density gradients (Beijing Dingguo
Biotechnology) as described previously[14]. The fresh isolated HSCs were resuspended in RPMI-1640 (Hyclone)
containing 10% FBS and penicillin/streptomycin, and
then plated onto 24-well plates (plastic plates were used
for self-activation of HSCs). The HSCs were cultured for
6 d and harvested for subsequent use. The purity of HSC
cultures was > 92% as determined by the fluorescence
of vitamin-A-containing lipid droplets[15-17]. All cells were
cultured in a humidified incubator with 5% CO2 at 37 ℃.

RESULTS
Histopathology of liver tissue
Hepatic fibrosis scores are shown in Table 1. In the model group, hepatic fibrosis score increased gradually after
CCl4 injection; however, the scores in the control group
were largely unchanged. These results indicated that olive
oil was not harmful to the mouse liver.
Mouse liver surface in the control group was smooth,
the structure of the hepatic lobules and portal area was
complete, and there was no cellular degeneration, inflammatory reaction and fiber cords as shown by HE staining
(Figure 1A). After CCl4 administration, mice developed
different degrees of hepatic inflammation, cellular degeneration, necrosis, and distorted hepatic architectural
(Figure 1B-D). At the end of 12 wk, mouse liver showed
diffuse hyperplasia of fibrous tissue, the arrangement of
the hepatic cells was disordered, and there was a lot of
degeneration and necrosis of liver cells, with deficiency
of the central vein (Figure 1D). As the time of CCl4 injection was increased, the liver fibrosis model was gradually established.

Preparation of Th17 and Treg cells
Th17 and Treg cells were isolated from the spleen of
C57BL⁄6 mice using a cell isolation kit (Miltenyi Biotec,
Bisley, Surrey, United Kingdom). For Th17 cell isolation, fresh spleen cells were stimulated with ionomycin
(1 µg/mL) and PMA (10 ng/mL) for 3 h; labeled with
Mouse IL-17 Catch Reagent, IL-17 Detection Antibody
(Biotin) and Anti-Biotin-PE; and collected by magnetic
separation. For Treg cell isolation, non-CD4+T cells were
depleted after magnetic labeling of non-CD4+ cells and
fluorescent labeling of CD25+ cells, finally the cells were
labeled with Anti-PE MicroBeads, and CD4 +CD25 +
regulatory T cells were selected with MS Columns. Cells
were cultured and expanded for 5 d using CD3/CD28
MACSiBead Particles and 2000 U/mL IL-2. RPMI-1640
medium supplemented with 10% FBS and penicillin/
streptomycin were used for cultures. After culturing,
cells were harvested and beads were removed.

Expression of IL-6, TGF-β and α-SMA in liver tissue
After CCl4 administration, the expression of IL-6, TGF-β
and α-SMA was increased as compared with the controls
(Figure 2A). Relative protein levels are shown in Figure
2B. Expression of TGF-β at 4 wk was higher than in the
control group but the difference was not significant (P
> 0.05). The level of TGF-β at 8 and 12 wk was significantly increased (P < 0.05). Compared with the controls,
the expression of IL-6 and α-SMA in the model group
was significantly increased (P < 0.05), and the differences
at 4, 8 and 12 wk were significant (P < 0.05).

Cell co-culture
Forty-eight-well plates (Corning, Corning, NY, United
States) were used for cell co-cultures. First, the HSCs
were plated at a density of 1 × 104 cells per well and cultured for 12 h. Th17 and Treg cells were added separately to the culture system. The cells were co-cultured for 3
WJG|www.wjgnet.com

Increased Th17 cells and decreased Treg cells in CCl4induced hepatic fibrosis model
To investigate whether injection of CCl4 influenced the
number of Th17 cells (CD4+IL-17+ T cells) and Treg
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A

B

C

D

Figure 1 Pathological changes in the liver after carbon tetrachloride administration (hematoxylin and eosin, original magnification, × 100). A: Control group;
B: 4-wk group; C: 8-wk group; D: 12-wk group.
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Figure 2 Expression of proteins in the liver at different times. A: Western blotting; B: Quantitive analysis, aP > 0.05 vs control, cP < 0.05 vs control. α-SMA:
α-Smooth muscle actin; IL: Interleukin; TGF: Transforming growth factor.

cells (CD4+CD25+ Treg cells), the percentages of Th17
and Treg cells in mouse liver were measured by flow cytometry (Figure 3).
In the control group, the frequency of Th17 cells at
4, 8 and 12 wk was 0.30% ± 0.15%, 0.34% ± 0.16% and
0.26% ± 0.08%, respectively. The frequency of Treg cells
was 3.31% ± 0.32%, 3.42% ± 0.27% and 3.25% ± 0.38%,
respectively. The differences between the 4, 8 and 12-wk
groups for the number of Th17 and Treg cells were not
significant (P > 0.05). The results indicated that olive oil
was not harmful to mouse liver. The data from the 4-wk
group were used as controls for the model group.
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In the model group (Figure 3A and C), the frequency
of Th17 cells was increased gradually. The difference
between the 4-wk group (0.52% ± 0.16%, n = 9) and the
controls (0.30% ± 0.15%, n = 10) was not significant (P
> 0.05). The frequency of Th17 cells was significantly
increased in both the 8-wk (1.46% ± 0.24%, n = 8) and
12-wk (2.60% ± 0.41%, n = 6) groups compared with the
controls (P < 0.01). Moreover, there was a significant difference between the 4-, 8- and 12-wk groups (P < 0.05).
As shown in Figure 3B and D, the frequency of Treg
cells in the 4-wk group (2.99% ± 0.40%, n = 9) was not
significantly decreased compared to the controls (3.31%
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(2.16% ± 0.50%, n = 8) and 12-wk (1.49% ± 0.34%, n = 6)
groups (P < 0.01). Also, the difference between the 4-, 8and 12-wk groups was significant (P < 0.05).
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Th17/Treg ratios indicated severity of fibrosis in mice
As shown in Figure 3, we detected the frequency of
Th17 and Treg cells, and then we calculated the Th17/
Treg cell ratios using the frequencies at different times.
We found that the ratios in the model group were higher
than in the controls (P < 0.05) (Figure 4) and the ratios
increased gradually in the 4-, 8- and 12-wk groups. This
indicated that the Th17/Treg cell balance in the liver was
disrupted and more conducive to Th17 cell production
and progression of fibrosis.
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Figure 4 T helper 17/T regulatory ratio in the control and 4-, 8- and 12-wk
groups. Th17: T helper 17; Treg: T regulatory.

Effect of Th17/Treg cells on activation of HSCs
To study whether Th17/Treg cells could modulate the activation of HSCs, we isolated HSCs from the mouse liver,
and treated then with Th17 cells (2 × 104/well) or Treg

± 0.32%, n = 10) (P > 0.05). However, the frequency of
Treg cells was significantly decreased in both the 8-wk

WJG|www.wjgnet.com

2066

February 28, 2014|Volume 20|Issue 8|

Sun XF et al . Th17/Treg cells and liver fibrosis

A

B

1.5
a

α-SMA

HSC

HSC + Th17

HSC + Treg

1.0

Protein/β-actin

β-actin

c

0.5

0.0

C

D

E

F

HSC

HSC + Th17

HSC + Treg

0.10
a

Flurescence intensity

0.08

0.06

0.04
c

0.02

0.00

G

H

α-SMA

α-SMA

β-actin

β-actin
4

1 × 10

4

2 × 10

4

4

3 × 10

WJG|www.wjgnet.com

HSC

1 × 10

2067

HSC + Th17

4

2 × 10

HSC + Treg

4

3 × 10

February 28, 2014|Volume 20|Issue 8|

Sun XF et al . Th17/Treg cells and liver fibrosis

I

J
3

1.5

e

2

α-SMA/β-actin

α-SMA/β-actin

e

1

0

1.0

0.5

0.0
4

4

4

1 × 10
2 × 10
3 × 10
Amount of Th17 cells

4

4

4

1 × 10
2 × 10
3 × 10
Amount of Treg cells
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cells (2 × 104/well). Western blotting and immunofluorescence staining were performed to determine changes
in the expression of α-SMA. As illustrated in Figure 5A
and B, in comparison with the control group, α-SMA
expression was induced following exposure to Th17 cells
but the difference was not significant (P > 0.05). α-SMA
expression was significantly reduced after exposure to
Treg cells (P < 0.05). Figure 5C-E shows α-SMA expression after different treatments, and Figure 5F shows the
fluorescence intensity of each group, which had the same
trends as described above.
To detect further the influence of Th17 and Treg
cells on HSCs, we cultured HSCs with various amounts
of Th17 or Treg cells (1 × 104, 2 × 104 or 3 × 104/well).
Results indicated that Th17 cells promoted, whereas Treg
cells inhibited the expression of α-SMA in a dose-dependent manner.

tions of TGF-β synergize with IL-6 to promote RORγt expression, thereby favoring Th17 cell differentiation.
However, increased concentrations of TGF-β repress
ROR-γt expression and favor the generation of Treg
cells[22,23]. Considering all this evidence together, we hypothesize that an imbalance of Th17 cells and Treg cells
may exist and play a role in regulating the immune response during liver fibrosis.
In our study, we determined the protein levels of
IL-6 and TGF-β during liver fibrosis to understand their
impact on Th17/Treg cell balance. Our data showed that
after CCl4 administration, the expression of IL-6 and
TGF-β was increased compared with the controls (Figure
2). In addition, the frequency of Th17 cells was increased
while the frequency of Treg cells was decreased with the
aggravation of liver fibrosis (Figure 3). To a large extent,
the results of our study confirmed the above inference;
that in the process of liver fibrosis, IL-6, TGF-β and other cytokines are produced in large quantities, and these
changes are more conductive to the production of Th17
cells. Increased Th17 cells also induced the production of
IL-6[24], so the Th17/Treg balance was disrupted (Figure
4), which led to immune disorder and promotion of liver
fibrosis. Whether decreased Treg cells lead to the upregulation of TGF-β is controversial at present, and requires
further study for confirmation.
As described previously, the transdifferentiation of
HSCs into myofibroblasts is characterized by expression
of α-SMA and is a critical event during liver fibrogenesis[25]. Our study also confirmed that the expression of
α-SMA was increased gradually during the process of
liver fibrosis (Figure 2), which indicates that the activation of HSCs in liver fibrosis is a continuous process. In
addition, HSCs are not only the regulatory cells of liver
inflammation but also the target cells of immunoregulation[26]. Li et al[27] have reported that CD4+CD25+ cells
from chronic hepatitis B patients inhibit HSC activation
in a dose-dependent manner, whereas recombinant IL-17

DISCUSSION
Recent findings demonstrate that Th17 and Treg cells are
T lymphocyte subgroups with unique immunoregulating
functions and play opposing roles[18], and both of them
participate in the regulation of a variety of diseases.
Wang et al[19] have found that the frequency of peripheral Th17 cells, as well as the level of IL-17 mRNA
in PBMCs, was significantly increased in patients with
acute-on-chronic hepatitis B liver failure compared with
patients with chronic hepatitis B and healthy controls.
Amoroso et al[20] suggested that the presence of Treg cells
infiltrating the liver is associated with high levels of activated/effector T cells in the peripheral blood and lower
activity of hepatitis. Therefore, Th17 and Treg cells are
closely related with liver fibrosis. In addition, Th17 and
Treg cells are both differentiated from naive CD4+ T cell
precursors. TGF-β is a central cytokine to the differentiation of both cells and can induce the expression of
FoxP3 and ROR-γt at the same time[21]. Low concentra-
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promotes the proliferation and activation of HSCs. Sun
et al[28] have also found that IL-17 together with IL-17activated monocytes promote the activation of HSCs in
vitro.
To investigate whether Th17/Treg imbalance increased the activation of HSCs, we co-cultured HSCs
with Th17 or Treg cells to explore their effects on HSCs.
Our results indicated that Th17 cells promote HSC activation, while Treg cells have the opposite effect on HSC
activation; both in a dose-dependent manner (Figure
5). In addition, we demonstrated that Th17 cells were
increased in association with the reduction in Treg cells
during liver fibrosis, and these changes were more conducive to HSC activation, which in turn, further promotes
the development of fibrosis by secreting various inflammatory cytokines. Furthermore, fibrogenic factors (IL-6
and TGF-β) involved in the activation of HSCs induce
the production of matrix proteins[29]. Therefore, a closed
loop is formed between fibrogenic factors, Th17/Treg
cells and HSCs, which influence each other and mediate
the development of liver fibrosis jointly. However, the
accurate mechanism by which Th17 and Treg cells play
their pivotal roles in the activation of HSCs remains to
be elucidated.
In summary, our data demonstrated that a Th17/Treg
cell imbalance existed in mice with liver fibrosis. Therefore, the dynamic interaction between Th17 and Treg
cells may be important in the development of liver fibrosis, suggesting a potential role for Th17/Treg imbalance
in the pathogenesis of liver fibrosis.
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Chloride intracellular channel 1 regulates colon cancer cell
migration and invasion through ROS/ERK pathway
Pan Wang, Yun Zeng, Tao Liu, Chao Zhang, Pei-Wu Yu, Ying-Xue Hao, Hua-Xin Luo, Gang Liu
examine the migration and invasion of LOVO cells. Expression of CLIC1 mRNA and protein, p-ERK, MMP-2
and MMP-9 proteins was analyzed by reverse transcription-polymerase chain reaction and Western blot.
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METHODS: H-R treatment increased the intracellular
ROS level in LOVO cells. The mRNA and protein expression of CLIC1 was elevated under H-R conditions.
Functional inhibition of CLIC1 markedly decreased the
H-R-enhanced ROS generation, cell migration, invasion
and phosphorylation of ERK in treated LOVO cells. Additionally, the expression of MMP-2 and MMP-9 could
be regulated by CLIC1-mediated ROS/ERK pathway.
CONCLUSION: Our results suggest that CLIC1 protein
is involved in the metastasis of colon cancer LOVO cells
via regulating the ROS/ERK pathway in the H-R process.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Hypoxia-reoxygenation (H-R) treatment increases the intracellular reactive oxygen species (ROS)
level to activate the MAPK/ERK pathway, resulting in
the promotion of migration and invasion in colon cancer
LOVO cells. Inhibition of chloride intracellular channel
1 (CLIC1) using specific inhibitor IAA94 can markedly
decrease the H-R-enhanced ROS generation, migration, invasion and phosphorylation of ERK. The results
presented in the current study suggest that CLIC1 is involved in the metastasis of colon cancer LOVO cells via
regulating the ROS/ERK pathway in the H-R process.

Abstract
AIM: To investigate the mechanisms of chloride intracellular channel 1 (CLIC1) in the metastasis of colon
cancer under hypoxia-reoxygenation (H-R) conditions.
METHODS: Fluorescent probes were used to detect
reactive oxygen species (ROS) in LOVO cells. Wound
healing assay and transwell assay were performed to
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H-R conditions[18]. However, the molecular mechanisms
of CLIC1 in colon cancer metastasis remain unclear.
In this study, our data showed that H-R treatment increased the intracellular ROS level to activate the MAPK/
ERK pathway, resulting in the promotion of migration
and invasion in colon cancer LOVO cells. The mRNA
and protein expression of CLIC1 was elevated under H-R
conditions. Functional inhibition of CLIC1 using specific
inhibitor IAA94 markedly decreased H-R-enhanced ROS
generation, cell migration, invasion and phosphorylation
of ERK in treated colon cancer LOVO cells. Additionally, the expression of MMP-2 and MMP-9, two important mediators of cancer metastasis, could be regulated
by CLIC1-mediated ROS/ERK pathway. The results presented in the current study suggest that CLIC1 protein
is involved in the metastasis of colon cancer LOVO cells
via regulating the ROS/ERK pathway in the H-R process.

J Gastroenterol 2014; 20(8): 2071-2078 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i8/2071.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i8.2071

INTRODUCTION
Colorectal cancer is one of the most common malignancies that result in the death of people in the world[1,2]. It
is important for patients with colorectal cancer to get
early detection and treatment. The 5-year survival rate
in patients with colorectal cancer at early stages is higher
than 90%; however, it drops to less than 10% in patients
with distant metastases[3]. It is well known that the tumor
microenvironment can influence the progression and metastasis of various cancer models, including colon cancer.
Emerging evidence has suggested that local hypoxia is a
common feature in the solid tumor microenvironment.
Tumor cells exposed to hypoxic conditions may undergo
transformation to a more aggressive phenotype to promote the metastasis of cancer[4].
However, little is known about hypoxia and reoxygenation (H-R) microenvironment that occurs in tumors.
Recent discoveries have shown that cancer cells are under
the H-R microenvironment attributing to irregular microvascular network and blood flow patterns[5,6]. Permanent
or transient limitations in blood perfusion may contribute
to the migration and invasion of cancer cells under the
H-R process[7,8]. It is known that during the H-R process
the cells can produce abundant reactive oxygen species
(ROS), leading to the injury of membrane proteins and
nucleic acids of organisms and the damage to cells and
tissues[9]. However, recent reports indicated that ROS
production in cancer cells can function as a secondary
signaling molecule, which has been shown to play a role
in cell proliferation, apoptosis, differentiation[10], migration and invasion[4] in cancer.
Chloride channel 1 (CLIC1, formerly NCC27), a
member of the CLIC family, was first cloned and identified by subtractive cloning in 1997[11]. Recent studies
have indicated that CLIC1 is significantly up-regulated
in tumor tissues, such as gastric carcinoma and lung
carcinoma[12,13]. In addition, CLIC1, proposed as a novel
potential prognostic factor, was significantly up-regulated
in gastric cancer and strongly correlated with lymph node
metastasis[12]. It was presumed that elevated expression
of CLIC1 can modulate cell division and anti-apoptosis
signaling, resulting in cellular transformation[14,15]. Moreover, CLIC1 may act as a “sensor” and an “effector” of
the redox state of the cells caused by oxidative stress[16],
and it is known that the initiation and progression of
cancer are closely correlated with redox state disequilibrium in cells[10]. CLIC1 also contributes to acquisition of
the radioresistant phenotype of laryngeal cancer through
regulation of ROS production[17], and ROS up-regulation
can result in increasing cell motility and invasiveness
of cancer cells[4]. In our previous study, we found that
CLIC1 participates in colonic carcinoma metastasis under
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MATERIALS AND METHODS
Cell line and cell culture
The human colon cancer cell line LOVO was incubated
in Dulbecco’s modified Eagle’s medium (DMEM) plus
10% (v/v) fetal calf serum (FCS) (Hyclone, United
States), at 37 ℃ in a humidified atmosphere of 5% CO2
in air. The generation of H-R conditions was performed
as previously described[7,8]. Briefly, cells were cultured in
an air-tight hypoxic (5% CO2 and 95% N2) chamber incubator (Thermo Electron, Waltham, MA, United States)
for 4 h, rapidly transferred to an incubator with a humidified atmosphere of 5% CO2, and additionally cultured
for 20 h. For normoxia (N) control treatment, cells were
maintained in a humidified incubator with a 95% air/5%
CO2 atmosphere for the same period of time as the H-R
groups.
Reagents and antibodies
IAA94 was purchased from Sigma and prepared in dimethylsulphoxide. Specific inhibitor of NADPH [diphenyleneiodonium (DPI)] was from Sigma Chemical Co. (St.
Louis, MO, United States). Fluorescent probe DCFHDA, inhibitors of ROS [N-acetylcysteine (NAC)] and
MAPK/ERK (PD98059) were purchased from Beyotime
Institute of Biotechnology (Nantong, Jiangsu, China).
Antibodies against CLIC1, MMP-2, MMP-9, total-ERK
and phospho-ERK were purchased from Santa Cruz Biotechnology (Santa Cruz, CA, United States).
Measurements of ROS production
LOVO cells were trypsinized and cultured in 96 well
plates (1 × 104 cell/well). To determine the effect of specific inhibitors on ROS production, cells were pretreated
with DPI (15 μmol/L), NAC (30 mmol/L) or IAA94
(1, 20 and 40 μmol/L) for 1 h before H-R treatment.
For DCF-DA ROS measurements, culture medium was
replaced with regular culture medium without FCS containing 10 μmol/L of DCF-DA for 30 min. Cells were
rinsed with DMEM without FCS, and fluorescence was
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then measured at 488 nm for excitation and 525 nm for
emission with the Fluoroscan Ascent FL fluorimeter
(Labsystems, France). All measurements were performed
at 37 ℃.

blocked in TBS-T containing 5% fat-free dry milk and
then incubated with a primary antibody overnight at 4 ℃,
followed by incubation with a horseradish peroxidaseconjugated secondary antibody for 1 h. Primary antibodies against ERK (1:400), p-ERK (1:400), MMP-2 (1:200),
MMP-9 (1:200) and GAPDH (1:1000) were used. Proteins were detected using ECL reagents (GE Healthcare,
NJ, United States).

Wound healing assay
Cells were cultured to a confluent monolayer in 6-well
plates. A sterile 200 μL pipette tip was used to scratch
the cell monolayer to form a wound. For the wound healing assays under H-R conditions, cells were pretreated
with DPI (15 μmol/L), NAC (30 mmol/L), PD98059
(50 μmol/L) or IAA94 (1, 20 and 40 μmol/L) for 1 h.
Pictures of the wound area were taken at 0 and 24 h at ×
100 magnification.

Statistical analysis
All data are expressed as mean ± SD. The data for each
condition were subjected to analysis of variance followed
by the Student-Newman-Keuls test for comparisons between the means. Differences were considered significant
when P < 0.05.

Cell invasion assay
The in vitro invasive ability of LOVO cells was tested by
the Boyden chamber invasion assay. Matrigel (BD Biosciences) was diluted with cold filtered distilled water, and
added to 8-μm pore size poly-carbonate membrane filters. The cells were trypsinized and seeded to the upper
part of Boyden chamber at a density of 3 × 105 cells/mL
in 300 μL of serum-free medium. The bottom chamber
contained medium with 10% FCS as a chemoattractant.
Cells were preloaded with DPI (15 μmol/L), NAC (30
mmol/L), PD98059 (50 μmol/L) or IAA94 (1, 20 and 40
μmol/L) for 1 h before H-R. After the incubation time
was complete (6 h hypoxia followed by 18 h reoxygenation or 24 h normoxia), the cells that had invaded to the
lower surface of the membrane were fixed with paraformaldehyde, and stained with crystal violet. The cells were
counted in five randomly selected fields under a microscope at × 400 magnification.

RESULTS
Involvement of CLIC1 in ROS production induced by
H-R treatment in LOVO cells
Cells were cultured with DPI (15 μmol/L), NAC (30
mmol/L) or IAA 94 (1, 20 and 40 μmol/L) for 1 h before H-R, and control cells were only incubated in a humidified atmosphere of 95% air/5% CO2. Intracellular
ROS were measured by preloading the cells with DCFDA followed by H-R or normoxia treatment. As shown
in Figure 1, the level of intracellular ROS was significantly increased in cells after exposure to H-R compared with
normoxia (P < 0.01). Further investigation indicated that
the ROS level was significantly abated in cells pretreated
with DPI (15 μmol/L) or NAC (30 mmol/L) compared
with H-R cells (P < 0.01) (Figure 1A). These data provide
evidence that ROS production is involved in the H-R
process in colon cancer LOVO cells, which is consistent
with the finding of a previous study[8].
To determine whether inhibition of CLIC1 could
reduce ROS generation during the H-R treatments, cells
were cultured in the presence of CLIC1 blocker IAA94.
As shown in Figure 1B, the intracellular ROS level was
significantly increased under H-R conditions. However,
preloading with 20 or 40 μmol/L of IAA94 significantly
decreased the ROS levels in LOVO cells (P < 0.01).
These results suggest that CLIC1 can regulate the intracellular ROS production in colon cancer cells in the H-R
process.

Real-time reverse transcription-polymerase chain
reaction (RT-PCR)
Total RNA was extracted from cells using the Simply P
RNA Extraction kit (Bioer Biotech Co., Latd) according to the manufacturer’s instructions. Total RNA (1 µg)
was reverse-transcribed into cDNA using the Reverse
Transcript Kit (Cwbio Biotech Co, China), and amplified
by polymerase chain reaction (PCR). For PCR, 1/25 of
the reverse transcription reaction mixture was amplified
using 35 cycles for CLIC1 and 35 cycles for GAPDH.
Amplified products were separated by electrophoresis
on a 2% agarose gel and photographed. The sequences
of the primers (Sagon biotech Co., China) used in the
real-time RT-PCR were as follows: CLIC1: 5’-GTATTGACCAGTCTCCCTTCCAGC-3’ (forward) and
5’-GGTCTTTATGAGGAGGTCGTGGG-3’ (reverse);
GAPDH: 5’-TCATGAAGTGTGACGTTGACATCCGT-3’ (forward) and 5’-CCTAGAAGCATTTGCGGTGCACGATG-3’ (reverse).

H-R up-regulates the expression of CLIC1 in human
colonic cancer LOVO cells
It has been previously documented that CLIC1 may act
as a “sensor” and an “effector” of the oxidative stress
of the cells[16], and H-R circumstances are closely correlated with metastasis of colon cancer[7]. Therefore, in
our present study, the mRNA and protein expression of
CLIC1 was determined by RT-PCR and Western blot
under H-R conditions, respectively. As shown in Figure 2,
CLIC1 mRNA and protein expression was significantly
elevated in the H-R group compared with the normoxia
control group (P < 0.01). However, we found no signifi-

Western blot
Briefly, proteins were separated on a 10% denaturing
polyacrylamide gel and electro-transferred to ImmunoBlot nitrocellulose membranes. The membranes were
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Figure 1 Increased reactive oxygen species production in LOVO cells under hypoxia-reoxygenation conditions. LOVO cells were cultured in normoxia (N) for 24
h or under hypoxia for 4 h followed by reoxygenation for 20 h (hypoxia-reoxygenation, H-R). DPI (15 μmol/L), NAC (30 mmol/L) (A) and IAA94 at various concentration (1,
20, and 40 μmol/L) (B) decreased the reactive oxygen species production under H-R conditions. Results are expressed as fold of normoxia. Values represent the mean ±
SD from three independent experiments. bP < 0.01 vs N group, dP < 0.01 vs H-R group. ROS: Reactive oxygen species; DPI: Diphenyleneiodonium; NAC: N-acetylcysteine.
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Figure 2 Effect of hypoxia-reoxygenation on the mRNA and protein expression of CLIC1 and wound healing assays in LOVO cells. A, B: mRNA (A) and protein (B) expression of CLIC1 was significantly increased under hypoxia-reoxygenation (H-R) conditions as revealed by RT-PCR or Western blot analysis, respectively.
Results were normalized to GAPDH; C, D: Wound recovery (%) of LOVO cells treated with DPI (15 μmol/L), NAC (30 mmol/L), PD98059 (50 μmol/L) or with IAA94 at
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Inhibiting CLIC1 inhibits invasion of colon cancer cells
The effect of CLIC1 on colon cancer cell invasiveness
was examined by Matrigel invasion assays in vitro. It was
found that H-R caused a remarkable increase in the invasiveness of LOVO cells (Figure 3A). However, treatment
with DPI (15 μmol/L), NAC (30 mmol/L) or PD 98059
(15 μmol/L) could significantly prevent colonic cancer
cells from invading after H-R exposure. As expected, a
similar effect of inhibiting CLIC1 on LOVO cells invasion was observed. After pretreatment with 20 or 40
μmol/L of IAA94 for 1 h, the invasiveness of LOVO
cells was significantly decreased under H-R conditions
(Figure 3B and C). These results suggest that H-R can
promote the invasiveness of colon cancer cells, and the
effect can be inhibited by CLIC1 under H-R conditions.

cant changes in CLIC1 mRNA or protein expression in
LOVO cells treated with IAA94 at different concentrations (1, 20 or 40 μmol/L) (Figure 2). Our results suggest
that functional inhibition of CLIC1 can play a role in
down-regulating ROS generation in colon cancer.
Involvement of CLIC1 in the migration of colon cancer
cells under H-R conditions
During cancer metastasis process, tumor cells must firstly
undergo several morphological changes so that they
could pass through narrow extracellular spaces to metastasize[18]. Recent studies showed that ROS up-regulation
could lead to morphological transformation and increase
cell motility[19]. The effect of the ROS/ERK pathway
on cell motility during the H-R treatments was then assessed using wound-healing assays. As shown in Figure
2C and D, the mobility of LOVO cells was increased
after exposure to H-R conditions (P < 0.05). This effect
was significantly suppressed by NAC, DPI or PD 98059,
respectively (Figure 2C). These results implied that the
ROS/ERK pathway could regulate the migration of colon cancer cells under H-R conditions. Furthermore, as
shown in Figure 2D, preloading LOVO cells with IAA 94
(20 or 40 μmol/L) could also decrease the cell motility
potential for H-R, and the effect was dose-dependent. All
these data provide evidence that CLIC1 is involved in the
migration of colon cancer cells under H-R conditions.

WJG|www.wjgnet.com

CLIC1 regulates MAPK/ERK pathway, MMP-2 and MMP-9
in LOVO cells following exposure to H-R conditions
It has been reported that MAPK/ERK and ROS/ERK
pathways are involved in the metastasis of cancer[4,20].
However, it is still unknown whether those pathways
are correlated with metastasis of colon cancer under
H-R conditions. In our present study, the expression of
phosphorylated ERK (p-ERK), MMP-2 and MMP-9 was
monitored by Western blot analysis in the H-R process.
Our results suggested that p-ERK, MMP-2 and MMP-9
proteins were significantly elevated in H-R conditions
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Figure 4 MEK/ERK/MMPs pathway involved in the metastasis of LOVO cells under hypoxia-reoxygenation conditions. A, C: Treatment with DPI (15 μmol/L),
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group.

when compared with the normoxia control (Figure 4).
However, p-ERK, MMP-2 and MMP-9 protein levels
in H-R conditions were strongly down-regulated with
addition of DPI or NAC (Figure 4A and C). These findings implied that ROS could activate the ERK/MMPs
pathway in H-R conditions. We also examined the effect
of CLIC1 on the ERK/MMPs pathway by Western blot
analysis. As shown in Figure 4, pretreatment with IAA 94
(20 or 40 μmol/L) significantly decreased p-ERK protein, MMP-2 and MMP-9 protein levels under H-R conditions in a dose dependent manner. ERK inhibitor PD
98059 could also decrease MMP-2 and MMP-2 protein
levels under H-R conditions. Taken together, our findings
demonstrated that the ROS/ERK pathway is involved in
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the metastasis of colonic cancer, and ERK/MMPs pathway is regulated by CLIC1 via regulating ROS production
under H-R conditions.

DISCUSSION
Under physiological circumstances, ROS can be continually eliminated by endosomatic antioxidase, which is
dependent on the stable system of cellular redox state. It
has been demonstrated that cancer cells are characterized
by the defect of redox system development, and persistently elevated intracellular ROS can function as second
messengers and are involved in proliferation, differentiation, migration, and invasion of cancer cells[4,10,20]. Many
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solid tumors possess irregular microvascular network and
blood flow patterns, which is the main cause that cancer
cells are usually present under H-R conditions[5,6]. In the
present study, we confirmed that the ROS level was significantly elevated under the H-R conditions in LOVO
cells when compared with the normoxia control. Moreover, ROS production was significantly decreased by pretreatment with DPI or NAC under the H-R conditions.
Further investigations by wound healing and invasion assays showed that the metastasis potential of colon cancer
cells was significantly increased in response to H-R treatments, and this effect was abrogated by preloading with
DPI or NAC. Taken together, our results confirmed that
ROS play an important role in regulating the migration
and invasion of colon cancer cells under H-R conditions.
Our findings also suggested that colon cancer cells under
H-R microenvironment can undergo transformation to a
more aggressive phenotype to promote cancer metastasis.
Previous studies of CLIC1 are mostly focused on its
physiological function, its association with non-tumorous
disease, and its ability to act as an ion channel[21]. However, some recent studies suggest that the expression
of CLIC1 is up-regulated in tumor tissues. In addition,
CLIC1 was significantly up-regulated and correlated with
metastasis of tumor cells in gastric cancer[14]. Additionally, a recent study has indicated that CLIC1 is highly expressed in colorectal cancer tissues[17]. However, it is still
unknown whether CLIC1 plays a role in the metastasis of
colon cancer under H-R conditions. In this study, it was
found that CLIC1 mRNA and protein expression was
significantly elevated under H-R conditions. Preloading
with CLIC1 blocker IAA 94 could not affect the expression of CLIC1, but the ROS level was significantly decreased by IAA 94 treatment, suggesting that functional
inhibition of CLIC1 channel activity could reduce the
intracellular ROS production in the H-R process. This is
supported by previous findings that CLIC1 channel activity is increased in the oxidative environment and inhibition of CLIC1 reduces the ROS production via blocking
NADPH oxidization[16], and testified by structural analysis
of CLIC1 showing that it can dimerize in the presence of
strong oxidizing stress[22,23]. In addition, the migration and
invasion of colon cancer cells were obviously decreased
in the presence of IAA94 under H-R conditions. Taken
together, our results indicated that CLIC1 was involved
the metastasis of colon cancer through regulating intracellular ROS levels.
We further explored the molecular signaling pathways
that may be involved in H-R conditions. It is known that
MAPK/ERK and ROS/ERK pathways can promote the
metastasis of cancer. The ROS/ERK pathway, involved
in cell migration and activation of matrix metalloproteinases, is activated by cell oxidation[4,20]. In the present
study, Western blot analysis showed that the MAPK/
ERK pathway was activated in H-R conditions. The effect could be suppressed by DPI, NAC or PD98059
treatment. As expected, the MAPK/ERK pathway was
significantly blocked by treatment with IAA94. Taken
together, our findings implied that CLIC1 promoted the
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mobility and invasive capacity of cancer by regulating
NADPH-derived ROS via the MAPK/ERK pathway.
MMPs can degrade the basement membrane and play
main roles in promotion of cancer invasion and metastasis[24]. MMP-2 and MMP-9, members of the MMPs family, are thought as the two important mediators of cancer
metastasis in patients with colorectal carcinoma[25]. In the
present study, we found that both MMP-2 and MMP-9
proteins were up-regulated in LOVO cells under H-R
conditions, and the effect was abated by suppressing the
ROS production, MAPK/EER pathway or CLIC1. Our
results demonstrated that MMP-2 and MMP-9 played an
important role in the invasion of colon cancer in the H-R
process.
In summary, our findings provide the evidence that
H-R conditions act as a relevant key factor for the promotion of colonic cancer metastasis. CLIC1 is an important candidate protein that may serve as an effective
metastasis-associated regulator for colon cancer. However, the accumulating evidence suggests that ROS derived
from NADPH oxidase can mediate tumor growth and
angiogenesis, which is essential for tumor metastasis[26].
Our findings warrant further investigation to explore
some other possible molecular mechanisms of CLIC1 in
colon cancer metastasis.
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METHODS: This was an analytical cross-sectional
study to validate the diagnostic test for hepatic cirrhosis and was performed between February 2010 and
December 2011. Patients with a diagnosis of hepatic
cirrhosis were included and stratified using their ChildPugh score. Biochemical parameters were evaluated,
and ultrasound was used to measure the longest diameter of the spleen. The platelet count/spleen diameter
ratio was calculated and analyzed to determine whether it can predict the presence of esophageal varices.
Upper gastrointestinal endoscopy was used as the gold
standard. Sensitivity and specificity, positive and negative predictive values, and positive and negative likelihood ratios were determined, with the cutoff points
determined by receiver-operating characteristic curves.
RESULTS: A total of 91 patients were included. The
mean age was 53.75 ± 12 years; 50 (54.9%) were
men, and 41 (45.0%) women. The etiology of cirrhosis included alcohol in 48 (52.7%), virally induced in
24 (26.3%), alcoholism plus hepatitis C virus in three
(3.2%), cryptogenic in nine (9.8%), and primary biliary cirrhosis in seven (7.6%). Esophageal varices were
present in 73 (80.2%) patients. Child-Pugh classification, 17 (18.6%) patients were classified as class A, 37
(40.6%) as class B, and 37 (40.6%) as class C. The
platelet count/spleen diameter ratio to detect esophageal varices independent of the grade showed using
a cutoff value of ≤ 884.3, had 84% sensitivity, 70%
specificity, and positive and negative predictive values
of 94% and 40%, respectively.
CONCLUSION: Our results suggest that the platelet
count/spleen diameter ratio may be a useful tool for
detecting esophageal varices in patients with hepatic
cirrhosis.

Abstract
AIM: To validate whether the platelet count/spleen size
ratio can be used to predict the presence of esophageal
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gies in portal hypertension[6] recommended that all patients with cirrhosis should be assessed with endoscopy
to verify the presence of varices.
Recent studies[7-11] have emphasized the use of noninvasive methods to identify patients with the intention
of avoiding endoscopy in low-risk cases. The fact that
distinct predictors of the presence of varices have been
identified in different studies probably reflects differences between the study populations and spectrum of
the disease and this makes it difficult to develop a widely
applicable predictive model.
Giannini et al[12] proposed the use of the platelet count
(PC)/spleen diameter (SD) ratio as a noninvasive tool for
predicting the presence of varices. The use of the PC/
SD ratio for the noninvasive assessment of varices seems
to meet strict methodological criteria and is based on
pathophysiological criteria. The diagnostic precision of
this parameter was validated using endoscopic diagnosis
in a follow-up of patients free of esophageal varices[13].
The preliminary results obtained by other authors
have demonstrated that the diagnostic accuracy of the
PC/SD ratio is maintained in patient subgroups with different hepatic disease etiologies and when applying different methodologies[14], suggesting the universality of the
diagnostic method. However, no studies have confirmed
the results of these earlier studies in the Mexican population. Previous studies were performed in Caucasian
populations, and the ratio may differ between populations. Thus, different predictive values may be needed to
indicate the presence of esophageal varices. The objective
of our study was to validate the PC/SD ratio as a predictor of the presence and absence of esophageal varices in
Mexican patients with chronic hepatopathy.

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

Key words: Platelet count/spleen diameter ratio; Esophageal varices; Hepatic cirrhosis; Hepatitis C virus; Mexican patients
Core tip: Using noninvasive parameters for high-risk
esophageal varices may reduce the need for endoscopies. The ratio of platelet count/diameter of the spleen
(PC/SD ratio) is the principal noninvasive predictor of
esophageal varices for stratifying patients with cirrhosis. These parameters are easy to obtain, reproducible
and noninvasive. In our study, the cutoff point for PC/
SD ratio was lower than that reported in previous literature (< 884.3 and < 909, respectively), with a sensitivity of 84% and specificity of 70%. The differences are
probably influenced by racial characteristics. The PC/SD
ratio should be considered to identifying patients with
esophageal varices.
González-Ojeda A, Cervantes-Guevara G, Chávez-Sánchez M,
Dávalos-Cobián C, Ornelas-Cázares S, Macías-Amezcua MD,
Chávez-Tostado M, Ramírez-Campos KM, Ramírez-Arce AR,
Fuentes-Orozco C. Platelet count/spleen diameter ratio to predict
esophageal varices in Mexican patients with hepatic cirrhosis.
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URL: http://www.wjgnet.com/1007-9327/full/v20/i8/2079.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i8.2079

INTRODUCTION
Portal hypertension is the principal complication of
hepatic cirrhosis[1]. More than 80% of patients with cirrhosis will develop esophageal varices at some point, and
30% of these patients will have at least one bleeding episode because of rupture of a varix[2]. Most first bleeding
episodes happen during the first year after the detection
of the varices, with a 5%-10% mortality attributed to
the initial hemorrhage[3]. For this reason, identifying the
presence of esophageal varices is a fundamental part of
the diagnostic work-up in patients with cirrhosis, and it is
also a prognostic marker of the illness. The first crucial
preventive step is the identification of those patients with
bleeding risk and selection for prophylactic treatment.
Today’s guidelines are clear that there are no substitute
markers to determine the presence and size of esophageal varices, and endoscopy is still the only valid method
to investigate varices[4]. However, access to endoscopy
and other resources is limited in some countries. At any
given time, a variable proportion of patients will not have
varices, and the reported prevalence of esophageal varices is 24%-80%[5]. The use of noninvasive methods to
predict the presence of esophageal varices would help restrict endoscopic studies to those with a high probability
of having varices. Until a few years ago, little information
was available on this subject; however, a recent consensus
on the definitions, methodology, and therapeutic strate-
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MATERIALS AND METHODS
This study was an analytical cross-sectional validation
study of a diagnostic test. Patients were included from
the Department of Enteral and Parenteral Nutrition,
Gastroenterology Service, Hospital Civil de Guadalajara
“Fray Antonio Alcalde.” The inclusion criteria were a
diagnosis of hepatic cirrhosis by histology or physical,
biochemical, and imaging examinations compatible with
the disease and treatment from February 1, 2010 to December 31, 2011.
Both men and women with a diagnosis of hepatic cirrhosis of any etiology were included. The exclusion criteria were hepatocellular carcinoma, use of medications for
the primary prophylaxis of variceal bleeding, history of
esophageal variceal bleeding, alcohol consumption within
the admission and a history of ligation, sclerotherapy,
and/or portal hypertension surgery.
Once the patients were included in the study, a complete medical history was taken, and biochemical parameters were measured. All patients were classified according
to their Child-Pugh grading.
To calculate the PC/SD ratio, a blood count and PC
was obtained using a CELL-DYN 3700 automated he-
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Table 1 Clinical and laboratory characteristics of the study
sample n (%)
Characteristics
Patients (n)
Age (yr)
Cirrhosis etiology
Alcoholism
Viral hepatitis
Viral hepatitis + alcoholism
Other
Grading of varices
I
II
III
Child–Pugh classification
A
B
C

Table 2 Patient distribution according to the presence of
esophageal varices

Platelets/μL
SD (average mm)
PC/SD ratio

91 (100)
53.75 ± 12
48 (52.7)
24 (26.3)
3 (3.2)
16 (17.5)

EV absent

P value1

117517 ± 50275
148.16 ± 21.88
824.56 ± 412.27

175788 ± 88448
130.61 ± 14.41
1390 ± 905.49

0.014
0.002
0.018

1
Using Student’s t test. EV: Esophageal varices. PC/SD: Platelet count/
diameter of the spleen.

PC/SD ratio. The statistical analysis was performed using
SPSS for Windows version 17.0 (SPSS Inc., Chicago, IL,
United States).

21 (23)
30 (32.9)
22 (24.1)
17 (18.6)
37 (40.6)
37 (40.6)

RESULTS
A total of 91 patients with hepatic cirrhosis were included. Forty-one (45%) were women, and 50 (54.9%) were
men. The average age was 53.75 ± 12 years. The most
common hepatic cirrhosis etiology was alcoholism in 48
(52.7%) patients, followed by hepatitis C virus (HCV) in
24 (26.3%), no hepatitis B virus cirrhosis were included,
alcoholism plus HCV in three (3.2%), cryptogenic in nine
(9.8%), and primary biliary cirrhosis in seven (7.6%).
In the Child-Pugh classification, 17 (18.6%) patients
were classified as class A, 37 (40.6%) as class B, and 37
(40.6%) as class C. During the endoscopic procedure,
esophageal varices were detected in 73 patients (Table 1).
The average PC/SD ratios were 824.56 ± 412.27 and
1390 ± 905.49 (P = 0.018) for patients who showed evidence of esophageal varices during the endoscopy and in
those who did not, respectively. The respective PCs were
117517 ± 50275/μL and 175788 ± 88448/μL (P = 0.014).
The respective SD values were 148.16 ± 21.88 mm and
130.61 ± 14.41 mm (P = 0.002) (Table 2).
The PC/SD ratio to detect esophageal varices independent of the grade showed that a value of 884 for the
cutoff point had an 84% sensitivity, 70% specificity, 94%
PPV, 40% NPV, 4.13 LR+, and 0.37 LR-. The exactitude
was 0.72 (Table 3, Figure 1).
According to Westby’s classification, 21 (23%) patients had grade Ⅰ varices, 30 (32.9%) had grade Ⅱ varices, and 22 (24.1%) had grade Ⅲ varices. The intra- and
interobserver variation coefficients for the spleen bipolar
measurement were evaluated in all 91 patients using the
kappa index (1.2 and 0.98, respectively).

matology analyzer (Abbott Laboratories, Abbott Park,
IL, United States) Afterwards, the patient underwent an
upper abdominal echographic examination using a GE
Logiq P5 ultrasound system (General Electric Company,
Fairfield CT, United States); the spleen’s longest diameter
was measured in millimeters.
The PC/SD ratio was calculated by dividing the number of platelets/μL by the maximum bipolar diameter
of the spleen in millimeters, estimated with abdominal
ultrasound. Normal values in healthy mexican adults are:
Maximum bipolar diameter of 115-130 mm and platelet
count of 167000-431000/mm3[15].
Finally, the patient received a upper gastrointestinal endoscopy to determine the presence and grade of
esophageal varices according to Westaby’s grading system. All endoscopies were performed using one endoscopy unit and an Olympus GIF-Q150 gastrointestinal
videoscope (Olympus Corporation, Tokyo, Japan). The
endoscopy and echography operators were blinded to
the biochemical parameters. The interobserver variation
coefficients for spleen measurements and presence of
varices were evaluated in all the patients (1.4% and 1.2%,
respectively).
Ethical considerations
The study was conducted according to the principles
of the Declaration of Helsinki (1989) and the Mexican
Health Guidelines. Full written informed consent was
obtained from all patients before their inclusion in the
study. The protocol was approved by the Local Research
Committee of the Hospital Civil de Guadalajara “Fray
Antonio Alcalde” (registry number, 138/09).

DISCUSSION
There is an ever-growing demand for endoscopic studies,
and the capacity to satisfy this demand is limited, especially in developing countries. It is difficult to provide
endoscopy for the detection of esophageal varices every
year or two in high-risk patients. Finding noninvasive parameters associated with high-risk esophageal varices may
help reduce the need for endoscopy, and, above all, lower
the cost. These parameters could be used to distinguish
between high- and low-risk patients; the high-risk patients

Statistical analysis
The results are expressed as frequencies, average percentages, and standard deviations. Student’s t test was used to
compare the quantitative variables. The test validity was
determined with sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), and positive and negative likelihood ratios (LR+ and LR-) of the

WJG|www.wjgnet.com

EV present

Value
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Table 3 Results of the platelet count/diameter of the spleen
ratio diagnostic test using the cutoff value of ≤ 884 to
predict esophageal varices

Cutoff ratio of ≤ 884 vs > 884
Sensitivity
Specificity
Positive predictive value
Negative predictive value
Positive likelihood ratio
Negative likelihood ratio

73
84%
84%
94%
40%
4.1
0.37

0.8

EV absent
Sensitivity

EV present

1.0

18
84%
84%
94%
40%
4.1
0.37

0.6
0.4
0.2
0.0

could then be followed up with endoscopic examinations.
The principal noninvasive predictor of esophageal
varices may be the PC/SD ratio because it has high
sensitivity and specificity in patients with hepatic cirrhosis. This ratio could represent an acceptable parameter
of clinical relevance in patients with portal hypertension[12,13,16,17].
We tried to validate whether a simple score could
predict the presence of esophageal varices in mexican patients with hepatic cirrhosis of any etiology. Large-scale
assessment that takes into account the etiology of cirrhosis is needed to define the role of the PC/SD ratio and to
compare the diagnostic exactitude of this ratio with that
of other noninvasive parameters. At present, the available
data do not support the substitution of another method
for upper gastrointestinal endoscopy when identifying
esophageal varices, but the PC/SD ratio may be helpful
for stratifying patients with cirrhosis into different risk
categories. This may be especially relevant to those whose
general health conditions do not permit the use of an
invasive study, but whose history suggests the possibility
of esophageal varices, thus reducing the number of endoscopies.
A large number of patients undergo an endoscopic
study to diagnose chronic hepatic illness, and there is a
particular interest in finding noninvasive predictors of
esophageal varices that could replace the need for scrutinizing endoscopies and thus lower the economic, medical, and social costs[1-12,14,18].
Particular groups of patients have been studied, for
example, patients waiting for a liver transplant[18]. In some
cases, there is no uniformity in the classification of the
varices, or the statistical analysis has been inadequate,
and most studies have a retrospective design. In the literature, a low PC and splenomegaly are the most studied
noninvasive predictors of esophageal varices, and these
parameters produce better results than do parameters
such as serum bilirubin and albumin levels, Child-Pugh
functional classification, and portal vein diameter[9-12,18-20].
In our study, the analysis of the noninvasive predictors was based on the maximum diameter of the spleen,
measured in millimeters using abdominal ultrasound, and
the PC. These two parameters were used to calculate the
PC/SD ratio. A cutoff point of ≤ 884 produced a sensitivity and specificity of 84% and 70%, respectively.
These results are similar to those of a recent meta-
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Area under the curve = 0.802
95%CI: 0.699-0.811

0.0

0.2

0.4
0.6
1-specificity

0.8

1.0

Figure 1 Receiver operating characteristic curve for the platelet count/diameter of the spleen ratio independent of esophageal varix size.

analysis[21], that included 1275 patients and reported a
sensitivity of 89% (95%CI: 87-92) and specificity of 74%
(95%CI: 70-78). These parameters are easy to obtain,
reproducible, and above all, noninvasive. Another advantage is that no additional expense is involved because
these studies are performed routinely in patients with
hepatic cirrhosis.
The cutoff point for the PC/SD ratio in our study
was lower than that reported by Giannini et al[16] (< 884.3
and < 909, respectively). This difference is probably influenced by racial characteristics. The higher values in the
study by Giannini et al[16] were obtained from studies of a
principally Caucasian population; the patients were taller
than in our population and therefore had larger internal
organs. The patient population included in our study is
representative of the population with hepatic cirrhosis
who have signs of portal hypertension seen in clinical
practice. The difference in PC/SD ratio between our
study and previous studies indicate that it is important to
determine a cutoff point for the PC/SD ratio in any specific population.
Thrombocytopenia can be caused by splenic sequestration or by a decrease in hepatic production of thrombopoietin caused by a failing liver and antibody platelet
destruction[1-4,9-11,18]. Some authors who have evaluated
noninvasive parameters in the diagnosis of esophageal
varices have found that splenomegaly can have a high
sensitivity but a low specificity, whereas thrombocytopenia shows the opposite, that is, a low sensitivity and intermediate specificity. In the study by Chalasani et al[22], the
PC and splenomegaly independently predicted the presence of esophageal varices. In the study by Madhotra et
al[8], 32% of the patients had a PC < 68000/μL without
splenomegaly. These differences may reflect differences
in the etiology of cirrhosis, action of immunological
mediators, or reduction in thrombopoietin and not just
splenic sequestration[4,11].
The positive predictive value (or the proportion of
patients with a positive test result who have the disease)
was 94%, but the negative predictor value (or the proportion of people with a negative test results who do not

2082

February 28, 2014|Volume 20|Issue 8|

González-Ojeda A et al . PC/SD ratio to predict esophageal varices

have the disease) was 40% as a reflection of our specificity (70%), the prevalence of esophageal varices in patients
in cirrhosis and the different etiologies of the chronic
liver diseases.
The use of the PC/SD ratio will help create a lowercost and more effective method to identify esophageal
varices in patients with portal hypertension. The ideal
tool should have high sensitivity and specificity as close
as possible to 100% to obtain an accurate profile a highsecurity profile and to avoid the need for endoscopy in
patients without esophageal varices. The PC/SD ratio
should be considered when identifying patients with a
high risk of developing esophageal varices.
In conclusion, the PC/SD ratio cannot substitute
for upper gastrointestinal endoscopy in the scrutiny of
esophageal varices. However, this ratio can be a useful
noninvasive method for identifying patients with esophageal varices and thereby may help reduce the number of
unnecessary endoscopies.
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Background

Portal hypertension is the principal complication of hepatic cirrhosis. More than
80% of patients with cirrhosis will develop esophageal varices at some point,
and 30% of these patients will have at least one bleeding episode because of
rupture of a varix. Most first bleeding episodes happen during the first year after
the detection of the varices, with a 5%-10% mortality attributed to the initial
hemorrhage. For this reason, identifying the presence of esophageal varices is
a fundamental part of the diagnostic work-up in patients with cirrhosis, and it is
also a prognostic marker of the illness.
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Research frontiers

Recent studies have emphasized the use of noninvasive methods to identify
patients with the intention of avoiding endoscopy in low-risk cases. The fact that
distinct predictors of the presence of varices have been identified in different
studies probably reflects differences between the study populations and spectrum of the disease and this makes it difficult to develop a widely applicable
predictive model.
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The cutoff point for platelet count/spleen diameter ratio (PC/SD) ratio was
lower than that reported in previous literature (< 884.3 and < 909, respectively),
with a sensitivity of 84% and specificity of 70%. The differences are probably
influenced by racial characteristics. The PC/SD ratio should be considered to
identifying patients with esophageal varices.
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This is an interesting study in which whether ratio of platelet count to spleen
diameter can be a predictive factor for existence of esophageal varices was
examined in Mexican patients with hepatic cirrhosis. This paper validated the
useful of platelet count/spleen diameter ratio and determined a cutoff value
for the Mexican, which is a little smaller than the value found in the Caucasian
population; suggest that this ratio may be racial specific.
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BRIEF ARTICLE

Protective effects of D-002 on experimentally induced
gastroesophageal reflux in rats
Zullyt Zamora, Vivian Molina, Rosa Mas, Yazmin Ravelo, Yohany Perez, Ambar Oyarzabal
RESULTS: As compared to the negative control, the
positive control group exhibited increased ELI (5.2 ±
0.33 vs 0 ± 0, P = 0.0003), gastric secretion volume
(2.69 ± 0.09 vs 0.1 ± 0.0, P = 0.0003) and acidity (238
± 19.37 vs 120.0 ± 5.77, P = 0.001), and esophageal
concentrations of MDA (2.56 ± 0.1 vs 1.76 ± 0.28, P =
0.001) and SH groups (1.02 ± 0.05 vs 0.56 ± 0.08, P =
0.0003). D-002 (25, 100 and 200 mg/kg) reduced ELI
(3.36 ± 0.31, 2.90 ± 0.46 and 2.8 ± 0.23, respectively)
vs the positive control (5.2 ± 0.33) (P = 0.004; P =
0.002; P = 0.001, respectively). There were no significant changes in acidity with D-002 treatment, and only
the highest dose reduced the volume of the gastric
secretion (1.92 ± 0.25) vs the positive control (2.69
± 0.09, P = 0.013). D-002 (25, 100 and 200 mg/kg)
lowered the esophageal MDA (2.05 ± 0.16, 1.98 ± 0.22
and 1.93 ± 0.22, respectively) (P = 0.01; P = 0.03; P
= 0.03, respectively) and SH group concentration (0.87
± 0.06, 0.79 ± 0.08 and 0.77 ± 0.06, respectively) (P
= 0.04; P = 0.04; P = 0.02) vs the positive control (2.56
± 0.10 and 1.02 ± 0.05, respectively). Omeprazole
decreased ELI (2.54 ± 0.47), gastric secretion volume
(1.97 ± 0.14) and acidity (158.5 ± 22.79), esophageal MDA (1.87 ± 0.13) and SH group (0.72 ± 0.05)
concentrations vs the positive control (P = 0.002; P =
0.001; P = 0.02; P = 0.003; P = 0.002, respectively).
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Abstract
AIM: To investigate the effects of beeswax alcohols
(D-002) on the esophageal damage induced by gastroesophageal reflux (GER) in rats.

CONCLUSION: Acute oral administration of D-002 decreased macroscopic esophageal lesions and oxidative
stress in rats with experimentally induced GER, without
modifying gastric secretion acidity.

METHODS: Sixty male rats were randomized into six
groups (10 rats/group): a negative control and five
groups with experimentally induced GER: a positive vehicle control, three treated with D-002 (25, 100 and 200
mg/kg, respectively), and one with omeprazole 10 mg/
kg. All treatments were given by gastric gavage. One
hour after dosing, GER was produced by simultaneous
ligation of the pyloric end and the forestomach. Esophageal lesions index (ELI), gastric secretion volume and
acidity, and esophageal malondialdehyde (MDA) and
sulfhydryl (SH) group concentrations were measured.
Statistical significance was considered at P < 0.05.

WJG|www.wjgnet.com

© 2014 Baishideng Publishing Group Co., Limited. All rights
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Core tip: Beeswax alcohols (D-002) has gastroprotective effects in experimental and clinical studies. How-
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available[16-18]. The benefits of current therapy to manage
GERD, however, outweigh the risks, but the search for
new effective and safer treatments is ongoing.
Beeswax alcohols (D-002), a mixture of six higher
aliphatic primary alcohols purified from the beeswax,
in which traicontanol is the major component[19], has
been shown to produce gastroprotective effects through
multiple mechanisms that mainly involve increased gastric mucus secretion and improved mucus composition
(increased content of mucus proteins, glycoproteins and
sulfated macromolecules)[20-22]. In addition, D-002 exhibits antioxidant and anti-inflammatory effects on the
gastric mucosa[23,24], which could contribute additionally
to the gastroesophageal protection.
Oral administration of D-002 reduces the generation
of hydroxyl radicals in vivo[24], the concentration of malondialdehyde (MDA) (a lipid peroxidation marker)[23,24] and
carbonyl groups (a protein oxidation marker), and myeloperoxidase activity (a marker of inflammation), but increases the activity of glutathione peroxidase, superoxide
dismutase and catalase in the gastric mucosa of rats with
indomethacin-induced ulcers[24].
In light of these findings, we supposed that D-002
could be beneficial for ameliorating GER, which has not
yet been investigated. The present study was undertaken
to investigate the effect of D-002 on experimentally induced GER in rats.

ever, the effects of D-002 on gastroesophageal reflux
(GER) have not been investigated. We demonstrated
that acute oral administration of 25, 100 and 200 mg/
kg D-002 decreased the esophageal lesion index, and
esophageal malondialdehyde and sulfhydryl group concentrations. Only the highest dose of D-002 reduced
the gastric secretion volume, but none modified the
acidity. D-002 decreased esophageal lesions and esophageal concentrations of lipid peroxidation and protein
oxidation markers in rats with experimental GER, without modifying gastric secretion acidity.
Zamora Z, Molina V, Mas R, Ravelo Y, Perez Y, Oyarzabal
A. Protective effects of D-002 on experimentally induced
gastroesophageal reflux in rats. World J Gastroenterol 2014;
20(8): 2085-2090 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i8/2085.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i8.2085

INTRODUCTION
Gastroesophageal reflux disease (GERD), a chronic and
relapsing disease that affects 40% of the adult population
worldwide, emerges when the gastric acid flows back into
the esophagus[1-4]. GERD progression leads to the erosion of the esophageal mucosal epithelium, which is implicated in the development of Barrett’s esophagus and
the subsequent increased risk of developing esophageal
cancer[5,6].
Although the etiology of the abnormal reflux of the
gastric contents from the stomach to the esophagus is
complex and involves multiple causes, the disease mainly
results from weak anti-reflux barriers at the gastroesophageal junction that become incompetent to protect against
increased reflux, thus leading to esophageal erosion
and inflammation. The imbalance between aggressive
(refluxed gastric acid secretion and duodenal juice) and
defensive factors (esophageal acid clearance and tissue
resistance) contributes to the esophageal damage[7-9]. The
acid secretion into the esophagus trigger this process, but
when it acts together with small amounts of pepsin it
increases the risk of esophageal mucosal damage[10]. Gastroesophageal reflux (GER)-induced increase in inflammatory mediators and reactive oxygen species have been
shown to contribute to the mucosal damage[11,12].
Current management of GERD includes the use
of antisecretory treatments aimed primarily at reducing
gastric acidity, such as the proton pump inhibitors (PPIs)
or H2 receptor antagonists (H2RAs)[13,14]. In particular,
acid suppression achieved with PPIs is the mainstay of
therapy for reflux disease, but despite this, symptoms and
damage persist and recur in many patients[15].
In terms of safety, PPIs and H2RAs both have a good
safety profile[13,14], but recent data suggest a link between
their use and some long-term effects of clinical relevance, of which the increased risk of fractures, mainly
in the elderly, seems to most supported by the evidence

WJG|www.wjgnet.com

MATERIALS AND METHODS
Animals
Male Sprague-Dawley rats (200-250 g) purchased from
the National Centre for Laboratory Animals Production
(CENPALAB, Havana, Cuba) were adapted for 7 d to the
experimental conditions: temperature 25 ℃ ± 2 ℃, humidity 60% ± 5% and light/dark cycles of 12 h. Standard
chow pellets from CENPALAB and water were given ad
libitum. Rats were deprived of food for the 24 h prior to
GER induction, but with free access to water.
Animal experiments were conducted in accordance
with the Cuban Guidelines of Animals Handling and the
Cuban Code of Good Laboratory Practices, which follow international guidelines for the use and care of laboratory animals. The study protocol and animals use were
approved prior to the study by the Institutional Animal
Ethics Committee.
Chemicals and test substance
Omeprazole was purchased from DOMER (Mexico).
The batch of D-002, supplied by the Plants of Natural
Products (Havana, Cuba), had the following composition:
tetracosanol (7.0%), hexacosanol (11.5%), octacosanol
(12.1%), triacontanol (34.8%), dotriacontanol (22.5%)
and tetratiacontanol (2.6%). Purity (total content of these
alcohols) was 90.0%.
Dosage and administration
D-002 and omeprazole were suspended in 1% acacia

2086

February 28, 2014|Volume 20|Issue 8|

Zamora Z et al . D-002 on rat reflux esophagitis

gum/water. Rats were randomized into six groups of 10
rats each: a negative vehicle control and five exposed to
GER induction: a positive vehicle control, three treated
with D-002 (25, 100 and 200 mg/kg, respectively), and
one with 10 mg/kg omeprazole. All treatments (D-002,
omeprazole, or vehicle) were given orally by gastric gavage
(1 mL/200 g body weight), 1 h prior to GER induction.
The chosen doses of D-002 were those effective
in the model of pylorus-ligation-induced gastric ulceration[20], and the omeprazole dose was that reported as
effective in a model of GER in rats[25].

solution adjusted to pH = 3.5, 1.5 mL of thiobarbituric
acid solution, and 1 mmol/L butylated hydroxytoluene,
heated at 95 ℃ for 45 min and cooled. One milliliter of
distilled water plus 5 mL n-butanol: pyridine (15:1 v/v)
mixture was added to the mixture, shaken and centrifuged. The organic layer was used for TBARS determination at 535 nm using freshly diluted MDA bis (dimethyl
acetal) as a standard. TBARS concentrations were expressed as nmol MDA/mg protein.
Protein oxidation assessment: SH groups were measured

using the 5’5-dithio-bis (2-nitrobenzoic acid) (DTNB) assay[30]. Homogenate aliquots (200 μL) were treated with
600 μL 20 mmol/L Tris-EDTA buffer (pH = 8.2), 40 μL
10 mmol/L DTNB and 3.16 mL absolute ethanol. This
mixture was then incubated to ambient temperature for
20 min and centrifuged at 3000 g for 10 min. The optical density of the supernatant was measured at 412 nm,
using a 13.6/cm/mol coefficient of absorptivity and SH
concentrations were reported in mmol/L.

Induction of GER
Under pentobarbital anaesthesia (40 mg/kg intraperitoneally), a midline incision was performed on the abdomen and the pylorus and transitional junction between
the forestomach and corpus were simultaneously ligated
to induce reflux of gastric juice into the esophagus[26].
The abdominal cavity was then closed and 5 h later, rats
were sacrificed under anaesthesia. The gastric content
was collected and centrifuged at 3000 r/min for 10 min.
The volume of the supernatant was measured and its
acidity estimated by titration with 0.1 mol/L NaOH
to pH = 7.0[20]. The esophagus was removed, incised
lengthwise, and then the macroscopic esophageal lesions
were observed under a microscope and measured. The
esophageal tissue was stored at -20 ℃ until performing
the biochemical analyses.

Statistical analysis
Data were expressed as the means ± SE. Paired comparisons between control and treated groups were done with
the nonparametric Mann-Whitney U test. The level of
statistical significance was set at α = 0.05. The analyses
were carried out using the Statistic software for Windows
(Release 4.2, Stat Soft, United States). Dose-effect relationships were assessed by using dose regression linear
analysis on the Primer of Biostatistics program (Stanton
A, Glantz; McGraw-Hill, Inc Version 3.01).

Esophageal lesion index
The esophageal lesion index (ELI) score was calculated
(macroscopic degree of injury 0-6) after gross inspection
of the esophagus under a magnifying glass (× 3) by two
independent blinded observers. The lesions were scored
as follows: 0: no visible lesion; 1: some erosion and
bleeding; 2: total area of lesions < 15 mm2; 3: total area
of lesions < 30 mm2; 4: total area of lesions < 40 mm2; 5:
total area of lesions < 45 mm2; and 6: perforation[27].

RESULTS
Effects on esophageal lesions
Five hours after ligation, the positive group displayed
macroscopic lesions quantitatively assessed in term of
ELI values that were significantly increased as compared
to the negative control group, which did not have visible lesions. By contrast, treatment with D-002 (25-200
mg/kg) and omeprazole (10 mg/kg) ameliorated GERinduced esopagheal injury (Table 1).
Acute oral administration of D-002 (25, 100 and 200
mg/kg) reduced the severity of GER-induced oesophagitis (ELI) by 35.4%, 44.2% and 46.1%, respectively, as
compared to the positive control group. Despite the fact
that the effects increased slightly with dose, the statistical
analysis did not show dose dependence. Omeprazole (10
mg/kg), the reference drug, reduced the ELI significantly by 51.1% as compared to the positive control group.
The positive control group also exhibited an increase in
the volume and acidity of gastric secretion vs the negative control group. Oral administration of the highest
dose of D-002 (200 mg/kg) reduced significantly the
volume of gastric secretion, but all doses failed to affect the acidity of the gastric secretion. Omeprazole (10
mg/kg) decreased significantly the volume and acidity of
the gastric secretion as compared to the positive control

Oxidative variables
For the estimation of oxidative variables, the excised
esophageal tissue was transferred to ice-cooled test tubes
and homogenized in 150 mmol/L Tris-HCl buffer (pH
= 7.4) containing 0.25 mol/L sucrose-EDTA (1 g tissue/9 mL buffer) by Ultra-Turrax homogenizer T25
(Germany). The homogenates were centrifuged at 5000 g
for 10 min at 4 ℃, and the supernatants stored at -80 ℃
until analysis. All the assays were performed in triplicate
in an Ultrospec Plus LKB spectrophotometer (Pharmacia
LkB Biotechnology; Uppsala, Sweden). Protein concentrations were measured by a modification of the Lowry
method[28].
Lipid peroxidation assessment: MDA level, a marker of

lipid peroxidation in esophageal homogenates, was measured as thiobarbituric acid reactive species (TBARS)[29]
Homogenate aliquots (1 mL) were added to a mixture
containing 0.2 mL 8.1% SDS plus 1.5 mL 20% acetic acid
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Table 1 Effects on esophageal lesions, gastric secretion volume and acidity, oxidative variable in rats with gastroesophageal reflux
Groups

Doses
(mg/kg)

ELI
(mean ± SE)

25
100
200
10

0 ± 0c
5.2 ± 0.33
3.36 ± 0.31b
2.90 ± 0.46b
2.8 ± 0.23b
2.54 ± 0.4b

Negative control
Positive control
D-002
D-002
D-002
Omeprazole

I

35.4%
44.2%
46.1%
51.1%

Volume (mL)
0.1 ± 0c
2.69 ± 0.09
2.63 ± 0.36
2.28 ± 0.45
1.92 ± 0.25a
1.97 ± 0.14b

I
--2.3%
19.0%
29.7%
27.8%

Acidity
MDA
(meq/L/100 g) (nmol/mg protein)
120 ± 5.77b
238 ± 19.37
220 ± 22.57
210 ± 19.79
233.7 ± 44.7
158.5 ± 22.79a

1.76 ± 0.28b
2.56 ± 0.10
2.05 ± 0.16a
1.98 ± 0.22a
1.93 ± 0.22a
1.87 ± 0.13b

I

SH (mmol)

I

64.0%
72.5%
79.0%
86.3%

0.56 ± 0.08b
1.02 ± 0.05
0.87 ± 0.06a
0.79 ± 0.08b
0.77 ± 0.06a
0.72 ± 0.05b

--32.6%
50.0%
54.3%
65.2%

These data were obtained from groups of 10 rats. Values are represented as mean ± SE. aP < 0.05, bP < 0.01 vs the positive control (Mann–Whitney U test). I:
Inhibition; ELI: Esophageal lesions index; MDA: Malondialdehyde; SH: Sulfhydryl.

group (Table 1).

duction of the acidity produced by this drug. The mechanism by which D-002 produces this effect has not been
explained to date.
GER-induced ELI has been shown to correlate with
the increased production of free radicals that triggers
membrane lipid peroxidation, impairs cell functions, and
reinforces the oxidative stress through the production of
lipid-derived radicals[31]. Accordingly, natural approaches
with antioxidant effects have been investigated for the
management of GERD[32], and the efficacy of PPIs on
mucosal protection is currently explained by the inhibition of acid secretion, as well as its antioxidant and antiapoptotic effects[33].
Our results support that D-002 was able to attenuate
the GER-induced increase in MDA and SH concentrations to 72.5% and 50%, respectively. A dose of 100 mg/
kg was the maximal effective dose for both effects, and its
effects on oxidative markers were more pronounced than
its ability to lower ELI. D-002 was effective at reducing
GER-induced esophagitis and the increased oxidative
stress in this model, without modifying gastric secretion
acidity.
Although the safety of current first-line therapies for
GERD is good, the lack of antisecretory activity of D-002
could be beneficial for avoiding the adverse effects associated with long-term acid suppression[15-18,35]. Experimental toxicology has demonstrated the safety of acute,
subchronic and chronic oral administration of D-002. A
dose of 1000 mg/kg was found to have no observable
adverse effects in a long-term (1 year) study in rats[36],
and the same was true for a dose of 250 mg/kg in beagle
dogs[37]. Clinical studies have shown that D-002 is safe
and well tolerated when administered in the short and
long term to humans[38-42].
Nevertheless, the present results are a preliminary
demonstration of the efficacy of oral D-002 treatment in
an experimental model of GER. The efficacy and safety
of D-002 for GERD management, therefore, merits extensive further experimental and clinical research.
In conclusion this study demonstrates that acute oral
administration of D-002 (25-200 mg/kg) was effective to
reduce esophageal lesions and oxidative stress markers in
rats with experimentally induced GER, without modifying gastric secretion acidity.

Effects on oxidative markers
Experimentally induced GER increased significantly the
MDA and SH concentrations in the esophageal homogenates of the positive control as compared to negative
control group; a change also ameliorated by D-002 (25,
100 and 200 mg/kg) and omeprazole (10 mg/kg). Oral
treatment with D-002 (25, 100 and 200 mg/kg) decreased
significantly the esophageal levels of MDA (64%, 72.5%
and 79%, respectively) and SH (32.6%, 50% and 54%,
respectively). No dose-effect relationship, however, was
seen. Oral omeprazole (10 mg/kg) reduced significantly
MDA (86.3% decrease) and SH (65.2% decrease) levels
in the esophageal tissues of rats with experimentally induced GER (Table 1).

DISCUSSION
The results of this study demonstrated, for the first time,
that oral supplementation of D-002 significantly ameliorated GER-induced esophageal damage in rats. Our data
confirm that GER induction causes esophageal lesions
and increases the volume of gastric secretion, gastric
acidity, and the extent of lipid peroxidation and protein
oxidation in esophageal homogenates, as demonstrated
by the increased levels of MDA and SH groups. In addition, omeprazole significantly reduced GER-induced
changes, as expected[25], all of which confirms the validity
of this model in our experimental conditions.
Oral treatment with D-002 (25-200 mg/kg) significantly (approximately 45%) reduced ELI. A dose of 100
mg/kg achieved the ceiling effect (44.2% decrease) and
200 mg/kg produced roughly the same effect (46.1% decrease), which in turn was similar to the reduction (51.1%)
induced by 10 mg/kg omeprazole.
All doses of D-002 failed to modify the acidity of
the gastric secretion, in agreement with previous results,
in the model of pylorus-ligation-induced ulcers in rats,
confirming the cytoprotective effect of D-002[20,21]. The
highest dose (200 mg/kg) reduced significantly (29.7%)
the gastric secretion volume, as did omeprazole (27.8%),
but by different mechanisms as proven by the marked re-
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COMMENTS

8

Background

Beeswax alcohols (D-002), a food supplement, has been shown to produce
gastroprotective effects in experimental and clinical studies, but its efficacy
against gastroesophageal reflux (GER) has not been investigated before. The
authors investigated the effects of a single oral administration of D-002 in a
model of experimentally induced GER in rats.

9

Several experiments have reported that D-002 protects against gastric mucosa
ulceration induced by different agents through multiple mechanisms, including
an increase in gastric mucus secretion, improvement of mucus quality, and
antioxidant effects on the gastric mucosa. It is unresolved whether D-002 can
protect against GER.

11

10

Research frontiers

12

Innovations and breakthroughs

This is believed to be the first study to show that acute oral administration of
D-002 reduced esophageal lesions as well as esophageal concentrations of
malondialdehyde and sulfhydryl groups in rats with experimentally induced
GER, without modifying gastric secretion acidity. These findings suggest that
supplementation with D-002 protects against esophageal injury induced by
GER in rats.

13

Applications

D-002 is a dietary supplement that has gastroprotective and antioxidant effects.
However, its potential effect on GER, a common condition in routine practice,
has not been investigated before. This study is a preliminary step in demonstrating whether D-002 could be an alternative to help manage GER. However,
extensive experimental and clinical research is still required to demonstrate its
application in this field.

14
15

Terminology

The esophageal lesion index is a validated score for quantifying the severity of
the macroscopic lesions present in the esophageal tissue.

16

This study evaluated the effect of D-002, a defined mixture of higher primary
alcohols purified from bees wax, on experimentally induced GER in rats. The
possible influence and protective effect of D-002 on experimental gastric
ulcer and colitis in rats and on nonalcoholic fatty liver disease in humans has
been evaluated by the same group of researchers in recent years. The antiinflammatory activity of D-002, by reducing the generation of harmful hydroxyl
radicals, has been well studied, but it is difficult to acknowledge this substance
as a further option in the management of GERD.

17
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ZD 7288, an HCN channel blocker, attenuates chronic
visceral pain in irritable bowel syndrome-like rats
Yu Chen, Chun Lin, Ying Tang, Ai-Qin Chen, Cui-Ying Liu, Da-Li Lu
RESULTS: EMG responses to 20-80 mmHg CRD and
AWR scores under 20-60 mmHg CRD significantly increased in rats with visceral hypersensitivity compared
to control rats (P < 0.05). The pain threshold in rats
with visceral hypersensitivity significantly decreased
compared to control rats (P < 0.05). Treatment with
50-100 nmol/L ZD 7288 significantly inhibited EMG responses (16%-62%, 80-20 mmHg CRD, P < 0.05) and
AWR scores (24%-37%, 40-20 mmHg CRD, P < 0.05;
12%-61%, 80-20 mmHg CRD, P < 0.05, respectively),
and significantly increased pain thresholds (32%-77%,
P < 0.05).

Yu Chen, Chun Lin, Ying Tang, Ai-Qin Chen, Cui-Ying Liu,
Da-Li Lu, Laboratory for Pain Research, Key Laboratory of
Brain Aging and Neurodegenerative Diseases, Center for Neuroscience Research, Department of Physiology and Pathophysiology, Fujian Medical University, Fuzhou 350108, Fujian Province,
China
Author contributions: Lin C designed the research; Chen Y,
Tang Y, Liu CY and Lu DL performed the experiments; Chen AQ
and Lu DL analyzed the data; Chen Y and Lin C wrote the manuscript.
Supported by The Natural Science Fund of Fujian Province,
No. C0910595 and No. 2012J05053; Science Fund and Doctor
Initial Fund of FMU, No. 09ZD009 and No. 2010BS008
Correspondence to: Chun Lin, MD, Professor, Chief, Laboratory for Pain Research, Key Laboratory of Brain Aging and
Neurodegenerative Diseases, Center for Neuroscience Research,
Department of Physiology and Pathophysiology, Fujian Medical
University, No. 1 Xueyuan Road, Shangjie Zhen, Minhou County, Fuzhou 350108, Fujian Province,
China. chunlin77550@126.com
Telephone: +86-591-22862439 Fax: +86-591-22862439
Received: August 19, 2013
Revised: December 7, 2013
Accepted: January 8, 2014
Published online: February 28, 2014

CONCLUSION: Spinal HCN channels may play an important role in chronic visceral hypersensitivity.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Abdominal withdrawal reflex; Electromyography; Hyperpolarization-activated cyclic nucleotidegated channel; Visceral hypersensitivity; ZD 7288; Irritable bowel syndrome
Core tip: Intrathecal administration of ZD 7288, a hyperpolarization-activated cyclic nucleotide-gated channel blocker, significantly inhibited electromyographic
responses and abdominal withdrawal reflex scores
and significantly increased pain thresholds in rats with
chronic visceral hypersensitivity. These results are
important for clinicians and the fundamental scientific
community and provide scientific evidence for ZD 7288
as a novel treatment for visceral pain in irritable bowel
syndrome.

Abstract
AIM: To investigate the effects of ZD 7288, a hyperpolarization-activated cyclic nucleotide-gated (HCN) channel blocker, on rats with chronic visceral pain.
METHODS: Rats with visceral hypersensitivity were
generated using neonatal colon irritation during postnatal days 8-15 as described previously. Visceral hypersensitivity was evaluated using electromyographic
(EMG) responses of abdominal external oblique muscles
to 20-80 mmHg colorectal distentions (CRD). Abdominal withdrawal reflex (AWR) scores and pain thresholds
were also detected in adult rats. Different doses of ZD
7288 (25, 50, and 100 nmol/L) were intrathecally administered in rats to study the role of spinal HCN channel in chronic visceral hypersensitivity.
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INTRODUCTION

MATERIALS AND METHODS

Irritable bowel syndrome (IBS) is a common disorder
characterized by abdominal pain, bloating and altered
bowel habit[1]. No effective drug treatment is currently
available for IBS[1-4]. The persistent colon hypersensitivity in IBS is associated with neuronal sensitization, which
manifests as an increase in neuronal excitability[5]. Some
ion channels may be the primary determinants of neuronal excitability[6,7]. Emery et al[8] stated “The rate of action
potential firing in nociceptors is a major determinant of
the intensity of pain. Possible modulators of action potential firing include the hyperpolarization-activated cyclic
nucleotide-gated (HCN) ion channels”. The HCN channel was first identified in the sinoatrial node (SAN) in
rats[9]. These channels are permeable to both Na+ and K+.
The HCN current, hyperpolarization-activated cation current (Ih), was found in neurons under hyperpolarization
of the cell membrane[10]. Ih typically contributes to the
pacemaker activity of cardiac SAN cells and a variety of
spontaneously firing neurons. Ih is crucial in determining
the frequency of firing of action potentials[11]. Much attention has focused on HCN channels and somatic pain
in the past decade[8,12], and Ih is an important contributor
of neuropathic pain. The HCN channel might be a valuable target for the treatment of neuropathic pain[10].
ZD 7288 [4-(N-Ethyl-N-phenylamino)-1,2-dimethyl-6-(methylamino) pyrimidinium chloride] completely
blocked Ih in a previous study, and eliminated the depolarizing sag of transmembrane potential[13]. ZD 7288 may
reduce neuropathic pain and provide significant analgesic
effects[14-16]. Ectopic discharges may be involved in the
development of neuropathic pain[10]. A low concentration
of ZD 7288 significantly suppressed ectopic discharges
generated from DRG neurons[10]. HCN ion channels are
called pacemakers of pain[11], but all conclusions about
the relationship between HCN channels and pain have
come from somatic pain research. No studies on the role
of HCN channels in visceral pain have been conducted.
The contribution of HCN channels to the genesis of visceral hypersensitivity must be explored.
Most studies on chronic visceral pain mechanisms
focused on inflammatory mediators, neuron-active compounds, neurotransmitters and receptors in peripheral
and central sensitization[17]. However, ion channels may
be the primary determinants of neuronal excitability[18].
The HCN channel current creates a more positive resting membrane potential and up-regulates neuronal excitability[10]. ZD 7288 provides significant analgesic effects
against neuropathic pain[10], and it may attenuate visceral
pain through a similar mechanism. However, the role of
ZD 7288 in chronic visceral pain has not been investigated.
An IBS-like rat model was established in the present
study using neonatal colon irritation. Abdominal withdrawal reflex (AWR) scores and electromyographic (EMG)
amplitudes were recorded. The effects of ZD 7288 on
visceral sensitivity in IBS-like rats were evaluated.

Animal preparation
Male Sprague-Dawley rats were obtained as preweanling
neonates (5 d old) from the Shanghai SLAC Laboratory Animal Co., Ltd. (Animal approval number: SCXK
2007-0005). Twelve neonates were housed in a cage with
1 adult female rat until they were 28 d old. The adult
female rat had access to food and water ad libitum. After
separation, 4 young rats were housed in a plastic cage
with sawdust bedding, given access to food and water
ad libitum and maintained on a 12-h light/dark cycle.
The irritation procedure and experimental testing were
conducted during the light cycle. Experiments were performed when the rats were 8 wk old.
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Animal model of visceral hypersensitivity
Neonatal colon irritation was applied once daily using
colorectal distention (CRD) during postnatal days 8-15.
The CRD procedure was modified from Lin and AlChaer[19]. The distention was applied using angioplasty
balloons (length, 20.0 mm; diameter, 2.5 mm) inserted
rectally into the descending colon. The balloon was
distended with air exerting a pressure of 60 mmHg for
1 min, deflated and withdrawn. The control rats were
handled similarly to the model group except that no
CRD was applied. The experiments were approved by
the Animal Care and Use Committee of Fujian Medical
University.
EMG recordings and AWR scores
EMG recordings were performed as described previously[20]. Rats were anesthetized with ether, and distention balloons (5 cm in length; made of the finger of a
latex glove attached to polyethylene tubing) were inserted
through the anus into the rectum and descending colon
of adult rats. The tubing was taped to the tail to hold
the balloon in place. Two silver bipolar electrodes were
inserted into the external oblique muscle of the abdomen
(EOMA). The rats were maintained in a supine position
in a self-made restrainer and allowed at least 30 min to
recover from inhalational anesthesia. The tubing was attached through a T-connector to a sphygmomanometer
pump and a pressure gauge. Distention was produced
by rapid inflation of the balloon to the desired pressure
(20, 40, 60 or 80 mmHg) for 10 s followed by a 4-min
rest. The magnitude of EMG was measured using an
RM6240BD multi-channel physiological signal acquisition
and processing system (Chengdu, China; high-frequency
filter: 3 KHz; time constant: 0.001 s; sampling frequency:
40 KHz; sensitivity: 500 μV; scanning speed: 200 ms/div).
Twenty amplitudes were measured during each 10 s distention period, and the mean amplitude represented the
magnitude of EMG. EMG data were derived by subtracting the mean baseline amplitude (10-s pre-distention
period) from the mean EMG amplitude of each pressure.
Behavioral responses to CRD were assessed via AWR
measurement using a semi-quantitative score[21]. AWR is
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Figure 1 Behavioral evaluation of visceral pain. A: Schematic drawings illustrating the visually based behavioral scale of the abdominal withdrawal reflex (AWR)
in response to graded colorectal distension (CRD). AWR scores are 0, 1, 2, 3, and 4; B: AWR scores of control and irritable bowel syndrome (IBS)-like rats; C: Pain
thresholds measured by AWR in rats. The AWR threshold indicates CRD intensity when the AWR score is 3. aP < 0.05 compared with control rats.

Intrathecal cannulation and drug administration
Rats were anesthetized with barbanylum (8%, 0.1 mL/100
g). A sterile polyethylene catheter (PE10 tubing, Becton
Dickinson) was introduced at the L6/S1 interspace and
threaded to the lumbar enlargement. Rats recovered for
1 wk after intrathecal cannulation. Various doses (25, 50,
and 100 nmol/L) of ZD 7288 (molecular weight 292.81,
Tocris Cookson, Ellisville, MI) diluted in sterile 0.9%
saline were administered at a volume of 10 µL followed
by a 10-µL saline flush. Visceral pain measurements were
performed 30 min after intrathecal administration.

Table 1 Abdominal withdrawal reflex scoring criteria
Score
0 No behavioral response to colorectal distention
1 Immobile during colorectal distention and occasional head clinching
at stimulus onset
2 Mild contraction of the abdominal muscles but absence of abdomen
lifting from the platform
3 Observed strong contraction of the abdominal muscles and lifting of
the abdomen off the platform
4 Arching of the body and lifting of the pelvic structures and scrotum

an involuntary motor reflex that is similar to the visceromotor reflex[22]. AWR measurement consisted of visual
observation of animal responses to graded CRD (20, 40,
60, and 80 mmHg) by blinded observers who assigned
AWR scores (Figure 1A, Table 1).

Statistical analysis
Data are expressed as means ± SEM (standard error). A
two-way repeated measures analysis of variance (ANOVA) with Bonferroni post hoc analysis was used to assess changes in AWR or EMG in different groups across
pressures. Comparisons of pain thresholds between IBSlike rats and control rats were analyzed using Student’s
t test. One-way ANOVA followed by the Student-Newman-Keuls post-hoc test was used to compare differences in pain thresholds of IBS-like rats before and after
different ZD 7288 doses. Data analysis was performed
using SPSS 13.0. A P value < 0.05 was considered statistically significant.

Determination of pain thresholds
Visceral pain thresholds were evaluated via measurement
of the pressure thresholds (increments of 5 mmHg, 3-min
duration, 1-min rest) required to evoke abdominal contractions that caused the rat to lift its abdomen off the
platform. The recordings were repeated three times for
each animal, and the arithmetic mean value was calculated.
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Figure 2 Electromyographic responses to colorectal distension in rats.
The average responses to graded colorectal distension (CRD) were significantly
increased in irritable bowel syndrome (IBS)-like rats compared with control rats.
b
P < 0.01, compared with control rats at the same CRD intensity. EOMA: External oblique muscle of the abdomen.
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pared to the IBS-like + saline group (50 nmol/L: P < 0.05;
100 nmol/L: P < 0.01, Figure 3). IBS-like rats given 50
nmol/L ZD 7288 showed a significant reduction in EMG
amplitudes compared to IBS-like rats given normal saline
(41%, 35%, 22%, and 16% at 20, 40, 60, and 80 mmHg
CRD, respectively). Treatment with 100 nmol/L ZD 7288
significantly inhibited EMG amplitudes (62%, 59%, 46%,
and 40% at 20, 40, 60, and 80 mmHg CRD, respectively)
compared to IBS-like rats given normal saline.
Furthermore, no differences in AWR scores were observed between the IBS-like, IBS-like + saline and IBSlike + 25 nmol/L ZD 7288 groups. IBS-like rats given 50
nmol/L (20-40 mmHg) and 100 nmol/L (20-80 mmHg)
ZD 7288 showed a significant CRD-dependent decrease
in AWR scores compared to the IBS-like + saline group.
IBS-like rats given 50 nmol/L ZD 7288 exhibited significantly reduced AWR scores compared to IBS-like rats
given normal saline (37% at 20 mmHg CRD and 24% at
40 mmHg CRD). ZD 7288 at 100 nmol/L significantly
inhibited AWR scores (61%, 30%, 20%, and 12% at 20,
40, 60, and 80 mmHg CRD, respectively) (Figure 4A).
The pain thresholds of rats treated with 50 nmol/L
ZD 7288 increased by 32% compared to rats given normal saline, and the pain thresholds of rats treated with
100 nmol/L ZD 7288 increased by 77% (Figure 4B).

Figure 3 Inhibitory effects of ZD 7288 on amplitudes of external oblique
muscle of the abdomen in irritable bowel syndrome-like rats. aP < 0.05,
compared with saline-treated irritable bowel syndrome (IBS)-like rats; dP < 0.01,
compared with IBS-like rats receiving 50 nmol/L ZD 7288. EOMA: External
oblique muscle of the abdomen; CRD: colorectal distension.

RESULTS
Visceral sensitivity increased in IBS-like rats
The AWR scores at 20-60 mmHg CRD were significantly
higher in IBS-like rats than those in control rats (P <
0.05, Figure 1B). The pain threshold of IBS-like rats significantly decreased compared to control rats (P < 0.05,
Figure 1C). EMG amplitudes in IBS-like rats significantly
increased at 20-80 mmHg CRD compared to control rats
(P < 0.05, Figure 2).
Intrathecal ZD 7288 administration inhibited visceral
hypersensitivity in IBS-like rats
No differences in EMG amplitudes were observed between the IBS-like, IBS-like + saline and IBS-like + 25
nmol/L ZD 7288 groups. IBS-like rats given 50 and
100 nmol/L ZD 7288 demonstrated a significant CRDdependent (20-80 mmHg) decrease in amplitudes com-
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Figure 4 Inhibitory effects of ZD 7288 on abdominal withdrawal reflex
scores (A) and pain thresholds (B) of irritable bowel syndrome-like rats.
a
P < 0.05, compared with saline-treated IBS-like rats; dP < 0.01, compared with
IBS-like rats receiving 50 nmol/L ZD 7288. CRD: Colorectal distension; AWR:
Abdominal withdrawal reflex.
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The amplitude of EOMA (μv)

30

mary afferent terminals[6]. Ih amplitude is augmented in
the ventral-lateral periaqueductal gray neurons in neuropathic pain models, and an increase in the frequency of
ZD 7288-attenuated action potential firing is observed[24].
Therefore, we inferred that the hyperexcitability of spinal ascending neurons due to an up-regulation of HCN
channels might underlie spinal sensitization in chronic
visceral pain. However, more electrophysiological studies,
such as whole-cell patch clamp recordings, are required.

Control
Control + 100 nmol/L ZD7288

20
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0

20
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Potential of ZD 7288 as a treatment for chronic visceral
pain
Several treatments, such as anti-spasm medications, antidepressants, probiotics and acupuncture, are efficacious
for IBS, but patients and clinicians question their efficacy
due to the recurrence of abdominal pain, diarrhea and
other symptoms[1-4]. For example, acupuncture is clinically effective for visceral pain due to bowel obstruction,
inflammation or ulcer, but controversies exist due to the
high recurrence rate[25,26]. Scientific evidence of acupuncture treatment efficacy is lacking, and its mechanisms
require to be investigated [25]. Antagonists to NMDA
receptors, such as MK-801[27] and AP-7[5], inhibit visceral
hypersensitivity. However, the use of these agents in
the treatment of chronic pain is restricted due to their
serious side effects, including hallucinations, learning
and memory impairments, and sensorimotor disturbances[28,29].
In this study, 100 nmol/L ZD 7288 exhibited stronger analgesic effects without apparent side effects, which
is consistent with the results of Wan’s study on neuropathic pain[16]. Intrathecal administration of ZD 7288 increased pain thresholds in IBS-like rats in a dose-dependent manner. Visceral hypersensitivity includes allodynia
and hyperalgesia. Allodynia indicates that an originally
non-noxious stimulation induces pain, and hyperalgesia
indicates that an originally noxious stimulation induces a
supernormal reaction[21,30,31]. Neonatal CRD in the present study may result in allodynia and hyperalgesia, which
is consistent with previous studies[20]. ZD 7288, an HCN
channel blocker, attenuated visceral pain at 20-40 (nonnoxious stimulation) and 60-80 mmHg CRD (noxious
stimulation). Therefore, ZD 7288 attenuated allodynia
and hyperalgesia in rats with chronic visceral pain. Our
results suggest that ZD 7288, an HCN channel blocker,
is a useful drug for the treatment of chronic visceral pain
in the future.

80

CRD (mmHg)

Figure 5 Effects of ZD 7288 on amplitudes of external oblique muscle of
the abdomen in control rats. EOMA: External oblique muscle of the abdomen; CRD: Colorectal distension.

No significant differences in EMG amplitudes were
observed between the control and control + 100 nmol/L
ZD 7288 groups (Figure 5).

DISCUSSION
This study tested the effect of intrathecal ZD 7288, an
HCN channel blocker, on the visceral hypersensitivity of
IBS-like rats. The results of EMG, AWR and pain thresholds clearly demonstrate that 50-100 nmol/L ZD 7288
significantly attenuated chronic visceral hypersensitivity in
IBS-like rats. These data indicate that spinal HCN channels contribute to visceral hypersensitivity in IBS-like rats.
Effect of ZD 7288 on spinal central sensitization in
chronic visceral pain rats
Emery et al[8] reported that HCN channels play a central
role in neuropathic pain. ZD 7288 effectively attenuates
neuropathic pain[16]. Most of the drugs that are specifically approved for the treatment of visceral pain syndromes
are effective treatments for chronic neuropathic pain
states[23], which suggests that chronic visceral pain and
chronic neuropathic pain share a common mechanism.
Treatment with 50 nmol/L and 100 nmol/L ZD 7288
significantly inhibited EMG amplitudes in IBS-like rats in
our study (16%-41% and 40%-62%, 80-20 mmHg CRD,
respectively). Intrathecal administration of 100 nmol/L
ZD 7288 significantly relieved mechanical allodynia in
neuropathic pain rats with spinal nerve ligation, but 50
nmol/L ZD 7288 had no effect[16]. These results indicated that HCN channels may be the common mechanism
in visceral and neuropathic pain, and these channels may
play a more important role in visceral hypersensitivity.
Neuropathic pain is characterized by ectopic discharges, which are similar to the discharges observed in
IBS-like rats[19]. The spontaneous activity of lumbosacral
afferents and the number of dorsal roots activated by
CRD are significantly enhanced in IBS-like rats compared
to controls[19,21]. Spinal HCN channels contribute to the
maintenance of neuropathic pain, most likely at the pri-
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Comparison of AWR and EMG findings
Neonatal CRD produced allodynia and hyperalgesia in
the present study, which supports the hypothesis that
early life stress may trigger visceral hyperalgesia and colonic dysfunction[32]. Our AWR scores were ca. 1.8, 3.1, 3.8,
and 3.9 at 20-80 mmHg CRD in IBS-like rats, which is
partially different from the results obtained by Li et al[33],
who reported AWR scores of ca. 0.9, 2.5, 3.1 and 3.5 in
visceral hypersensitivity rats. These differences may be
attributed to the distinct models. Li et al[33] used neonatal

2095

February 28, 2014|Volume 20|Issue 8|

Chen Y et al . HCN channel and chronic visceral pain
for clinicians and the fundamental scientific community.

maternal deprivation to produce visceral hypersensitivity, and our study used neonatal CRD to induce IBS-like
symptoms. These results demonstrate that neonatal CRD
may induce allodynia and hyperalgesia, but neonatal maternal deprivation may preferentially induce hyperalgesia.
Zhou et al[4] proposed that a 9-d heterotypic intermittent
stress generates visceral hypersensitivity. The results of
these three studies suggest that stimulus intensity is more
important than stimulus type for the induction of visceral
hypersensitivity.
EMG and AWR scores are two different methods to
assess visceral hypersensitivity in rats[4,20,33]. AWR scores
are semi-measurement data, and it is sometimes difficult
for an observer to distinguish the difference between
scores of 3 and 4. EMG recording results are pure
measurement data that are not influenced by objective
factors. EMG recording is a relatively sensitive method
to evaluate visceral pain. However, other signals easily
interfere with EMG recordings during the experimental
process. Most AWR scores in our study were consistent
with the EMG findings. Therefore, the combined application of EMG and AWR scores improves the credibility
of results.
In conclusion, intrathecal administration of ZD 7288,
an HCN channel blocker, attenuated visceral hypersensitivity in IBS-like rats without motor disorders. Therefore,
ZD 7288 might be a potential treatment for IBS.
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Cancer stem cell markers correlate with early recurrence
and survival in hepatocellular carcinoma
Zhe Guo, Le-Qun Li, Jing-Hang Jiang, Chao Ou, Li-Xia Zeng, Bang-De Xiang
sity-score matching was used to generate 25 pairs of
patients. Immunohistochemistry was used to compare
expression of CD133, CD90, and epithelial cell adhesion molecule (EpCAM) in liver tissues from propensity
score-matched patients and from 10 healthy adults.
Associations of the three markers with HCC, clinicopathological characteristics, early recurrence, and survival time were explored.
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RESULTS: The expression of all three CSC markers
was significantly higher in HCC tissue than in healthy
liver tissue (P < 0.001 for all). Among the HCC clinicopathology characteristics examined, the absence of
tumor capsule was associated with CD133 expression
(P = 0.005); higher histopathology grade and larger
tumor size were associated with CD90 expression (P
= 0.010 and 0.034, respectively); and elevated serum
alpha-fetoprotein levels were associated with EpCAM
expression (P = 0.021). Expression of CD90 and EpCAM was significantly higher in the early recurrence
group than in other patients (P = 0.001 and 0.045,
respectively), whereas CD133 expression was not significantly different between the two groups (P = 0.440).
Multivariate analysis identified only CD90 expression as
significantly associated with early recurrence. Log-rank
analysis identified expression of both CD90 and EpCAM
as significantly associated with survival time of HCC
patients. Cox regression identified EpCAM expression
as an independent predictor of survival time.

Abstract

CONCLUSION: Expression of CD133, CD90, and EpCAM CSC markers may be linked to HCC tumor onset
and/or progression. In addition, EpCAM expression is
associated with shorter survival time, while CD90 expression is associated with early HCC recurrence.

AIM: To investigate whether expression of cancer stem
cell (CSC) markers is associated with recurrence and
survival in hepatocellular carcinoma (HCC) patients.
METHODS: A consecutive series of 90 HCC patients
who underwent curative hepatectomy between April
2007 and April 2009 were analyzed. Of the 90 patients,
38 (42%) experienced recurrence within two years of
surgery. To adjust for baseline differences between this
early recurrence group and the other patients, propen-
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Patients and healthy controls
A consecutive sample of 90 HCC patients treated by
curative hepatectomy at our hospital between April 2007
and April 2009 was enrolled in our study. To be enrolled,
patients had to have pathology-confirmed HCC that had
not been treated with any other anticancer modality, and
their hepatectomy had to be confirmed as curative based
on the following criteria: (1) the surgery was limited to
a solitary nodular tumor; (2) the resection margin was
greater than 10 mm; (3) post-surgical imaging did not
show residual tumor[11], extrahepatic metastases or portal
tumor thromboses[12]; and (4) levels of alpha-fetoprotein
(AFP) in patients with elevated serum AFP levels before
surgery decreased to normal within two months after the
procedure. Patients with multiple tumors were excluded,
such as those with macroscopic intrahepatic metastases
adjacent to the primary tumor, or those with extrahepatic metastases. Liver samples from 10 adult patients
treated surgically for hepatic injury or hemangioma were
collected as controls.

Core tip: Cancer stem cells have been proposed as the
cells responsible for initiating tumor formation, recurrence and metastasis, and liver cancer stem cells have
been found to carry the surface markers CD133, CD90,
and epithelial cell adhesion molecule (EpCAM). This
paper addresses the clinical impact of CD133, CD90,
and EpCAM in propensity score-matched patients with
hepatocellular carcinoma. Our findings revealed that
expression of CD133, CD90, and EpCAM may be linked
to hepatocellular carcinoma (HCC) tumor onset and/or
progression. In addition, EpCAM expression is associated with shorter survival time, while CD90 expression
is associated with early HCC recurrence.
Guo Z, Li LQ, Jiang JH, Ou C, Zeng LX, Xiang BD. Cancer
stem cell markers correlate with early recurrence and survival
in hepatocellular carcinoma. World J Gastroenterol 2014;
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Propensity-score matching based on early recurrence
Since clinicopathological characteristics related to tumor
recurrence have been shown to cause significant baseline
differences in cancer patients, which can bias subsequent
analyses[13], we used propensity-score matching[14] to generate pairs in which one patient experienced recurrence
within two years of hepatectomy and the other did not.
These pairs were generated using one-to-one matching
without replacement and a 0.2 caliper width[15].

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common cancers worldwide, with nearly one million new
cases diagnosed every year around the world[1]. Hepatic
resection remains the most effective and practical treatment for HCC patients[2,3]; single-site studies indicate that
this method can achieve five-year survival rates as high
as 50%[4,5]. However, postoperative recurrence, which
can be as high as 45% within two years of surgery[6],
and the associated poor prognosis remain challenges for
HCC management[7,8].
The cancer stem cell (CSC) hypothesis stipulates
that primary tumors are initiated and maintained by a
small population of cancer cells with “stem cell-like”
characteristics[9]. In support of this hypothesis, CSCs
have been identified in many tumor types, including
HCC[10]. Numerous cell surface antigens, such as CD133,
CD90, and epithelial cell adhesion molecule (EpCAM)
have been identified as CSC markers, and all three are
expressed by liver CSCs (LCSCs) in HCC. Such markers
may prove useful for predicting the prognosis of HCC
patients, since the CSC hypothesis predicts that CSCs
drive tumor recurrence and metastasis after hepatic resection[9]. Therefore we aimed to analyze the expression
of CD133, CD90, and EpCAM in patients with HCC
and to search for associations with early recurrence and
survival time.

Follow-up
All patients were followed one month after hepatectomy,
then every three months during the first year after surgery, and every six months thereafter. During follow-up
visits, patients were subjected to a physical examination,
liver function tests, assay of serum AFP, abdominal
ultrasonography, and computed tomography (CT) or
magnetic resonance imaging (MRI) of the liver. Patients
were diagnosed with recurrence when ultrasonography,
dynamic CT or MRI detected a new hepatic lesion. The
end-point for follow-up was defined as three years, and
the survival time was defined as 36 mo for those who
survived more than three years.
Immunohistochemistry of CSC markers
Surgical tissues were fixed in 10% formalin, embedded
in paraffin, cut into 4-ìm sections, deparaffinized in xylene and rehydrated through graded alcohol solutions.
Antigen retrieval was performed for 5 min at 100 ℃ in
citrate buffer (10 mmol/L, pH 6.0) in a microwave oven.
Endogenous peroxidases were blocked by immersing the
sections in 3% hydrogen peroxide for 15 min. Sections
were then incubated at 37 ℃ for one hour with a rabbit monoclonal antibody against human CD133 (1:100;
Miltenyi, CA, United States), a mouse monoclonal
antibody against human CD90 (1:100; Eptomics, CA,

MATERIALS AND METHODS
This study was approved by the ethics committee of the
Tumor Hospital, Guangxi Medical University, and written informed consent was obtained from participants
prior to enrollment.
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(IBM, United States). Results were reported as averages or relative risk (RR) ratios with 95% CIs. The chisquared test was used to compare categorical data, while
the t test was used to compare continuous data. Survival
curves were constructed using the Kaplan-Meier method, and differences between curves were analyzed using
the log-rank test. Multivariate Cox proportional hazard
regression was used to assess the ability of variables to
predict overall survival. All statistical tests were twosided, with the threshold for significance defined as P <
0.05.

Table 1 Baseline characteristics
Characteristic
Age (yr)
BMI (kg/m2)
< 23
≥ 23
Total bilirubin (mg/dL)
Albumin (g/L)
ALT (U/L)
AST (U/L)
Prothrombin time (s)
Platelet count (109/L)
AFP (ng/mL)
< 400
≥ 400
Tumor size (cm)
Liver cirrhosis
Present
Absent
Tumor capsule
Present
Absent
Edmondson grade
Ⅰ or Ⅱ
Ⅲ or Ⅳ

P value

ER group

NER group

n = 38

n = 52

48.4 ± 10.6

47.2 ± 12.9

0.637

28
10
14.0 ± 6.3
40.0 ± 3.9
38.1 ± 31.5
51.9 ± 40.0
13.0 ± 2.1
150.2 ± 49.0

34
18
13.3 ± 5.7
41.0 ± 4.9
40.2 ± 39.7
47.3 ± 46.1
12.6 ± 1.3
196.7 ± 83.5

0.401

24
14
7.0 ± 3.0

37
15
6.0 ± 2.9

0.423

26
12

22
30

0.014

23
15

32
20

0.038

17
21

28
24

0.393

0.585
0.300
0.767
0.850
0.346
0.003

RESULTS
During the study period, 729 HCC patients were treated
at our hospital and 215 (29.5%) were excluded because
they had been treated initially for HCC at other centers.
Among the remaining 514 patients, 157 (30.5%) had
solitary nodular tumors without extrahepatic metastases
or portal tumor thromboses. We excluded 55 of these
(35.0%) because they had received only local ablation
therapy, ethanol injection or transarterial chemoembolization, and we excluded another 12 (7.6%) because
they did not participate in follow-up. The remaining 90
(57.3%) patients satisfied our inclusion criteria and were
included in our study. Of these, 38 (42%) experienced
intrahepatic recurrence within two years after curative
hepatectomy; these patients were assigned to the early
recurrence (ER) group. The remaining 52 patients did
not experience recurrence within two years and were
therefore assigned to the non-ER (NER) group. Table
1 summarizes the demographic and clinicopathological
characteristics of both groups. To provide a comparison
with HCC patients, we also collected liver tissue samples
from 10 healthy adults who had undergone surgery for
non-HCC problems.
The NER group showed a significantly higher frequency of tumor capsule and significantly elevated
platelet count than did the ER group. However, the ER
group showed a significantly higher frequency of liver
cirrhosis. The two groups did not differ significantly in
age, body mass index (BMI), serum bilirubin, albumin,
alanine aminotransferase (ALT), aspartate aminotransferase (AST), prothrombin time, AFP, tumor size or Edmondson grade.
To reduce confounding due to covariates related to
cancer recurrence, previously observed in studies of
HCC[13,16], we used propensity-score matching to generate 25 pairs of ER and NER patients. No significant
baseline differences were observed between these pairs
(Table 2), which were then used in subsequent analysis.

0.093

Baseline characteristics of hepatocellular carcinoma (HCC) patients who
experienced recurrence (ER) within two years of hepatectomy (ER group)
and HCC patients who did not (NER group). AFP: Alpha-fetoprotein;
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BMI:
Body mass index.

United States), or a mouse monoclonal antibody against
human EpCAM (1: 100; Eptomics). Sections were rinsed
with phosphate-buffered saline (PBS), incubated with
biotinylated anti-rabbit or anti-mouse immunoglobulin
diluted in PBS for 20 min at room temperature, and
rinsed again with PBS. Sections were incubated with anti-horseradish peroxidase conjugate for 10 min, rinsed in
PBS, and incubated with diaminobenzidine for 10 min.
Finally, sections were counterstained with hematoxylin.
Negative controls were prepared in the same way except
that they were incubated with PBS instead of primary
antibodies.
Stained sections were examined by two experienced
hepatopathologists (Ou C, Zeng LX) who were blinded
to the clinicopathological data of the tissue samples. To
assess CD133, CD90, and EpCAM expression, the numbers of cells positive for these markers were counted
in five non-overlapping, randomly selected × 400 fields
containing a total of at least 1000 cells. Expression
levels in each patient or control were quantified as the
percentage of the total number of cells in the fields that
were positive for CD133, CD90, or EpCAM. For statistical analysis, patients were categorized as negative for
these markers if the percentage of CD133, CD90, or
EpCAM-positive cells was below 5%, or positive if the
percentage was 5% or greater.

Association of CD133, CD90, and EpCAM expression
with HCC
Of the 50 tumor samples examined, 44 (88%) showed
CD133 expression by immunohistochemistry, with
each sample showing an average of 37.7% ± 26.0% of
CD133-positive cells. A total of 42 samples (84%) were

Statistical analysis
All statistical analyses were performed using SPSS 19.0
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ng/mL; tumor size, < 5 or ≥ 5 cm; tumor capsule, present or absent; cirrhosis, present or absent; and Edmondson grade, Ⅰ-Ⅱ or Ⅲ-Ⅳ.
Among all these variables, only the absence of tumor
capsule showed a significant association with CD133
expression (P = 0.005; Table 3). CD90 expression was
significantly more frequent in stage Ⅲ or Ⅳ tumors than
in stage Ⅰ or Ⅱ tumors (P = 0.010), and it was more frequent in larger tumors (P = 0.034). EpCAM expression
was significantly more frequent in patients with elevated
serum AFP levels (P = 0.021).

Table 2 Baseline characteristics of experienced recurrence
and non-experienced recurrence patients with hepatocellular
carcinoma, after propensity-score matching
Characteristic
Age (yr)
BMI (kg/m2)
< 23
≥ 23
Total bilirubin (mg/dL)
Albumin (g/L)
ALT (U/L)
AST (U/L)
Prothrombin time (s)
Platelet count (109/L)
AFP (ng/mL)
< 400
≥ 400
Tumor size (cm)
Liver cirrhosis
Present
Absent
Tumor capsule
Present
Absent
Edmondson grade
Ⅰ or Ⅱ
Ⅲ or Ⅳ

P value

ER group

NER group

n = 25

n = 25

46.6 ± 8.9

45.7 ± 13.7

0.784

18
7
13.2 ± 2.5
39.3 ± 3.5
39.6 ± 16.9
50.4 ± 35.0
13.2 ± 2.5
141.5 ± 42.0

16
9
15.4 ± 6.4
40.3 ± 4.7
34.6 ± 12.4
47.8 ± 24.9
12.7 ± 1.6
157.4 ± 64.6

0.544

17
8
6.9 ± 3.0

20
5
6.0 ± 2.9

0.333

18
7

18
7

1.000

7
18

7
18

1.000

8
17

12
13

0.248

0.989
0.371
0.232
0.767
0.466
0.308

Association of CD133, CD90, and EpCAM expression
with early recurrence
Univariate analysis showed that early HCC recurrence
was associated with expression of CD90 (P = 0.001)
and EpCAM (P = 0.045; Table 4). However, multivariate
analysis showed that only CD90 expression correlated
significantly with early recurrence (RR = 9.333; 95%CI:
2.207-39.463, P = 0.002).

0.164

Association of CD133, CD90, and EpCAM expression
with overall survival
The association of CD133, CD90, and EpCAM expression with overall survival was evaluated by calculating
Kaplan-Meier survival curves separately for patients
positive or negative for each CSC marker and then
comparing the curves using the log-rank test (Table 4).
The survival curve analysis was then verified using Cox
regression. Survival rates at one, two, and three years
were similar between CD133-negative patients (87.5%,
72.9%, 54.7%) and CD133-positive patients (85.7%,
71.2%, 68.6%, P = 0.732; Figure 2A). In contrast, the
corresponding survival rates were significantly higher for
patients negative for CD90 expression (100%, 94.1%,
88.2%) than for CD90-positive patients (78.8%, 60.2%,
56.4%, P = 0.018; Figure 2B). Similarly, survival rates
were significantly higher for EpCAM-negative patients
(86.2%, 86.2%, and 82.3%) than for EpCAM-positive
ones (85.7%, 51.3%, 46.2%, P = 0.010; Figure 2C).
Multivariate Cox regression showed that only EpCAM
expression (RR = 4.857; 95%CI: 1.648-14.313, P = 0.004)
was a significant predictor of survival time in patients
with HCC.

AFP: Alpha-fetoprotein; ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; BMI: Body mass index; ER: Early recurrence; NER: NonER.

categorized as CD133-positive because the percentage
of CD133-positive cells was at least 5%. The protein
was present mainly in the cytoplasm (Figure 1A). CD90
expression was observed in 47 samples (94%), with
each sample showing an average of 5.5% ± 2.9% of
CD90-positive cells. However, only 32 samples (64%)
were categorized as CD90-positive. The protein was
observed exclusively in the cytoplasm (Figure 1B). EpCAM expression was detected in 39 samples (78%), with
each sample containing an average of 4.6% ± 3.8% of
EpCAM-positive cells. Only 21 samples (42%) were categorized as EpCAM-positive. The protein was observed
mostly on the membrane of tumor cells (Figure 1C).
In contrast to these results with CSC markers in tumor
tissues, none of the 10 normal adult liver samples showed
detectable expression of CD133, CD90, or EpCAM under the same antibody staining conditions used with the
tumor samples (data not shown; P < 0.001 for all).
To explore whether expression of CD133, CD90, or
EpCAM may correlate with HCC oncogenesis, we examined potential associations of CSC marker expression
with the following dichotomized HCC clinicopathological variables: age, < 50 or ≥ 50 years; BMI, < 23 or
2
≥ 23 kg/m ; serum bilirubin, ≤ 17.1 or > 17.1 g/L;
albumin, < 35 or ≥ 35 g/L; ALT, < 2 times the upper
normal limit or ≥ 2 times the upper normal limit; AST,
< 2 times the upper normal limit or ≥ 2 times the upper
normal limit; platelets, < 100 or ≥ 100 × 109/L; prothrombin time, < 14 or ≥ 14 s; AFP, < 400 or ≥ 400

WJG|www.wjgnet.com

DISCUSSION
In this study, we evaluated the relationship between expression of three putative CSC markers and the most
clinically relevant features of HCC. Our findings suggest
that CD133, CD90, and EpCAM expression correlates
with the onset and/or progression of HCC, because
they are expressed to a significantly greater extent in
HCC tissue than in normal liver tissue. In addition, EpCAM expression is associated with shorter survival, and
CD90 expression predicts early recurrence.
The biology of several human cancers, including
HCC, is driven by self-renewal, unlimited prolifera-
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A

B

C

D

E

F

Figure 1 Representative images of hepatocellular carcinoma tissue. Representative images of hepatocellular carcinoma (HCC) tissue showing positive and
negative cytoplasmic staining for CD133 (A, B) and CD90 (C, D), or positive and negative membrane staining for epithelial cell adhesion molecule (EpCAM) (E, F).
Magnification, × 400.

Table 3 Association of CD133, CD90, and epithelial cell adhesion molecule expression with clinicopathological variables
n

Variable
Tumor size (cm)
<5
≥5
Tumor capsule
Present
Absent
Edmondson grade
Ⅰ or Ⅱ
Ⅲ or Ⅳ
AFP (ng/mL)
< 400
≥ 400

CD133
Positive
Negative

P value

CD90
Positive
Negative

P value

EpCAM
Positive
Negative

P value

22
28

20
22

2
6

0.439

11
22

11
6

0.034

11
10

11
18

0.310

14
36

8
34

6
2

0.005

8
25

6
11

0.623

8
13

6
23

0.176

20
30

17
25

3
5

0.875

9
24

11
6

0.010

7
14

13
16

0.413

37
13

32
10

5
3

0.721

25
8

12
5

0.957

12
9

25
4

0.021

Association of CD133, CD90, and epithelial cell adhesion molecule (EpCAM) expression with dichotomized clinicopathological variables in HCC patients
after propensity-score matching; AFP: Alpha-fetoprotein.

tion, and differentiation, all of which are stem cell-like
properties[17]. In fact, CSCs have been proposed to initiate tumorigenesis and contribute to cancer resistance,
metastasis, and recurrence[18]. Several surface markers,
including CD133, CD90, and EpCAM, have been identified as putative markers of LCSCs associated with HCC,
though these markers are also present on other types of
CSCs.
CD133, known as a 5-transmembrane domain glycoprotein, is expressed in various types of tumors[19].
This marker has been used to identify and isolate CSCs
in malignant cancers such as acute myeloid leukemia[20]
and brain and colon cancers[21-23]. In addition, increased
CD133 expression may be a prognostic marker in many
human malignancies[24-26]. Suetsugu et al[27] first identified

WJG|www.wjgnet.com

CD133 in HCC cells; those authors demonstrated that
CD133-positive Huh-7 cells showed higher tumorigenic
potential in vivo and greater proliferative ability in vitro
than did CD133-negative cells. CD133 is now widely recognized as a CSC marker in HCC tissues. Our findings
are consistent with this idea: in the 50 HCC samples that
we examined, the average percentage of CD133-positive
cells was 37.7% ± 26.0%. This percentage should be
interpreted with caution, since not all CD133-positive
cells correspond to LCSCs. Only a relatively small and
well-defined subset of cells with enhanced ability to proliferate and form tumors should be considered CSCs[9].
Identifying CSCs may require analyzing multiple markers. Indeed, a survey of HCC cell lines found that cells
co-expressing both CD133 and CD44 were more likely
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Table 4 Association of CD133, CD90, and epithelial cell adhesion molecule expression with recurrence and survival
Marker

ER group
n = 25

NER group
n = 25

P value

20
5

22
3

22
3
14
11

CD133
Positive
Negative
CD90
Positive
Negative
EpCAM
Positive
Negative

P value

1 yr

Overall survival
2 yr

3 yr

0.440

85.9%
87.5%

71.2%
72.9%

68.6%
54.7%

0.732

11
14

0.001

78.8%
100.0%

60.2%
94.1%

56.4%
88.2%

0.018

7
18

0.045

85.7%
86.2%

51.3%
86.2%

46.2%
82.3%

0.010

Association of CD133, CD90, and epithelial cell adhesion molecule (EpCAM) expression with dichotomized clinicopathological variables in HCC patients
after propensity-score matching; ER: Early recurrence; NER: Non-ER.
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Figure 2 Overall survival curves. A: For patients whose hepatocellular carcinoma (HCC) tissue was positive or negative for CD133 expression. The two curves
were not significantly different, based on the log-rank test (P = 0.732); B: For patients whose HCC tissue was positive or negative for CD90 expression. Survival times
were significantly shorter for CD90-positive patients (P = 0.018); C: For patients whose HCC tissue was positive or negative for epithelial cell adhesion molecule (EpCAM) expression. Survival times were significantly shorter for EpCAM-positive patients (P = 0.010).

to be LCSCs than cells expressing CD133 alone[28].
In our study, CD133 expression was associated with
the absence of tumor capsule. The tumor capsule acts as
a barrier to prevent the spread of tumor cells[29], giving
it an important role in tumor suppression. Our findings
suggest that CD133 tends to be expressed in tumors
showing stronger potential for invasion and metastasis.
CD90, a cell surface glycoprotein of 25-37 kDa,
plays an important role in cell-cell and cell-matrix interactions[30]. The protein has been used as a surface marker
of many types of stem cells[31,32]. CD90-positive cells
isolated from HCC cell lines, human HCC specimens,
and blood samples are tumorigenic in a mouse xenograft
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model, suggesting that CD90 is also an LCSC marker[33].
Here we report that CD90 expression is not only significantly higher in HCC tissues than in normal adult liver
tissue, but also correlates with higher histopathologic
grade and larger tumors. These findings are similar to a
former study[34] which found higher expression of CD90
in poorly differentiated HCC than in well-differentiated
ones with staining intensity correlating to degree of differentiation. These results suggest that CD90 is involved
in the onset and/or progression of HCC.
EpCAM is another cell surface glycoprotein, and it
functions as a homophilic, epithelial-specific intercellular
adhesion molecule[35,36]. More recent work has shown
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that the protein also contributes to cell signaling, proliferation, differentiation, and migration[37,38]. Yamashita
et al[39] were the first to characterize EpCAM in HCC
cell lines and tumor specimens; they demonstrated that
EpCAM-positive HCC cells possess LCSC-like abilities
to self-renew and differentiate. In the present study, we
show that EpCAM expression is significantly higher in
HCC tissues than in normal adult liver tissues, and that
it correlates with elevated serum AFP levels. Since AFP
level correlates with the degree of HCC malignancy[40],
these findings indicate that EpCAM tends to be expressed in more malignant HCC tissues. Therefore EpCAM may well play a role in HCC progression.
Postoperative recurrence is the main cause of death
for HCC patients in the long term[7,8], and most recurrences occur within two years after resection[16]. Evidence suggests that CSCs may drive postoperative recurrence and metastasis[41]. First, CSCs detach from the
primary mass and enter the lymph and peripheral blood.
Then they sense a chemoattractant gradient that directs
them to a particular point, where they attach to the endothelium and penetrate the microvessel wall. Outside
the vasculature, CSCs find an environmental niche that
protects them from damage and allows them to establish
a recurrent or metastatic tumor.
Based on the literature, we defined two years as a
cut-off for early recurrence, and we divided our patients
into two groups: those who experienced early recurrence (n = 38) and those who did not (n = 52). Since
the two groups showed several significant differences
at baseline (Table 1), as has been observed to be related
to tumor recurrence in other studies of HCC[13,16], we
generated balanced pairs of ER and NER patients using
propensity-score matching. Analysis of these 25 pairs
showed that CD90 and EpCAM were expressed to a significantly greater degree in ER patients than in NER patients; CD133 expression, however, was similar between
the two groups. Multivariate analysis showed that of the
three putative LCSC markers, only expression of CD90
was significantly associated with early recurrence. This
finding is consistent with previous work linking CD90
up-regulation to HCC tumor invasion and metastasis[34].
In that study, CD90-positive cells were found to be more
likely than CD90-negative cells to detach from the primary tumor and establish recurrent tumors in appropriate environmental niches in the residual liver.
In the present study, we also evaluated the ability of
CD133, CD90, and EpCAM to predict survival time in
HCC patients. Univariate analysis showed expression of
both CD90 and EpCAM to be associated with shorter
survival time, while multivariate analysis showed only
EpCAM expression to predict shorter survival time. Expression of EpCAM has also been associated with shorter survival time in cancers of the breast[42], renal clear
cells[43], ovaries[44], and gallbladder[45]. The poor prognosis
associated with EpCAM expression may indicate that
EpCAM-positive cells possess the CSC properties of
self-renewal, unlimited proliferation and differentiation.
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The present study has several limitations, including
small cohort size from a single site, short follow-up, and
an observational design. Future studies should verify
the insights from the present work and extend them by
defining the optimal mixture of surface markers (including CD133) for identifying and isolating LCSCs. Future
studies should also explore how CD133, CD90, and
EpCAM - and potentially other CSC markers - influence
postoperative recurrence and prognosis in patients with
HCC.
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Background

The cancer stem cell (CSC) hypothesis stipulates that primary tumors are initiated and maintained by a small population of cancer cells with “stem cell-like”
characteristics. And it also states that tumor recurrence and metastasis after
surgical resection are driven by CSCs. Recently, numerous cell surface markers, such as CD133, CD90, and epithelial cell adhesion molecule (EpCAM),
have been identified as CSC markers in hepatocellular carcinoma (HCC). However, the association of CSC markers with early HCC recurrence and survival
time is still unclear.

Research frontiers

Liver cancer stem cells (LCSCs) have been identified by numerous surface
markers, including CD133, CD90 and EpCAM. However, definite LCSC markers are still controversial, because none of these markers are exclusively
expressed by LCSCs in HCC. In addition, the research hotspot is to develop
specific therapies targeting LCSCs.

Innovations and breakthroughs

To date, many clinical researches have attempted to investigate whether the
existence of LCSCs is associated with clinical outcomes in HCC. However, the
clinical relevance of LCSCs remains a major challenge for current anti-cancer
therapy. In this study, authors aimed to analyze the expression of CD133, CD90
and EpCAM in patients and to search for association with early recurrence and
survival time. To reduce the bias in patient selection, propensity-score matching
was used to generate pairs of early recurrence (ER) and non-ER patients. The
data indicated that EpCAM and CD90 are associated with shorter survival time
and early HCC recurrence, respectively.

Applications

The study results suggested that the expression of the three LCSC markers
CD133, CD90 and EpCAM is linked to HCC tumor onset and/or progression. In
addition, EpCAM is associated with shorter survival time, while CD90 is associated with early recurrence.

Peer review

This is an interesting study in which the authors investigated the association of
three CSC markers CD133, CD90 and EpCAM with the early HCC recurrence
and survival time in patients with HCC. The results suggested that the EpCAM
expression is associated with shorter survival time, while the expression of
CD90 is associated with early recurrence.
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CONCLUSION: 31P MRS can be used to provide biochemical information on hepatic metabolic processes.
This study indicates that the PME/PDE ratio can be
used as an indicator of response to antiviral treatment
in chronic hepatitis C patients.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: 31P; Magnetic resonance spectroscopy;
Hepatitis C; Antiviral therapy
Core tip: This study assessed the value of 3.0T 31P
magnetic resonance spectroscopy, a noninvasive
technique, in testing response to antiviral therapy for
chronic hepatitis C. The technique can provide biochemical information on hepatic metabolic processes.
The phosphomonoester/phosphodiester ratio can be
used as an indicator of response to antiviral treatment
in chronic hepatitis C patients.

Abstract
AIM: To investigate the utility of phosphorus-31 (31P)
magnetic resonance spectroscopy (MRS) as a noninvasive test for assessment of response to interferon and
ribavirin treatment in patients with different severities
of hepatitis C virus infection.

Zhang CY, Zhang Q, Zhang HM, Yang HS. 3.0T 31P MR spectroscopy in assessment of response to antiviral therapy for chronic hepatitis C. World J Gastroenterol 2014; 20(8): 2107-2112
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i8/2107.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i8.2107

METHODS: Sixty chronic hepatitis C patients undergoing antiviral therapy with interferon and ribavirin underwent 31P MRS at 3.0T before treatment, 6 mo after the
start of treatment, and 1 year after the start of treatment.

INTRODUCTION

RESULTS: The phosphomonoester (PME)/phosphodiester (PDE) ratio at 6 mo after the start of antiviral
therapy in the Child-Pugh B and C groups were significantly higher than those before therapy, but this was
not seen in the Child-Pugh A group. In the antiviral
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Hepatitis C virus (HCV) is one of the leading causes of
liver disease worldwide. It is estimated that approximately
3% of the global population is infected with HCV. Many
of the cases develop into chronic liver disease, cirrhosis,
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or even hepatocellular carcinoma[1]. Liver biopsy remains
the gold standard for providing the stage (extent of fibrosis) and grade (degree of NI activity) of HCV-related
liver disease, but this invasive procedure is not without
risk[1]. There is a low mortality rate but a high error rate,
predominantly owing to undersampling, whereby typically, less than 1/50000 of the liver volume is obtained
for histological evaluation[2-5]. These factors highlight the
need for a noninvasive test to characterise diffuse liver
disease.
For ethical reasons and because most patients are
unwilling to undergo repeated procedures, treatment
algorithms rarely allow serial liver biopsy. Thus, the impetus to find a reliable and repeatable biomarker of disease
activity and response to treatment has a renewed focus[6].
Clinical (in vivo) phosphorus-31 magnetic resonance
spectroscopy (31P MRS) is the only noninvasive technique that can be used to provide direct localised biochemical information on hepatic metabolic processes.
A typical 31P MR spectrum of the human liver in vivo
contains resonances that can be assigned to phosphomonoesters (PMEs), containing information from sugar
phosphates in the glycolytic pathway and from cell
membrane precursors such as phosphoethanolamine and
phosphocholine; and to phosphodiesters[7], containing
information from the endoplasmic reticulum and from
cell membrane degradation products such as glycerophosphorylcholine and glycerophosphorylethanolamine,
in addition to signals from inorganic phosphate and nucleotide triphosphates, including adenosine triphosphate.
Many studies have reported a good correlation between
elevated PME resonance and decreased phosphodiester
(PDE) resonance in cirrhosis[8-10]. The ratio of PME to
PDE has traditionally been viewed as an index of cell
membrane turnover and thus provides an indirect measure of grading of liver histology[9].
The aim of the current study was to investigate the
utility of 31P MRS as a noninvasive test for assessment
of response to interferon and ribavirin treatment in patients with different severities of HCV.

hepatitis A, B, D, or F virus, Epstein-Barr virus, cytomegalovirus, or human immunodeficiency virus; and (2)
presence of alcoholic or drug-induced liver diseases, or
severe heart, brain, or kidney disease.
A total of 120 patients meeting the inclusion criteria
were enrolled. Patients were considered as part of the
treatment group (n = 90) or control group (n = 30), based
on whether they opted to receive antiviral therapy. The
study was approved by the Institutional Review Board of
the hospital, and informed consent was obtained from all
study participants.
Clinical evaluation
Determination of therapeutic efficacy: The primary
endpoints were: (1) SVR, defined as HCV RNA undetectable or < 500 copies/mL for at least 24 wk after treatment discontinuation[11]; and (2) relapse, defined as HCV
RNA undetectable or < 500 copies/mL during antiviral
therapy, but becomes detectable at 24 wk after treatment
discontinuation. The secondary endpoints were disease
progression (defined as an increase of 2 or more in the
Child-Pugh score), presence of primary hepatocellular
carcinoma, renal dysfunction, spontaneous bacterial peritonitis, variceal bleeding, or death due to liver disease[12].
Measures: Patients in the treatment group were evaluated for serum HCV antibodies, liver function, HCV
RNA, coagulation function, thyroid function, and alpha
foetoprotein as well as liver computed tomography. Routine blood and urine tests were performed before the
start of the study. Routine blood and liver function tests
were performed weekly in the first month, then once
every 4 wk during the study period and once every 8 wk
for 24 wk after discontinuation of treatment. Quantitative detection of HCV RNA was done immediately prior
to treatment (baseline), at 24 and 48 wk after treatment,
and 6 mo after discontinuation of treatment. HCV RNA
levels were quantitated by real-time polymerase chain reaction using a kit from the Roche company.
Patients in the control group were evaluated for liver
function and HCV RNA levels. Routine blood tests and
colour ultrasonography of the liver were done every 12
wk. All patients were assessed for disease progression.

MATERIALS AND METHODS
Patients
From January 2010 to June 2010, 120 patients with
chronic hepatitis C were enrolled. The diagnosis of decompensated HCV-induced cirrhosis was based on the
American Association for the Study of Liver Diseases
Clinical Guideline for Hepatitis C (2004).
All enrolled patients were naive to antiviral treatments. Other inclusion criteria were: (1) HCV RNA >500
copies/mL; (2) absence of complications such as gastrointestinal bleeding, hepatic encephalopathy, and primary
liver cancer; and (3) liver function defined as Child-Pugh
grade B or C based on serum bilirubin, serum albumin,
presence of ascites, presence of hepatic encephalopathy,
and prothrombin time. Patients with hypersplenism were
also enrolled. Exclusion criteria were: (1) infection with

WJG|www.wjgnet.com

Treatment regimen and follow-up: All participants
received symptomatic and supportive treatment, including treatment for reducing levels of transaminase and
bilirubin and supplemental albumin. For patients in the
treatment group, those who had a neutrophil count ≥ 1.0
× 109/L, platelet count ≥ 50 × 109/L, and haemoglobin
> 10 g/L were treated additionally with both pegylated
interferon α 2a (Peg-IFNα-2a) and ribavirin (RBV). The
initial dose of Peg-IFNα-2a was 180 μg/kg subcutaneously. Peg-IFNα-2a dosage was reduced to 90 μg/kg
once weekly when neutrophil or platelet counts decreased
to ≤ 0.75 × 109/L or < 50 × 109/L, respectively. The
dose was returned to 180 μg/kg if neutrophil and platelet
counts increased to > 0.75 × 109/L and ≥ 50 × 109/L,
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enveloping transmitter coil and a separate surface receiver
coil were used. Both coils were double-tuned for protons at 64 MHz and phosphorus at 26 MHz. The proton
signal was used to obtain a T1-weighted image (TR/TE,
800/16) in the axial plane to confirm patient positioning.
The 31P MR spectra were localised to a centrally placed
voxel within the liver by use of an image-selected in vivo
spectroscopy sequence (voxel size, 70 mm × 70 mm ×
70 mm; TR, 10000; number of signals averaged, 48). A
voxel location within the right liver away from major vessels was used for each patient and was consistent for all
baseline and follow-up images. The total examination
time was 40 min with a 10-min acquisition time for the
31P MRS sequences. All patients underwent baseline 31P
MRS before the start of antiviral treatment, and all underwent follow-up imaging 6 mo after the start of treatment.

Table 1 Patient demographics and baseline characteristics n
(%)

Age (yr)
Gender
Male
Female
Baseline HCV RNA level
(log10 copies/mL)
Baseline MELD score
Baseline Child-Pugh score
Total bilirubin (mg/dL)
<2
2-3
>3
Serum albumin (g/dL)
> 3.5
2.8-3.5
< 2.8
Prothrombin time INR
< 1.7
1.7-2.3
> 2.3
Hepatic encephalopathy
None
Ascites
Absent
Easily controlled

Treatment
(n = 90)

Control
(n = 30)

P -value

52.7 ± 10.1

58.3 ± 12.5

< 0.0011

36 (40.0)
54 (60.0)
5.30 ± 1.18

14 (46.7)
16 (53.3)
5.23 ± 1.15

0.573

12.6 (9.8, 15.2)
9.0 (7.0, 10.0)

12.5 (9.4, 15.8)
8.0 (7.0, 10.0)

0.654
0.809

0.681

9 (10.0)
40 (44.4)
41 (45.6)

5 (16.67)
12 (40.0)
13 (43.33)

0.691

9 (10.0)
40 (44.4)
41 (45.6)

3 (10.0)
19 (63.3)
8 (26.7)

0.0051

26 (28.9)
50 (55.6)
14 (15.5)

8 (26.7)
13 (43.3)
9 (30.0)

0.0291

90 (100.0)

30 (100.0)

NA

90 (100.0)
0 (0.0)

26 (87.4)
4 (13.3)

< 0.0011

Quantitation
Quantitation of the 31P signals was performed in the
time domain with the advanced method for accurate,
robust, and efficient spectral fitting (AMARES) algorithm included in the Magnetic Resonance User Interface
(MRUI) software program (www.mrui.uab.es/mrui).
Anonymity was assured and MR spectra were analysed
by one blinded observer. The spectra were rechecked by
another blinded observer. Peak areas for PME, PDE, inorganic phosphate, and the three nucleoside triphosphate
moieties (γ, α, and β) were obtained with respect to the
total phosphorus signal intensity. Because of previous
findings highlighting the utility of the PME/PDE ratio,
this index was used for further statistical analysis. Data
from a bank of 15 age-matched healthy volunteers without a history of liver disease were used for comparison.

1

Indicates a significant difference between two groups. Age and baseline
HCV RNA levels were normally distributed and are presented as mean
and standard deviation. Baseline Child-Pugh scores were non-normally
distributed and are presented as median and inter-quartile range (IQR).
Other category variables are presented as number and percentage.
HCV: Hepatitis C virus; MELD: Model for end-stage liver disease; INR:
International normalised ratio.

respectively, after 2 wk. Treatment was discontinued if
neutrophil count was ≤ 0.5 × 109/L or platelet count
was < 30 × 109/L. Patients tolerating the standard PegIFNα-2a dose of 180 μg/kg weekly were treated for 48
weeks. Patients who could not tolerate the standard dose
were treated with the reduced dose of 90 μg/kg once
weekly for up to 72 wk.
Patients with haemoglobin >100 g/L were initially
treated with a standard dose of RBV (genotype 1: 1200
mg/d for patients with body weight > 75 kg and 1000
mg/d for patients with body weight ≤ 75 kg; nongenotype 1: 1000 mg/d for patients with body weight
>75 kg and 800 mg/d for patients with body weight ≤
75 kg). RBV dosage was reduced when haemoglobin
levels decreased to ≤ 100g/L after the dosage increase.
RBV treatment was discontinued when haemoglobin
levels were ≤ 80 g/L. Patients tolerating the standard
dose of RBV were treated for 48 wk. Patients developing
cytopaenia during the treatment period were treated with
cell growth-stimulating factor and/or erythropoietin. All
patients were followed for 3 years.

Statistical analysis
Age and baseline HCV RNA levels were normally distributed and presented as mean and standard deviation.
Differences in age and baseline HCV RNA levels between the two groups were tested by the independent
two-sample t-test. Child-Pugh scores were non-normally
distributed and are presented as median and inter-quartile
range. Differences in Child-Pugh scores between the two
groups were tested by the non-parametric Mann-Whitney
test. Other categorical variables are presented as number
and percentage, and categorical variables were compared
using the Fisher’s exact test. Statistically significant variables from the univariate analyses were used in the multivariate analysis. All statistical tests were two-sided, and a
P-value < 0.05 was considered statistically significant. All
statistical analyses were performed using the SPSS 19.0
software (SPSS Inc, Chicago, IL, United States).

RESULTS
Patient demographics and baseline characteristics
As shown in Table 1, 120 patients who met the inclusion criteria were enrolled. Among them, 90 patients

31P MRS
A 3.0T MRI unit (Philips Medical Systems) was used[6].
All imaging was conducted after an overnight fast. An
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A

Table 2 Changes in hepatic phosphomonoester to
phosphodiester ratio before antiviral therapy and 6 mo after
the start of antiviral therapy
Child B

Child C

0.20 ± 0.17
0.16 ± 0.09

0.27 ± 0.24
0.19 ± 0.12

0.39 ± 0.18
0.22 ± 0.16

> 0.05

< 0.05

< 0.05

290
Mean PME/PDE ratio ± 2 SE

Before therapy
Six mo after the start of
therapy
P

Child A

had sufficient blood cell counts for antiviral therapy.
The remaining 30 patients, who refused antiviral therapy,
were placed in the control group. Patients in the treatment group were significantly younger than those in the
control group (mean age 52.7 vs 58.3 years, respectively, P
< 0.001). There were no significant differences between
the two groups in baseline HCV RNA levels. In addition, baseline MELD scores were not significantly different between the treatment and control groups (Table
1). Although baseline Child-Pugh scores, total bilirubin,
and hepatic encephalopathy were not different between
the two groups, significant differences in serum albumin,
international normalised ratio (INR) for prothrombin
time, and ascites were observed between the treatment
and control groups (P = 0.002, P = 0.018, and P < 0.001,
respectively).

270
250
230
210
190
170
150
Baseline

After treatment

Baseline

After treatment

B
310
Mean PME/PDE ratio ± 2 SE

290
270
250
230
210
190
170
150
130
110

Comparison of the PME/PDE ratio between before and
after antiviral therapy
The PME/PDE ratios at 6 mo after the start of antiviral
therapy in the Child B and C groups were significantly
higher than those before therapy, but this was not seen in
Child-Pugh A group (Table 2).

Figure 1 Change in phosphomonoester to phosphodiester ratio between
baseline and after treatment in the responder group (A), and the nonresponder group (B). PME/PDE: Phosphomonoester/phosphodiester.

year[13]. In 55%-85% of patients, the infection develops
into chronic liver disease, which in many cases remains
asymptomatic. In approximately 20% of cases, fibrosis
develops into cirrhosis, which leads to hepatocellular
cancer in 5% of cases each year[14]. Liver biopsy is the
reference standard for staging and grading chronic liver
disease, but this invasive procedure is not without risk.
There is a low mortality rate but a high error rate, predominantly owing to undersampling, whereby typically,
less than 1/50000 of the liver volume is obtained for
histological evaluation[2,15]. As a result of the problems
associated with biopsy, a steady drive to find an effective
noninvasive method for evaluating liver damage has led
to developments both in testing with serological biomarkers of disease and in imaging. For ethical reasons and
because most patients are unwilling to undergo repeated
procedures, treatment algorithms in the United Kingdom
rarely allow serial liver biopsy. Thus, the impetus to find a
reliable and repeatable biomarker of disease activity and
response to treatment has a renewed focus[6].
One particular noninvasive technique for characterising chronic liver disease is 31P MRS. Clinical (in vivo) 31P
MRS is a noninvasive technique that can be used to provide direct localised biochemical information on hepatic
metabolic processes. At present, many reports suggest
that there is a clear correlation between 31P MR spectral
classification and liver disease jurisprudence[6]. How-

Changes in hepatic PME/PDE ratio in virological
responders and nonresponders after antiviral treatment
Sixty-nine patients responded to antiviral treatment
with a sustained viral response. In 54 of these patients,
the PME/PDE ratio had decreased toward normal on
follow-up MRS. Figure 1 is the graph of a responder
whose spectra changed after treatment, showing a decrease in PME/PDE ratio. Fifteen of the 21 virological
nonresponders had PME/PDE ratios on follow-up imaging similar to the baseline values. Another two nonresponders had an increase in the PME/PDE ratio on
follow-up imaging (Table 3). An unchanged PME/PDE
ratio was defined as a difference of not more than 0.03
in comparison with the baseline ratio. An increase was
defined as a > 0.03 increase in PME/PDE ratio in comparison with the baseline value. A decrease in PME/PDE
ratio was defined as a > 0.03 reduction in the ratio compared with the baseline value.

DISCUSSION
It is estimated that approximately 3% of the global
population has chronic infection with the HCV and that
approximately 4 million persons are newly infected each

WJG|www.wjgnet.com

310

2110

February 28, 2014|Volume 20|Issue 8|

Zhang CY et al . 31P MRS in assessment of HCV antiviral therapy

cific. In our study, some patients who did not have a
sustained response had a reduction in the PME/PDE
ratio. Similarly, some patients in the sustained virological responder group had a worsening PME/PDE ratio
but were subsequently found to be clear of the virus in
longer-term virological follow-up studies. The PME/
PDE ratios we obtained were at baseline and 6 mo after
the start of antiviral therapy, but most patients should
continue antiviral therapy for over 1 year, so repeating
examination with 31P PME/PDE may bring higher sensitivity or specificity. On the other hand, the PME/PDE
ratio could provide biochemical information on hepatic
metabolic processes, which could indicate resolution of
fibrosis.
This study indicates that the PME/PDE ratio can
be used as an indicator of response to treatment. Most
modern MR systems have the capability for MRS. 31P
MRS is a noninvasive technique that can be used to provide direct localised biochemical information on hepatic
metabolic processes. It is a useful technique for chronic
hepatitis C patients on antiviral therapy.

Table 3 Changes in hepatic phosphomonoester to
p h osp h od i e ste r r a t i o i n v i r o l o g i c a l r e s p o n d e r s a n d
nonresponders after antiviral treatment n (%)
Patient group
Responders (n = 69)
Nonresponders (n = 21)
P

PME/PDE
decreased

PME/PDE
unchanged

PME/PDE
increased

54 (78)
2 (10)
> 0.05

9 (13)
4 (20)
< 0.05

6 (9)
15 (70)
< 0.05

PME/PDE: Phosphomonoester to phosphodiester.

ever, because of the sensitivity and specificity, especially
for chronic hepatitis C patients, it is needed to monitor
changes of liver histology after antiviral treatment.
A typical 31P MR spectrum of the human liver in
vivo contains resonances that can be assigned to PMEs,
containing information from sugar phosphates in the
glycolytic pathway and from cell membrane precursors
such as phosphoethanolamine and phosphocholine; and
to PDEs[7], containing information from the endoplasmic
reticulum and from cell membrane degradation products
such as glycerophosphorylcholine and glycerophosphorylethanolamine. In addition, in patients with precirrhotic
liver disease, 31P MRS can be used in grading disease severity and compared with histology from liver biopsy. Research reports that 31P MRS PME is elevated in patients
with cirrhosis and PDE is reduced. Thus, the PME/PDE
ratio can be used as an indirect sign of liver disease at the
metabolic level[16]. Some studies suggested that PME/
PDE ratio increased with increasing severity of chronic
liver disease and that this ratio was highly sensitive for the
presence of cirrhosis[17]. With noninvasive imaging, we
used the PME/PDE ratio to assess the severity of precirrhotic HCV-related liver disease[14].
In this study, the PME/PDE ratio was significantly
decreased in the sustained virological responder group.
This ratio remained the same or was increased in patients
who were virological nonresponders (Figure 1). PME
resonance contains contributions from cell membrane
precursors and PDE resonance contains contributions
from cell membrane degradation products [18,19]. The
PME/PDE ratio thus gives information on cell turnover
within the liver[20]. It has been shown that this ratio is reduced after effective viral eradication treatment[21,22]. It is
also of interest that cirrhosis patients of the responders
group also had a reduction in the PME/PDE ratio. Study
findings of a good correlation between the PME/PDE
ratio and degree of liver fibrosis[6] suggest that liver fibrosis can regress in patients with cirrhosis. The number
of patients in our sample was too small for an absolute
conclusion, but the findings fuel this controversial area.
Overall, the results show that 31P MRS can be used as a
completely noninvasive imaging indicator of response to
treatment in a population of patients who may be undergoing imaging anyway, that is, patients with established
cirrhosis undergoing screening for the development of
hepatocellular carcinoma.
31P PME/PDE ratio is not 100% sensitive or spe-
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Background

Hepatitis C virus (HCV) is one of the leading causes of liver disease worldwide. Liver biopsy remains the gold standard for providing the stage (extent
of fibrosis) and grade (degree of NI activity) of HCV-related liver disease, but
this invasive procedure is not without risk. Thus, the impetus to find a reliable
and repeatable biomarker of disease activity and response to treatment has a
renewed focus.

Research frontiers

Clinical (in vivo) phosphorus-31 magnetic resonance spectroscopy (31P MRS)
is the only noninvasive technique that can be used to provide direct localised
biochemical information on hepatic metabolic processes.

Innovations and breakthroughs

This study was the first attempt to use 3.0T 31P MRS in assessment of response to antiviral therapy for chronic hepatitis C. It assessed the value of 3.0T
31P MRS, a noninvasive technique, in testing response to antiviral therapy for
chronic hepatitis C. The technique could provide biochemical information on
hepatic metabolic processes. The phosphomonoester (PME)/phosphodiester
(PDE) ratio can be used as an indicator of response to antiviral treatment in
chronic hepatitis C patients.

Applications

This study suggests that 31P MRS could provide biochemical information on
hepatic metabolic processes. The PME/PDE ratio can be used as an indicator
of response to antiviral treatment in chronic hepatitis C patients.

Terminology

Clinical (in vivo) 31P MRS is the only noninvasive technique that can be used to
provide direct localised biochemical information on hepatic metabolic processes. A typical 31PMR spectrum of the human liver in vivo contains resonances
that can be assigned to PMEs, containing information from sugar phosphates in
the glycolytic pathway and from cell membrane precursors such as phosphoethanolamine and phosphocholine; and to PDEs, containing information from the
endoplasmic reticulum and from cell membrane degradation products such as
glycerophosphorylcholine and glycerophosphorylethanolamine, in addition to
signals from inorganic phosphate and nucleotide triphosphates, including adenosine triphosphate. Many studies have reported a good correlation between
elevated PME resonance and decreased PDE resonance in cirrhosis. The ratio
of PME to PDE has traditionally been viewed as an index of cell membrane
turnover and thus provides an indirect measure of grading of liver histology.

Peer review

This is a good descriptive study in which authors attempt to use 3.0T 31P MRS
in assessment of response to antiviral therapy for chronic hepatitis C. 3.0T 31P
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MRS represents a new noninvasive technique that provides biochemical information on hepatic metabolic processes and response to antiviral therapy for
chronic hepatitis C.
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CASE REPORT

Pleomorphic hepatocellular carcinoma following
consumption of hypericum perforatum in alcoholic cirrhosis
Evangeli S Lampri, Elli Ioachim, Haralampos Harissis, Eufemia Balasi, Antigoni Mitselou, Vasiliki Malamou-Mitsi
erin accumulation (grade 2, as determined by Prussian
blue iron stain) in hepatocytes and Kupffer cells but no
copper accumulation (as determined by orcein stain).
Immunohistochemical analysis showed hepatocyte antigen-positive staining for the neoplastic cells and SGCs.
The diagnosis was made for cirrhosis-related HCC with
SGCs. The previous reports of pleomorphic HCC have
featured osteoclast-like (i.e. , mesenchymal type) giant
cells, making this case of epithelial type giant cells very
rare. The patient’s 6-month history of hypericum perfora-

Evangeli S Lampri, Vasiliki Malamou-Mitsi, Department of
Pathology, Ioannina University Medical School, 45110 Ioannina,
Greece
Elli Ioachim, Eufemia Balasi, Department of Pathology, G.
Hatzikosta General Hospital, 45001 Ioannina, Greece
Haralampos Harissis, Department of Surgery, Ioannina University Medical School, 45110 Ioannina, Greece
Antigoni Mitselou, Department of Forensic Pathology, Ioannina
University Medical School, 45110 Ioannina, Greece
Author contributions: Lampri ES and Ioachim E designed the
study; Harisis H was the attending doctor and performed the
surgical operation; Malamou-Mitsi V performed the cytological examination; Lampri ES, Ioachim E, Malamou-Mitsi V,
Balasi E and Mitselou A performed the pathological examinations; Ioachim E organized the case report; Lampri E wrote the
manuscript.
Correspondence to: Evangeli S Lampri, MD, Department of
Pathology, Ioannina University Medical School, Leoforos Stavrou Niarxou, PO Box 1186, 45110 Ioannina,
Greece. evangeli.lampri@gmail.com
Telephone: +30-265-1080428 Fax: +30-265-1080428
Received: April 23, 2013
Revised: June 6, 2013
Accepted: July 17, 2013
Published online: February 28, 2014

tum/St John’s wort self-medication may have prompted the
cirrhosis or HCC progression or the unusual SGC manifestation.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: This case report describes the clinicopathologi-

cal-based finding of an unusual hepatocellular carcinoma
(HCC) with syncytial giant cells (SGCs) in a 55-year-old
man with a 6-year history of alcoholic cirrhosis. Unlike the

previous case reports of these rare tumor types that
have demonstrated the mesenchymal and non-neoplastic nature of the giant cells, the current case showed an
epithelial and hepatocyte-originated neoplasmic nature.

Abstract
Hepatocellular carcinoma (HCC) often develops in
patients with underlying liver disease, yet HCC with
syncytial giant cells (SGCs) is extremely rare. Herein,
we report a 55-year-old man with a 6-year history
of alcoholic cirrhosis who during his regular checkup
presented with marked elevation of alpha-fetoprotein.
Clinical examination and imaging analyses revealed a
tumor-like lesion in segment 4 of the liver, which was
removed by limited wedge resection. Histological analysis by hematoxylin and eosin staining indicated pleomorphic and atypical nodules, with some SGCs, embedded within the boundaries of the neoplastic lesion.
The adjacent liver parenchyma showed microvesicular
steatosis, pericellular fibrosis, and moderate hemosid-
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An intriguing feature of case is the patient’s 6-month history of hypericum perforatum/St John’s wort self-medication,
which may have prompted the cirrhosis or HCC progression or the unusual SGC manifestation.
Lampri ES, Ioachim E, Harisis H, Balasi E, Mitselou A, Malamou-Mitsi V. Pleomorphic hepatocellular carcinoma following
consumption of hypericum perforatum in alcoholic cirrhosis.
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INTRODUCTION

H

Hepatocellular carcinoma (HCC) often develops in patients with underlying liver disease, yet the HCC type with
syncytial giant cells (SGC) is extremely rare. Multinucleated
giant cells have been reported in a variety of neoplasms
from many organs, including the liver, but these cells have
featured an osteoclast phenotype[1-5]. The cellular origin of
these osteoclast-like giant cells remains controversial, and
various studies have provided evidence suggesting mesenchymal derivation as well as epithelial derivation[4-6].
Herein, we report the clinicopathological-based finding of cirrhosis-related HCC with SGC in an adult male
with a long-term history of alcoholism and a short-term
history of hypericum perforatum [commonly known as
St John’s wort (SJW)]. Immunohistochemical evidence
indicated that the SGCs are of epithelial and not mesenchymal origin. Moreover, the patient’s ingestion of SJW
raises the intriguing possibility of its involvment with this
unusual manifestation.

SP

Figure 1 Magnetic resonance imaging showed a tumor-like lesion (arrow)
and ischemia in segment 4 of the liver.

CASE REPORT
A 55-year-old man with a 6-year history of alcoholic
cirrhosis diagnosis presented with marked elevation of
alpha-fetoprotein (a-FP; 14000 ng/mL, reference range:
0-40 ng/mL) during his regular checkup. Magnetic resonance imaging revealed a tumor-like lesion on segment
4 of the liver (Figure 1). The patient was admitted to the
Department of Surgery for treatment on 1 April 2008.
During the initial interview, the patient self-described a
long-term history of large-quantity daily alcohol intake
(10 L of wine/d for 10 years) and a short-term history
of unknown quantity daily intake of SJW (for the last
few months). Hepatomegaly was found upon physical examination, but further serologic analyses revealed normal
levels of ferritin (120 g/L, reference range: 24-248 g/L)
and ceruloplasmin (32 g/L, reference range: 20-50 g/L)
and negative results for autoimmune markers and hepatitis B- and C-specific antigens.
Fine needle aspiration of the tumor performed on 2
April 2008 revealed normal and atypical hepatocytes, nodular regenerative atypia, and transitional and differentiated
bile duct epithelial cells. In addition, three distinct hepatocyte aggregations were observed, which were characterized
by pleomorphism, non-uniform nuclear size, increased nucleocytoplasmic ratio, diffuse chromatin distribution, and
large, prominent nucleoli. While the presence of these aggregates suggested a neoplastic character for the tumor-like
lesion, atypia could not be excluded due to the presence of
the regenerative nodules and cirrhotic features.
The patient underwent segment 4 resection on 4 April
2008. The procedure was modified perioperatively to a
limited wedge resection with ethanol injection of the cut
liver surface according to the observations of substantial
ischemia in the left liver lobe, gross pathological features
of cirrhosis in the right lobe, and presence of three small
(about 2 mm each) satellite nodules. The resected specimen
measured 3 cm × 2.5 cm × 1.5 cm. Sectioning revealed
multiple white nodules throughout the tumor tissue, which
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Figure 2 Hematoxylin and eosin-staining of a representative hepatocellular
carcinoma section showing the multinuclear giant syncytial cells (arrows).

itself was surrounded by normal liver tissue with a micronodular cirrhotic appearance.
Subsequent microscopic analysis of the nodules revealed disordered architecture of the surrounding liver
cell. The cells comprising the nodules showed pleomorphism and atypia, with some syncytial type multinuclear
giant cells that had features similar to infantile giant cell
hepatitis (Figure 2). Moreover, these giant cells also displayed the same nuclear atypia as the other HCC cells,
which suggested that the cells were part of the tumor
itself and not merely entrapped non-neoplastic cells; the
marked lack of any giant cell changes in the adjacent liver
tissue further reinforced this hypothesis.
A small number of mitotic figures, both typical and
atypical and with or without apoptotic bodies, were observed in the tumor-like lesion, including the nodules, as
well as beyond the lesion boundary, in the adjacent liver
parenchyma. Inflammatory cells, such as lymphocytes
and plasmatocytes, were present throughout the HCC
and adjacent liver tissue, with greater incidence in the
septa. Hyperplasia was observed in the marginal area of
the nodules and small bile ducts. The adjacent liver parenchyma showed microvesicular steatosis, pericellular fibrosis, and moderate hemosiderin accumulation (grade 2,
as determined by Prussian blue iron stain) in hepatocytes
and Kupffer cells but no copper accumulation (as determined by orcein stain).
Immunohistochemical analysis showed hepatocyte
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Among the most common liver injuries are acute liver necrosis, hepatitis, cholestasis, fibrosis and cirrhosis; in addition, many of the medicines show either direct or indirect
carcinogenic potential. Over the past few decades, the
traditional herbal preparation of SJW extract has risen
tremendously in popularity in the Western world, largely
due to its observed benefits in treating mild to moderate
depression[7-9], and bladder cancer[10,11].
Recent studies have indicated a potential clinical benefit of SJW for treating alcoholism, and implicated the
bioactive phytochemical hyperforin as the constituent
responsible for this response[12]. Interestingly, hyperforin has also been shown to have anti-microbial activity
against Gram-positive bacteria and numerous viruses[13,14].
Studies of the molecular mechanisms underlying the
bioactive activities of hyperforin have revealed a complex
functional interaction with the other SJW constituents of
essential oils, phloroglucinols, and flavonoids to induce
a photoactivation process, possibly leading to production of singlet oxygen molecules[13,14]. Photoactivated-free
radicals may exert the protective anti-infective or antitumor effects-for the latter, possibly through activation
of apoptosis-related pathways[15,16].
In general, SJW is well tolerated as both topical and
oral preparations. The most commonly reported adverse
effects are gastrointestinal-related (i.e., nausea, hypogastric
pain, loss of appetite, diarrhea, gastric complaints[17] and
sedative-related (i.e., dizziness, confusion, and fatigue)[18].
Rare cases of photosensitivity development have also
been reported, most often associated with systemic administration[19], and possible fertility risks have been suggested by some studies as well[20].
Another unknown mechanism of SJW is its ability to
interact, either beneficially or detrimentally, with conventional drugs concomitantly-administered[21]. This possibly
was highlighted by the observation of SJW-associated
enhancement of P-glycoprotein, an intestinal multidrug
transporter, and the cytochrome P450 (CYP) oxidative
enzyme superfamily members CYP3A4 and CYP2C9.
The induction of CYP3A4 represents a particularly
troubling (and unresolved) clinical concern because of
its abundance in the liver and intestine, both important
sites of drug bio-transformation[22]. In addition, highdosage SJW has been shown to activate the detoxification
pathway mediated by the pregnane X receptor (PXR),
a particularly promiscuous receptor; PXR overstimulation is detrimental and may result from SJW interactions
with other drugs[23]. Finally, the non-standardized compositions of SJW extract preparations, available as overthe-counter medicines and often taken without clinical
oversight, further complicate our ability to understand
the benefits and risks of SJW, such as which may have
contributed to the current case[24].
Despite these unknown features of SJW bioactivity,
the significant anti-tumor effects of hyperforin in cell culture and animal systems have prompted continued efforts
to investigate its potential as an efficacious cancer therapy
that is less toxic than the current chemo- and radio-therapies. For example, in vitro studies of various rat and human
cancers (e.g., mammary carcinoma, squamous cell carcino-

Figure 3 Mononuclear and multinuclear carcinoma cells showed reactivity for the hepatocyte antigen (brown). Magnification × 40.

antigen-positive staining for the neoplastic cells and
SGCs (Figure 3). No cells showed immunoreactivity for
macrophage-specific markers, such as CD68, but occasional cells showed immunoreactivity for the proliferation
marker Ki-67/MIB-1 or the oncoprotein p53. The giant
cells’ nuclei showed a remarkable lack of immunoreactivity for all of the markers detected.
According to the collective histological findings,
the diagnosis was made for cirrhosis-related HCC with
SGCs. Up to the last follow-up examination, performed
on 10 April 2013, the patient had maintained a-FP levels
within the normal range and showed no signs of tumor
recurrence by liver imaging.

DISCUSSION
While adult cases of giant cell HCC are relatively common, and its clinical and histologic features are well
characterized, the case of giant cell HCC presented
herein highlights the unusual histological manifestation
of syncytial type cells[1-5]. Previous case reports of these
rare tumor types have demonstrated the mesenchymal
and non-neoplastic nature of the giant cells, leading to
the suggested nomenclature of liver cell carcinoma with
osteoclast-like giant cells[4-6]. However, the giant cells of
the current case showed an epithelial and hepatocyteoriginated neoplasmic nature, leading to the diagnosis of
HCC with syncytial giant cells.
Another distinctive feature of this HCC case is its manifestation in cirrhotic liver. While cirrhosis was a likely etiology of the HCC, as suggested by the presence of nodular
cirrhosis and microvesicular steatosis, the etiology of the
cirrhosis was not obvious, and could have been long-term
alcoholism or hemosiderosis. The patient’s chronic consumption of SJW represents another potential complicating factor. The known hepatoxic properties of this herbal
medicine may have contributed to or been the primary inducing factor of the syncytial phenotype of the giant cells.
The liver is among the first organs to experience toxic
injury, as it is the main site of endo- and xenobiotic biotransformation. As such, a primary focus of drug development and clinical trials is determining the liver-related
side effects of pharmaceutical and herbal medicines.
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ma, malignant melanoma, and lymphoma) showed equal
or greater anti-tumor effects of hyperforin compared to
the common cytostatic drugs camptothecin, paclitaxel,
and vincristine[25]. Moreover, the molecular mechanism
of hyperforin-mediated tumor cell apoptosis was shown
to involve, at least partially, mitochondrial release of cytochrome c and caspase activation, thereby triggering cell
death pathways[25,26]. However, as with any pharmacologic
or herbal medicine, absolute anti-tumor activity is not
guaranteed and inappropriate doses or concomitant drug
administrations may create a pro-tumor situation.
For the case of cirrhosis-related HCC with SGCs
described herein, we cannot conclude the role played by
SJW with any certainty. The patient’s ingestion of SJW
may have created a hepatotoxic condition that promoted
the progression of cirrhosis or HCC. Nonetheless, this
case highlights the need for further studies of SJW to
determine its side effects profile and safe dosages under
various physiologic and pathogenic conditions; such
knowledge is particularly important as the manufacture
(i.e., compositions) and use (i.e., dose, duration, and in
conjunction with other drugs) of SJW is non-uniform
and widespread.
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CASE REPORT

Ileo-colonic intussusception secondary to small-bowel
lipomatosis: A case report
Peng-Ji Gao, Lei Chen, Fu-Shun Wang, Ji-Ye Zhu
struction due to a large lipoma may result in acute
abdomen, and surgical intervention is applied infrequently. When patients are presented with symptoms,
endoscopic treatment should be considered.
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INTRODUCTION
Intestinal lipomatosis is a rare disease with an incidence
at autopsy ranging from 0.04% to 4.5% and most patients
are symptom-free[1]. Symptomatic cases usually present
as paroxysmal abdominal pain, hemorrhage of digestive
tract, or abdominal masses. We here describe a case with
ileo-colonic intussusception secondary to small-bowel
lipomatosis.

Abstract
Intestinal lipomatosis is a rare disease with an incidence
at autopsy ranging from 0.04% to 4.5%. Because the
lipomas are diffusely distributed in the intestine, most
patients are symptom-free, and invasive intervention is
not advised by most doctors. Here, we describe a case
with intussusception due to small-bowel lipomatosis.
Partial small bowel resection and anastomosis were
performed because the intestinal wall was on the verge
of perforation. This case indicates that regular followup is necessary and endoscopic treatment should be
considered to avoid surgical procedures if the lipoma is
large enough to cause intestinal obstruction.

CASE REPORT
A 52-year-old woman presented to our outpatient clinic
in May 2013 with a history of abdominal pain for 21 d.
The patient suffered from persistent abdominal cramps,
accompanied by vomiting. The upright plain abdominal
film revealed dilated small bowel loops with air-fluid
levels. Intussusception was diagnosed by colonoscopy.
Computed tomography (CT) scan showed multiple lipomas in small intestine (Figure 1A) and intussusception
(Figure 1B). The patient was admitted to the hospital
and emergency exploratory laparotomy was performed.
During the operation, numerous lipomas 0.3-5 cm in
diameter were found diffusely distributed in the intestine
and ileo-colonic intussusception due to a large lipoma
was confirmed (Figure 2). Partial small bowel resection
and anastomosis were carried out because the intestinal

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

B
Figure 2 Multiple lipomas can be seen in the gross specimen.

Figure 1 Abdominal computed tomography. A: Abdominal computed tomography (CT) (transverse view) revealed diffuse and multiple intramural fat density
masses in the small intestine; B: Abdominal CT showed ileo-colonic intussusception.

wall was on the verge of perforation. Pathological examination confirmed a diagnosis of lipomatosis. Postoperative wound infection and cholecystitis occurred. After
dressing change and anti-infection treatment, the patient
was discharged in good condition one month later. The
patient has remained symptom-free for 3 mo, although
a small intestinal double contrast radiography revealed a
filling defect in the duodenum and multiple submucosal
masses in the small intestine (Figure 3).

Figure 3 Small intestinal double contrast radiography revealed multiple
submucosal masses in the small intestine.

all the lipomas but to relieve the obstruction. During the
operation, large lipoma can be dislodged by local resection.

COMMENTS
COMMENTS

DISCUSSION

Case characteristics

Primary small intestinal tumors are uncommon, which
account for about 1% of all gastrointestinal tumors, and
primary lipomatosis of the small intestine is rare[2]. Diffuse and multiple lipomas in the intestine were first reported by Hellstrom[3] in 1906. CT and barium examination are useful techniques to confirm the diagnosis. The
typical lipomas are usually seen as smooth, nonulcerated
filling defects. Most lipomas are small and display no
symptoms, and invasive treatment is unnecessary. When
patients are presented with paroxysmal abdominal pain,
hemorrhage of digestive tract and other symptoms, endoscopic treatment including endoscopic submucosal
dissection, endoscopic snare resection and endoscopic
unroofing techniques should be considered[4]. If the lipoma is large enough to cause intestinal obstruction or
intestinal obstruction secondary to intussusception as
shown in our patient, surgical intervention may be inevitable[5]. Because the lipomas are diffusely distributed in
the intestine, the object of the surgery is not to remove

WJG|www.wjgnet.com

This condition may be asymptomatic and abdomimal pain is the most common
symptom.

Clinical diagnosis

Symptomatic cases may present as abdominal pain, intestinal obstruction, intussusception, volvulus, or bleeding due to mucosal ulceration.

Differential diagnosis

With aid of computed tomography (CT), intestinal lipomatosis can be distinguished from liposarcoma by the homogeneity of its fatty content and absence
of areas of increased density.

Laboratory diagnosis

Laboratory testing was not used for this condition.

Imaging diagnosis

Barium studies showed multiple submucosal masses in the small intestine and
abdominal CT revealed multiple intramural fat density masses in the small intestine.

Pathological diagnosis

Under microscopy, the specimen showed multiple submucosal lipomatous nodules composed of abnormal collections of mature adipose tissue.

Treatment

If intestinal obstruction secondary to intussusception or volvulus occur, surgical
intervention should be considered.
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Related reports

Endoscopic treatment is recommended to remove the large lipomas to prevent
obstruction.

Term explanation

2

Intestinal lipomatosis is characterized by diffuse and multiple lipomas in the intestine.

Experiences and lessons

Most patients with lipomatosis may be asymptomatic, but when intestinal obstruction secondary to intussusception or volvulus occur, surgical intervention
may be inevitable. Endoscopic treatment is ideal in theory, but it is too difficult
to perform in most hospitals.

3

Peer review

4

Lipomatosis is a rare disease, and intussusception secondary to lipomatosis is
even rare. There are few literatures about this disease.

5
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of gastric adenocarcinoma: A case report
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and provides cues to track the primary tumor. Endoscopic examinations are crucial to confirm the presence of gastric cancer, and imaging studies, especially
gadolinium-enhanced magnetic resonance imaging of
the brain, are sometimes helpful in diagnosis. Thus far,
there is no standard therapy for LMC, and despite all
measures, the prognosis of the condition is extremely
poor. Here, we report on the clinical features and diagnostic procedures for a patient with occult gastric cancer with Bormann type Ⅰ macroscopic appearance and
poor differentiation in pathology, who presented with
LMC-induced neurological symptoms as the initial clinical manifestation. Additionally, we review the similar
cases reported over the past years, making comparison
among cases in order to provide more information for
the future diagnosis.
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Core tip: Here we report on a patient, initially and
alone, presented with neurological symptoms and signs
without any clues indicating gastric cancer. Evidence
shows that the tumor directly spread solely to the
brain without involvement of any other organs or tissues. How do we make an accurate and rapid diagnosis? cerebral spinal fluid cytological studies play a key
role in diagnosis, finding malignant cells that originate
from epithelial cells. A gastroscopic examination was
performed, revealing a tumor in the gastric antrum
which was classified as Bormann type Ⅰ in macroscopic
appearance, a rare type in Bormann classification,
however, with poor differentiation in pathology. This
patient survived for 4 mo without treatment. It is unclear whether this particular form of metastasis affects
clinical outcomes.

Abstract
Leptomeningeal involvement is usually reported as a
secondary event in advanced gastric carcinoma. Leptomeningeal carcinomatosis (LMC), as the initial manifestation of asymptomatic gastric cancer, is exceedingly
rare with only a few cases reported in recent years.
The presenting neurologic symptoms include headache,
vomiting and seizures and are usually clinically atypical. The diagnosis of LMC is made via identification
of malignant cells that originate from epithelial cells
in the cerebrospinal fluid by cytological examination
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INTRODUCTION
Gastric cancer-induced leptomeningeal carcinomatosis
(LMC) is less common; its incidence is only 0.14%-0.24%
among all gastric cancers[1-3]. In very rare cases, LMC
presents as the initial manifestation of an asymptomatic
gastric adenocarcinoma where metastasis to the peritoneum and liver generally occur first. Herein, we report a
case of LMC as the initial manifestation of a Bormann
type Ⅰ gastric adenocarcinoma with poor differentiation
in pathology. The clinical features of this case and appropriate diagnostic procedures are discussed.

Figure 1 Sagittal magnetic resonance imaging with a T1-weighted
gadolinium-enhanced sequence. Arrows show linear and punctiform contrast
enhancement along the spine.

normal concentration of chloride (101.20 mmol/L, normal range 120-130 mmol/L).
Cerebrospinal fluid culture was negative for acid-fast
bacillus, Cryptococcus neoformans and bacterium. During her
hospital stay, the onset of 3 epileptic seizures occurred,
which were noticed by her husband or nurse. Although
screening for tuberculosis infection was negative, she
was suspected of having tuberculous meningitis and was
started on tuberculostatic drugs, including rifampicin,
isoniazid and pyrazinamide, as well as dehydration and
diuretic drugs since August 7, 2010. Nevertheless, no
improvement was observed after 7 d of treatment. Afterwards, on August 14, 2010, she was referred to the Brain
Center of the Guangdong Province Hospital of Traditional Chinese Medicine.
On physical examination, the patient’s body temperature was 36.3  ℃; her pulse was 60 beats/min, her respiratory rate 18 breaths/min and blood pressure 120/70
mmHg. Fundoscopic examination revealed bilateral papilledema (1PD each) and retinal edema was observed in
the posterior pole.
The patient’s neurological examination was notable
for positive Kernig sign and Brudzinski’s sign. The initial
blood chemistry tests and metabolic screening (e.g., electrolytes, kidney and liver function tests, blood glucose)
were normal as were her routine stool and urination
exams. The serum level of hepatitis B surface antigen
was 287.1S/CO, and those of carcinoembryonic antigen
(CEA), CA125, CA199, CA153 and alpha-fetoprotein in
the serum were within normal limits. A repeat MRI scan
was performed 1 week after admission, which indicated
progressive linear and nodosity enhancement along the
ventral surface of the brainstem, cerebellum and C1-T4
spinal cord (Figure 1). Expansion of the lateral ventricles,
third ventricle and fourth ventricle was noted and communicating hydrocephalus was considered.
On August 12, 14, 17 and 18, 2010, additional lumber
punctures were performed for a total of 4 taps during
this period. The results of the CSF examination revealed

CASE REPORT
A 40-year-old woman, who had been diagnosed with
adenomyosis and had undergone hysterectomy thereafter
in December 2008, presented with complaints of a 2-mo
headache and cervical pain. She was suspected to have an
upper respiratory tract infection or to have caught a cold
on July 21, 2010. At this time, she took a non-steroidal
anti-inflammatory drug, and her symptoms were not alleviated. Her headache became increasingly severe 12 d
after the onset of disease. On August 3, 2010, she visited a doctor due to a serious sustained sharp headache
combined with projectile vomiting. A cranial computed
tomography (CT) scan was performed, which indicated
cerebral edema with mild ventricular dilatation; these
findings were followed by administration of 20% mannitol to reduce intracranial pressure. Two days later, on
August 5, 2010, she suffered a sudden loss of consciousness with limb twitching and an antiepileptic drug was
administered. Afterwards, she was referred to another
hospital due to the progression of the disease. Magnetic
resonance imaging (MRI) revealed increased hydrocephalus and slight parenchymal swelling. Because meningeal
irritation was noted, a lumbar puncture was performed
and revealed that her cerebral spinal fluid (CSF) had an
opening pressure of over 300 mmH2O, glucose concentration of 4.13 mmol/L compared to a serum level of 5.5
mmol/L, protein content of 480 mg/L, chloride concentration of 110 mmol/L, and increased leukocyte levels
(red blood cell count, 0 cells; white blood cell count, 8-10
× 106 cells/L; lymphocyte percentage, 74%). A repeat
lumbar puncture revealed decreased glucose concentrations (CSF level of 2.79 mmol/L compared with serum
level of 6.1 mmol/L), increased protein (790 mg/L), high
intracranial pressure (over 300 mm H2O), increased white
blood cell count (25 × 106 cells/L) with a lymphocyte
percentage of 75% and 0 counts of red blood cells, and a
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Figure 2 Detection of malignant cells and expression of creatine kinase in the patient’s cerebral spinal fluid specimen. A: Signet-ring cells (hematoxylin and
eosin staining, × 20); B: Malignant epithelial cells (hematoxylin and eosin staining, × 40); C: Positive expression of creatine kinase in carcinoma cells (immunohistochemistry staining, × 40).

A

B

C

Figure 3 position emission tomography/computed tomography finding. An increased 18F-FDG uptake in a diffuse manner, with a maximum standardized uptake value of 4.3 (mean 3.7) in the stomach. A: A cross-section image of position emission tomography (pet) scan; B: A cross-section image of computed tomography
(CT) scan; C: PET/CT fusion image.

an increase in CSF opening pressure (> 330 mmH2O
for each tap), protein content (1470, 1140, 280 and 800
mg/L), WBC count (48, 7, 8, 7 × 106 cells/L) and CEA
content (not determined on 12 August, 284.3, 351.9 and
347.0 ng/ml; serum level within normal limits), and a
slight decrease in chloride concentration (108.4, 107.8,
109.5 and 108.9 mmol/L). Glucose levels were within or
slightly lower than the lower limit of the normal range
(3.06, 3.23, 2.14 and 3.13 mmol/L). CSF cytological
analysis revealed malignant neoplastic cells (in particular,
signet-ring cells, Figure 2) in the CSF specimen on the
14th and 17th of August, 2010. The diagnosis of LMC was
made and the search for the primary tumor began. Immunohistochemical staining revealed that the CSF cells
were positive for creatine kinase (CK) (Figure 2), which
supports that the malignant neoplastic cells originated
from the epithelium; this may be suggestive of the original tumor occurring in the esophagus and gastrointestinal
tract, lungs or uterus. No expression of human epidermal
receptor protein-2 (c-erbB-2; HER2) was detected via immunohistochemistry on de-stained CSF cytology slides.
On August 18, 2010, the patient’s chest X-ray image
was normal, and a whole-body position emission tomog-
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raphy (PET)/CT scan was conducted for further search
for the original tumor. The PET/CT demonstrated that
the stomach, which was not satisfactorily filled, had
increased 18F-FDG uptake diffusely, with a maximum
standardized uptake value (SUVmax) of 4.3 (mean 3.7)
(Figure 3). This was subsequently explained by physiologic uptake. In addition to enlargement of the third and bilateral lateral ventricles and hydrocephalus, no abnormality was detected via PET/CT. Meanwhile, a gastroscopic
examination was performed, revealing mass effect in the
gastric antrum (Bormann class Ⅰ) (Figure 4). Because the
endoscopic ultrasound and enhanced CT did not reveal
infiltration of the tumor, and there were no positive findings of metastasis to the lymph nodes on PET/CT, the
patient was roughly considered TxN0M1 in clinical stage.
A subsequent histopathological examination of biopsies sampled during gastroscopy revealed poorly differentiated adenocarcinoma (Figure 4) with positive expression
for CK and CEA (Figure 4), and partial positivity for
CD68. An immunohistochemistry test was negative for
HER2.
The patient was started on anti-tuberculostatic drugs,
including isoniazid at a dose of 0.6 g per day, pyrazin-
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Figure 4 Gastroscopic view and histopathological findings of the tumor. A: 1/2 circle convex tumor (arrow) in the gastric antrum found by gastroscopy (Bormann
class I); B: Poorly differentiated adenocarcinoma, diffused type, in biopsy of the gastric antrum sampled during gastroscopy (hematoxylin and eosin; × 40); C: Positive
expression of creatine kinase; D: Carcinoembryonic antigen in biopsy specimen of gastric adenocarcinoma (immunohistochemical staining × 40).

amide at 1.5 g per day, and streptomycin at 0.5 g once, 2
times per day. The therapy was administered from August
7, 2010 until the day on which malignant neoplasm cells
were found in the CSF. In deference to the patient’s will,
no further anti-tumor treatment was administered. During the hospital stay, the patient’s condition worsened,
and a neurological examination revealed nuchal rigidity and bilateral palsies of cranial nerves Ⅲ, Ⅴ, Ⅵ, Ⅶ,
and XII. The patient was transferred to the hospital in
her hometown, and after an unfortunate course of the
disease, died on October 16, 2010, 4 mo after the initial
presentation of her symptoms.

of patients, type Ⅱ in 36% of patients, type Ⅲ in 25%
of patients and type Ⅳ in 26% of patients[8]; and (3) the
biological behavior of this patient’s occult gastric adenocarcinoma is interesting. The tumor directly spread solely
to the brain without involvement of any other organs or
tissues such as the lungs, liver, bones or lymph nodes. It
is unclear whether this particular form of metastasis affected the patient’s clinical outcome; she survived for 4
mo without any anti-tumor therapy. The striking clinical
picture that this LMC patient presented raises interesting
questions regarding the biology and metastatic behavior
of certain subclasses of gastric cancer.
Previously, only 7 similar cases have been documented in 6 reports[9-14], the detailed information of whom,
as well as our present case, is summarized in Table 1. By
reviewing the literature on these 7 cases and the disease
progression of our case, we identified multiple relevant
diagnostic issues that may be of clinical use to make
prompt and accurate diagnoses when similar cases are
encountered.
The clinical symptoms and signs of LMC are usually organized into 3 categories: cerebral, cranial nerve
and spinal. Out of the 8 cases considered, 7, including
our case, initially presented with headache, nausea and
vomiting (cerebral symptoms and signs), 1 with back pain
and weakness of the lower extremities (spinal symptoms
and signs), 3 with diplopia, 1 with visual loss and 1 with
hearing loss (cranial nerve symptoms and signs). Multifocal involvement of the meninges in LMC accounts for a
great amount of variability in clinical presentations, thus
making early diagnosis extremely challenging. Therefore,
complicated and non-specified clinical features are those
of which clinicians remain acutely aware to further track
primary diseases.
As to the diagnosis of LMC, the presence of neoplastic cells in the CSF is diagnostic. A diagnosis of LMC
may be supported by neuroimaging evidence, especially
the results of gadolinium-enhanced MRI. Because cytological examination of the CSF is the sine qua non of
diagnosis, CSF sampling procedures and analysis warrant
close attention. Repeated CSF cytological examination
is sometimes necessary. The presence of malignant cells
was confirmed after the 2nd CSF examination in 2 cases
reported in the literature[11,12], while our case required 4

DISCUSSION
LMC is defined as diffuse spreading of malignant cells
throughout the arachnoid membrane and the pia mater
by propagation in the CSF. The majority of patients diagnosed with LMC have a prior cancer diagnosis. Meningeal involvement as a presenting symptom of malignancy
is rare[4]. LMC is reportedly diagnosed clinically in 2%-4%
of all cancer patients[5]; the prevalence of LMC in gastric
cancer patients is as low as 0.14-0.24%[1-3], while the rate
is 12%-14% in breast cancer, 10%-26% in lung cancer,
and 17%-25% in melanoma[3].
To the best of our knowledge, the distinction and
rarity of the present case are as follows: (1) this patient,
initially and alone, presented with neurological symptoms
and signs without any clues indicating gastric cancer, such
as stomach ache, acid regurgitation, dyspepsia, anemia or
occult fecal bleeding. This reminded us that the primary
tumor may be occult without obvious symptoms or signs;
this requires physicians to be prepared to consider alternative diagnostic decisions; (2) the gastroscopic examination identified the primary tumor as Bormann type Ⅰ,
oddly, with poor differentiation in pathology. Traditionally, Bormann type Ⅰ gastric cancer has almost always been
accompanied by high histopathological differentiation,
while Bormann type Ⅲ or Ⅳ gastric cancer is poorly differentiated in pathology[6,7]. Moreover, the macroscopic
appearance of Bormann type Ⅰ gastric cancer is less
common than the other Bormann types; according to
one large series of gastric cancer patients, the percentage of each Bormann classification was type Ⅰ in 7%
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Table 1 Reported cases of gastric cancer that initially presented with leptomeningeal carcinomatosis alone
Ref.

Case (age/ Gastroscopic
sex)
classification

Present case
Deeb et al[12], 1997
Braeuninger et al[9], 2005
Lee et al[10], 2007
Yamada et al[13], 2008
Gdovinova et al[11], 2009;
Case 1
Gdovinova et al[11], 2009;
Case 2
Ohno et al[14], 2010

Histopathological
stage

40/F
53/M
68/M
49/F
53/M
40/F

Bormann Ⅰ
Adenocarcinoma
Not classified2 Poor differentiation
Not classified2
Signet cell type
Bormann Ⅳ
Bormann Ⅱ
ND

49/F

Not classified2

62/M

Not classified2

Involvement of other
organs/tissues

Treatment

No
No
No
Intraventricular MTX
Lymph nodes
Intrathecal chemotherapy
Lymphadenopathy
No
ND
Radiotherapy
Lymphatic node, ovary,
No
peritoneum, leptomeninges
ND
Yes1
ND

Radiotherapy

Survival from onset
of initial symptoms
4 mo
> 6 mo
2 mo
ND
4.23 mo (127 d)
2 mo
2 mo
3 mo (12 wk)

1

No further information was provided; 2Detailed description; Deeb et al[12] (1997): multiple round, thickened, raised lesions, encroaching on the lumen
with loss of vascular pattern in the distal esophagus just proximal to the gastroesophageal junction. The stomach was non-distensible and involved by
diffuse marked nodularity with overlying normal mucosa and prominence of the areae gastricae, mostly in the proximal body with few ulcerations in the
distal body; Braeuninger et al[9] (2005): the primary tumor site was disclosed by oesophagogastroduodenoscopy, where an ulcer of 15 mm in diameter was
observed in the distal stomach; Gdovinova et al[11] (2009): gastroscopy revealed a callous mediogastric ulcus as well as peptic ulcerations in the duodenal
bulb; Ohno et al[14] (2010): a large type 3 gastric cancer at the greater curvature side of the middle body. M: Male; F: Female; ND: Not determined; MTX:
Methotrexate.

taps to confirm malignant cells. As previously reported,
CSF cytological results are positive in 50% of all cases of
meningeal metastasis from non-central nervous system
neoplasms after a single lumbar tap and in 85% to 90%
of cases after multiple taps[15]. Three simple measures
can increase the likelihood of finding malignant cells in
a CSF sample: (1) obtaining at least 10.5 ml of CSF for
analysis[16]; (2) immediately processing the sample (within
1 h after collection[17]); and (3) obtaining CSF from a site
adjacent to the affected central nervous system region[16].
Apart from cytological examination of the CSF,
other CSF changes were observed in the 8 LMC cases
described, such as increased opening pressure, increased
protein content and white blood cell count and a glucose
concentration within normal limits or slightly decreased
(except that in 1 case with hypoglycorrhachia, glucose
concentration was 0.6 mmol/L[11]; and our case with a
glucose concentration of 2.79 mmol/L on the 1st CSF
examination), which are supported throughout the literature[16]. Other notable CSF changes were described
in these LMC cases, including increased lactate or CEA
concentrations. Concerning the CSF markers of interest,
their concentrations in CSF should be tested simultaneously with those in the serum to eliminate the possibility
of passive diffusion[17]. As shown in our case, CSF CEA
was within the range between 284.3 and 347.0 ng/ml,
while that in the serum was within normal limits. Thus,
when the CSF marker level is inappropriately high and
the blood brain barrier is intact, these markers may be
produced in the subarachnoid space by the tumor metastases.
With respect to clinical imaging techniques, as demonstrated in nearly all 8 LMC patients considered, brain
CT and MRI without contrast yielded false negative
results. However, 3 of the 8 patients obtained positive
findings on gadolinium-enhanced MRI, such as nerve
thickening and linear and punctiform enhancement of
the leptomeninges. Leptomeningeal enhancement is
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suggestive of LMC, but not diagnostic. Therefore, one
must consider other conditions that may produce similar
imaging features, such as intracranial hypotension after
craniotomy or lumber puncture, as well as infectious or
inflammatory diseases. Although MRI is superior to CT
with 1.5-2 times higher specificity and sensitivity[18,19], the
rate of false negative MRI findings is approximately 30%;
this could be further diminished by the use of greater
amounts of gadolinium[20,21]. Additionally, it is important
to perform MRI before CSF examination because spinal
tap alone may induce long-lasting (weeks to months) diffuse meningeal enhancement[18]. When the primary cancer is unknown and CSF cytology is negative, MRI alone
is not sufficient to establish an LMC diagnosis; histological confirmation is required before such a diagnosis can
be made.
In the present case, whole-body PET/CT was performed to track the primary disease, which revealed
increased glucose uptake in the stomach, with a SUVmax
of 4.3. However, this abnormality was initially explained
by physiological uptake, and close follow-up was suggested by the patient’s radiologist. As indicated by Dassen
AE[22], FDG-PET appears to have little or no value in the
primary detection of gastric cancer. They suggested that
there is a clear difference in the sensitivity of FDG-PET
between different histological carcinoma subtypes, particularly in the non-intestinal (i.e., diffuse) subtype. Carcinomas containing signet ring cells exhibit consistently low
detectability by FDG-PET. Prior evidence indicates[23-28]
that SUV counts between 7.7-13.2 were found in tubular gastric carcinoma and moderately differentiated
carcinoma, which are significantly higher than those for
mucinous adenocarcinoma and signet ring cell carcinoma
(4.1-7.7).
Regarding the histopathological examination of
primary gastric cancer, poorly differentiated adenocarcinoma was finally confirmed in all of the 8 LMC cases
considered. This is consistent with previous reports in-
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positive for CK.

dicating that poorly differentiated adenocarcinoma with
signet ring cell features is the most frequently occurring
type of LMC associated with GC in Japan[29]; this is likely
to be true in Korea[7].
By consensus, the prognosis of LMC is poor. The
median survival in untreated patients is 4-6 wk, which
may increase to 4-6 mo with aggressive treatment in
some cases[30,31] Out of the 8 LMC cases described, 3[9-11]
had metastasis to distant organs other than the meninges was found, such as in the lymph nodes, ovaries, and
peritoneum. Five of these patients received anti-tumor
therapy and their survival ranged from 2-6 mo[9,11-14]. This
indicates that treatment was not associated with a clinically significant different prognosis than non-treatment
(2 mo in 1 case in literature[11], and 4 mo in our case).
Various relevant and concerning questions arise including
those surrounding the clinical biological behavior of rare
and odd adenocarcinomas, as in the present case with
gastroscopic Bormann type Ⅰ and poor differentiation,
and whether this factor partially influences metastasis and
patient survival.
In summary, to the best of our knowledge, this
case of LMC originating from an occult gastric adenocarcinoma is the first ever reported with Bormann
type Ⅰ macroscopic appearance, but with poor differentiation in pathology. Its direct invasion to the meninges
resulting in LMC as the initial presentation is very interesting, especially considering that there was no evidence
of metastasis to other organs or tissues. It is unclear
whether this particular form of metastasis affects clinical
outcomes; our patient survived for 4 mo without treatment. Early diagnosis requires highly aware and vigilant
physicians. CSF cytological studies play a key role in diagnosis and neuroimaging examinations are helpful; however, they present certain limitations.

Term explanation

Leptomeningeal carcinomatosis, also known as neoplastic meningitis, occurs
when malignant cells enter the leptomeningeal space via hematogenous dissemination or direct extension. The malignant cells are spread throughout
the neuraxis by the flow of the CSF, leading to disease throughout the central
nervous system. Leptomeningeal carcinomatosis leads to substantial morbidity
and mortality, and there are few, if any, effective treatments.

Experiences and lessons

The gastric cancer can metastasize to meninges alone without involvement
of any other organs or tissues, and thus the patients may present with neurological abnormalities alone without any clue to the stomach. Early diagnosis
requires highly aware and vigilant physicians. For diagnosis, CSF cytological
studies play a key role and neuroimaging examinations are helpful; however,
they present certain limitations.

Peer review

The strength of this report is that this case of leptomeningeal carcinomatosis
(LMC) originating from an occult gastric adenocarcinoma is the first ever
reported with Bormann type Ⅰ in macroscopic appearance, but with poor differentiation in pathology. Its direct invasion to the meninges resulting in LMC as
the initial presentation is very interesting, especially considering that there was
no evidence of metastasis to other organs or tissues. It is unclear whether this
particular form of metastasis affects clinical outcomes.
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manuscripts. Authors should follow the relevant guidelines for
the care and use of laboratory animals of their institution or
national animal welfare committee. For the sake of transparency
in regard to the performance and reporting of clinical trials, we
endorse the policy of the ICMJE to refuse to publish papers
on clinical trial results if the trial was not recorded in a publiclyaccessible registry at its outset. The only register now available, to
our knowledge, is http://www.clinicaltrials.gov sponsored by the
United States National Library of Medicine and we encourage
all potential contributors to register with it. However, in the case
that other registers become available you will be duly notified.
A letter of recommendation from each author’s organization
should be provided with the contributed article to ensure the privacy and secrecy of research is protected.
Authors should retain one copy of the text, tables, photo
graphs and illustrations because rejected manuscripts will not be
returned to the author(s) and the editors will not be responsible
for loss or damage to photographs and illustrations sustained during mailing.

Referees are also asked to indicate any potential conflict they
might have reviewing a particular paper. Before submitting,
authors are suggested to read “Uniform Requirements for
Manuscripts Submitted to Biomedical Journals: Ethical Considerations in the Conduct and Reporting of Research: Conflicts
of Interest” from International Committee of Medical Journal
Editors (ICMJE), which is available at: http://www.icmje.org/
ethical_4conflicts.html.
Statement of informed consent
Manuscripts should contain a statement to the effect that all human studies have been reviewed by the appropriate ethics committee or it should be stated clearly in the text that all persons
gave their informed consent prior to their inclusion in the study.
Details that might disclose the identity of the subjects under
study should be omitted. Authors should also draw attention to
the Code of Ethics of the World Medical Association (Declaration of Helsinki, 1964, as revised in 2004).
Sample wording: [Name of individual] has received fees for
serving as a speaker, a consultant and an advisory board member
for [names of organizations], and has received research funding from [names of organization]. [Name of individual] is an
employee of [name of organization]. [Name of individual] owns
stocks and shares in [name of organization]. [Name of individual] owns patent [patent identification and brief description].

Online submissions
Manuscripts should be submitted through the Online Submission System at: http://www.wjgnet.com/esps/. Authors are
highly recommended to consult the ONLINE INSTRUCTIONS TO AUTHORS (http://www.wjgnet.com/1007-9327/
g_info_20100315215714.htm) before attempting to submit online.
For assistance, authors encountering problems with the Online
Submission System may send an email describing the problem to
bpgoffice@wjgnet.com, or by telephone: +86-10-5908-0039. If
you submit your manuscript online, do not make a postal contribution. Repeated online submission for the same manuscript is
strictly prohibited.

Statement of human and animal rights
When reporting the results from experiments, authors should
follow the highest standards and the trial should conform to
Good Clinical Practice (for example, US Food and Drug Administration Good Clinical Practice in FDA-Regulated Clinical
Trials; UK Medicines Research Council Guidelines for Good
Clinical Practice in Clinical Trials) and/or the World Medical
Association Declaration of Helsinki. Generally, we suggest authors follow the lead investigator’s national standard. If doubt
exists whether the research was conducted in accordance with
the above standards, the authors must explain the rationale for
their approach and demonstrate that the institutional review
body explicitly approved the doubtful aspects of the study.
Before submitting, authors should make their study approved by the relevant research ethics committee or institutional
review board. If human participants were involved, manuscripts
must be accompanied by a statement that the experiments were
undertaken with the understanding and appropriate informed
consent of each. Any personal item or information will not be
published without explicit consents from the involved patients.
If experimental animals were used, the materials and methods
(experimental procedures) section must clearly indicate that appropriate measures were taken to minimize pain or discomfort,
and details of animal care should be provided.

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample
margins. Style should conform to our house format. Required information for each of the manuscript sections is as follows:
Title page
Title: Title should be less than 12 words.
Running title: A short running title of less than 6 words should
be provided.
Authorship: Authorship credit should be in accordance with the
standard proposed by ICMJE, based on (1) substantial contributions to conception and design, acquisition of data, or analysis and
interpretation of data; (2) drafting the article or revising it critically
for important intellectual content; and (3) final approval of the version to be published. Authors should meet conditions 1, 2, and 3.

SUBMISSION OF MANUSCRIPTS

Manuscripts should be typed in 1.5 line spacing and 12 pt. Book
Antiqua with ample margins. Number all pages consecutively,
and start each of the following sections on a new page: Title
Page, Abstract, Introduction, Materials and Methods, Results,
Discussion, Acknowledgements, References, Tables, Figures,
and Figure Legends. Neither the editors nor the publisher are
responsible for the opinions expressed by contributors. Manuscripts formally accepted for publication become the permanent
property of Baishideng Publishing Group Co., Limited, and may
not be reproduced by any means, in whole or in part, without the
written permission of both the authors and the publisher. We
reserve the right to copy-edit and put onto our website accepted
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Institution: Author names should be given first, then the com
plete name of institution, city, province and postcode. For ex
ample, Xu-Chen Zhang, Li-Xin Mei, Department of Pathology,
Chengde Medical College, Chengde 067000, Hebei Province,
China. One author may be represented from two institutions,
for example, George Sgourakis, Department of General, Visceral, and Transplantation Surgery, Essen 45122, Germany; George
Sgourakis, 2nd Surgical Department, Korgialenio-Benakio Red
Cross Hospital, Athens 15451, Greece.
Author contributions: The format of this section should be:
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Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly
in the main text. Provide a brief title for each figure on a separate
page. Detailed legends should not be provided under the figures.
This part should be added into the text where the figures are applicable. Keeping all elements compiled is necessary in line-art
image. Scale bars should be used rather than magnification factors, with the length of the bar defined in the legend rather than
on the bar itself. File names should identify the figure and panel.
Avoid layering type directly over shaded or textured areas. Please
use uniform legends for the same subjects. For example: Figure 1
Pathological changes in atrophic gastritis after treatment. A:...;
B:...; C:...; D:...; E:...; F:...; G: …etc. It is our principle to publish
high resolution-figures for the E-versions.

Author contributions: Wang CL and Liang L contributed equally
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu
XM designed the research; Wang CL, Zou CC, Hong F and Wu
XM performed the research; Xue JZ and Lu JR contributed new
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the
data; and Wang CL, Liang L and Fu JF wrote the paper.
Supportive foundations: The complete name and number of
supportive foundations should be provided, e.g. Supported by
National Natural Science Foundation of China, No. 30224801
Correspondence to: Only one corresponding address should be
provided. Author names should be given first, then author title,
affiliation, the complete name of institution, city, postcode, province, country, and email. All the letters in the email should be in
lower case. A space interval should be inserted between country
name and email address. For example, Montgomery Bissell, MD,
Professor of Medicine, Chief, Liver Center, Gastroenterology
Division, University of California, Box 0538, San Francisco, CA
94143, United States. montgomery.bissell@ucsf.edu

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned
clearly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
but not duplicate the text. Use one horizontal line under the title,
a second under column heads, and a third below the Table, above
any footnotes. Vertical and italic lines should be omitted.

Telephone and fax: Telephone and fax should consist of +,
country number, district number and telephone or fax number,
e.g., Telephone: +86-10-59080039 Fax: +86-10-85381893

Notes in tables and illustrations
Data that are not statistically significant should not be noted.
a
P < 0.05, bP < 0.01 should be noted (P > 0.05 should not be
noted). If there are other series of P values, cP < 0.05 and dP
< 0.01 are used. A third series of P values can be expressed as
e
P < 0.05 and fP < 0.01. Other notes in tables or under illustrations should be expressed as 1F, 2F, 3F; or sometimes as other
symbols with a superscript (Arabic numerals) in the upper left
corner. In a multi-curve illustration, each curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.

Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision on
acceptance is made only when at least two experts recommend
publication of an article. All peer-reviewers are acknowledged on
Express Submission and Peer-review System website.
Abstract
There are unstructured abstracts (no less than 200 words) and
structured abstracts. The specific requirements for structured
abstracts are as follows:
An informative, structured abstract should accompany each
manuscript. Abstracts of original contributions should be structured into the following sections: AIM (no more than 20 words;
Only the purpose of the study should be included. Please write
the Aim in the form of “To investigate/study/…”), METHODS (no less than 140 words for Original Articles; and no less
than 80 words for Brief Articles), RESULTS (no less than 150
words for Original Articles and no less than 120 words for Brief
Articles; You should present P values where appropriate and
must provide relevant data to illustrate how they were obtained,
e.g., 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001), and CONCLUSION
(no more than 26 words).

Acknowledgments
Brief acknowledgments of persons who have made genuine
contributions to the manuscript and who endorse the data and
conclusions should be included. Authors are responsible for
obtaining written permission to use any copyrighted text and/or
illustrations.

REFERENCES

Coding system
The author should number the references in Arabic numerals according to the citation order in the text. Put reference numbers
in square brackets in superscript at the end of citation content or
after the cited author’s name. For citation content which is part of
the narration, the coding number and square brackets should be
typeset normally. For example, “Crohn’s disease (CD) is associated with increased intestinal permeability[1,2]”. If references are
cited directly in the text, they should be put together within the
text, for example, “From references[19,22-24], we know that...”.
When the authors write the references, please ensure that
the order in text is the same as in the references section, and also
ensure the spelling accuracy of the first author’s name. Do not list
the same citation twice.

Key words
Please list 5-10 key words, selected mainly from Index Medicus,
which reflect the content of the study.
Core tip
Please write a summary of less than 100 words to outline the
most innovative and important arguments and core contents
in your paper to attract readers.
Text
For articles of these sections, original articles and brief articles,
the main text should be structured into the following sections:
INTRODUCTION, MATERIALS AND METHODS, RESULTS and DISCUSSION, and should include appropriate Figures and Tables. Data should be presented in the main text or in
Figures and Tables, but not in both.
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section analysis in revision total joint arthroplasty. Clin
Orthop Relat Res 2002; (401): 230-238 [PMID: 12151900
DOI:10.1097/00003086-200208000-00026]
No volume or issue
9 Outreach: Bringing HIV-positive individuals into care.
HRSA Careaction 2002; 1-6 [PMID: 12154804]

in E-version of this journal.
Style for journal references
Authors: the name of the first author should be typed in boldfaced letters. The family name of all authors should be typed
with the initial letter capitalized, followed by their abbreviated
first and middle initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-Rong Pan as Pan BR). The title of the
cited article and italicized journal title (journal title should be
in its abbreviated form as shown in PubMed), publication date,
volume number (in black), start page, and end page [PMID:
11819634 DOI: 10.3748/wjg.13.5396].

Books
Personal author(s)
10 Sherlock S, Dooley J. Diseases of the liver and billiary
system. 9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11 Lam SK. Academic investigator’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York:
Marcel Dekker, 1991: 431-450
Author(s) and editor(s)
12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March
of Dimes Education Services, 2001: 20-34
Conference proceedings
13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V. Proceedings of the 5th Germ cell tumours Conference; 2001 Sep 13-15; Leeds, UK. New York: Springer, 2002:
30-56
Conference paper
14 Christensen S, Oppacher F. An analysis of Koza’s compu
tational effort statistic for genetic programming. In: Foster
JA, Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic programming. EuroGP 2002: Proceedings of the 5th
European Conference on Genetic Programming; 2002 Apr
3-5; Kinsdale, Ireland. Berlin: Springer, 2002: 182-191
Electronic journal (list all authors)
15 Morse SS. Factors in the emergence of infectious diseases.
Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05;
1(1): 24 screens. Available from: URL: http://www.cdc.gov/
ncidod/eid/index.htm
Patent (list all authors)
16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee.
Flexible endoscopic grasping and cutting device and positioning tool assembly. United States patent US 20020103498.
2002 Aug 1

Style for book references
Authors: the name of the first author should be typed in boldfaced letters. The surname of all authors should be typed with
the initial letter capitalized, followed by their abbreviated middle
and first initials. (For example, Lian-Sheng Ma is abbreviated as
Ma LS, Bo-Rong Pan as Pan BR) Book title. Publication number. Publication place: Publication press, Year: start page and
end page.
Format
Journals
English journal article (list all authors and include the PMID where applicable)
1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung F. Evaluation of quantitative
contrast harmonic imaging to assess malignancy of liver
tumors: A prospective controlled two-center study. World J
Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224 DOI:
10.3748/wjg.13.6356]
Chinese journal article (list all authors and include the PMID where applicable)
2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic effect of Jianpi Yishen decoction in treatment of Pixudiarrhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287
In press
3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M.
Signature of balancing selection in Arabidopsis. Proc Natl
Acad Sci USA 2006; In press
Organization as author
4 Diabetes Prevention Program Research Group. Hyper
tension, insulin, and proinsulin in participants with impaired
glucose tolerance. Hypertension 2002; 40: 679-686 [PMID:
12411462 PMCID:2516377 DOI:10.1161/01.HYP.00000
35706.28494.09]
Both personal authors and an organization as author
5 Vallancien G, Emberton M, Harving N, van Moorselaar RJ;
Alf-One Study Group. Sexual dysfunction in 1, 274 European men suffering from lower urinary tract symptoms. J Urol
2003; 169: 2257-2261 [PMID: 12771764 DOI:10.1097/01.
ju.0000067940.76090.73]
No author given
6 21st century heart solution may have a sting in the tail. BMJ
2002; 325: 184 [PMID: 12142303 DOI:10.1136/bmj.325.
7357.184]
Volume with supplement
7 Geraud G, Spierings EL, Keywood C. Tolerability and
safety of frovatriptan with short- and long-term use for
treatment of migraine and in comparison with sumatriptan. Headache 2002; 42 Suppl 2: S93-99 [PMID: 12028325
DOI:10.1046/j.1526-4610.42.s2.7.x]
Issue with no volume
8 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
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Statistical data
Write as mean ± SD or mean ± SE.
Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test
as χ2 (in Greek), related coefficient as r (in italics), degree of freedom as υ (in Greek), sample number as n (in italics), and probability as P (in italics).
Units
Use SI units. For example: body mass, m (B) = 78 kg; blood
pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, blood glucose concentration, c (glucose) 6.4 ±
2.1 mmol/L; blood CEA mass concentration, p (CEA) = 8.6
24.5 mg/L; CO2 volume fraction, 50 mL/L CO2, not 5% CO2;
likewise for 40 g/L formaldehyde, not 10% formalin; and
mass fraction, 8 ng/g, etc. Arabic numerals such as 23, 243, 641
should be read 23243641.
The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/1007-9327/
g_info_20100315223018.htm.
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Abbreviations
Standard abbreviations should be defined in the abstract and
on first mention in the text. In general, terms should not be abbreviated unless they are used repeatedly and the abbreviation
is helpful to the reader. Permissible abbreviations are listed in
Units, Symbols and Abbreviations: A Guide for Biological and
Medical Editors and Authors (Ed. Baron DN, 1988) published
by The Royal Society of Medicine, London. Certain commonly
used abbreviations, such as DNA, RNA, HIV, LD50, PCR,
HBV, ECG, WBC, RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP,
EDTA, mAb, can be used directly without further explanation.

language polishing; (3) Grade C: a great deal of language polishing needed; and (4) Grade D: rejected. Revised articles should
reach Grade A.
Copyright assignment form
Please download a Copyright assignment form from http://
www.wjgnet.com/1007-9327/g_info_20100315222818.htm.
Responses to reviewers
Please revise your article according to the comments/suggestions provided by the reviewers. The format for responses to
the reviewers’ comments can be found at: http://www.wjgnet.
com/1007-9327/g_info_20100315222607.htm

Italics
Quantities: t time or temperature, c concentration, A area, l length,
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

Proof of financial support
For papers supported by a foundation, authors should provide
a copy of the approval document and serial number of the
foundation.

Examples for paper writing
All types of articles’ writing style and requirement will be
found in the link: http://www.wjgnet.com/esps/NavigationInfo.aspx?id=15.

STATEMENT ABOUT ANONYMOUS PUBLICATION OF THE PEER REVIEWERS’ COMMENTS

In order to increase the quality of peer review, push authors to
carefully revise their manuscripts based on the peer reviewers'
comments, and promote academic interactions among peer reviewers, authors and readers, we decide to anonymously publish
the reviewers’ comments and author’s responses at the same
time the manuscript is published online.

RESUBMISSION OF THE REVISED
MANUSCRIPTS

Authors must revise their manuscript carefully according to the
revision policies of Baishideng Publishing Group Co., Limited.
The revised version, along with the signed copyright transfer
agreement, responses to the reviewers, and English language
Grade A certificate (for non-native speakers of English), should
be submitted to the online system via the link contained in the
e-mail sent by the editor. If you have any questions about the
revision, please send e-mail to esps@wjgnet.com.

PUBLICATION FEE

WJG is an international, peer-reviewed, open access, online journal.
Articles published by this journal are distributed under the terms
of the Creative Commons Attribution Non-commercial License,
which permits use, distribution, and reproduction in any medium,
provided the original work is properly cited, the use is non commercial and is otherwise in compliance with the license. Authors of
accepted articles must pay a publication fee. Publication fee: 1365
USD per article. All invited articles are published free of charge.

Language evaluation
The language of a manuscript will be graded before it is sent for
revision. (1) Grade A: priority publishing; (2) Grade B: minor
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